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TACTICS,  MILITABT  (TOKTucift),  properiy  sigaifiea  ths  art  of 
fornung  (he  troopa  of  ui  army  in  wder  of  battle,  and  of  mating 
ehanges  in  the  di^ontioDB  of  the  troqpe  aooording  aa  ctFoiunfltanofla 
may  require :  that  is  to  aay,  the  ecdeDoe  which  guides  the  formationB 
whoi  the  miiieeoixneinto][n«Mnoeo£  one  another;  while,  on  the  other 
hand,  Stratbot  is  that  diTiaon  of  the  eoienoe  of  war  which  oonuden 
all  previous  operationa  and  oombinationa.  These  two  aubjecta  will 
tiienfore  be  conaidered  togeUier  under  the  artide  Was,  Scsehoe  of. 

TACTICS,  NAVAL.  This  braach  of  the  art  of  war  ia  in  aome 
raapecta  eimUar  to  that  bj  which  the  operktlona  of  armies  on  land  are 
xegabtad ;  and  it  a  dattnUe  that  the  order  preaemd  in  sailing 
■hould  resemble  that  used  in  monng  the  battuiona  of  an  amiT  on 
■hore.  But  at  aea  tiie  motive  power  is  not  always  to  be  depended  on, 
and  many  a  well -arranged  plan  of  attack  becomes  uaelees  fnnn  the 
failure  of  wind,  change  of  wind,  or  other  oauaes.  There  are,  however, 
aooepted  funduuentu  rulea  by  which  the  navies  of  European  nations 
are  guided  in  the  disposition  of  a  fleet  for  attack,  defenoe,  ohase,  or 
retreat ;  and  we  fitat  nmce  thoae  api^ieaUe  to  aailbig-ahipa  prfaidpally. 

The  amdenta,  previous^  to  the  oommeoeement  of  » oftval  matixm, 
drew  up  the  ships  in  each  fleet  abreast  of  each  other,  and  in  that  order 
one  of  the  fleets  moved  on,  or  waited  for  the  attack ;  for  each  ahip 
being  propelled  by  ouro*  and  armed  with  a  btek  of  iron  or  braaa  pro- 
looting -before  the  bows,  efforts  were  generally  made  to  direct  it  so  as 
by  an  oblique  impulse  to  destroy  the  oara  on  <me  side  of  a  ahip  of  the 
memy,  fm.  thua  render  it  unmanageable,  or  «o  aa  with  the  oeak  to 
pierce  ■  side,  and  &na  rink  the  ahip;  and  hence,  in  the  ancient 
manoenvres,  each  commander  always  endeavoured  to  keep  the  prow  of 
his  ship  presented  to  the  ship  which  was  opposed  to  him-  But  since 
the  employment  of  gunpowder  in  navid  warfue,  each  ahip  in  two 
hostile  fleeta  ia  manceuvred  so  aa  to  bring  one  of  ita  sides  to  bear 
against  the  bows  or  agoiiut  a  side  of  its  opponent,  in  order  that  it  may 
have  the  power  of  pouring  into  the  latter  the  greatest  quantity  of  fire ; 
and  ainoe  it  ia  the  object  of  both  oommandera  to  avoid  being  laked,  a 
general  action  can  take  place  only  when  the  hostile  fleets  are  drawn  up 
in  two  lines  parallel  to  each  other,  the  keels  of  the  ships  in  each  being 
in  the  directum  of  the  line.  In  the  treatise  of  f  Hoste  on  naval 
entutiona,  this  mode  of  engaging  ia  said  to  have  been  first  employed 
at  the  battle  of  the  Tezd  (1665),  when  Jamea  II.,  then  duke  of  Yoik, 
commanded  the  Engliah  fleet.  Paul  I'Hoate,  who  was  a  pnM^aaor  <^ 
mathematics  at  Toulon,  and  died  at  a  comparatively  eoHy  age  in  1700, 
had  personal  experience  in  many  of  the  battles  he  describaa,  and  hk 
remarks  continue  to  be  quoted ;  therefore  he  may  be  biriy  oonaidsrad 
to  be  the  founder  of  the  ravaent  system  of  naval  taotica. 

The  order  of  sailing  for  a  fleet  should  obvious^  be  suidi  that  t£e 
several  ships  may  be  aa  near  t^ether  as  poarible,  both  for  the  sake  of 
nratnal  support  and  that  tiia  signals  which  may  be  made  by  the 
admiral  may  be  distinctly  seen :  it  depends  also  necessarily  on  the 
order  of  battle,  ainoe  it  ia  of  importaooe  that  the  fleet  anould  ba 
enabled,  with  Hia  ubnoii  fluilitj,  to  paaa  bom  dtiter  of  theaa  atatea  to 
Uie  other. 

Writan  on  naval  tactioa  diatingdah  five  different  orders  of  sailing, 
the  wind  omtinuing  to  blow  in  one  dlreoti(ni,aod  the  keels  of  the 
■hips'remaining  oonstantiy  parallel  to  ope  another ;  in  other  words,  all 
the  ahi|)s  ateeriag  the  aao»  course.  The  first  order  is  that  in  which  all 
the  ships  ore  alveast  of  each  other  in  a  line  perpendicular  to  tiie 
flireotion  of  the  wind ;  and  the  second  ia  that  in  which  the  ships  are 
onanged  ao  that  a  line  j<Hning  oU  their  main-masts  ia  oblique  to  that 
diraotkm;  but  in  this  order  the  line  may  have  two  diflbnnt  pontiow 
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with  respect  to  the  wind,  for  each  ship  may  be  on  the  starboard  (the 
right  luuid)  side,  or  on  the  port  (left  hand)  side  of  that  which  is  to 
leeward  of  it.  in  either  of  these  two  disporitiona  each  ship  in  the 
line  has  that  which  la  next  to  it  on  one  side,  trntonta  to  one  td  its 
bows,  and  that  which  is  next  to  it  on  the  other  aide,  opporite  one  of 
its  quartern,  this  order  of  sailing  ia  frequently  ealled  the  bow  and 
quarter  line.  In  the  first  and  aeomd  orders,  if  the  ships  am  numerooa, 
the  line  is  inoonvenimtly  eitended. 
The  third  ocdar  of  samng  ia  that  in  which,  all  the  aaili  bong  close* 


riff.i 


\ 


hatded,  the  ah^  are  formed  in  two  lines  making  with  each  otiier  an 
angle  of  about  13  pttinU,  or  IBS';  the  adndnl'a  ship  bdng  in  the 

centre. 

N.B.  By  the  expression  oloae-hauled  ia  to  be  understood  such  » 
disposition  of  the  sails  that  the  ship  may  advance  ss  nearly  as  possible 
towards  the  part  of  the  horizon  from  whence  the  wind  blows.  In 
general,  the  line  of  direction  of  the  wind  makes  then,  on  the  aide  next 
to  the  ship's  head,  an  angle  of  about  6  poiaU,  or  67'  SO'. 

The  fourth  order  is  that  in  which  the  ships,  steering  with  the  wind 
on  one  and  the  aaow  quartco',  are  formed  in  several  lines,  divisions,  or 
squadrons,  and  aa  mi^  oMicentrated  aa  poaaibleL  The  ships  of  the 
oommandert  are  ahead  of  the  aevaral  diviaona,  and  a  line  joining  the 
nuumnasts  of  all  the  ships  in  each  is  supposed  to  be  in  the  direction  of 
the  wind.  This  order  is  very  convenient  for  a  convoy,  but  it  presents 
great  diflScultiaa  to  the  formation  of  the  line  of  battle.  In  the  fifth 
order,  the  fleet,  iC  not  very  numeroua,  la  divided  into  tiliree  aquadrons 


t 

tite  diipa  of  irtildl  aail  in  aa  many  parallel  linea :  if  numeroua,  each 
squadron  may  be  divided  into  two  or  more  parts,  ao  that  the  whole 
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may  constttate  nz  or  nine  prkUal  lines,  the  nmnber  at  riiipe  bring 
equal  In  alL   The  ahipe  in  this  order  are  euppoaed  to  be  doee-hatUea, 

and  the  keel  of  each  ship  coinddeB  with  the  direetion  of  ^le  line  to 
which  it  beloDgB,  or  the  ehipa  of  each  line  "ftil  in  esoh  othei's  wake  j 
while  the  corresponding  ships  in  the  different  divisions  mav  be  either 
abreast  of  each  other  or  in  bow-and-quarter  position.  A  liile  drawn 
through  the  mainmasts  of  the  corresponding  ships  in  the  different 
diviidotis  may  be  aupposed  to  coincide  with  the  direotion  of  the  wind. 
This  order  Of  stuling  u  that  which  was  considered  the  moat  advantageous 
on  account  of  the  facility  which  it  i^orded  for  forming  Ihe  line  of 
battle.  Qenerally,  the  fleet  conainting  of  three  divisions,  the  vanguard 
of  the  line  constitutes  the  weather  division,  and  is  commanded  by  the 
vice-admiral ;  the  centre  division  is  commanded  by  the  admiral  him- 
self; and  the  leeward  or  rear-division,  by  the  reu^admiral.  If  the 
fleet  consists  <^  more  than  three  divisiona,  these  vblch  are  not  ctKn- 
uumded  by  the  admirals  are  under  the  directicm  ol  cmnmodores,  or 
senior-captains,  and  each  commander  ia  in  the  cenb«  of  his  own  line ; 
frigates,  storHhips,  Ao.  an  kept  to  windward  of  the  line  of  bstUe- 
ships. 

The  first  and  second  orders  of  sailing  ore  easily  formed,  however 
irr^ular  may  be  the  previous  dispositions  of  the  ships ;  for  the  ship 
which  is  appointed  to  lead  in  the  formation  may  get  to  leeward  of  the 
whole  fleet,  and  tiien  hauling  her  wind  (disposing  her  sails  so  that  she 
may  move  in  a  line  m^ing  iixe  given  intuinatlon  to  the  diiectvm  of 
the  wind),  ahe  may  sail  in  Uie  proposed  direction :  the  other  ships 
then,  according  to  their  positions,  follow  successiTely  in  her  wake,  aud 
when  all  are  proceeding  in  one  line,  each  veers  [Vekeimg]  or  bears 
wmj,  steering  in  the  prescribed  course,  and  still  preserving  the  general 
line.  The  third  order  of  sailing  is  fonned  after  all  the  sups  haTe  got 
into  one  Une,  steering  in  each  osier's  wake  as  above  mentioned,  wid 
^e  line  making  an  angle  of  about  10  poirttt,  112°  SO*,  with  the  direc- 
tion of  the  wind  (reckoning  from  the  latter  direction  towards  the 
bows'  of  the  ship).  The  van  ships,  which  ore  those  to  leeward  of  the 
sdmiral,  who  is  supposed  to  be  in  the  centre,  succesBively  haul  their 
wind  and  steer  in  the  proposed  direction ;  and  whan  the  admiral's 
ship  has  hauled  her  wind,  the  stemmoet  or  windward  ships  do  the 
same,  and  each  proceeds  in  a  direction  parallel  to  that  of  the  otW 
ships.  The  fourth  and  fifth  orders  of  sailing  are  formed  by  the  leading 
ehi{^  of  the  different  divlstous  getting  abreost  of  each  other,  or  in 
bow-and-quarter  position,  at  tiie  prescribed  distances;  and  tiun  the 
ships  of  the  respective  aq^uadrons  taking  their  places  in  each  otiier's 
wakes. 

_  In  tiie  orders  of  sailing,  the  distance  of  one  ship  from  another,  ia 
line,  riiould  be  such  that  any  danger  of  running  foul  of  each  otiier 
may  be  avoided  :  in  general,  that  distance  may  be  considered  as  equal 
to  two  or  three  cables'  length  (each=120  fathoms).  And,  with  respect 
to  the  distances  between  the  several  lines  in  the  fifth  order  of  sailing, 
it  has  been  determined,  the  ships  being  close-hauled,  by  supposing  that 
a  line  joining  the  headmost  ship  of  one  of  the  leeward  divisions,  and 
the  stenmost  ship  of  the  next  division  to  windward,  sboold  be  at  ri«^t 
anries  to  the  dfa«ction  of  the  wind ;  or  that  the  angle  which  such  Ime 
makes  with  each  division  should  be  equal  to  ivomU,  or  23''  80'.  In 
general,  this  interval  may  bo  considered  aa  eqoal  to  six  or  nine  cables' 
length ;  and  it  is  of  importance  that  the  distances  prescribed  by  the 
admiral  of  the  fleet  should  be  strictly  preserved. 

In  order  that  the  commander  of  any  one  ship  may  readily  asoertaiQ 
and  preserve  hia  relative  pontion  in  u  fleet  when  in  order  of  sailing,  the 
t^enions  device  called  the  naval  tqmre,  which  was  invented  by  Fftre 
I'Hoete,  may  be  employed.  It  consists  in  tracing  upon  the  quarter- 
deck a  great  square  a  B  c  D  (diagrams  Nob.  2  and  3),  having  two  sides, 
A.  D  and  B  0,  pt^allel  to  the  ship's  length ;  tiie  diagonals,  a  0  and  B  D, 
intersecting  each  other  in  s,  and  the  Bne  BBS  being  drawn  vertically 
over  the  ship's  keel ;  also  the  point  H  being  towards  the  head  of  the 
ship.  Now,uaship  were  sailing  in  the  direction  8  n,  doee-hauled  on 
the  starboard  tack,  as  in  the  out  Ko.  2,  so  that  a  D  cohuadea  vrith  the 
plane  of  the  sail,  and  w  e  (bisecting  the  angle  H  s  o]  with  the  direction 
in  which  the  wind  is  blowing;  then,  after  having  tacked  and  become 
close-hauled  upon  the  port  tack,  since  the  directions  of  the  vertical 
planes  passing  through  the  keel  and  sail  make  angles  with  the  direction 
of  the  wind  equal  to  those  which  they  made  before  tacking,  the  li"'^ 
a  H,  that  is,  the  line  on  which  the  dap  will  ba  sdling,  wiU  coincide 
■wiihf  or  be  parallel  to,  the  position  of  s  o  in  the  diagram.  In  Ilka 
manner,  if  a  ship  be  sailing  in  the  direction  8  h,  close^uled  on  the 
port  tack,  so  that  a  a  coincides  with  the  plane  of  the  sail,  and  T  B 
with  the  direction  in  which  the  wind  is  blowing ;  then,  after  having 
tacked  and  become  close-hauled  on  the  starboard  tati,  the  line  s  H,  on 
which  the  ship  will  be  soilinf^  will  coincide  with,  or  be  parallel  to,  the 
portion  of  X  D  in  the  dis^jratn. 

Henoe,  if  a  fleet  be  in  ttiiee  parallel  dii^sioos,  the  ships  suling 
abreast  of  each  other,  those  in  each  line  will  be  in  the  diroction  SH, 
and  the  corresponding  ships  in  the  different  divisions  will  be  in  the 
directions  a  b  or  d  a  If  the  fleet  sails  close-hauled,  and,  for  example, 
on  a  starboard  tack  aa  in  No.  2,  tho  ships  in  each  line  will  be  in  a 
direction  coincident  with  or  parallel  to  B  H,  and  the  conreeponding  ships 
in  the  several  lines  will  he  in  a  direction  coincident  vrith,  or  iwidlel  to, 
ws,  which  is  that  of  the  wind.  Ag»in,  if  the  fleet  is  intiueedivisifai^ 
and  the  ships  are  sailing  in  parallel  dixectiona  not  eoiDdding  with  thoas 
of  the  divisiona;  if,  for  example,  the  ahipa  dioold  be  sailing  on  the 


port  line  of  bearing  while  close-hauled  on  the  starboard  taek,  as  In 
the  sobjohied  dii^nua,  the  ship*  in  mmU  Ike  will  be  in  the  direction  of 
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one  of  the  diagonals  of  the  square ;  and  the  corresponding  ships  in  the 
different  divisions  will  be  in  that  of  the  other. 

The  order  of  battie  consists  in  the  ships  bring  drawn  up  in  each 
other's  wiJte,  or  in  one  right  line  with  which  the  directions  of  all  thrir 
keels  coincide :  thqr  are  usually  about  50  bthoms  from  one  ano^n', 
and  are  nearly  riose-hauled.  The  frigates,  store^hips,  Ac.,  are  in  lines 
parallel  to  tut  of  the  line-of-battie  ahipa,  and  on  this  aide  opposite  the 
enemy.  A  line  of  ships  riose-hauled  is  particularly  advantageous  aa  oa 
order  ol  batUe  both  for  a  fleet  to  windmrd,  and  aJeo  for  that  which  is 
to  leeward  of  Hs  opponent.  If  a  windwwd  fleet  wen  in  any  other 
state,  the  enemy  m^it,  1^  msncsovring,  gfta  the  weather^age,  or  he 
might,  bf  being  able  to  apfnmoh  m  near  aa  he  pleased,  oMOpel  the 
windward  fleet  to  oome  to  an  action.  By  the  "  weatber-gage^  ia 
meant  the  getting  between,  or  the  ptmer  of  getting  between,  the 
enemy's  fleet  and  the  jnrt  of  the  h«iaon  wiience  the  irind  fc^ows. 
RodnOT  in  1782,  and  Nelson'  at  Trafalgar,  and  other  admirala  have 
formed  tiisir  plana  of  attack  on  tiiis  ground,  beoaose  a  ^et  to  leeward 
has  difflcolty  with  a  fleet  lying  to  windmrd,  in  forcing  her  to  aa 
engagement;  while,  on  the  other  hand,  a  leeward  fleet,  of  inferior 
force,  has  a  retreat  more  open  to  it.  To  a  fleet  being  to  leeward  of  aa 
enemy,  the  only  hope  of  Ininging  the  latter  to  action  is  in  being  al^  to 
outadl  it,  and  tack  aoross  an  enenq^'s  bows;  thus  getting  what  is 
called  the  weather-gi^.  In  a  rioee-hanled  line,  alsoj  the  sails  are 
disposed  so  that  Uie  i&ps  remain  nearly  stationoiy  dunng  the  action ; 
on  which  aoeoimt  the  Une  Is  steadily  preserved,  and  any  dip  on 
beooming'ffisaUed  flsn  be  eerily  npheei.  oj  mm  of  tiioee  wldrii  an  in 
the  reeerve  line. 

When  the  ships  of  a  fleet  era  in  the  first  or  second  order  of  sailing; 
and  it  is  intended  to  form  the  line  of  battle,  it  is  evident  that  by 
rimply  hsoliBg  the  wind,  or  by  tacking  [Taokiho]  or  veering  [VEsm- 
iso],  as  tile  ease  may  require,  the  ships  may  get  into  each  other  s  wake 
in  any  pn^Niaed  direotioB  of  the  line.  If  it  be  intended  to  tarn  the 
line  of  bsttie  from  the  thtrd  order,  the  riiips  in  that  winv  vrihieh  ia 
already  in  a  line,  in  the  direction  of  their  keels,  must  rimply  hatd  thrir 
wind  and  get  Into  each  other's  wake  in  the  proposed  direction  of  the  . 
line ;  each  ship  in  the  other  wing  is  then  broi^t  into  a  poritioD  nearly 
at  rif^t  angles  to  the  direction  of  tfab  wind,  and,  as  those  of  the  first 
wingsdvance,  tiiese  Ikll  suoosasive^  into  their  wdce. 

When  the  line  of  battle  is  to  be  formed  from  the  fourth  or  fifth 
order,  aU  the  riupa  being  supposed  to  be  elose-haiiled,  the  CannrtioB 
may  take  plsoe  npom  uag  one  « ths  dbririoni ;  tiie  ships  ol  this  divnon 


an  then  hnughi  («  (thriz  motion  stewed  by  btacii^  mom  silU 
ao  M  to  ba  tdm  abadc  \jj  ths  wind  while  others  are  kept  full), 
andtheother  ships  an  made  to  take  upthek  ^v^er  poeitiaiia  in  the 
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^longEtjoQ  of  tlw  line  that  fcR-nMcL  If,  for  coounple,  ti>e  fleet  consistfl 
t€  chim  Bailing  in  thre*  dlvisioiis  elosejualed,  uid  line  ia  to  be 
fmrnad  upon  the  oentr*  division,  u  in  tlie  lubjoined  diagram ;  than, 
M  Boon  u  tlua  tqwulron  ii  brought  to,  the  Bhipe  in  tlie  weaUiar  (Uviaion 
be*r  ftway  and  stow  till  the^  get  ahead  of  the  centre,  when  they  haul 
their  wind ;  the  lee  division  tacka  aitd  Bails  on  till  it  gists  astara  of  the 
centre,  and  when  theaa  riiipa  have  hauled  their  wind  the  line  of  battle 
is  formed.  In  this  formation  the  weather  division  or  oolunm  has  been 
made  to  oonstitute  the  van,  and  the  lee  eoluma  the  rear  o(  the  line  ; 
bat  it  ia  Mmetimai  thoiufat  neoeaBBir  to  make  tbit  oolumns  change 
plaoes,  causing  that  which  is  on  tL«  weather  side  of  the  fleet  to 
beoome  the  oenta«  or  rear  column,  or  by  moving  the  centre  or  lee 
column  constitute  the  van  of  the  line.  A  like  interchann  of  the 
places  of  the  van,  centre,  and  rear  divisioDS  ts  also,  oooasionally,  made 
when  the  fleet  is  in  the  order  of  sailing;  and  vuioua  other  evolutions 
are  performed  by  the  ships  oi  a  fleet,  both  while  sailing  and  in  the  line 
^  Mttls  :  the  prindpal  of  these  ocmdrt  In  the  savenl  ships  tecUng^ 
or  veering,  in  sncoessuni,  and  In  turning  to  windmud;  and  there  Sre, 
beaidee,  the  series  of  movements  which  are  neceeaary  in  order  to  restore 
the  line  of  battle  when  disordered  in  consequence  of  a  shifting  of  the 
wind.  But  the  detiJs  of  titeee  evolutions  can  be  studied  with  advan- 
tage only  in  worica  which  are  expressly  written  on  uaval  taotios. 

Fmn  the  order  battle  it  is  aeoeetary  to  return  to  iMne  one  of 
the  orders  of  sailing;  ondwitii  re^wotto  the  three  flnt  ol  these,  it 
will  be  merely  neoooBaiy  lor  the  ships  in  the  line  totael^  or  bear  away, 
in  the  assigned  directions,  increasing  or  diminiahinK  sail,  so  that  they 
may  snive  in  their  proper  pooitions  nearly  at  the  same  time.  In 
returning  to  the  fifth  order  of  sailing,  there  are  two  cases,  which  con- 
sist  in  performing  the  manoeuvres  on  the  saume  and  on  the  opposite 
tack.  In  thf  first  case,  should  it  b6  required  that  the  van  teeome 
the  weather  squadron,  the  van  and  oen^  tack  together  and  stand  on, 
irfnle  the  rear  proceeds  in  its  aetual  ooaree ;  then,  when  the  rear 
eomea  enooeedvdy  abreast  (tf  the  ocoitre  and  van  squadrons,  these  re- 
taek,  and  thus  three  parallel  columns  ale  formed.  In  the  aecond  case, 
the  van  being  to  form  the  weather  squadron,  th«  ships  in  van  first 
tack  in  suooession,  then  the  ships  in  the  centre,  and  lastly  those  in  the 
rear.  All  then  keep  on,tt^  the  oorrespoDdiiig  ahips  in  the  differ- 
ent sqiiadronfl  get  alneast  of  each  othor,  lAen  the  order  ta  formed. 
Tte  erolatione  differ^  of  course,  from  tiiose  just  mentioned  when 
the  van  b  to  form  the  lee^  and  when  it  ie  to  f<»m  the  oentre 
squadron. 

In  the  order  of  retreat  before  the  wind,  the  ships  are  drawn  up  in 
two  equal  divisions,  in  lines  making  an  angle  of  186"  with  each  other ; 
the  admiral's  ship  remaining  to  wudward  of  the  rest  of  the  fleets  and 
being  at  the  angular  point. 

If  a  fleet  Is  much  superiw  in  feroe  to  tliai  of  the  enamy,  it  will  be 
of  IHUe  moment  whether  it  oomes  to  action  on  the  windward  or  the 
leeward  nde ;  and  each  of  these  situations  when  taken,  either  by  a  fleet 
or  a  nng^e  ship,  has  both  advantages  and  defects.  The  advantages 
of  gaining  the  weather-gage,  as  it  is  called,  are  that  in  such  a  sibia- 
tion  a  fleet  may  aMaosch  that  of  the  enemy,  and  it  may  oommenoe 
the  engagement  wttan  It  shall  af^iear  moat  oonvenienfe :  supa  nay  be 
detadiedtotherear  in  wdertotoni  the  enemy's  Una  and  put  ft  in 
eonforion,  and  a  diip  may  board  its  op^nent  almost  at  will :  in  firing 
also,  the  windward  uiips  are  but  little  incommoded  by  the  smoke.  On 
the  other  hand,  the  diudvaatoges  of  being  to  windward  are,  the  diffi- 
culty of  retreat  withoat  passing  through  the  enemy's  line ;  disabled 
ships  cannot  quit  the  line  without  disordering  the  rest  of  the  fleet,  and 
in  stormy  weather  the  lower-deck  ports  can  seldom  be  opened.  When 
a  fleet  is  to  leeward  d  that  of  Hm  enemy,  the  ships  which  may  be 
dismasted  can  be  readily  drawn  away,  and  ma  yrholt  fleet  may  retire  if 
nnaUe  to  contend  against  a  superior  force. 

If  a  fleet  to  leeward  of  the  ennny's  line  should  attempt  to  gain  the 
windward  side,  it  should  manceuvre  so  as  to  delay  the  engagement  for 
a  time  in  the  hope  Hbrnt  a  change  of  wind  in  its  favour  may  take  [dace, 
lad  it  must  then  endwronr  to  take  advantage  of  inch  change.  In 
these  drenmBtaaeea  the  eommaader  muab  however  keep  the  enemy  in 
right,  or  at  least  he  muat  obtain  a  knowledge  of  his  maneeuvrea  by 
means  of  frigates  detached  for  the  purpose,  fx  unable  to  enooeed  in 
getting  to  windward,  it  should  be  dnwn  up  on  a  line  as  short  as 
posuble,  in  which  case,  that  of  the  enemy  being  more  extended,  aome 
of  the  ships  in  it  must  nther  take  no  part  in  the  eagogement,  or, 
leaving  thor  line  in  order  to  bear  down,  €mj  yrSl  lose  io»  advantage 
ofthewiud.  Ontheotiiarhand, aweatturflastahouldbemanoeavred 
ID  as  alwaya  to  keep  that  which  ia  to  leawatd  quite  alnreBflt  of  it; 
aince  then,  unleas  the  wind  ahould  ehift,  it  irill  oontinae  to  hold  its 
pontion. 

When  it  is  de^red  to  bring  on  on  action  against  a  fleet  in  line  on 
the  leeward  aide,  the  general  rule  is  that  the  weathnr  fleet  should 
nt  abreast  ti  the  other,  then  bear  down  upon  it  till  within  the  proper 
distanee,  and  form  in  coder  of  battle.  Should  the  leeward  fleet  bear 
•way  at  a  cert^  angle  with  the  wind  in  ordv  to  avoid  the  engage* 
ment,  the  other  may  bear  away  at  a  still  greater  aag^ ;  then,  aocontins 
to  the  relation  between  the  distance  of  the  fleets  from  one  another  and 
the  extent  of  the  weather  line  of  ships,  the  latter  will  cut  the  other  in 
some  particular  part  of  its  length,  and  thus  oompel  it  to  fight  in  dis- 
edvantagsons  ratoiunstanoes.  Again,  if  being  to  leeward  of  the  enemy, 
It  be  neeesBuy  to  ovoid  an  engagement,  the  only  Tesoaroe  la  to  bear 


away  in  order  of  retreat.  If  to  windward,  the  fleet  should,  If  possible, 
ia  retreating,  keep  constantly  on  one  tack,  in  order  to  avoid  the  loss  of 
time  ooouiHed  in  going  about ;  but  if  from  want  of  room  it  be  necessary 
to  change  the  oonrse,  the  fleet  may  be  kept  on  one  tack  during  all  the 
time  that  the  enemy  is  on  the  other :  for  thus  the  two  fleets  will  be 
constantly  diverging  from  one  another. 

It  is  observed  Mr.  Clerk,  in  his  '  Bssay  on  Naval  Tactics,'  that 
when  an  enemy's  fleet  is  to  leeward,  and  in  that  situation  is  to  be 
brought  to  action,  both  fleets  being  in  line  of  battle,  if  the  ships  in  the 
weather-line  bear  directly  down  upon  the  othen^  those  in  the  van  are 
liable  to  be  disabled  in  their  liggmg ;  Mid  thus,  the^  motion  bong 
retarded,  distvder  m\ist  ensue  m  the  dispositions  of  the  ships  whicS 
follow  them.  Precisely  the  some  disadvantages,  he'  adds,  attend  the 
method  of  coming  with  the  whole  fleet,  in  line  of  hattJe,  obliquely 
upon  the  line  of  the  enemy;  uid  to  these  faulty  modes  of  attack  ha 
ascribes  the  damages  which  have  so  ^requenttf  beoi  sustuned  by 
British  fleeta  at  the  commenoement  of  actioos.  The  method  pro^xwed 
by  that  writer  for  coming  to  an  enpigem^t  against  a  fleet  to  leeward 
is  similar  to  that  of  an  attack  in  oblique  order  on  land,  and  ccmsista  in 
detaching  a  squadron  for  the  purpose  of  attaddng  some  of  the  rear 
ships  in  the  enemy's  line :  the  squadron  should  engage  the  ships  broad- 
side to  broadside  while  the  rest  of  the  fleet  is  at  a  distance,  prepued  to 
send  support  if  necessary.  Then,  should  the  van  and  centre  of  tlie 
enen^s  fleet  continue  Us  oourse  ia  order  to  avoid  a  general  aotion, 
those  rear  ships  will  be  taken :  if  any  of  the  van  ships  should  tack 
suecesuvely  in  order  to  support  the  rear,  some  other  ships  of  their  line 
wilt  be  in  danger  of  being  taken  by  a  second  squadrtsL  detached  from 
the  windward  fleet ;  and  if  the  whole  line  should  tack  togethw,  the 
disorder  thence  arising  might  cause  the  loss  of  more  ships,  or  might 
taring  «i  a  general  acticHi  at  a  disadvantageto  the  leeward  fleet.  Laatiy, 
if  this  fleet  diould  veo-,  and  bear  away,  tiie  ships  would  beoome  ex- 
posed to  a  raking  fire  in  their  retreat. 

The  mancEnivre  of  doubling  an  enemy's  line  of  battie  connsta  in 
sending  ships  round  fay  either  of  its  extremities  for  the  purpose  of 
placing  some  of  those  m  that  line  between  two  fires.  In  order  to 
double  a  fleet,  the  ships  should  advance  beyond  its  van,  or  fall  in  its 
rear,  whm  by  taoking  or  ve«ing  according  as  they  are  to  leeward  or 
windward  of  the  line,  they  may  get  into  the  required  position  on  its 
opposite  side.  It  ia  right  to  obeMre,  however,  that  this  manoeuvre 
ought  to  be  attempted  under  favourable  circumatanoes  only,  as  the 
doubling  ships  are  Uahle  to  be  separated  so  for  from  their  own  fleet  as 
to  be  prevented  from  rejoining  it ;  and  it  it,  on  the  whole,  conadered 
more  advantageous  to  double  a  fleet  by  its  rear  than  by  its  van,  muoe 
in  the  event  at  some  of  the  enemy's  uiips  being  damaged,  and  unable 
to  keep  up  with  the  res^  such  ahipe  may  be  taken  by  tiuHa  which  am 
perfiwming  the  manoeuvre  of  doubling:  should  any  of  these' last  be 
separated  m>m  their  fleet,  they  can  remain  ui  the  rear  without  risk, 
till  an  opportunity  ia  ofl'ered  of  rejoining  it.  At  the  battie  of  tiie  Nile 
(1798),  Admiral  Nelson  doubled  the  van  of  the  French  line,  and 
attacked  it  on  both  aides,  while  the  other  ships  of  that  line,  the  whole 
fleet  being  at  anchor,  ocHild  afford  no  asdstance.  In  ord^  to  avoid 
being  tuned,  the  largest  ships  of  a  fleet  ought  to  ba  in  the  vsa  and 
rear  of  its  line  when  in  order  of  battle ;  and  the  rato  of  sailing  for  each 
should  be  such  that  ilie  rear  ships  may  never  be  astern  of  the  enemy. 
Care  should  also  be  tsken  that  the  ships  are  as  close  together  as 
possible,  that  the  enemy  may  not  pass  between  any  two  of  uiem,  and 
thus  break  the  order  of  battle. 

It  is  well  known,  from  the  records  of  naval  history,  tiiat  the 
manoeuvre  of  catting  throu^  the  line  of  an  enony's  fleet  during  an 
engagement  has  been  severu  times  performed  by  English  oommanders 
since  the  middle  of  the  17th  century.  In  an  action  with  the  Dutch, 
in  the  year  1652,  Sir  George  Ayscue  is  said  to  have  duiged  from  the 
leeward  throug^h  the  fleet  of  the  enemy;  and  in  that  between  the 
English  and  Dutch  fleets  in  1665,  the  earl  of  Sandwich  cut  through 
the  centra  of  the  Dutch  line,  and  caused  the  disorder  which  ended  in 
its  total  defeat :  again  in  May,  1672,  Sir  Joseph  Jordan,  <^  the  Blue 
squadron,  having  the  advantage  of  the  wind,  t^areed  the  Dutch  fleet 
and  threw  if  into  confusion.  Bat  the  action  which  first  gave  notwie^ 
to  the  numcsuvre  was  that  in  which  Admiral  Rodney  gained  tiie  im- 
poriJLut  victory  over  the  French  ,  fleet  commanded  by  the  Comte  de 
Qrosse :  this  action  was  fought  in  1782.  The  battle  in  which  the 
brilliant  career  of  Lord  Nelson  terminated  with  a  deciave  victory 
<1805)  owed  the  success  with  whidi  it  was  crowned  to  the  employment 
of  a  Iflce  mode  of  attack. 

Hie  honour  of  having  been  the  first  to  demonsti«te  folly  the  prin- 
cil^  on  which  the  manoeuvres  of  an  attack  against  fleets  to  windward 
or  to  leeward  depend,  ia  generally  ascribed  to  Mr,  Cleil:  of  Eldin,  who 
published  the  first  edition  of  his 'Essay  on  Naval  Tactics' in  1782; 
and  it  has  been  asserted  (Playfair's '  Memoir  of  Mr.  CleA.')  that  Cleric 
had,  in  conversation,  oommunicated  to  Sir  Charles  Douglas  (Rodney's 
flag-cs^[>tain)  his  whole  system  of  tactics  in  the  year  preceding  that  in 
which  the  battie  with  the  Comte  de  Orasae  was  fougm.  The  accuracy 
of  tiiis  assertion  has  been  however  disproved  by  Sir  Howard  Douglas, 
in  his 'Memoir  on  Naval  Evolutions;'  and  from  an  account  of  the 
circumstances  under  which  the  manceuvre  of  breaking  the  French,  line 
was  performed,  aa  they  have  been  given  by  Sir  Charles  Dashwood  (one 
of  Admiral  Rodney's  aides-de-camp  on  the  day  of  the  action),  it  qipeara 
that  the  idea  of  the  manoeuvn  was,  at  the  moment,  suggested  to  the 
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admiral  liy  Sir  Charles  Doug^  on  pwoeiviog  an  opening  in  the  Frpnch 
line  between  two  of  the  ships  near  its  centre.  The  ^«ndi  fleet  was 
formed  ic  line  on  a  larboard  tack,  and  tended  to  gain  the  windward 
aide  of  the  British  line,  which  from  the  leeward  side  advanced  obliquely 
towards  the  fifth  ahip  from  the  tbh  of  th«  ancoiy.  Signala  ware  than 
made  for  the  Britiah  ahipato  doae  up  in  thair  line,  and  the  action  com- 
menced as  the  two  fleets  ranged  in  -OTpodte  dirartiona  alongride  of 
each  other.  When  the  centre  of  the  British  fleet  came  opposite  the 
third  or  fourth  ship  of  the  French  line.  Admiral  Bodn^s  ship  began  a 
close  action  within  half  a  uneket-shot  against  the  ships  of  me  enemy 
witii  which  it  came  successively  abreast ;  and  then  the  opening  appear- 
ing as  above  mentinied,  the  opportunity  was  aeiied  of  passing  through 
H :  this  was  done  ao  near  the  enemy,  that  the  admiral's  ship  almost 
touched  the  French  ship  on  each  side.  The  ships  astern  of  the  admiral 
followed  him  oloeely,  and  these  kept  up  a  powOTful  raking  fire  against 
the  ships  in  the  rear  divinon  of  the  enemy's  fleet,  whidt,  being  drivra 
to  leeward  as  the  van  of  the  British  fleet  passed  them,  broke  into  two 
divisions,  and  made  sail  before  the  wind  to  esot^.  As  aoaa  aa  the 
van  of  the  French  fleet  was  left  b^ond  the  rear  of  the  still  advandng 
line  of  firitish  ships,  it  also  broke  mto  two  divirions,  wUcb  retnated 
in  different  directions ;  and  then  the  signal  being  made  for  the  ships  to 
close  up,  the  British  fleet  followed  in  pursuit  of  that  division  with 
which  the  French  admiral  had  retired.  At  the  battle  of  Trafalgar 
(1805),  the  combined  French  and  Spanish  fleets  were  drawn  up  is  one 
line,  of  a  orescent  form,  the  convex  part  being  to  leeward  of  the  wingp, 
while  the  fleet  of  Lord  Nelson  bore  up  agunit  it  in  two  lines,  taiSe 
order  of  sailing;  the  leading  ships  (d  the  Unea  broke  fhixiufl^  the  fleet 
of  the  enemy  in  two  places,  and  were  followed  by  those  of  meir  respec- 
tive  divisions. 

The  manoeuvre  of  breaking  the  line  of  a  fleet,  like  tiiat  of  attacking 
in  column  the  line  of  an  army,  may  not  always  auccaed ;  and  in  the 
action,  June  3,  166£,  several  squadrons  passed  through  and  through 
the  Dutch  fleet  without  gaining  any  advantage.  If  the  line  of  ue 
enemy  is  strong,  tho  ships  which  would  {ueroe  it  may  be  placed 
between  two  fires,  or  may  be  cnt  off  from  the  rest  of  tbev  fleet ;  and 
perhaps  the  manoeuvre  ought  not  to  be  attempted  tmleas  the  line  to  be 
brokm  is  already  disordered  1^  the  aotidi,  or  unlea  a  favourable 
opportunity  should  presant  itoell  from  negUgenoe  or  want  of  sUll  in 
the  toemy.  , 

Should  sufficient  reasons  exist  for  performing  the  manceuvre  by  a 
fleet  which  is  to  leeward  its  enemy,  the  ships  til  tluife  fleet 
should  close  up  as  much  as  possible,  and  by  a  press  of  sail  g~' 
npidly  through  the  opening  without  attempting  to  engage  the  sUpa 
between  which  they  pass ;  or  each  should  give  we  fire  of  a  broadside 
to  one  only,  reserving  the  other  broadside  for  the  ship  with  wldch  it  is 
to  engage  in  the  new  position  :  this  position  the  ships  idbould  of  course 
gain  aa  aoon  as  possible.  On  the  other  hand,  an  attempt  to  break  the 
Bne  of  battle  may  be  counteracted  hv  cauarag  all  Uie  fleet,  as  soon  aa 
some  of  the  enemy's  ships  have  gut  through,  to  put  itself  on  the  same 
tack  as  these ;  by  which  means  some  of  them  will  be  engaged  between 
two  fires,  and  ouiers  will  be  cut  off  from  aU  connection  with  the  fleet 
to  which  they  belong. 

When  the  commander  of  a  ship  intends  with  that  ship  to  come  to 
action  with  one  of  the  enemy  to  leemrd,  he  should  bear  down 
obliquely  towards  the  latter  till  he  geta  nearly  into  its  wake ;  and  when 
at  a  proper  distance,  he  may  either  run  up  alongside,  or  having  shot 
a-head,  veer  and  run  down  on  the  weather  bow :  the  ship  attacked 
should  never  be  allowed  to  toing  her  broadside  to  bear  except  when 
both  diips  are  in  parallel  portions. 

In  chainng  an  enemy'a  snip  which  is  to  windward,  the  ehaaer  b^g 
preaumed  to  sail  better  than  the  ship  she  pursues,  it  Is  reoommended 
that  the  former  should  stand  on  close-hauled  till  abreast  of  the  ehase ; 
she  should  then  tack, and  stand  on  close-hauled  till  agun  abreast;  and 
so  on.  The  ship  chased,  on  the  othw  hand,  should,  morder  to  avoid 
loss  of  time,  continue  constantly,  if  possible,  on  one  course ;  but  it  ia 
evident,  from  the  supposed  inferiority  of  her  sailing,  that  she  must  at 
length  be  overtaken     her  pursuer. 

Such  have  been,  and  such  would  continue  to  be,  the  bads  of  sys- 
tematic naval  warfare  with  sailing  fleets.  As  r^nids  the  fioyal  Na\-y, 
an  extended  nvtem  of  manceuvres  is  called  for,  liiiwmuffh  as  more  pre- 
ciaion  in  evolutions  is  attainaUe  by  steam-fleets  such  as  wHl  be  our 
future  defence. 

To  this  Bul^'eet  both  Engliili  and  French  writeia  have  already  given 
thwprofesnonal  attention;  and  the  French  admiral,  De  1*  Graviire, 
in  his  work  called  '  Qnerres  Uaritimes,'  advocates  the  all-predominant 
advantages  of  ^ted  over  an  advetsaiy.  It  is  to  Admiral  Bowles,  C.B., 
Uiat  we  owe  even  the  present  position  of  the  qucetion  of  naval  tactics ; 
for  in  1846  he  called  attention  to  the  neceasi^  of  improved  modes  of 
manauvring  steam-reasela  before  an  enemy,  as  may  be  seen  in  his '  Essay 
on  Naval  Taotica,'  1848.  He  was  ably  seconded  by  Capt.  Dahlgren,  U  3 
navy,  in  his  work  on '  Shells  and  SheU  Guns."  But  it  is  to  General  Sir 
Howard  Douglas,  Bart.,  that  this  coimtry  owes  that  developmont  of  a 
system  which  haa  been  very  carefully  illustrated  by  him  In  numerous 
diagrams  in  hU  '  Naval  Warfare.'  We  refer,  therefore,  to  that  work 
for  further  details,  which  would  be  unnecessary  in  this  Cyclopadia-  -a 
work  not  on^y  valuable  to  every  naval  commander,  but  also  to  merchant 
captains,  who  may  resolve  to  defend  the  costly  ships  and  steamera  com- 
nutted  to  their  charge.    We  merely,  therefore  remark  in  brief,  aa  a 


few  main  features  of  his  most  recent  opinions — the  keeping  of  a  fleet 
of  steamera  in  well  concentrated  columns  on  lines  of  bearing  «n  iehdon  ; 
the  turning  an  enenw's  flank  by  an  oblique  movement,  as  practised  on 
land  by  IVedeiiok  IL,  by  Napoleon  at  Austetiitz,  by  Wellington  at 
Waterioo,  fto.,  fto. ;  and  this  by  brinmng  an  orawhdming  force  upon 
the  point  attacked ;  the  steaming  ui  me  oftrmiC,  in  nadAiess  Inr  a 
simple  movement  of  each  ship's  head  to  form  tfeAelon  of  ships  in  line 
ahMd,  either  aa  offensive  or  defensive  measures.  This  consists  of  a 
wedge-shaped  double  line  formed  on  a  central  ship,  in  the  form  of  two 
sides  of  a  right  angle,  the  sides  being  right  angled  at  such  central  ship, 
each  ahip  making  with  the  other  an  uigle  of  four  pointa.  Sir  Howard 
Douglas  entinbr  repudiates  the  practice  of  fitting  in  parallel  order. 

(TVatM  iuBtfia.Hiaa  Naeala,  par  P.  Paul  Hoste,  IflSO.  A  Trans- 
lation of  the  same  by  Captain  Boswall,  R.N.,  1884 ;  Clerk's  Eitay  om 
Naval  Tactia,  1790  j  L'Art  de  Guerre  tn  Mer,  par  M.  le  Viscomte  de 
Gr^nier,  17S8 ;  Steele,  1794,  Admiral  Sir  Charies  Ekins,  Navol  BauUt; 
and  Admiral  Sir  Howard  Douglaa's  Natal  Wwrfart  vsHh  iSImss,  1882 
and  18C8.) 

T..ENIA.  [HouLDixo.] 

TAIL,  ESTATE.  [Estate.] 

TAILZIE,  in  the  law  (rf  Sootiand,  is  the  technical  term  correspond- 
ing with  the  English  word  Entail,  which  now  generally  sup«n»edea 
it  in  colloquiid  use,  even  in- Scotland.  The  earqr  history  of  Entail 
law  in  Scotland  in  some  respects  resembles  thrt  of  Eneland,  but 
in  latw  times  they  diverged  from  each  other.  In  Scouaad  there 
was  DO  early  effort,  such  as  the  statute  tA  Westminster  the  Second 
(18  Edw.  I.)  &vouring  deeds  appointing  a  fixed  series  of  hrirs,  nor  does 
there  appear  to  have  been  on  ute  part  of  the  judges  that  inclination  to 
permit  perpetuities  to  be  defeated  by  fictions  which  was  shown  in 
England.  Devices,  however,  of  a  very  similar  character  to  those  of 
the  English  statute  were  adopted  to  defeat  attempts  by  holdan  under 
entail  to  use  their  huds  aa  if  they  were  absolute  proprietcns.  The 
first  and  simplest  restrictioo  laid  on  the  destined  heira  of  an  entail  was 
in  the  form  of  a  mere  pn^lntion,  against  contracting  debt  which 
might  occauon  the  attachment  of  the  estate  by  crediton,  selling  the 
pr^)erty,  altering  the  order  of  suoceesion,  and  the  like.  A  proviaion 
of  this  character,  called  tite  "  Prohibitive  clause,"  was,  however,  quite 
insufficieot  to  accomplish  the  end;  because  if  a  creditor  had  really 
attached  the  estate  for  debt,  or  a  pers(m  had  bond  fidt  purdiaaed  it,  it 
was  no  ground  for  wresting  the  title  out  of  his  hands,  that  the  pro- 
prietor waa  under  a  prohibition  against  permitting  such  ocourrenoes, 
A  second  provision  was  added,  called  an  "  Irritant  clause,"  by  which  any 
right  acquired  contraiy  to  the  provirionB  of  the  entail  was  declared  to 
be  null.  Still  this  did  not  efibctually  intiij^date  the  holder  under  the 
entail  from  making  efforta  to  break  it,  and  did  not  gira  the  next  in 
succession  a  sufficient  title  to  interfere.  A  third  provision  was  added 
called  the  "  Resolutive  clause,'*  by  wUch  the  right  of  the  person  who 
onntravenes  the  prohibition  "  resolves  "  or  becomes  forfeited.  It  was 
then  provided  ^  statute  (1886,  c.  22)  that  all  entails  should  be  effective 
which  contained  Irritant  and  Resolutive  clauses,  were  duly  recorded  in 
the  Register  of  Entails,  and  were  followed  by  recorded  saisins  oon- 
taining-the  Prohibtttny,  Irritant,  and  Resolutive  clauses.  Entails  thus 
became  a  permanent  feature  in  the  institutions  of  the  oountiy,  A  sort 
of  judidaf  war  was  for  a  time  carried  on  agsinst  iham,  which  produced 
a  vast  amount  of  litigation  and  strife,  and  plaoed  the  titles  of  proper^ 
in  a  procarious  and  doubtiul  position.  Quite  recenUy,  howevw,  the 
entau  law  of  Scotland  has  been  asrimilated  to  that  of  England;  the 
method  of  creating  entails  baa  been  simplified,  and  means  of  banuig 
them  provided,  so  that,  except  in  matters  of  form,  the  law  of  Sootiand 
with  respect  to  entaila  now  closely  resembles  that  of  England. 

TALAPOINS  is  the  name  given  by  the  POTtuguese,  and  after  them 
by  other  European  nations,  to  the  Buddhist  priests,  or  rather  monks, 
of  Siam,  and  is  supposed  to  be  derived  from  uie  fan  which  they  alwaya 
cany,  usually  made  of  a  leaf  of  the  palmyra-tree,  and  hence,  eays 
Crawf  urd  ('Journal  of  Embassy  tu  Siam  \  denominated  by  the  Sanskrit 
word  Talpat,  Tal  is  the  common  Indian  name  for  the  palmyra ;  and 
the  older  tnvellera  give  Talapa  aa  the  Siamese  word  for  a  fan.  By 
the  Bormsse  the  Talapoins  are  said  to  be  called  Bahana,  whence  seems 
to  oome  the  name  Kaulins,  given  to  them  by  the  Monammedana ;  as 
by  the  CUneee  they  are  called  Ho-changi ;  in  Tibet,  Lama-sen  or 
lAmoa;  and  in  Japan,  Bonzes.  (Prevoat,  'Hiatoire  G^^rale  dea 
Voyages,'  vi. ;  and  '  Christianisme  en  Chine,  en  Tartaric,  et  au  Thibet,' 
par  M.  Hue,  1867.)  In  Ceylon  the  name  for  the  priests  is  stated  hj 
Sir  J,  Tennent,  in  his  '  Christianity  in  Ceylon,'  1850,  to  be  Sama- 
n&ros,  the  name  also  pvsn  to  them  in  Siam ;  apparentiy  the  aame 
word  as  tile  Samaneans,  or  Buddhists  of  Bahar,  quoted  by  Pliny  and 
Stnbo  from  Hegosthenes,  B.a  800. 

The^  are,  as  has  been  stated,  a  species  of  monks  living  in  com- 
munities of  from  ten  to  some  hundreds,  and  employing  their  time  in 
devotion,  religious  study,  and  meditation,  and  in  b^ing,  or  rather 
receiving  alma,  for  they  ore  not  permitted  actually  to  solicit  charity. 
Their  dmaaa  of  yellow  cotton  or  dik  jwhich  are  essential  to  the 
priesthood,  and  the  quitting  of  wl^h  is  an  abandonment  of  the 
order)  are  of  the  same  feshion  aa  those  of  the  Buddhist  priests  in 
Ava  and  Ceylon,  and  present  a  highly  favourable  contrast  to  the  raga 
and  squalidity  of  the  general  population.  On  the  other  hand,  a  tola- 
poin  is  not  only  separated  from  society  by  being  condemned  to  celibacy, 
and  is  prohibited  from  possessing  property,  but  is  expected  to  obsarva 
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Tery  Rtrictlj  wrenl  of  the  precepts  of  the  nati<nul  rdigimi  which  are 
Tery  little  attended  to  by  anybody  else,  eq>eoially  the  {wohibititnu 
ttgaiDBt  the  filayiDg  of  animals  (altjiough  they  will  eat  them  when  nlain), 
stealing,  adultery,  lying,  and  drinking  wiAe.  Sir  Ji  E.  Tennent  atatee 
that  they  are  wretchedly  poor,  and  in  point  <^  education  riae  UMe 
aboT«  the  peatantry,  but  ilut  ihay  an  aupentitiou^r  ainoere. 
TALBGtTPB.  [PHOTOauraT.] 

TALENT  (rtUat^or)  was  the  faigheat  denomination  ot  Greek 
weighta  and  money,  and  was  also  commonly  used  1^  Qreek  writers  as 
the  tranalation  of  words'  agnifying  a  certain  weight  m  other  languagea. 
It  IB  neceaaaiy  to  observe  that  ihe  talent  ia  properly  only  a  denomina- 
tion of  wflyw>  There  waa  no  ooin  of  tliat  name ;  and  when  used  in 
refurence  to  mon^,  it  meant  originally  a  taknt-weight  of  gold  or 
ailTer,aiid  afterwards  a  certain  quanti^  of  current  money,  the  weight 
of  which  {■upposbg  Uie  real  and  nominal  value  of  the  coin  to  be  the 
some)  amounted  to  a  talent. 

I.  The  Hebrew  TtUmt,  or  Kirkar  p^3),  cootuned  3000  shekels,  and, 
according  to  Ur.  Hueaey'a  computation,  its  weight  was  93  lbs.  12  ozs. 
aTgirdupois,  and  iti  value  aa  tUter-money  89w.  St.  lOd.  [Shekel.] 
The  HebrewB  bad  no  gold  money  of  thdr  own. 

II.  Tke  Greek  TVifenf. — The  following  were  the  principal  denomina* 
tims  of  w(^ht  and  money  among  ttia  Gra^  :~4|3oX^,  Ipaj^,  /uA, 
tiKtarrow,  of  wluoh  the  hRoKif  WM  the  am^lflat.  TiaHi  relatlre  pro- 
portiona  are  shown  in  the  annexed  table . — 

Obot 


% 

Drachm  t 

100  1 

Uina 

U,MO 

6000  j 

•0 

Usat 

This  syatem  prerailed  throughont  Greece,  but  the  actual  Taluee  of  the 
talent  varied  in  diflerent  states.  Most  of  theae  variatitms  may  be 
included  under  two  chief  standards,  namely,  the  Attic  and  iGgineton. 
1.  ThtAtHc  Talent. — The  value  of  tJie  Attic  talent  before  the  time 
Solon  is  »  matter  on  which  we  possess  little  historical  informatbn, 
though  there  ii  no  doubt  that  preriooa  to  Sdon  tiie  Euboio  talent  waa 
in  QUO,  and  coins  edst  whioli  are  bold  to  belmg  to  that  period.  After 
Solon  had  remodelled  the  coinage^  the  Attic  silver  money  waa 
celebrated  for  its  purity ;  and  therefore  from  the  coins  of  that  period 
which  still  exist  we  may  determine  the  value  of  the  standard  with 
tolerable  certainty.  Now  the  chief  coin  was  the  drachma  of  silver,  the 
average  weight  of  which,  from  the  time  of  Solon  to  that  of  Alezaiider 
the  Oroat,  ia  found  to  be  66*6  gmina.  From  thia  wa  get  the  ftdlowing 
Talaea  in  avoirdupcns  weig^ : — 

lb.    ox.  fr. 

Obol   11-08  • 

*  Drachma   AO'S 

Hlna  15  SS-TS 

Tilettt  A6      Ifi^  100-SS 

This  was  the  standard  ^ways  need  for  rihrer  moasj,  and  waa  there- 
fore called  "  the  silver  standatd." 

Besides  this  there  was  another  standard,  tiie  chief  weight  of  which 
was  called  tiu  commercial  atina  ( 4  /u^  V  ifiiroput^),  and  contained  188 
draohmse, "  according  to  the  standard  weights  in  the  silver  mint "  (see 
a  decree  in  Bockh,  '  Corp.  Inscrip.',  L  123,  §  4) ;  that  is,  not  that  a 
oonunercial  mine  contained  188  commercial  dradmue,  but  that  this 
waa  quito  » diifo«nt  standard  from  that  used  for  silver  money,  ita 
unit  being  to  that  of  the  latter  in  the  tatio  of  138  : 100 ;  while  the 
rdatiae  prop<Hiiona  of  the  weights  were  the  same  in  both  systems. 
The  foUoiring  taUe  shows  tiie  value  oi  the  Attio  commCToial 
at«Dd«nt:— 

lb.    ex.  gr. 

Obol  19*» 

SraohBB     .   SI-TT 

Una  I  4 

TSle&t  7S     S}  14-n 

These  weights  were  uaed  for  all  commodities,  except  laoh  aa  were 
expresoly  required  by  Uw  to  be  sold  by  the  aQvar  ataiuard. 

This  commercial  standard  ii  most  jnobobly,  as  BS(4h  has  ihown,  the 
real  ancient  A^o  standard,  aa  it  exiated  before  the  time  of  Solon. 
The  purpose  of  Solon's  chuige  wss  to  lower  the  value  of  money,  in 
order  to  relieve  debton.  The  only  direct  information  we  have  of  the 
nature  of  tiie  dtange  is  the  statement  of  Plutarch,  that  "  Solon  made 
the  mina  of  100  drachma,  which  had  fismerly  contained  78/'  ^hich 
is  probably  a  mistake  made  by  Plutarch,  through  not  nndantanding 
the  words  of  Androtitm,  vhoae  authority  he  follows.  The  true 
meaning  seems  undoubtedly  to  be,  that  out  of  the  tame  muntity  of 
tilver  which  in  the  uunent  standard  made  78  drachmie,  Solon  coined 
100,  or  a  mina;  tiiat  ia,  that  he  lowered  the  standard  in  the  ratio  of 
100  :  73.  Now  the  ratio  of  the  oommercial  to  the  silver  standard  in 
1S8  :  100=100  :  723.  Hence  the  eommerdil  standard  and  the  <M 
Attic  mily  differed  \sy  a  small  fraction. 

Still  this  ra^  of  100  :  78  is  a  very  nngular  one  for  Solon  to  have 
adopted.  Bodih  suggested  that  Solon  meant  to  lower  the  itaadard 
a  quarter,  that  ia,  in  the  ratio  of  100  :  75,  and  that  the  new  emnage 
(bj  an  aoddent     not  imeommon  ocourrenco  in  minting)  waa  fouim. 


when  aotoolly  made,  to  be  a  litUa  too  light,  nopufy,  in  the  ratio  of 
72^  :  lUO,  or,  in  round  numben,  7S  ;  100  to  the  old  money,  instead  ti 
7fi  :  100 ;  but  a  further  investi^tiott  has  led  him  to  conclude  that  the 
true  reason  was  to  bring  the  new  systeoi  into  a  de&nite  proportion 
with  the  .^^etan  wbioi  jmvoiled  widely  in  Oreeo^  and  this  pro- 
portion ia  as  8  :  & 

The  Romans  reckoned  both  the  Attio  and  Enbmc  talents  as  equal  to 
80  Uoman  pounds  (compare  Polyb.  xxL  14,  with  xxii.  26,  and  Liv. 
xxxvii  45.  with  xxxviiL  88). 

The  Attic  commercial  standard  underwent  aa  alteration  the 
edict  above  referred  to,  which  made 

ita  mina  =150  drachms  (silver) 
its  6  miuffl  =    6  minsa  (commercial) 
ifa  talent      65  mins  (commeioi&l) 

In  this  new  standard  the  flva-minse  wei^t  was  equal  to  71b.  18]  oi' 
14-96  gra ,  and  the  talent  to  86  Ibs^  2J  oz.  707  gn. 

The  Atiieniana  took  tite  greateai  care  of  their  standards  of  weight. 
The  principal  set  were  lodged  in  the  Acropolis,  and  there  were  other 
sets  in  the  Frytaneum,  at  Pineus,  and  at  EUeuns. 

The  highest  coin  used  by  the  Athenians  waa  the  tetradradim,  or 
pi^  of  four  diaidiinte;  the  mina  and  talent  wm  never  ocasaA,  but 
were  paid  in  dnichmee,  oboli,  Ac  The  following  table  dwwi  tiia  value 
of  all  the  denomiiwtaona  of  Attio  sUvar  money,  according  to  the  eon- 
putations  of  Mr.  Huaaey : — 

t    *.    d.  farthiHft. 
CbalcBi  (of  copper}     .       .       .  '8129 

4  Obol   1-B3S 

I  Obol   S-16 

Obol   1  S-9 

IHobolon    .....  Si 

TrioboloB   4  rs 

TetrabolMi        ....  8  S 

Drachma   9  S 

Dldnchm  17  1 

Tetradradim   S  S 

Una  4  13 

Talent  S4S  19 

S.  Tie  S^finelan  tataU.— Pollux  (ix.  76,  86)  says  that  the  iEginetan 
talent  contained  10,000  Attio  drodunn,  and  the  .^ginetan  drachma 
10  Attic  obolSj  which  would  fgtn  the  ratio  of  0  :  8  fin-  that  of  tlw 
^ginetan  to  the  Attio  talent.  According  to  this  statement,  the 
.Alginetan  drachma  weighed  110  grains  E^;lish.  Now  the  existing 
coins  give  an  average  of  only  96  gndna;  and  the  queation  therefore  is 
whether  we  are  to  follow  Pollux  or  the  coins.  Ur.  Hussey  ^es  the 
latter  course,  explaining  the  statement  of  Pollux  as  referring  to  the 
debased  drachma  of  later  times,  whkh  waa  about  equal  to  the  Koman 
denarins.  Bockh  adheres  to  the  otatonent  of  Pollux,  axiduning  the 
lightnen  of  the  existing  oolm  ^7  the  well-ksown  tntdenoy  <rf  the 
anoient  minta  to  depart  from  the  fall  value.  He  haa  Buppntod  his 
view  by  some  vary  strong  and  ingstdom  aigumoiti^  and  ca  the  whde 
he  appears  to  be  ng^t. 

There  were  other  talents  used  by  the  Qreeka  and  Romans,  most  of 
which  seem  to  have  been  derived  from  one  of  these  two  standards,  but 
the  aocounte  of  ancient  writers  respecting  them  are  vety  contradictory. 
Their  values  are  dieciuasefl  at  length  by  Bdckh,  Hussey,  and  Humphrey. 

The  most  important  variations  of  the  iE^etan  standard  were  thoes 
tfsed  in  Macedonia,  Corinth,  and  Sidly. 

The  above  talento  were  all  reckoned  In  silver  money.  There  was 
also  a  talent  of  gold,  which  was  much  smaller.  It  waa  used  chiefly  by 
the  Oredu  of  Italy  and  BuSfy,  whence  it  was  called  the  ^eiUan  talmt 
as  well  as  the  gold  fatait.  It  was  aqnal  to  6  Attio  dradunn,  that  la, 
about  I  oz.  and  71  grt.  It  wu  divimd  by  the  Italian  Qre^  into  84 
Rufliflu,  and  afterwards  into  IS,  each  nummus  containing  2i  Utra. 
When  Homer  uses  the  word  UJent,  we  must  always  understand  by  it 
this  small  one  of  gold.  In  other  classical  writers  the  word  generally 
means  the  Attio  talent. 

(Bockh,  if efrolof.  UnUmuA.;  Hoaaej,  AntieiU  WeighU  and  M<m^ ; 
Humdirer,  Oom  ObJIeefot's  MmtuU,  1863.) 

TALE^  At  oonrnum  law,  whra  the  number  of  juiynun  hi  attoid- 
ance  waa  ao  small,  or  so  much  diminished  by  challenges  that  a  full  juir 
eonld  not  be  had,  a  writ  (than  in  Latin)  issued  to  the  sheriff  eonunand- 
ing  him  to  summon  sack  (tales)  other  fit  peraons,  &o.,  for  tiie  purpcae 
of  mining  up  the  juiy.  The  jurors  so  procured  were  called  taJesmen, 
from  the  Latin  word  used  in  the  writ.  Bj  the  statute  86  Heniy  Till., 
0-  6,  the  defect  of  jurors  mi^t,  at  the  requset  oi  the  plaintiff  or  de- 
fendant In  an  action,  be  supp^Ued  from  fudS  other  able  persona  Of  the 
said  counW  then  present,  and  these  were  ordinarily  cafled,  from  the 
words  in  uie  Latin  writ,  "  tales  de  circumstantibtiB."  Subsequent  sta- 
tutes extended  sod  regulated  the  application  of  this  statute.  The  act 
now  in  force  ia  the  6  Gteo.  IV.,  c.  50,  s.  37. 

TALIONIS,  LEX,  the  law  of  retaliation;  the  notion  of  which  is 
that  of  a  punishment  which  shall  be  the  same  in  kind  and  degree 
as  tita  injury.  ^nUs  punishment  waa  a  part  of  the  ICoaaio  Law : 
"  breach  f<»-  bteabh,  eye  for  ^e,  tooth  for  tooth :  aa  he  hath  caused 
a  Uemiah  in  a  man,  so  shall  It  be  done  to  him  again.  Lavit.  xxiv., 
20.  The  name  "  tallo"  occurs  in  the  proviuona  of  the  Twelve  Tables : 
it  ii  not  there  deflned  what  it  meoni^  ovt  the  dgoiflaation  <tf  tha  tanu 


Digitized  by 


Google 


u 


TALISHAV. 


TALLY. 


u 


uqr  odleoted  from  other  ^mmi.  The  word  oaniaim  hotm 
•iMnaot  as  the  word  taU$, "  mch,"  or  "  Uka." 

TALISUAN,  oa  Arabio  word,  luf^pooed  to  be  derived  from  tlia 
Gkeek  lelema  (r^ir^),  is  a  figure  cwt  in  metal  or  cut  is  stone,  and 
nude  with  eeitaiu  supentitioua  OCTemooiee,  when  two  planets  are  in 
coujunotioo,  or  wheu  a  certain  etar  ie  at  ita  culnuDating  point.  A  talia- 
ntan  thui  prepared  is  auppoeed  to  exeroiw  an  inflnwnce  over  the  bearer, 
praerriiig  him  from  diMMe,  rendering  him  inTulaerable  in  battle,  and 
BO  forth.  They  were  probably  used  originally  to  avMt  dlseon,  for  we 
find  tiiein  mentioned  in  Hib  history  of  medicine  among  all  ancient 
nations.  The  Egyptians  made  use  <k  figuiea  of  saered  animals,  imch 
as  the  ibis  and  the  scarabieus,  which  they  wore  generally  suspended 
&om  their  necks.  The  Arabs  and  the  Turks  did  the  same,  when  they 
were  idolaters  i  but  after  their  conversion  to  Islam,  they  used 
sentenoee  from  the  Eorui,  taken  chiefly  from  the  surah,  or  ch«itar, 
entitled  *  IHie  Inoantation.'  These  tliay  wore  inaoribed  on  roUa  of 
vellum  or  papw,  endoaed  in  a  sUver  bca,  and  suepended  from  their 
neck;  or  else  engraven  upon  a  aignet  ring.  HUitarv  men  used 
ainiilar  sentences  from  iha  Koran  on  the  hilt  or  Made  of  their  swords ; 
on  their  shields,  faelmeU,  and  other  pieces  of  armour;  or  woven  into 
their  gannents.  ChrisUan  nations  even  were  not  ezampt  from  this 
•iwemtitioD*  In  Uu  middle  ages,  ralios  of  aaint^  eonaeeavted  oandka, 
aiKl  rods,  nwatie^  kc,  wan  enq;d<iyed,  and  still  m,  in  Spdn  and  in 
some  parts  of  Itauy. 

TALLAGE  is  derived,  according  to  Lord  Odce,  from  the  law  Latin 
word  taUoffium,  or  taHagium, ■which,  as  he  says, "  cometh  of  the  French 
word  taila;  to  share  or  cut  out  a  part,  ami  metaphoricaliy  is  taken 
when  the  k^  or  any  other  haAh  a  share  or  part  of  we  value  of  a  man's 
goods  or  chattels,  or  a  share  or  part  of  the  annual  revenua  of  Ids  lands, 
or  puta  auy  charge  or  burthen  upon  another;  so  as  It^giunU  a 
^eral  word,  and  doth  include  all  subsidies  taxes,  tenths,  fifteenths, 
or  other  burthens  or  charge  put  or  set  upon  any  man."  It  was 
generally  however  confined  in  its  sense  to  taxes  received  by  the  king. 
The  most  important  statute  on  the  subject  is  entitled  *De  Talli^io 
non  couoedendo,'  which  was  passed  in  the  31th  year  of  Edward  III., 
to  quiet  the  dismmtent  then  universal  thiougfaoat  the  kingdom.  It 
had  arisen  among  the  oommons  in  consequence  of  the  king  having 
taken  a  tallage  of  aU  cities,  boroughs,  and  towns  without  the  assent  of 
parliament.  He  was  embroiled  also  witti  the  nobles  and  landowners, 
from  having  attempted,  unsuoceasfully  however,  to  compel  all  free- 
holders of  land  above  the  value  of  20^  to  contribute  either  men  or 
money  towards  his  wars  in  Slanders.  The  first  ohsfiter  of  the 
itstota  in  the  most  importiiit:  "No  tallage  or  aid  may  besetor 
levied  by  us  or  our  hears  in  our  kingdom  wiOiont  the  good  will 
and  assent  of  the  archbishops,  hnhopa,  counts,  bsrons,  knighta, 
burgesses,  uid  other  free  men  of  the  commons  of  our  kingdom. 
These  words,  as  Lord  Coke  says,  are  "  plain  without  any  scruple, 
abeolute  without  any  saving;"  and,  if  there  could  have  been  perfect 
reliaoca  on  their  oatnUao,  must  have  been  entire^  satisfactory. 
But  the  sme  king  iiad  just  violated  almost  tba  same  engBgements 
•otend  Into  by  himaelf  only  six  yesrs  before.  (8S  Edward  I,,  o. 
EC,  6,  7, '  Confirmationes  Chartarum ;'  2  Inat,  5S0.) 

TALLOW  (French,  w^^;  Oermaa,  talg ;  Italian,  «ew,  tego;  Russian, 
jolo,  toptetto*  ;  Spanish,  «e&o)  is  animal  fat  melted  and  separated  from 
the  membranous  matter  which  is  naturally  mixed  with  it.  When  pure, 
tallow  is  white,  and  nearly  tasteless ;  but  tiie  tdlow  of  commerce 
unnlly  has  a  ^dknr  tinm.  It  is  divided,  aeo(»dfaig  to  its  qualities, 
into  various  kmds,*  of  which  tiie  beat  are  used  for  '&»  manu&eture  of 
candles,  and  the  inferior  for  making  soap,  dressing  leather,  greasing 
nacliinery,  snd  some  other  purposes. 

A  large  proporti<m  of  tiie  tulow  used  for  making  candles  in  this 
country  is  of  home  production.  It  Is  fitted  for  use  by  the  Tenderer, 
who  oho^  into  pieces  tiie  fiit  and  suet  received  from  the  butchers,  and 
boUs  it  m  water,  \tf  -vtiiA.  t^eration  the  greater  part  of  the  fat  la 
malted  out  flrom  th«  membmnes,  and  floats  to  the  top,  whence  it  is 
removed  by  skimming.  The  remaining  fat  is  subsequently  squeezed 
from  the  membranes  1^  a  powerful  press,  leaving  the  membranous 
matter  in  the  form  of  a  cake  or  block,  of  a  dark  colour,  which  is  ctJled 
graves,  or  cracklingt,  and  which,  when  macerated  in  warm  water, 
softens  and  awells,  and  is  used  as  food  for  poulby,  dogs,  and  other 
dumestie  aobnals.  The  opmUon  of  mntfavw  should  be  performed  as 
qpe«lily  as  possible  after  the  removal  of  the  ftt  from  Oie  carcass, 
bsoause  tiie  fibrous  and  fleshy  matter  mixed  with  it  tend  to  promote 
putrefaction. 

Almost  all  our  imported  tallow  is  brought  from  Bussia,  where  this 
article  is  produced  in  enormous  quantities.  About  260,000,000  lbs.  of 
tallow  are  furnished  annually  to  the  rest  of  tiie  world,  prf>viding  the  chief 
sut^y  <a  soap  and  candles  to  England,  France,  Germai^,  Scandinavia, 
ItaJy,  and  the  other  countries  of  Europe ;  and  this  is  oil  in  addition  to 
tils  large  quantity  consumed  by  the  Russianfl  themselvaa.  Nearly  the 
whole  of  this  quantity  is  furnished  by  the  Pontine  steppes,  m  the 
southtim  part  of  Europewi  Russia.  The  large  tallow-manufactories,  or 
talgani,  aa  tiiey  are  coiled,  ore  exclusively  in  the  hands  of  the  natives 
of  Ureat  Rtuaia,  who  buy  the  cattle  by  thousands,  and,  after  fattenmg 
tham  foi-  aseason,  drive  them  to  the  salgans  to  be  alaugbtaied.  The 
MlgaoH,  to  vriiioh  the  tdlow-boilets  usually  b^in  to  drive  their  oxen  in 
■mall  numbers  towards  the  close  of  summer,  generally  consist  of  a 
wgaeuroM  court-yard  surrounded  by  the  buildinga  neoeaniy  for  tiie 


manufacture :  embracing  shambles  for  slaughtering  the  oxen,  houses 
eontaining  enormous  boilers  to  boil  down  the  flesh,  places  for  salting 
the  hides,  and  oounting-bouses  and  dwellings  for  the  workmen.  In  the 
summer  ^ese  establishments  are  untenanted,  except  by  dogs  and  birds 
of  prey,  whi(^  hover  about  all  the  year  round,  attralcted  by  the  nau- 
seous smell,  which,  however  alluring  to  them,  is  disgusting  to  a  visitor 
and  distresang  to  the  oxen.  The  business  is  generally  carried  on 
during  the  Tuxn  season.  The  actoal  slaughtering  is  performed  in  so 
rude  and  unartlfidal  a  manner  aa  to  occaaion  much  needless  suffering 
to  the  beasts.  After  the  carcasses  are  skinned,  three  or  four  poods  of 
flesh  are  cut  off  from  the  loins  and  back  for  sale  in  the  baiaar  as 
meat,  thero  being  little  fat  in  those  parts  of  the  body;  but  owing  to 
the  barbarous  method  of  slaughteriog,  this  meat  is  so  much  injured 
that  none  but  the  poor  will  buy  it  The  reminder  of  the  carcass  ia 
cut  up,  and  eveiyttiinK  ezoeptmg  the  intestioes,  which  are  given  to 
the  pigs  (of  which  a  considoable  number  are  always  kept  at  the  salgaa 
to  fetten  during  the  season),  is  thrown  into  the  boilers,  of  which  there 
are  from  four  to  six  in  eveiy  salgan,  each  large  enough  to  contain  the 
flesh  of  ten  or  fifteen  oxen.  A  little  water  is  put  into  the  boiler,  to 
prevent  the  "  aoup,"  as  ita  contents  are  termed,  from  burning.  The 
fat,  as  it  fioilecta  at  the  top,  is  skimmed  off  witii  large  ladles ;  and 
before  it  is  quite  oold  it  la  poured  into  the  casks  in  wuoh  it  is  after- 
wards shipped.  The  first  &t  which  comes  off  is  the  best,  and  is  quite 
white ;  while  that  which  follows  has  a  yellowish  tinge.  When  there 
aro  not  sufficient  oaaks  at  hand,  the  hides  of  the  slaughtered  oxen  are 
sewn  up,  snd  the  tallow  is  poured  into  them.  A  further  supply  of 
fat,  but  of  very  inferior  quality,  is  eubeequent^y  obtained  by  subjecting 
the  mash  of  bones  and  flesh  to  huge  preasea.  This  tallow,  which  is 
rare^  everted,  is  (tf  a  dark  brown  etUxmr,  and  is  used  for  greasing 
wheus  and  for  other  coarse  purposes.  An  ox  in  good  ctmdition  will 
yield  from  seven  to  eight  poods  (260  to  290  lbs.)  of  t^ow,  which  ia 
genually  wwth  from  ^even  to  flf  teen  rubles  a  pood.  The  article  is 
always  so  greatly  in  demand,  tiiat  the  merchants  often  pay  part  of  the 
price  for  it  while  the  oxen  are  yet  gradng  on  the  steppes. 

The  merchants  of  St.  Fetenbtu^  divide  the  taUow  which  they 
reouve  bam.  tha  intoior  into  white  and  yallow  osadle.tBUow,  atul 
common  and  Siberian  soap-tallow ;  the  latter,  which  is  oonsidored  the 
best  tallow  fw  soap-making,  b^ig  brought  by  several  rivers  from 
Siberia  to  the  lake  Ladoga,  and  thence  to  the  14eva  by  the  canal  of 
Sohltisselburg.  An  an^re,  or  warehouse,  is  appropriated  to  the 
reception  of  the  tsllaw  on  its  anival,  in  which  it  ia  selected  snd 
assorted  (or  bra^eadj  sooording  to  quoli^,  after  which  the  casks  aia 
marked  with  tiw  qualitTi  the  data  of  the  sdection,  snd  the  name  of 
tiie  bracier  or  selector.  Tba  white  tallow  is  usually  brought  in  conical 
casks,  2i  feet  in  diameter  at  the  largest  and  at  the  smallest  end ; 
but  the  yellow  tallow  is  commonly  in  casks  of  the  more  usual  ahape. 
'fellow  candle-tallow,  when  good,  should  be  clean,  dry,  hard  when 
broken,  and  of  a  fine  yellow  colour  throughout.  The  white  candle- 
tallow,  yrhaa  good,  is  white,  brittle,  hard,  dry,  and  clean.  The  best 
white  tallow  is  brought  from  Woronesch.  Sow-tallow,  however,  is 
said  to  be  better  the  more  greasy  and  yellow  it  is.  M'Culloch  statea 
that  120  poods  of  tsllow,  gross  weight  (of  which  the  cask  is  uiusUv 
about  10  per  oent.),  msJw  a  Prtenbiug  last,  and  68  poods  an  Ene^idt 
ton. 

Different  kinds  of  tallow  melt  and  retun  their  fluidity  at  very 
differont  degrees  of  temperature;  the  fat  which  is  deposited  about  the 
kidneys  being,  in  all  animals,  harder  than  that  found  in  the  cells  id  the 
bones,  and  especially  than  tiie  haU-oUj^  fat  found  ia  the  musclee  snd 
other  soft  parte ;  while  the  £at  of  some  animals  is  harder  than  that  of 
others— that  of  the  sheep  and  deer,  for  example,  congealing  much 
sooner  than  that  of  the  ox  or  horse.  According,  therefore,  to  the 
different  kinds  of  fat  which  may  enter  into  its  composition,  tallow  will 
be  found  to  vary  considerably  in  fusibility ;  but  92*  is  Uw  heat  gene- 
tsUt  pven  aa  ita  meUing-pmnt,  thou^  Aikin  statea  that  he  had  seen  a 
boifei^.fnll  of  tsllow  perfectly  fluid  at  72",  and  even  thai  not  suflidently 
cooled  to  be  made  into  candles ;  nor  was  this  cose,  he  observes,  con- 
sidered remarkable,  "whence  we  may  c<Hiolude  that  tallow,  made 
into  candles  and  exposed  to  the  air,  loses  much  of  its  fuaibiUty." 

The  chief  ubcs  of  tallow  are  deacribed  under  Cahdlb  MAiruri.oilias 
and  Soap  MAHUf  aotubx. 

During  a  long  period  M  yean,  foreisn  tsUov  paid  on  import  duty  of 
If.  6d.  per  cwt.,  and  tallow  from  uie  colonies  a  duty  of  only  IdL 
lliese  duties  were  repealed  in  1860,  among  other  fiscal  changes  made 
by  Mr.  Qladstone. 

The  importation  of  tallow  has  now  reoohed  160,000,000  lbs.  ammal]^. 
The  exact  figures  for  I860,  and  the  countries  whence  imported,  were 
As  follow : — 


From  Bosila  . 
„  Aartralta 
„    Sontli  Ametiea 
,,  Other  ooratrlw 


1,081, 66  S  owts. 

146,MT  „ 
18M8S  „ 


1,430,108    „    or,  160,17S,006  Ibl. 

TALLY.  This  word  appears  to  be  derived  from  the  French  tailU, 
or  taiUer,  each  of  which  expresses  the  idea  of  cutting  or  notching. 

The  use  of  notched  stiolu  or  talliea  may  be  traced  to  a  very  remote 
period,  and  them  is  reason  to  believe  that  tbejy  were  among  the  earliest 
means  devised  for  keeping  aooounts.  Soma  wxiten  conceive  that  the 
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Onck  nrabcdnin  (r^i^nXo'')  ms  in  soma  oaaea  aipfloiaiof  taU7,Triiiflh 
TCB  una  between  ocmtraotmg  partiea ;  being  broken  in  two,  aod  on»- 
half  given  to  e»ah.  Upon  tabletB  of  wood  called  uoaei  the  AthMoant 
inacribed  the  Uwb  of  Solon ;  end  the  ancient  Britona  tuad  to  out  their 
ilpiubet  with  a  knife  upon  a  itiok,  which,  thua  inacribed,  WM  oalled 
Codbroi  y  Beirdd,  "  the  billet  of  aigns  of  the  banU/  or  the  Bardic 
^phabet.  These  stioka  were  oomtoonly  aquarsd,  bnt  were  aooMtiiDaa 
time-aided ;  each  uda^  in  eiUier  owe,  containing  one  line  of  writing. 
Another  iUuatratiMij  iA  later  datej  k  the  clog-alnianao,  deaoribed  ^ 
Dr.  not,  in  1686,  m  then  eomnuMi  in  Stafibrddura,  SuA  oalaodan^ 


riff.  1. 


i^di  had  tlw  wiem  ^jt  nuakad  bjr  notclM  of  different  fomu  aod 
sizee,  were  aometimaa  made  anall  enough  to  carry  in  the  podcet,  a»d 
acme  times  larger,  for  hanging  up  in  the  noose.  Similar  calendara  are 
aaid  to  have  bosn  fonaerlj  uiwd  in  Sweden.  Perbqa  the  moet  eoriow 
of  these  talliee  i»  the  Saxon  Reire-Pole^  whitdi,  down  to  a  reoent  period, 
waa  need  in  the  Isle  of  Portland  for  exacting  the  yearly  rent  pud  to 
tlie  crown  as  lord  of  the  manor.  This  rent,  whid^  amounts  to  141.  lit.  M., 
ia  eoUeoted  by  the  reire,  or  steward,  every  Michaelmas;  thestoiwhidi 
eadi  penon  has  to  pay  being  seared  upon  a  sqaaied  pole,  a  portion  af 
which  is  HptmiBUA  in  the  snbjoinad  cat,  with  fignres  to  miric  the 
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I.  4.  ».   d.  d.  d.        d.  d.  d.  d. 

BaxoB  ReiTO-PoIe  tutd  In  the  Iilo  of  Portlnid, 


t,  t.  §.  It 

1  1  1  1  u 


■mount  indicated  by  each  notch.  "  The  biack  drde  at  iiie  top  denotes 
the  parish  of  Southwell,  and  that  side  oi  the  pole  contains  the  account 
of  the  tax  paid  by  the  ^nrishiooera ;  each  person's  aoooont  being 
divided  frtHu  that  o£  his  neighbour  by  the  cinmlar  indentations  between 
tach.  In  the  present  instanoe  th*  first  pi^  24d.,  the  saoond  it.  2d., 


the  next  one  farthing,  and  ao  on."  The  other  aide  of  the  pole  whidii  is 
rBpr««nt«d  In  the  out  is  appropriated  to  the  parish  of  Wakan,  of 
whioh  the  croBB  within  s  circle  is  tbe  distindave  maA, 

The  taUies  used  in  the  Exchequw  {one  of  which  is  represented  by 
JIf.  2)  answered  the  praposa  of  rsoaipts  as  wdl  as  (rimpie  rsoords  u 


Bxoheqner  TUlr. 


nutteit  aoeount.  Th^  oon^sted  of  squared  rods  of  haael  or  other 
wood,  upon  one  dde  of  which  was  manied,  1^  notches,  the  sum  for 
vkich  the  tally  was  an  acknowledgment ;  one  kind  of  notch  standing 
for  lOOOI.,  another  for  100^,  another  for  202.,  and  others  for  ifk.,  1$., 
ia.  On  two  other  sides  of  the  tally,  opposite  to  each  other,  the 
amomrt  of  the  sum,  the  name  of  the  payer,  and  the  date  of  the  tnns- 
action,  were  written  by  an  officer  called  the  writer  of  the  talliea  i  and, 
after  this' was  done,  the  stiti  was  deft  longitutUnaUy  in  such  a  manner 
that  each  piece  retained  one  of  the  written  ndes,  and  one-hall  of  eveiy 
notch  cut  in  the  tally.  One  piece  was  then  dedivered  to  the  persm 
who  bad  paid  in  the  money,  for  whioh  it  was  a  receipt  or  aoqaittance^ 
while  the  other  was  preserved  in  the  Exchequer.  Madoz  observes, 
respecting  these  rude  and  primitive  records, "  The  use  of  them  was 
jtTj  andent ;  coeval,  for  aught  I  know,  with  the  Exchequer  itself  in 
England."  They  were  flnaify  disoODtinned  at  the  remoculling  of  the 
Exchequer  in  1834 ;  and  it  is  worthy  of  recoUeotion  that  the  fire  by 
which  the  Houses  of  Parliament  were  destroyed  was  supposed  to  have 
originated  in  the  orer-Iieatiug  of  the  flues  in  which  the  discarded  tallies 
were  toeing  burnt.  Clumsy  as  the  contrivance  may  appear,  talliee  wars 
eKctual  in  the  prevention  of  forgery,  since  no  ingenuity  cuold  produce 
*  blse  tally  which  should  perfectly  correspond  with  the  counter-tolly 
pnwved  at  the  Excheqner;  and  no  alteration  <^  the  sum  exprened 
(py  the  notches  and  the  inscription  oould  iwsb  undetected  when  the  two 
puts  of  the  stick  were  fitted  together.  The  officers  of  the  Exoluquer, 
commonly  called  leUtn  (timers),  as  weU  as  sevetal  other  funotiMiaries, 
derived  their  name  from  the  word  tally. 

ThZ/y  Trade. — The  word  taUy  has  come  to  mean  a  mutiterperl, 
ahhough  no  cutting  of  a  wooden  tally  is  necessary.  Thus,  in  the 
UUy-draper^  trade  carried  on  at  the  present  time  in  various  parts  <tf 
the  kingdom,  there  are  10,000  or  12,000  persons  employed  in  the  dis- 
tribution of  clothing  or  drapery  whi(^  has  cost  them  7,000,0002.  or 
8,000,000!.  annually,  and  which  is  re-sold  by  them  on  the  tally  system. 
They  receive  weekly  payments  from  their  customers ;  and  these  pay- 
ments are  recorded  on  a  talty  and  a  cotmter-tally  ;  these  are  boc^,  one 
of  which  is  kept  by  the  buyer  and  the  other  by  tiie  seller.  Here  the 
U%  is  a  reooid  of  xtaymants,  as  in  the  olden  days,  but  maintained  in 
>  uflerent  form.  There  are  tally-slu^  also,  where  weekly  payments 
ve  taken  for  goods  bought;  these  differ  from  the  tally-dnqpery  trade 
chiefly  in  this—that  in  the  latter  the  goods  are  taken  rooiklDy  the 
UUr-men,  who  keep  no  shops. 

TALMUD.   [Hebrew  LAsacAatJ 

TAJfARINDS,  Medical  Propcrliet  of.  Of  the  two  varieties  of  the 
fsly  species  of  this  genus,  the  fruit  is  mucUi  hwger  in  the  East  Tmliai^ 
(fun  fbe  Tfest  Indian.  The  shell  being  removed,  there  remuns  the 
oxt  aq^ure  hard  seeds,  imbedded  in  a  pulp,  with  membranous  fitves 
ninung  through  it  In  the  East  Indies  the  pulp  is  dried,  either  in  the 
wn,  and  tlua  is  used  for  home  coosmnptioD,  or  with  salt  added,  and 
dried  In  copper  ovens,  whioh  kind  m  sent  to  Europe.  {Crawfurd'a 
Indian  Archipelago.')  This  sort,  called  natural  tamarinda,  is  mu(^ 
oarker  and  drier  than  the  West  Indian,  which  are  called  prepared 
tu&arinds. 

The  West  Indisn  famnrindu  reach  matutify  in  June,  Ju^,  and 
Aagns^  when  they  are  collectod,  and  the  shell  being  removed,  th^  are 


put  into  jars,  either  with  layers  of  sugar  put  botween  tham,  or  boiling 
syrup  poured  over  them,  which  penetrates  to  tlie  bottom.  Prepared 
tamiuinda,  therefore,  contain  much  more  saooharine  matter  than 
the  others.  According  to  Vauquclin,  prepared  tamarinds  contain  per 
cent,  citric  acid  9*40,  tartaric  acid  1'55,  malic  add  0'*4fi,  bitartrate  of 
potash  8-25,  sugar  12'5,  gum  47,  vegetable  jelly  (pecten)  6-25,  paren- 
chyma S4*S5,  water  27'B5.  This  prepared  pulp  has  a  pleasant  astrin- 
gent taste,  with  a  somewhat  vinous  odour. 

It  presenta  an  example  of  one  of  those  natural  comMnationa  irf 
gummy,  saccharine,  and  acid  principles  which  are  of  such  great  utility 
m  hot  climates.  It  is  used  not  only  in  India,  but  In  Africa,  as  » 
ooohnR  article  of  food,  and  the  travellers  across  the  deserts  carry  it 
with  them  to  i^uench  their  thirst.  In  Nubia  it  is  allowed  to  stand  In 
the  son  till  a  kind  of  fermentation  takes  place ;  it  is  then  formed  into 
cakes,  one  of  which  dissolved  in  water  forms  a  refreshing  drink.  In 
India  a  kind  of  sherbet  is  made  with  it,  and  by  the  addition  of  sugar  it 
becomes  a  source  whence  vinegar  is  readily  obbdned.  In  the  fevers  and 
bilions  complaints,  and  even  dysenteries  of  those  climates,  it  proves 
highly  serviceable ;  in  small  quantity  it  acts  as  an  astringent,  but  In 
laiger  it  provea  h^tive.  Bouing  water  poured  over  tamarinda  yields 
a  drink  i^oh  is  very  grateful  in  the  Inflammatory  oomplaints  of  our 
own  country,  particularly  in  Uie  bilious  fevers  of  autumn.  An  agree- 
able ""^^  may  be  nutde  with  it,  by  boiling  two  ounces  of  tamannd- 
pulp  with  two  pints  of  milk.  Tamarinds  may  advantageously  be  added 
to  curries,  which  should  always  have  a  vegetable  acid  as  an  ingredient. 
Tamarinds  are  frequently  given  along  with  senna,  but  they  are  said  to 
lessen  its  purgative  property.  They  form  an  ingredient  in  the  eon/ectw 
tenna  and  con/ectio  comms. 

In  times  of  scaroi^  hi  India  the  seeds  are  eaten,  being  first  tossted 
and  then  soaked  for  a  few  bonis  in  water,  when  the  dark  skin  comas 
easily  off;  they  are  then  boiled  or  dried,  end  taste  like  common  fi^- 
beans. 

TANACETIN.  A  Utter  and  orystalluBble  substance  found  in  th« 
flowers  of  the  tansy  (IWacefum  nlgmre)i 

TANGENT.  In  the  article  Cohtact  we  have  given  the  first  notion 
on  this  subject,  which  w»  now  resume  in  a  somewhat  more  general 
manner,  annexing  the  usual  details  of  fonnulie,  but  witbout  proof. 

It  is  usual  to  apply  the  word  tangent  to  the  tangent  itraight  line 
only,  OB  which  see  Duxtnioii ;  generalising  the  definition,  it  will  be 
as  foUowa Of  all  curves  of  a  given  species,  or  contained  imder  one 
equation,  that  one  (d)  is  the  tangent  to  a  given  curve  (a)  at  a  given 
point,  which  passes  through  that  given  point,  and  is  nearest  to  the 
curve(A):  meaning  that  no  curve  of  the  gfren  qpeoies  can  pass  thnni|^ 
the  given  point,  ao  as  to  pass  between  <b)  end  (a),  immediately  after 
leaving  the  point  at  which  the  two  latter  intersect. 

To  ascertain  the  degree  of  contact  of  two  curves  which  meet  in  a 
point,  proceed  as  follows.    Let  y=^  and  y^ifx  be  the  equations  of 
the  curves,  and  a  the  abscissa  at  the  point  of  contact ;  so  that  fa=  iH> 
At  the  point  whose  abseiBBa  is  g-^&,  the  difliwenee  of  the  otdinstea 
the  curves  i^  bj  T^lor'atheoren^ 
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I  io  which  it  will  1m  found  thkfc  A  can  be  token  bo  small  that  the 
■erica  shall  be  coarergient.  Nowof  two  Beries  of  the  form  aA" ' 


+  .. .  .  the  value  of  that  in  which  n»  ia  the  greater  will  diminuh  with- 
out limit  as  compared  with  the  other,  when  A  diminisbea  without 
limit  ConaequenUy,  every  curve  y=^,  which  has  )(f'o=^a,  will 
approach,  before  the  point  of  contact  is  attained^  nearer  to  ttuui 
any  other  in  which  ^'a  is  not  =^'a.  Agun,  when  ^'a=ifa,  those 
caaea  of  4«  in  which  ^'a=^'a,  will  approach  nearer  to  than 
any  in  whion  is  not  =^*a ;  and  so  on.  Heno»j  to  make  y=^ 
have  the  cloitest  pooaible  contact  with  y=^  when  x=a ; — give  such 
valuee  to  the  constants  in  y='^x  as  will  satisfy  aa  many  as  possible  of 
the  eqnalaonfl  ^=1^,  ^'a=^a,^*a=i|'''a,  conaecuuve^frau  the 
beginning.  This  ia  a  brief  sketMi,  which  can  be  filled  up  from  any 
denwitaiy  w^k ;  and  the  following  are  the  principal  neulta  : — 

1.  When  ^  abring  oi  equations  is  satia&ed  up  to  ^"'a=^l")a,  the 
oontut  1b  said  to  be  of  tiie  nth  order. 

2.  In  ctmtaot  of  the  nib  order,  tiie  deflection  ^a-(-A)—^(a  +  A) 
diminishes  with        and  vanishes  in  a  finite  ratio  to  it. 

5.  In  contact  of  an  even  order,  the  curves  intersect  A  the  point  of 
contact;  In  contact  of  an  odd  order,  they  do  not  intenaot  at  tiiat 
point. 

4.  When  oorvM  have  a  oontaot  of  the  nth  <»der,  no  curve,  having 
■witli  other  a  oontaot  <rf  an  order  inferior  to  tiw  »th  at  the  same  ptnnt, 
can  pass  between  the  two. 

6.  A  straight  line,  generally  speaking,  can  have  only  a  oontaot  of  the 
first  order  witli  a  curve ;  and  the  equation  to  the  tangent  stnught  line 
of  tiie  curve  y  =  when  x=  a,  is  y—^=  dfa{x—a).  But  if  it  should 
happen  that  p'a^O,  ^"'a— 0,  ftc,  up  to  fwa=0,  then  for  that  point 
the  tangent  'has  a  contact  of  the  wth  order.  Thus,  at  a  point  of  oon- 
traiy  flexure  the  tangent  has  a  oontaot  of  tbe  second  order,  at  leasts 
with  the  curve. 

6.  A  oircle,  generally  speaking,  can  be  made  to  have  a  contact  of  the 
seookd  order  with  a  curve,  and  Uie  equation  of  the  m<»t  tangent  drcle, 
or  circle  of  Cvbtatdss,  to  the  curve  at  the  point  x^-afU 

This  drole  cuts  the  ourre,  generally  speaking  :  if  not,  as  for  example, 
at  the  vertioee  of  an  ellipse,  it  is  evidence  that  the  circle  has  a  contact 
of  smue  higher  and  odd  order.  The  centre  of  the  circle  of  curvature  is 
a  point  on  the  normid,  being  that  at  which  the  normal  touches  the 
evolute.   [IsvoLUTK  asd  Evolute.] 

Not  only  is  the  term  tangent  moat  generally  applied  to  the  doseet 
straight  line  (mhr,bat  freq[tientity  only  tol^powm  of  thest^ght 
line  whidi  fidls  between  the  point  of  oontaot  and  the  axia  of  x.  Again, 
the  normal  is  a  straight  kne  perpendioular  to  the  tangent,  drown 
through  the  point  of  contact ;  but  uis  term  also  is  fraq\Mnt^  applied 
only  to  that  portion  which  &lls  between  tbe  pctot  of  contact  and  the 
axis  of  J^  It  is  with  reference  to  this  limitation  that  the  tenns  sub- 
tangmt  and  subnormal  are  to  be  understood :  the  first  meaning  the 
distMiee  frtnn  tlM  foot  of  the  tangent  to  the  foot  of  the  ordinate ; 
tiie  second  thai  from  the  foot'  of  the  ordinate  to  that  of  the  normal 
The  formula  for  the  Bubtangent  ia  — f»4-f  a ;  that  for  the  subnormal 
fa  X  ^d.  The  sign  determining  the  mode  taking  the  line  from  the 
foot  of  the  ordinate. 

Let  iS  be  the  angle  made  by  the  tangent  with  the  axis  of  x ;  usually 
the  angle  made  by  that  part  of  the  tangent  which  has  positive  cwdinates 
with  the  positive  aide  of  the  axia  of  Then  at  tlw  point  whooe 
abaoiasa  is    is  determined  by  the  equation 

dy  dx  dy 

ton  fi—'^t  and  sobtangent  =  — y^aubnonnal=y^. 

If  we  take  the  more  general  mode  of  measurement  proposed  in  Sioir, 
this  equation  remains  equally  true.  Now,  keeping  s^ctiy  to  that 
mode,  let  ^  be  tbe  angle  made  by  the  tangent  with  the  axis  c«  a:,  9  the 
aoj^  made  by  the  radius  vector  r  wiUi  the  axis  of  x,  wd  that  made 
by  the  tangent  with  the  radius  veotor.  It  will  be  foimd,  then,  that 
in  all  caaw 

M-*-t  ,  tan^*=rj;. 

Unless  the  mode  of  attributing  signs  be  carefully  attended  to,  these 
last  equations,  thou^  always  considered  as  universally  true,  are  not 
so  in  reoli^. 

TANQTjIN.  a  poisonous  cfystalline  Utter  aubstanoe  found  in  the 
Tannin  of  MadagMcar  (Gcrkra  Toh^xb).  Its  composition  is  not 
known,  but  it  appears  to  contain  no  nitrogen.   [Cbbbbba  Tavohct,  in 

Nat.  Hwt.  Div.J 

TANK.  The  sense  usually  attached  to  this  word,  in  England,  ia  that 
of  a  rother  large  vessel,  for  holding  water  or  other  liquids,  either 
placed  above  or  below  the  ground ;  in  India,  the  word  is  applied  to  the 
receptacles  formed  for  the  purpose  of  storing  lain-water,  some  of 
which  have  an  area  of  384  (Oilwata)  or  437  acres  (Kalingur),  with 
enclosure  dykes  of  88  feet  in  bd^t 

Tanks  intended  to  hold  rain-water  ooUeoted  from  houses,  or  the 
dninsge  water  of  btm  yards  in  igriouHorsl  cUitiicts,  are  rarely  made 


of  a  greater  o^Nwity  than  50  or  CO  'ouUo  yards;  and  they  are  oon- 
struoted  of  the  most  impermeable  l^dranlie  masonry  that  can  be 
obtained  ;  but  {H-ecautdons  must  always  be  tt^en  that  the  materials  so 
employed  should  not  be  of  a  nature  to  affect  the  chemical  properties 
of  the  waten.  Briokwork  set  in  Roman  oement  is,  for  instance,  pre- 
ferable for  such  usee  to  masonry  of  limestone,  set  in  ordinary  lime 
mortar;  and  a  backing  of  good  clay  puddle  is  in^fenbla  to  one  made 
of  concrete.  Provifdon  must  be  mode  for  fixing  the  suction  pipes  of 
the  pumps,  for  connecting  the  inlet  and  overflow  pipes,  and  for  means 
of  oocess  for  axomination  and  repair ;  ventilation  pipes  must  also  be 
provided.  As  it  almost  always  happens  that  dead  leaves,  or  other 
organic  impurities,  are  carried  into  tanks  of  the  description  under  con- 
sideration, it  it  advisable,  if  the  water  be  required  for  domestic  use, 
to  provide  some  means  of  filtntion  for  the  water,  and  this  object 
is  effected  in  many  very  ingenious  manners,  two  of  which  may  here 
be  mentioned.  For  instance,  in  the  great  chalk  plateau  of  Uppo' 
Normandy  the  rain  water  tanks  are  sunk  into  the  boulder  day,  or  the 
chalk,  as  the  case  may  be,  and  they  are  made  of  sufficient  dimenaons 
to  allow  of  the  formation  of  a  subsidiary  lateral  diamb^,  shut  off 
from  the  body  of  the  tank  by  a  cross  wall  of  a  porous  material, 
through  which  the  water  from  the  larger  chamber  filters  into  the  sub- 
sidiary one;  the  suction  [npe  bnng  plaoad  in  the  latter,  and  tbe  inlet 
pipes  in  the  laner  chamber.  The  other  description  of  rain  water 
tank  is  used  in  Venice,  and  it  is  formed  by  flrstiy  making  a  large  water- 
tight endosure,  usually  circular  in  plan,  and  ^en  an  inner,  oonoentrio 
wall  is  built,  leaving  a  large  annular  space  between  them  :  this  annular 
space  is  filled  in  to  a  certain  height  with  filtering  materials  of  aand, 
gravd,  Ac,  through  which  the  water  passes  until  it  reaches  a  serits 
of  hdea  made  in  the  lower  portion  <d.  the  inner  wall ;  it  thai 
aoeamulates  in  this  spedes  of  well,  from  whence  it  is  drawn 
means  of  buckets.  It  must,  however,  always  be  observed  that  rain 
waters  so  stored  are  not  of  a  proper  quality  for  human  consumption, 
and  that  they  should  be  exdusively  applied  to  waahlng,  or  to  analogous 
household  purposes. 

The  large  vessds  used  for  storing  oils,  or  for  the  various  operationa 
of  nmnufaoturing  ehenustiT,  ore  made  tA  inm,  wood  lined  with  lead, 
of  nno,  or  of  other  materials  aocording  to  the  nature  <A  the  liquids  to 
be  oontained.  The  principles  of  their  oonstruotion  are  derived  from 
the  ordinary  laws  of  Htdbostatiob. 

As  to  the  Indian  catch-water  tanks  it  may  be  observed  that  they  are 
in  fact  Rbsbbvoibs,  and  the  remarks  made  under  that  head  will  apply 
to  them.  Qenerally  speaking  tiie  tanks  in  question  ore  prindpallv 
used  for  iirigatitm,  and  their  dams  are  formed  ol  earth-work  &oed 
towards  the  up  stream  with  atone,  dther  laid  di^,  or  with  mortar. 
They  ore  provided  with  overfiow  dams,  escape  weirs,  stoices,  and  all 
the  ordinary  applianoea  of  reservoirs ;  and  they  would  appear  to  have 
been  constructed  upon  the  same  prindples  at  the  present  ceutury  as 
they  were  in  the  remoteet  antiquity,  much  informatiou  on  this  sub- 
ject is  to  be  found  in  General  Baird  Smith's  works  on  '  Irrigation,'  and 
m  the '  Sdeotions  from  the  Reoords  ot  the  Bombay  Ooverament,*  or 
In  tiie  'Seleotuns  from  Public  Ctnrespondenoe,'  puUiehed  t^- 
authority  of  the  late  East  India  Company. 

Agrieultural  TaiUet  are  sometimes  lai^  o|>en  receptaoles,  or  ponds, 
formed  by  excavating  the  ground  and  ditfposmg  the  removed  earth  in 
the  form  of  banks  to  retain  the  water ;  but  the  tanks  which  wUI  here 
be  especially  treated  of  ore  the  smaller  oovered  reservoira  used  to 
collect  and  retain  liquid  manure. 

These  tanks  are  usually  oonstructed  of  an  oblong  shape,  briok  well 
cemented,  with  one  or  more  divisions,  itnd  capable  of  containing  a6 
least  ten  times  as  many  hogsheads  as  tiiere  ate  heads  of  catUe  on  tha 
farm.  They  are  vaulted  over,  having  a  small  aperture,  in  which  a 
pump  is  placed,  auGSdent  to  allow  a  man  oocaaioQally  to  dear  out  the 
sediment,  when  the  liquid  has  been  pumped  up.  The  form  preferred 
is  that  of  a  eobe,  or  rather  that  of  severs!  cubes  in  auocession.  A  tank 
iar  a  farm  of  200  aores  of  aable  land  should  be  Iff  feet  wide,  IS  deep, 
and  46  long,  giving  S  cubes  of  15  feet,  or  a  cavity  capable  of  containing 
upwards  of  10,000  cubic  feet  of  liquid  In  this  tank  the  urine  is 
diluted  with  water  to  prevent  too  rapid  decompoaitioQ,  and  also  to 
retain  the  ammonia  which  is  formed ;  for  which  purpose  gypsum  and 
sulphate  of  copper  are  sometimes  put  into  the  tajiks.  In  very  porous 
soils  the  bottom  and  sides  must  be  paddled,  to  keep  in  the  Uquid;  and 
it  may  be  advantageous  to  build  the  walls  in  oement  altogether.  The 
hquid  from  the  yards  and  stables  is  carried  into  the  tank  by  a  main 
dmin  constructed  of  brick  or  stone,  and  which  receives  a  number  of 
smaller  drains  from  every  part  the  yards  and  cattie-aheds.  Thua 
the  litter  in  tbe  yard  ia  always  dry,  and  none  of  tiie  riohneia  of  the 
manure  ia  lost  by  evaporation. 

Sometimes  the  tank  is  vaulted  like  a  cellar  under  the  cow-house  and 
staUes,  which  are  washed  out  twice  every  day,  and  all  the  dung  and 
water  are  swept  into  a  cees-pool  communicating  with  the  tank.  A 
very  diluted,  but  rich  liquid  soon  fills  the  first  division  of  the  tank :  a 
sluice  ia  tiien  shut,  and  the  next  washings  run  into  a  second  division, 
and  when  that  is  full,  into  a  third.  In  the  meantime  the  contenta 
of  the  first  tank  have  undergone  a  certain  fermentation,  by  which 
the  ^wu^i^  first  evolved  has  become  mild  and  impregnatee  tha 
water.  It  is  then  in  a  fit  itate  to  be  oanied  on  tiu  lud  in  tabs  or 
water-carts.  When  properly  diluted,  it  aooelsrates  vegetation  in  «. 
sarpridng  degree;  bat  if  put  mi  fredi,  it  bams  tha  grass  or  any  vegeft- 
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tble  it  touchaa,  beoauBe  ihe  ammonia  is  in  a  o&u>tic  rtate.  If  a  cow 
drop  her  urine  in  a  field  in  a  hot  eummer'ft  day,  all  the  graas  it  has 
touched  becomea  ydlow  and  ia  burned  up :  but  if  the  same  happen 
in  rainy  weothw,  the  spot  noon  becomea  veiy  green,  and  the  giaaa 
luxuriant;  because,  in  thia  case,  the  Tirine  is  amply  diluted  and  its 
cauetic  nature  oorreoted.  Those  who  live  near  gaa-worka  may  collect 
the  nTumnniaMi  gamier  in  a  tank,  and,  by  the  addition  of  sulphuric 
aoid  in  rar  small  quantities,  they  may  produce  a  very  fertiliaiiig 
Uouid,  idiiut  will  stimulate  Twetatioo,  and  be  a  rery  good  manure. 

The  naoesaary  oonoomitant  tn  a  tank,  whether  for  water  or  manure, 
ii  a  water-cart,  that  is,  a  lam  caak  put  upon  wheels  to  bring  water 
from  some  distance.  When  Uiere  are  no  means  of  bringing  water  in 
pipes,  a  water-cart  ia  quite  indispensable.  It  is  simply  a  cask  i^ed 
on  the  frame  of  a  cart,  with  a  plug-bole  in  the  end  or  lower  part,  from 
which  the  water  may  be  let  out  by  a  cook,  or  drop  on  a  Sat  bwird  or 
into  a  bucket  with  holes,  so  aa  to  spread  U  about.  The  plug-hole  is 
■hut  by  a  valve- inside,  which  can  be  opened  by  means  of  a  stniig,  the 
presiure  of  the  liquid  keeping  it  close  to  the  plug-hole, 

Uaoy  <rf  the  artificial  manures  would  make  excellent  liquids  by 
merely  mixing  them  up  with  water  in  a  tank,  and  allowing  a  certain 
duree  of  fermentation  to  take  idaoe.  Thus  nothing  is  loot,  and  all 
Ttuatile  substances  are  taken  up  by  the  water.  The  soluble  portions 
are  disaolved  and  the  earthy  matters  diffbsed,  so  as  to  be  more  equally 
spread  over  the  land. 

When  a  farm-yard  is  situated  on  a  hill,  and  tiiere  are  fidds  or 
pastures  on  a  lower  level,  at  no  great  distance  from  it,  the  liquid  from 
the  tank  may  be  conducted  by  channels  lined  with  dw,  having  small 
sluices  to  direct  the  streams  to  any  particular  field.  It  may  tiius  be 
made  to  irrigate  temporarily  a  considerable  surface,  which  it  will 
greatly  rarictu  It  may  be  led  into  the  common  furrows  between  the 
hods  or  stitches  in  ploughed  land,  and  flowed  to  soak  in  them, 
and  then  it  can  be  spread  with  the  earth  of  the  furrow,  by  means  of 
brood  shovels,  over  the  growing  crops,  and  will  greaUy  invigorate 
them. 

Hitherto  the  experience  in  this  country  of  liquid-manura  tanks  is  of 
limited  extent,  but  the  general  impresnon  is  growbig,  that  hy  covered 
jards  and  box-feeding  the  litter  may  so  absoro  all  the  urine  and  excre- 
ment of  the  animals,  that  tanks  will  be  unnecessary, 

TANNIC  ACID,  TANKIN.  One  or  other  of  these  bodies  is 
found,  to  a  greater  or  less  extent,  in  most  vegetable  subetances.  The 
nsme  ftiMHt  is  derived  from  the  fact  that  it  is  the  only  active  cmstitu- 
ent  in  the  various  bailu,  ftc,  used  in  the  famiUar  operation  making 
leathw,  or  ianna^. 

Tannin  is  an  acid  body ;  and  inasmuch  aa  researches  upon  the  tannin 
obtained  from  various  souroea  have  proved  that  it  is  not  in  all  cases 
identical,  but  that  several  modifications  exist,  the  names.  gaBoteatnic 
aeid  (from  nut-galls),  caJfuUamie  aeid  {hom  oofibe),  oiniiofaitttte  aeid 
(from  cim^on*  bark),  (n^etftuinte  oflul  (from  oak-bwk),  Ao.,  ham  been 
introduced. 

Tannic  add  is  a  powesful  astringoit,  and  hence  has  long  been  used 
in  medicine.  For  this  purpose  it  is  always  extracted  from  nut-eidliL 
The  galls  are  reduced  to  coarse  powder,  and  digested  in  a  perodator 
with  ether  which  has  boen  {n^ioualy  mixed  and  shaken  with  water. 
Inthelowerpartof  the  vessel  two  Bttata  of  liquid  appear;  the  heavier 
is  a  strong  sc^uticn  of  tannic  acid,  by  evaporating  iddch,  the  add  is 
obtained,  aa  a  colourleas  or  sUg^t^  yellowish  friaUe  mass,  which  does 
not  oiystallise,  bat  somewhat  resembles  dried  gum. 

The  jro^btomwe  acid  thus  obtained  ia  readily  soluble  in  water :  the 
solution  has  an  astringent  but  not  a  bitter  taste ;  it  reddens  vegetable 
blues,  and  decomposes  alkaline  carbonates  witii  effervescence;  weak 
alcohol  dissolves  i^  but  ether  <nh  sUghtiy.  When  the  aqueous  solu- 
tiaa  is  ezpoied  to  tiie  air,  eapedaUy  if  the  tanmeratore  be  ni^,  axjgen 
gu  is  aliflorbed,  and  an  equal  Tolume  of  carbonic  acid  gaa  evolved, 
while  the  gallotannic  acid  is  converted  into  gallic  and  ellagic  acid. 
Qallotannic  acid  predpitotea  gelatin  from  solution ;  the  compound  has 
been  called  Ui»HogtkUin,  and  when  the  add  is  in  excess  a  viadd  elastic 
mass  ia  formed,  which  contains  about  half  its  weight  of  sollotannio 
add.  When  the  liquid  from  whidt  the  gelatin  is  ^<edi»tated  is  heated 
to  ebullition,  the  tannogslatin  is  re-dissolved.  Qallotamuo  add  also 
pred[^teR  albumen  snl  standi,  Btdled  with  dilute  ralphurio  or 
nvdroohloric  adds,  gaUotanoio  add  splits  up  into  gallic  add  and 
gluoose. 

When  dried  at  212"  Kollotannio  odd  consists  of  C^H^O^. 

Gallotanoio  add  combines  with  the  alkalies  to  form  salts,  which  are 
Galled  goBottuauUa,  and  it  preciidiates  moat  metallic  oxides  and  organic 
bans  from  BbUitioiL  The  salts  id  protoxide  of  iron  suffer  no  change 
when  a  eolation  of  gallotannic  add  is  added  to  them  ;  but  by  exposure 
to  the  ur  a  deep  bluish-block  predpitato  ia  formed.  Qallotannate  of 
peroxide  of  iron,  formed  the  action  of  the  add  on  a  persalt  of  the 
metal,  is  the  basia  of  writing-ink,  and  is  a  black  pulverulent  precii^tate. 

GaUamie  en-  tanningmamic  aeid  (C„H,NO,  +  3  Aq)  is  a  product  of  the 
action  of  ammonia  on  BaOotaimic  add.  It  crystaUisea  from  alcohol  in 
beautiful  reetaagular jputea. 

timomdmie  aeiait  9i  daA  ulndn-like  substsnoe  formed  when 
gollotannio  add  is  Vwiled  with  a  conoentnted  solution  of  potash  in  a 
vessel  open  to  the  aur.  If  the  potash  be  dilute^  a  portion  of  the  aoid  is 
oxidised  to  Umnoxyhc  add.  The  oomtitaticai  of  these  adda  has  not 
been  satisfiustorily  ascertained. 

iJITS  AND  ML  OIT.  VOL.  TID. 


Samaeh'tannie  add,  from  various  spades  of  nwiadh,  is  identical  with 

gallotaimic  add.  * 

CachouUamic  acid  or  mimotannic  add.  Obtained  from  the  wdl-knowtl 
astringent  substances  Kmo  and  Catechu  by  the  displacement  prooeas 
previously  described.  It  differs  from  gallotannic  add  in  nut  {^ving  a 
predpitato  with  aolution  of  tartar  nnetic,  and  in  giving  with  perauts 
of  iron  a  grayish-green  predpitato.  MOTeover,  it  does  not  yield  pyro< 
gallic  add  when  heated.  Ito  compomtaon  ia  said  to  be  CmHuOm.  In 
othmr  respects  it  resemUes  gallotannic  odd. 

TamUngenK  or  caUehude  add,  called  also  caieefun  {0,^^,0,^  (),  is 
another  tumic  add  oontuned  in  catechu.  It  is  part  of  the  insoluble 
portion  whidi  ia  left  on  digesttne  catechu  in  cold  water.  It  may  be 
dissolved  in  boiling  water,  and  decolorised  by  animal  charcoal ;  on 
cooling,  it  depodta  in  colourless  granular  cryriaia.  It  is  tolerably 
soluble  in  alcohol ;  less  so  in  ether.  Heated  to  122'  Fahr.,  it  fuses,  and 
at  a  higher  tomperature  is  dooomposed,  yidding  pyrocaUc&in  or  oxjf. 
phenic  add  (Cj.HbO^).  Dilute  acids  dissolve  it ;  concentrated  adds 
decompose  it ;  hot  mtric  add  converte  it  into  oxalic  acid.  It  does  not 
form  definito  compounds  with  beses ;  gives  a  deep  green  colour  to  p<tr- 
alte  of  iron,  but  predpitatee  ndther  lime-irater,  baryta-water,  tartNv 
emetic,  starch,  ^^tin,  or  the  alkaloids. 

Hnfoeatec/iueie  acid  or  rubtnie  add  is  s  red,  amorphous,  floooulent 
predpitate,  slowly  d«>odted  from  a  solution  tit  tanningenic  add  in  aa 
alkaUne  carbonate.   It  forms  red  slightiy  soluble  salto  with  basea. 

/c^Mtuc  acid  is  a  block  substance  formed  on  exposing  to  Uie  air  a 
solution  of  tanningenic  add  in  caustic  potaah.  It  ia  insoluble  in  odd 
water,  and  ^^ves  block  predpitates  with  most  of  the  metals. 

Ct^otannic,  cafde,  or  lAioroginic  acid  (C^qH^Ou  T),  occurs  in  coffee 
berries  as  a  double  salt  of  potash  and  caffeme,  anaoombined  also  with 
lime  and  mogneda.  It  may  be  predpitated  by  subacetato  of  lead  from 
an  alooholio  infusion  to  which  water  has  been  added  to  separato 
resinous  matter.  The  lead  predpitato  suspended  in  water  uid  treated 
with  sulphuretted  hydrogen,  and  the  filtrato  evaporated,  yidds  a  semi. 
etystaUine  mass  of  oiffotannio  add.  It  is  very  aoluUe  in  water,  less  so 
in  aloohd,  has  an  astringent  tasto,  and  strongly  reddens  litmus-paper. 

heat  it  gives  oi^henic  add  and  an  odour  of  burnt  coffee ;  and  by 
distillation  with  peroxide  of  manganese  and  sulphuric  add,  yields 
kinone.  It  does  not  act  upon  fcorous  salts,  but  to  the  ferric  salts  o 
green  colour  is  imparted.  It  does  not  predpitoto  tartar  emetic  or 
^latine,  but  throws  down  quinine  and  dncluaune  from  sdutions. 
The  enffdamuOa  have  bean  but  little  studied.  If  the  above  formula 
be  correct,  eaffiitannie  add  ia  obviously  a  homologue  of  giiUotannic 
add,  the  dilteenoe  being  dgfat  equivalenta  of  C,H,. 

Viridie  add  {O^ifi,^  T)  is  a  product  of  the  oxidation  of  caffotannic 
add  in  the  presence  of  ammoida.  It  is  precipitable  by  subacetato  of 
lead,  and  gives  deep  green  solutions  with  the  alkalies. 

Morintannie  add,  from  yeUew  vood  orfiiatic  {Monu  Hnetoria).  This 
acid  often  loims  ooneideraole  depodti  in  the  logs  of  fustic,  and  after 
being  purified  by  aysbdlisatioa  from  water  n  obtained  in  minuto 
prisms.  It  has  a  sweetish  and  yet  astringent  tasto;  is  soluble  in 
alcohol,  ether,  and  wood  spirit,  but  insoluble  in  turpentine  and  the 
fixed  oils.  By  distillation  it  yidda  phenic  and  oj^phenic  adds  and 
much  charoooL  The  monntonnolei  have  not  recdved  much  attention. 
The  aolution  of  the  add  in  potaah  absorbs  oxygen  from  the  air, 
bUckens,  and  moroxylie  add  is  jprobobly  formed. 

Jivfimorie  add  is  depodted  m  crystalHne  gnuns  on  expoeing  to  the 
air  a  solution  of  motintannic  add  in  sulphuric  add ;  or  on  bdhog  the 
same  add  with  diluto  t^drochlorio  add.  When  diy  it  forms  a  deep 
red  amorphous  powder,  very  soluble  in  alcohol,  less  so  in  water,  and 
only  slightiy  so  in  ether.  It  is  very  aduble  in  a  weak  solution  of 
ammonia,  and  the  liquid  has  a  dark  puridish  colour.  In  compodtion 
it  differs  but  slightiyfrom  morintaimio  acid,  but  both  bodiea. require 
farther  investigation. 

Mcrie  add,  or  morm  (C^H^.O,,  +  2  Aq.))  as  a  lime  nltj  ia  depodted 
on  cooling  on  infusion  of  fustic.  Liberated  by  oxalic  acid  in  abdlin£ 
alcoholic  solution  and  predpitated  by  water,  it  occurs  as  a  white  crys- 
tolline  powder  thot  becomes  slightiy  coloured  on  exposure  to  the  air. 
It  is  almost  insduUe  in  oold  water,  only  slightly  soluble  in  boiling 
witar,  and  vary  adid^  in  alcohol  or  etber. 

Qtwretfanmje  «hI.  This  ia  the  variety  <^  tannic  add  contained  in 
oak  bark.  According  to  Stenhouse  it  differs  conudersbly  from  that  of 
oak  gdls  (gallotannic  add).  It  cannot  be  made  to  yield  gallic  odd,  nor 
does  it  give  pyrogollio  odd  by  dry  distillation.  In  other  reapeota  it 
reeemblee  gallotannic  add. 

The  tannic  add  (IxAde  aeid)  contained  in  hiadt  tea  {Thea  &oA«t)  op- 
pears  to  be  identical  witii  that  tA  oak  baik. 

Cinehetannie,  Jeino.  or  quiiuhtanide  add,  occurs,  dong  with  kinic  add, 
combined  with  alkaloids  in  the  cinchona  barks.  It  resembles  gallo- 
tannic  add  in  pred|»tating  ^^tin,  starch,  and  albumen  from  tiidr 
solutions ;  with  tartu^metio  it  gives  a  grayish-yellow  predpitoto,  and 
colours  persolts  of  iron  green.  Its  solution  absorbs  oxygen  from  the 
air,  eepecially  if  it  be  alkaline,  and  a  deep  red  cdoured  body  termed 
red  dtuihatu  la  fonned.  Sjy  dry  distillatiim  tha  latter  body  iuniiahsB 
j^rrogallia  add. 

Other  tannic  aeida.  Astringent  inindples,  termed  tannic  adds^'hava 
heea  found  in  planto  otiier  than  those  above  destsibed.  The  foUinring 
are  the  names  and  aonroeB  at  these  adds,  but  their  individuality  hoa 
yet  to  be  ertal^dtad.  A^pertaimiC9dd,ftom^A9€nlttcdargUi,w 
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Woodruff;  MniUoiwie  and,  irom  the  leavw  of  lika  Hiddcr  plant; 
CkiUuiannie  acid,  in  the  common  Heather ;  SJiodotanmie  aad,  in  the 
BliododMidron  leaf ;  Ledilannic  mad,  in  the  wild  RoumaTT- ;  and  J^t- 
Unutie  acid,  in  the  bark  of  varioue  Pinea.  Gallerft/ironic  add  haa  been 
refarrad  to  thle  ajtide  on  tannic  aoida ;  it  ia,  howerer,  a  derivatire  of 
gallic  acid,  and  ia  the  caiue  of  the  deep  blue  ooloratlon  impaHed  to  an 
aqueotta  aolution  of  gallic  add,  containing  bicarb<n&te  of  lime,  on 
•xpogun  to  tlM  air :  ocdds  chango  it  to  red,  but  lime  reatwea  its  blua 
oolouT. 

SttmattoH  of  tannic  aeidt.  The  amount  of  actual  t-«nT>ing  material 
ocmtainad  in  a  hsak.,  &o.,  in  often  required  to  be  known  hj  the  tanner. 
At  preaent  the  only  [oactical  meaaa  of  .dtung  this,  ia  to  add  a  etaadard 
aolution  of  gelatin  to  the  deoooUon  of  a  amaU  quantity  (1 0  to  50  gnuna) 
fd  the  ianiung  aubetanoe  until  no  further  precipitate  of  tannate  of 
galaiin  ia  thrown  down.  The  aolution  of  gelatan  ia  atandariaed  br  a 
known  quantity  of  pure  gollotannio  aoid ;  the  amount  of  it  required  to 
vndjdtate  the  acid  in  the  apeeimen  under  examination,  is  aupposed  to 
udioate  the  tanning  valae  «  that  aample.  It  ia  a  quwtaon,  however, 
whether  gelatin  in  lolution  precipitatea  the  whole  of  the  matters  that 
■kin  doea  in  the  tan-pit ;  if  a  doea,  tiie  procesa  may  be  relied  on,  and  it 
it  certainly  fair  to  aaamne  that  it  doea,  inasmuch  aa  skin  ja  nearly  oil 
gdatinoid  matter. 

The  folbwing  table  indioates  (he  lunount  of  tannic  aoid  in  the  chlal 
varieties  of  tanning  material  Xot  obIt  do  different  aubataacea  differ 
much  in  the  quantity  they  contain,  but  the  nine  ^bat  ig  mnoh  in- 
flnenoad  by  climate,  soil,  and  age^ 

Per  c«dL  Anthorify. 
Oak  hark,  100  7«an  eld  ,      ,      .   8-4S   Q.  Hullar, 

M      joms  11-87' 

„  Britid,  SO  jexn  M  .  8-00 
„  „     aboat  SO  jwut  old  O-TO 

It  It        M    TO  years  eld  8'13 

„  flontha^ln,  SO  jrcora  . 
H      MVptoe,  leaked  . 


»  Balciaa 

»  M    heaTT  . 

•>  »  liRUt 

„      an  old  speeUnen 

»      best  . 
Gall  nnts        .  , 
AJeppo  galls       .  , 
Chfauaa  gaUa  . 
VUta  Imar  baik  «(  old  oak 


8*80 
It'SS 
.    .  B-U 

.  10-74 
.    ,  8-SS 

.  a-00 

lO-DO  to  31-00 
SO-OOlo  S3  00 

eo-00  to  C6-00 

.  7b*«0 
SI -00 


■MnlUgaa  and  Doirilnf. 


•FebUng. 


.   .  IS-IO 
.      .  .4*00 
t .      .      .   .  IfOO  [ 


OaasiaaoBrt. 


Oak»T«vC  • 

„  aMdlabaric 
„  aprlssrat 
M      the  sniirs  boik 
Willow  Iwd,  X«lMrisr,  white  Inner 
II  „      middle  . 

>■  ,t      entire  bork 

„        weeping .      .  , 
Xssliarth  oak  bark 
Hlnosa  oi  WsttaU  bork  . 

»  i>  •  . 

Lftroh  bark      ■       *       ■  • 

Cork-tree  bark .      ,      .      ,  *  , 
Hemlook  bark    •      .      .      .   ,  13*93 
Sol jma  valonla   .  •      .      ,      .  84*78 

Vyrobalans  so-BI 

UtrUOH        .      .      .      ,      ,  sg'BO 
»         .       .      .      ^       .    .  4»-3S 

■kvmaa  

„    Patemw  S4'S7 

>  16-30 

„  Uftlagra  .....  10-40 
„  CaroUsa  •  •  *  •  6*00 
„  Virginian  .  .  .  .  lO-oo 
Catscho,  PsfQ,  brown  .  .  ,  46-88 
„      Bombay,  Ugbt       .       ,    ,  3fl-S3 

»       n      „    •     ,     ,  syoo 

„      Bengal  44-00 


:  Q.  UaUer. 


SHrttUaty. 

16-  00  I 
3-10  [ 
6-80j 

S-OS  ICiilUKan  and  Dowllnf. 
10-40  QaBtlnoourt, 

19-8S| 
81-18) 

17-  97    MdUlgan  oitd  DowHng. 
I'M  UrH.Dm 
i'Sl^ 

12-16 


■MnUlgaa  and  Dmrlliw. 


auollw. 

Mulligan  and  DwIlBg. 
Sir  H.  DaTy. 
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Cadet  de  Gosshieoart. 
MnlUgan  and  DewUnf. 
air  H.  Davy. 


TANNIQENAMIC  ACID.   [Tammic  A<ml 

TANNIGENIC  ACID.   [Tijraio  Acir.1 

TANNIN.  rraninoAcrD.] 
^TANNIN,  fURE,  or  TANNIC  ACID,  Ifedieat  Pnp»tie$  0/. 
Thia  aubatance  m  combmation  with  extroetiTO  has  been  long  known 
imdar  the  name  of  tannin,  and  recogdaed  aa  the  active  principle  in 
almoat  all  aatnngent  T^ietablea.  [AaTiiDroKNTs.]  Aa  many  of  these 
are  powerful  in  reatraining  ezcesaive  diachorgea,  whether  bloody  or 
Otiwrwtae,  ii  waa  conjectured  that  the  pure  princiide  would  bo  yet 
jwre  afficadooa  than  when  in  a  atate  of  oombinaaon.  Accordingly  it 
am  baon  adminiaterad  in  some  paaaive  hnmorrhagea,  chiefly  from  the 
vtonu  andthabroiwhialtubaa.  To  aflbot  any  good  it  roqulrva  to  be 
given  for  aevenl  days  in  small  doaea.  It  ia  with  difflo^  ahaorbed 
Mo  the  circulation,  being  with  great  roluctance  taken  np  by  the 
ttofeeals,  and  producing  very  great  ooaatipation,  from  ita  direct  astrin- 
foat  actun  overtha  mtaatinal  oanatwith  which  it  la  bronghtinto 
wntMt  Taonio  add  haa  bean  reoommended  in  oaaea  of  incurable 


orgoidc  diaeaaea  affteting  the  uterua,  aoeompanied  with  waafing  dia* 
charges.  These  it  may  for  a  time  moderate,  but  the  consUpaticm 
induced  never  foils  ultimately  to  uKravate  the  disease  and  dusoomfort 
of  the  patient.  There  ia  little  therefore  to  induce  practitioners  to 
employ  it  to  act  on  remote  organs,  aa  it  ap^>ear8  to  be  converted  into 
game  add  wherever  it  ia  absorbed.  To  facilitate  ita  action  a  aolution 
of  it  in  alcohol,  or,  better  atill,  in  ether  is  employed.  Thia  ia  a  very 
powerful  topical  astringent.  Taonin  present  in  the  after-math  of 
giasaea  given  as  food  for  cattle  seems  to  paaa  out  almost  unchanged, 
and  in  the  quantity  originally  present.  It  ia  of  uae,  along  with  the 
bitter  ertr&ctlve,  in  restraining  w.e  fermentation  of  the  food.  It  ia  ita 
preeen(»  in  v^;etables  which  cauaea  the  motions  to  become  block  when 
any  preparation  of  iron  or  chalybeate  water  is  taken. 
TANNING.    [LEA.THBB  M1.RUFAOTDKI.] 

TANTALUM.  rCoLUMBlUH.] 
TANNOMELANIC  AOID.   [TAjtHiC  A01D.I  . 
TANNOXTLIC  ACID.   [Tamwio  Acm.] 

TAPESTRY  (French,  Tapmerie;  Italian,  Tappezztria).  This  name 
ia  moat  commonly  applied  to  the  textile  &brics,  usually  composed  of 
wool  or  silk,  and  sometimes  enriched  with  gold  and  sliver,  woven  or 
embroidered  with  figures,  landacwea,  or  ornamental  devices,  and  used 
aa  a  lining  or  covering  for  the  wsjIb  of  awtmenta.  It  ia  derived  from 
the  French  **  t^na,"  which  ia  from  the  Latin  "  t^tetnm,"  a  carpet  or 
covering  for  a  bed  or  couch.  The  French  "  tapia,"  Uiough  generally 
applied  to  ou-pets,  is  also  used  to  express  other  figured  cloths  used  aa 
coverings,  such  aa  the  coverings  of  tables.  Of  the  use  of  the  word 
tweatay  in  thia  more  ext«ided  sense,  there  ia  an  instance  in  Shakapere'a 
*  Comedy  of  Errors,'  act  iv.,  ac.  1. 

AUhoo{^  the  loom  waa  en^loyed  fnnn  the  eariiaat  times  hf  the 
Greeks  and  Romans  for  the  production  of  ordinary  tisauea,  ita  ^plico' 
tion  to  the  weaving  of  ornamented  or  figured  fabrics  waa  cfaiefiy 
Oriental.  It  is  probable  that  many  of  the  eorh' tapeatriea  were  em- 
broidered by  hand  or  worked  with  uie  needle.  Thia  kind  of  work,  of 
which  the  Bayeux  tapestry  ia  a  celebrated  example  [Bateuz  Tafestbt], 
vroa  continued  long  after  the  practice  of  weavmg  tweatiy  in  the  loom 
had  beotnne  common.  The  oraamented  oortaina  of  tks  Jewiah  taher- 
nade  (Exodus,  xxvi.,  nzv.,  xxxvi.),  are  genetaUy  ocmgideied  to  havs 
been  embroid^^  by  the  needle. 

Scanty  aa  are  the  notices  of  tapestry  in  ancient  writers,  our  infor- 
mation respecting  it  during  the  middle  ages  is  not  much  fuller. 
Jubinal  ('  Ilecherehee  sur  I'Usage  et  rOrigine  des  Tapisseries ')  obeervoa 
that  we  find  females  engaged  in  working  tapestiy  with  the  needle  from 
the  earliest  epochs  of  the  French  monarcl^.  Gfregoi^  of  Tonra, 
vn-iting  towards  the  close  of  the  6th  century ^m  hia  deaonption  of  tiie 
rejoicings  which  followed  the  profession  of  Christianity  by  Clovis  md 
his  people,  8^>eakB  of  the  streets  being  shaded  with  painted  dotha  or 
curtains  {velu  depietu),  and  the  churches  being  adorned  with  hangings ; 
and  again,  in  describing  the  consecration  of  the  ehurch  of  St.  Denis,  he 
mentions  tapestries  embroidered  witii  gold  and  garnished  with  pearla. 
The  &brication  of  tapestry  hangings  by  the  loom  appears  to  have  been 
introduced  into  France,  at  the  earliest,  about  tiie  9th  centoty,  until 
which  time  the  needle  had  been  tued  excludvely  in  their  production ; 
and  long  after  that  period,  the  two  processes  were  practised  concur- 
rently. At  thia  time  we  often  find  embroidered  cloths  enumerated 
unong  the  decorations  of  churches.  From  contemporary  notices,  it  is 
evident  that  there  was  a  celebrated  manufacture  of  tapestry  at  Poitiers 
as  early  oa  1026.  Nor  was  the  manufacture  of  tapeatiy  confined  to 
France  at  this  pmod.  The  inhabitants  of  tiie  north  of  Europe  also 
practised  it,  and  English  embroidery  was  much  admired  and  nighly 
prized  on  the  Continent,  In  the  East  alao,  where  the  art  had  been 
cultivated  from  the  earliest  antiquity,  fine  embroidery  was  produced 
in  the  11th  century.  Much  of  the  early  Oriental  tapestry  was  adorned 
with  grotesque  figures;  and  long  after  it  became  usual  to  depict 
natural  figures  and  scenery  apon  ^peetry,  auoh  davioes  were  often  used 
Id  ornamental  bordera. 

In  the  12th  and  13th  centuries  the  use  of  tapMby  extended  greatly. 
It  passed  from  churches  and  monasteries,  in  which  it  had  been  used 
for  curtains,  polls,  altar-cloths,  vestments,  &c,,  to  the  residences  of  the 
nobility.  The  use  of  tapestry  in  thia  woy  is  believed  by  mony  writera 
on  the  subject  to  have  been  one  of  the  loxuriea  introduced  from  the 
East  in  consequence  ot  the  inoreased  Intercourse  occasioned  hf  the 
crusades.  The  crusaders  brought  aooounta  of  the  Oriental  practice  of 
covering  walls  vrith  prepared  and  ornamented  skins,  chiefly  those  of 
goats  and  aheep.  These,  which  were  probably  at  first  used  of  their 
natural  size  and  shape,  were,  at  a  later  period,  cut  into  rectangular 
pieces,  about  two  feet  high,  and  rather  less  in  width,  and  united  by 
sewing  into  very  aolid  and  handsome  hangings,  which  were  well 
adapted  to  resist  damp.  Such  hangings,  or  leotiier  tapestry,  were 
m&nufoctured  much  at  Venice  and  Cordova,  and  were  aometimea  either 
gilt  all  over,  or  ornamented  with  gilt  devices,  in  which  case  they  bore 
the  name  of  (for  baaani.  The  Oriental  origin  of  the  more  ordinaiy 
kind  of  tapestry  ia  indicated  by  the  name  Stmuiu*  or  Sarazinoia,  which 
was  frequently  applied  in  France  to  the  early  manufacturers.  In  the 
following  centuries  tapestiy  was  not  only  used  to  cover  the  interior 
walla,  but  was  atso  employed  on  great  occaaiona,  aa  for  instance  oa 
the  public  entries  of  princea,  to  decorate  streets,  aira  to  impart  a  joyful 
Mpeannoe  to  towns  and  pablio  i^aoes.  It  formed  part  of  the  deoora- 
tiODi  oi  feital  holla,  and  was  employed  to  ornament  the  gaUeries  and 
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other  areotiona  inquired  ftt  tounutiiMDtB.  Rioh  •mbroiderj  ma  alw 
taoA  employed  in  the  deoontiooa  of  the  hones  and  mcn  who  formed 
the  actotB  in  those  ohiTalrio  amueemeati ;  and  the  Indlliaat,  though 
often  pvteeque  derioee  of  herakby,  whudi  formed  «o  iiuportant  a  part 
at  th*  dilpliij  upon  luch  oooMUMa,  aSbrded  extoMdra  anqilojiaMtt  to 
Um  woriun  oi  tapestry  and  other  ranamented  tiamies. 

The  art  of  making  ti^ieatiy,  for  which  the  Fleminga  had  been  cal»- 
farated  from  the  13th  oentuiy,  made  oonaiderable  progreas  in  Flanders 
in  tiM  14th  oantnxy,  and  attained  ita  highest  perfection  there  in  the 
IBUx.  Tmeibrj  nunufoctories  ware  early  eatabliahed  at  Bruaaela, 
Antwerp,  Uudraarde,  Liele^  Touru^^  Bruges,  and  Yalenoiennee ;  but 
that  ol  Arraa  was  more  celebrated  than  loj  other,  and  ita  productdona 
wcrt  M  highly  poised,  that  the  name  tarat  beoame  a  oommon  ezpres- 
sioD  for  the  finest  tapestry  generally,  whether  made  in  that  plaoe  or 
ebewhara  The  han^ngi  of  Arras,  as  well  as  those  of  other  manu- 
faotoiiea  in  fVanoe,  were  far  the  moat  part  executed  in  wooL  Hemp 
and  cotton  were  also  used  in  thcon,  but  no  silk  or  gold  thread.  The 
fabrieatiou  of  tq;Metoiea  fomwd  of  theae  aubatances  was  carried  aa 
daaftr  at  flnaioa  and  at  Ymio^.  The  reocdkodoil  of  tiua  diffaranoe 
ia  in^ottnt  fn  disoorering  iriMora  <dd  tapeatriea  were  made.  Tho 
darigna  indudod  not  only  scenes  from  andect  history,  from  thb  fabuloua 
•toies  of  baroes,  and  from  modem  hiatcffical  events;  but  hunts, 
fimtaatioal  animals,  or  the  occQpatioos  peculiar  to  the  diSWent  seasona 
of  the  year ;  while  romantic  and  chivdrio  poems  aSbrded  a  rich  store 
of  subjects  for  iUnitnttion.  The  16th  eantuiy,  which  waa  an  age  of 
gmeralimproTeiiMot  in  Fnn08,gKVe  a  new  impulse  to  the  production 
of  t^wstry.  fVsmdB  I.  founded  the  mk&ufactnres  of  Fontainebleau,  in 
wUdi  threads  of  gold  and  nlrer  were  skilfuUy  introduoed  into  the 
wort  It  wi^  we  are  informed,  with  this  new  impulse  that  the 
praotioe  waa  oonunenoed  of  weaving  tapestry  in  a  single  piece,  instead 
of  oompoaing  it,  as  before,  of  serraal  smaller  pieces  joined  together. 
This  pcinoo  broo^fc  Ptimatioeio  from  Italy,  and,  among  other  works 
of  art,  oonmiBnoned  Um  to  make  dfldoni  tor  aamal  t^Mstria^  which 
wer«  woran  at  EontainaUaao.  He  auo  ouaged  Ilemish  woAmm, 
whom  he  samlied  with  silk,  wool,  and  ouier  mateiials,  and  paid 
lUienlly  for  wir  labour.  Henry  IL  established  a  manufacture  of 
tapestry  on  the  premises  of  Ute  HA^tal  de  la  Trinity,  which  attained 
its  hi^est  oelrtaity  in  the  reign  Heniy  IV.,  and  produoed  cuoy 
fine  t^Mtriea.  Henry  17.  x»4BtaUished,  in  1597,  the  manufacture  of 
tapestry  at  Paris,  whtfo  it  had  been  interrupted  by  the  diaoiden  of 
the  preosding  reigns.  The  oatablishment  languished,  if  it  did  sot 
become  quite  eztinot,  after  the  deatli  of  Henry  IV. ;  but  when  the 
royal  palaces,  eq>eaislly  the  Louvre  and  the  Tuilaries,  were  reeeivina; 
their  rich  deeonttons,  in  the  reign  of  Louis  XIV.,  his  minister  Col- 
bert  rerired  it,  and  from  thai  time  the  oelebrated  royal  tapeaby* 
manufiMitoiy  of  the  Qobelins  dates  its  origin. 

Tb»  prodnotioD  trf  tueatvy  at  the  Gkibehns  ia  sudi  to  have  atbdned 
tlw  highest  perfootioa  in  the  time  of  the  minister  Ctdbert  and  Us 
loeessBor  M.  de  Lonrois.  Le  Bran,  wlwn  ohief  director  of  the  eata- 
Uieluneiit,  made  many  deaigna  for  vrailing  after ;  and  K.  de  Louvoii 
emsed  t^iestry  to  be  made  from  some  of  the  finest  designs  of  Rafbellei 
Jnlio  Romano,  and  othw  Italian  painters.  The  mannfocture  declined 
neatly  at  the  ReroluUon,  bat  was  revived  under  the  govemniMit  of 
NapoMOD,  and  has  ever  sbioa  been  carried  on  sueooasfuly,  though  not 
to  the  mne  extent  as  formerly.  In  Enj^snd  the  art  waa  pnotised 
from  a  Tory  eariy  date,  the  koiee  of  the  Anglo-Saxon  period  being 
Especially  famooa  for  their  needle,  and  the  Suon  cdbromdera  having 
frequent  referenoea  to  t^e  rich  hangings  wrouj^t  by  them.  It  was 
probably  owing  to  the  ezpmse  of  aiwh  hangings,  when  of  large  ai8e> 
and  the  very  long  time  required  for  their  prodqction,  that  mo  lees 
oomfortable  device  of  painting  the  walls  of  onambers  was  extenairoly 
admted  in  the  early  Moraun  pnlod. 

dnaaeer  mmUons  a  "  tapiser,"  in  oompony  with  a  "  webbe  "  and  a 
" dyer,** among  his  Canterbury  pilgrims;  boax  which  oiroumstanoe  it 
may  be  presumed  tiist  tiie  btu^ess  Was  not  a  vair  uncommon  one 
towards  tiie  close  of  the  14th  century.  In  the  15th  century  the  use 
of  tapeetry  greatly  extended  in  Enghtnd;  bat  then,  and  for  Itmg  after, 
the  principal  supply  sppears  to  have  been  fr(an  the  Continent.  In  tiie 
I6th  centory  a  Vuid  ol  lantpng  was  introduoed  which  holds  a  place 
iotermedlirtie  between  painted  wiuls  and  woven  or  embroidered  tapestry, 
fihakspere  alludes  to  these  hanginga  tmder  the  name  of  "^dnted 
cloths."  See  also  the  admirable  description  of  the  rich  tapestry  oommon 
in  tho  Eliisabetban  period,  by  Spenser,  in  his  '  FaSrie  Qneene,'  book 
lii,  canto  ix.  Tlie  mtroduction  of  tapestry^weaving  into  finglsnd  is 
usually  attributed  to  a  gmtionan  named  Sheldon,  late  bi  the  reign  of 
Henry  YIII.,  thoo^  it  was  known,  if  not  eonmumly  practised,  much 
eariier.  James  L  mdeaTOured  to  revive  the  manufacture  of  tapestiy, 
which  had  by  his  time  considerably  declined,  by  encouraging  and 
ansting  in  His  formation,  about  1619,  of  an  establiuiment  a*  Mortice, 
under  Uie  management  of  Sir  F^ds  Crane.  James  L  gore  20001. 
towards  the  f  oimati<ni  of  this  establishment,  which  iqipean  to  liave 
been  origiiialfy  supplied  wiUi  deigns  from  abroad,  but  aabaeqnently 
by  aa  srtiet  nmea  TiwoxSb  Cleyne,  or  Klein,  a  native  of  Boetbck,  in 
the  dtuAj  ol  Mecklenburg,  who  vraa  engaged  for  the  purpose.  This 
imdertakitw  ms  a  &Totirtte  hobby  both  with  James  and  Ids  aucoessor, 
who  fi^^sraed  Cleyne  so  favourably  that  he  bestowed  upon  him,  in 
1025,  an  azmai^  Of  lOW.  (Bymer's  'Fadera.'vol.  Kviii.,  p.  112),  which 
he  enjoyed  until  Ite  civil  war.   In  the  same  year  Charlee  L  gnuted 


aOOOI.  a  year  for  ten  years  to  Sir  Francis  Crane,  in  lieu  of  an  annual 
payment  of  lOOOJ.  which  he  had  previously  covenanted  to  pay  for  that 
term,  as  the  grant  recites,  "  towards  the  furtherance,  ufdiolding,  and 
muntenanoe  of  the  wor^  of  tapestries,  latelie  brou^t  into  t^  out 
kingdoms  by  the  aaid  air  FMDcia  Crane,  and  now  by  him  and  his  work- 
men pnotised  sad  pat  in  nse  at  Uortiake,  in  our  ooantieof  Surrey;'* 
and  of  a  further  sum  of  60001.  due  to  the  establishment  for  three  aalfe 
of  gold  tapestries.  ('  Fcedera,*  voL  xviiL,  p.  60.)  After  the  death  of 
Sir  Francis  Crane,  his  l>rother.  Sir  Richard,  sdLd  the  premises  to  the 
king,  and  during  the  civil  war  they  were  seisod  as  royal  property.  It 
waa  for  the  use  of  Una  eetaMishmant  that  Caiarles  t  purchaaed  the 
famous  Cartoons  of  BaffiuUe.  fCxBTOOHa.]  After  the  Restoration, 
Charles  IL  endeavoured  to  revive  the  manoboture,  and  employed 
Yerrio  to  make  designs  tor  it,  but  the  attempt  was  unsucoeofuL 
Daring  ita  period  of  prospraity,  this  manufacture  produoed  auperb 
hangings  after  the  designs  of  oelelmted  painters,  witJi  which  the 
palaces  of  Windsor  Castle,  Hampton  Court,  Whitehall,  St.  Jamea'^ 
Konsochf  Qreenwioh,  &a,  and  many  of  the  muisiona  of  the  aobilit/f 
were  adorned.  An  act  of  parliament  was  paased  In  1668  to  enoourage 
the  liuso  and  iapeetry  manufaoturaa  of  England,  and  to  restrain  tte 
great  importation  of  foreign  linen  and  ti^estry. 

lo  the  primitive  method  of  woiUng  tapestiy  with  the  needle,  the 
wo(d  waa  usually  applied  to  a  kind  of  oanvas,  and  the  eflbct  ^^uoed 
was  ooarse  and  defective ;  but  some  finer  kinds  ware  embroidered  upon 
a  silken  fabric.  The  process  of  weaving  by  the  loom,  after  the  manner 
known  as  the  hmte  Um,  or  hu^  warp,  waa  uaotised  in  the  tutestriea 
of  Flanders  (and  aooording  to  Walpde  and  Jubinal,  in  those  of  Bf?>gliind 
also),  aa  eu-ly  as  the  14th  and  l6th  centuries;  the  only  eeeentisl 
difTerenoe  between  these  and  the  productioDa  of  modem  times  being 
Uie  oomparatiye  sise  of  the  pieces  woven  in  the  loom.  The  weaving 
tapestry,  both  by  the  haute  lisse  and  the  basse  llsse,  appears  to  be  of 
Oriental  invention :  the  difierence  between  the  two  methods  may  be 
tbuB  briefiy  described.  In  the  haute  lisse  the  loom  or  frame  with  tiie 
warp-threads,  is  placed  jn  a  perpendicular  posititm,  and  tiie  weaver 
WOTvs  standing;  while  in  the  bssse  lisse  the  frame  Wil^  the  warp  is 
laid  h(»izontally,  and  the  vreaver  works  in  a  sitting  positioD.  In  weaving 
with  tlie  basse  lisse,  now  seldom,  if  ever,  employed,  the  design  to  be 
Copied  is  laid  beneath  tiie  threads  of  ^e  warp,  which  are  stntched  in  a 
manner  rewmbling  that  of  ocnnmon  weaving,  mt/bem  being  sup- 
ported b;r  e  number  of  tranavoraa  threads  atretched  beneath  it.  The 
wearer,  sitting  before  the  loom,  and  leaning  over  the  beam,  oarefuUy 
separates  the  threads  of  the  warp  vrith  his  fingers,  so  that  he  may  see 
his  pattern  between  them.  He  then  takes  in  his  otiier  hand  a  kind  of 
shuttle,  called  a  JliUe,  charged  with  silk  or  wool  of  the  colour  required, 
and  passes  it  between  the  threads,  after  separating  them  in  tiie  uflual 
way  by  means  of  treddles  worked  by  the  feet.  [WsAvma]  The 
thraad  of  vroof  or  shoot  thna  inserted  is  flnsUy  driven  i^Dsa  up  to  the 
finished  portion  of  the  work  by  mesne  <rf  a  read  or  comb  formed  of 
box-wood  or  ivory,  the  teeth  of  which  are  issoted  between  the 
threads  of  Uie  warp.  In  this  process  the  boe  of  the  tapestry  is  down- 
wards, so  that  the  weaver  cannot  examine  his  woric  mitll  the  pieoe  is 
completed  and  removed  from  the  loom.  The  haute  lisse  loom,  which 
is  differently  woAed,  omsists  of  two  upri^it  lide-pieoes,  iriui  large 
rollers  placed  horisoittaUy  between  them.  The  thmda  of  the  warp, 
which  nsualtr  onudat  of  twisted  wool,  are  wotmd  found  the  tipper 
roller,  and  the  finished  web  is  coiled  round  the  lower  one.  The 
deugn  to  be  copied  is  placed  perpendicularly  behind  l^e  back  or 
wrong  side  of  the  warp,  and  then  the  principal  outlines  of  the  pattern 
are  drawn  upon  the  front  of  the  warp,  the  threada  of  which  tfe 
Ba£Baiently  open  to  allow  the  artist  to  see  the  design  between  them. 
The  cartoon  is  then  retnoved  so  far  back  from  the  warp  that  the 
weaver  may  idaoe  himeelf  between  them  with  his  back  towards  the 
former,  so  that  he  must  turn  round  whenever  he  wishes  to  look  at  it. 
Attached  to  ^e  upright  side  pieoes  of  tiie  frame  are  contrivances  for 
separating  the  threads  of  the  warp,  so  aa  to  allow  the  JMte,  or  broadi, 
which  oarriee  the  woof,  to  pass  between  them.  Like  the  weaver  vrith 
the  basse  lisse,  the  operator  works,  as  it  were,  blindfold ;  but  by  walk- 
ing roand  to  the  frotit  of  the  lomn  he  may  see  the  progress  of  his 
work,  and  may  adjnst  any  thrskda  whk&  have  not  been  foieed  into 
their  r^t  position  by  the  reed  or  comb,  with  a  large  needle,  called  an 
aigvUle  A  pre$$er.  The  process  of  woAlng  with  the  haute  lisse  is 
much  slower  than  the  other,  and  isj  indeed,  almost  as  slow  as  that  of 
Working  with  the  needle. 

It  may  be  dcslrsble  In  this  plaoe  to  say  a  few  words  concerning  two 
varieties  of  carpet  and  nig-wortc,  vrfilsh,  though  not  really  tapestry, 
bear  a  eertaiD  resembhuMW  to  H,  and  are  turned  Patent  Tapestry  and 
W0oi  MoKtic. 

The  Patent  Tapestry  and  Velvet-Pile  Carpet,  Invented  by  Ur. 
Alexander  Whytook,  of  Edinburgh,  was  intended  to  supersede  the 
ordinary  Brussels  carpeting,  and  has  to  some  extent  had  that  efEbot. 
The  peculiarity  of  this  monufaoture  Uea  in  the  unlimited  number  of 
shades  and  colours  that  oan  be  introduoed;  Insomuch  that  the  most 
elaborately-coloured  designs,  with  flowers  and  bctoUb,  can  be  executed. 
There  is  also  *  very  eoiusderable  saiing  of  worsted,  as  compared  witii 
the  older  proeessee.  The  appearatce  is  fiearly  siniiha-  to'that  of 
Brnssels  carpet,  bot  the  numuncture  la  more  simple,  each  thread  being 
coloured  se^parate^r>  at  Spacer  wiUi  the  various  sfaaides  as  they  follow 
«a^  other  in  the  rad^   The  tneans  by  which  tiiis  process  u  accom- 
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lAiihed  u  simple  and  beaatifol ;  but  much  one  is  required  in  pluing 
Bud  uTMigiiig  the  threadB,  and  putting  them  on  the  beam.  There 
being  a  heavy  preparatory  outlay  iDcuired,  each  pattern  must  have  a 
]urga  nle  to  defny  the  ooetw  In  tite  artude  Caspbt  Uahufaotubs, 
certain  dmerqitiTa  detaila  will  be  met  with,  irtiioh  will  aarre  to  ihow 
how  parti-oolonred  warpe  may  be  introduced  to  produce  ■ome  Boch 
effect  08  ia  here  denoted ;  the  exact  appamtua  and  processes  need  not 
be  described  here. 

The  Wool  Motaic,  patented  and  manufactured  by  UessrsL  CtosbI^, 
of  Halifax,  is  an  exceedingly  curious  production,  involnng  no  weaving 
process  whatever.  It  may  be  called  a  velvet  tapeetry  effect,  produced 
by  mosaic  means.  Artistw  deaignu  are  prapared  for  this,  of  a  higher 
order  than  is  usual  in  narpets  and  nigs.  The  design  on  paper  ia  ruled 
over  in  email  squares,  like  a  Btt'Un  pattern;  tiie  size  of  the  squares 
having  a  definite  relation  to  the  thieteass  of  the  woollen  tiireads  to  be 
used.  This  design  is  re*copied  upon  ruled  paper  by  girls,  each  of  whtHO 
executes  a  portion  of  about  a  foot  square.  These  papers  Uien  go  into 
the  taotory.  Woollen  threads  have  previously  been  dyed  to  an  almost 
infinite  variety  of  ooloon,  tints,  and  shadei ;  fin:  aometioMB  there  are 
as  many  as  a  hundred  dlflbrent  varieties  Introduoed  in  one  tuk.  A 
woman,  espedally  skilled  In  thlB  art,  selects  from  a  classified  list  all  the 
oolours  that  will  be  needed,  taking  one  Uiread  for  every  single  square 
throughout  the  pattern.  These  tiireads  are  then  brought  tt^ether 
by  means  of  a  very  remaikable  apparatus.  Every  thread  is  stretched 
out  borisontally  to  a  length  of  about  17  feetj  and  is  kept  ti^t  by  » 
pull  or  foros  of  about  4  lbs.  One  squara  foot  of  mg-work  ootudsta  of 
about  60,000  threads,  corresponding  to  that  nambsr  of  aqnarea  in  the 
paper  pattern.  The  foroe  applied  to  the  whole  ^ns  amounts  to 
200,000  lbs. ;  and  hence  the  iron  frame-work  requires  to  be  very  strong. 
Oirla,  under  iho  supervision  of  the  mistress,  are  employed  to  stretch 
these  threads,  guided  in  ao  doing  by  bars  and  perforated  plates,  ^us 
they  continue  until  a  dense  mass  of  worsted  has  been  arranged,  17  feet 
long,!  foot  broad,  audi  foot  deep.  An  ordinary  bearth-mg,  6  feet  2, 
requires  12  of  these  masses  to  complete  the  p»ttem,  or  600,000  threads 
in  all;  equal  to  10,200,000  feet,  or  nearly  2000  miles  of  wonted  thrsad. 
This  enomouB  quantity  is  made  up  into  about  a  tiuuaand  mgi,  all 
exactly  ahke,  in  the  following  way.  The  masses  are  firmly  bound  up, 
and  cut  into  portions  of  convenient  lengtii.  They  are  then  arranged 
with  the  600,000  threads  vertical,  all  aocording  to  the  proper  pattern. 
A  eUce  is  cut  off  from  the  top,  to  render  the  apper  soruee  quite  levels 
by  means  of  a  large  oircular  cutter  revtdving  ntn^Kiotally  with  great 
rapidity.  The  surfsoe  is  coated  wiUi  a  hot  solution  of  India  rubber  and 
camphine,  then  dried,  then  coated  again,  and  so  on  two  or  three  times. 
A  backing,  formed  of  canvas,  is  laid  on  witii  a  strong  oement  of 
oaoutchouo  solution  ;  and  a  little  nibbing  or  aciwping  nuwea  it  adhere 
very  firmly  to  the  wivsted.  The  circular  cutter  them  seven  a  layn 
^  of  an  inch  in  thickness,  which,  by  further  rmnraatia,  beeomea  ^i^- 
cable  aa  rug,  carpet,  hanging,  curtain,  or  tqwstry.  The  msaa  of  threads 
ia  thus  cut  away  about  a  thousand  times,  producing  this  number  of 
repetitiona  of  the  pattern.  Copies  of  ^borate  pioiuree  may  thus  be 
obtained.  The  process  does  not  become  commeroially  sucoessf  ul  unless 
there  is  a  large  sale  for  eacb  pattern. 

-  TAPIO'CA,  a  farinaoeous  substance,  jvepared  in  South  America 
from  two  sj^edes  of  Janipfaa,  Manihot  KtUitrima,  or  the  bitter,  and 
ManUu)t  Aipi,  the  sweet,  Cassada  or  Manioc  plants.  The  ohief  dis- 
tinction between  'them  ia  that  a  "  tough  ligneous  fibre  or  cord  runs 
through  the  heart  of  the  sweet  Caaaava  root,  of  whicdi  Uie  bitter  ia 
destitute."  Though  the  bitter  contains  a  highly  acrid  and  poiaonoos 
jolce,  from  which  the  smet  ia  exempt,  yet  the  bittw  is  cultivated 
UmoBt  to  tiie  entire  ezoludon  of  the  oUker,  which  ia  probably  owing 
to  the  greater  facility  witii  which  it  can  be  ground  or  raq»ed  into  flour, 
owing  to  the  abeence  of  the  ligneous  centre.  The  poiaonous  principle 
of  the  bitter  manioc  is  thought  to  be  of  the  nature  of  hy^icyanlo 
acid.  It  is  easily  dissipated  or  decompoeed  by  heat  or  fermentation ; 
hanoe  the  flour  becomes  perfectly  wholesome  in  the  prooees  of  T^ng 


can  be  fermented  uid  converted  into  intoxicating  drink. 

The  fecula,  or  flour,  after  the  juice  has  been  carefully  expressed, 
having  been  washed,  and  dried  in  the  mt  without  heat,  is  termed 
moMCAoeo  m  Braadl,  mounache  in  the  Antilles,  and  eypvpa  in  Cayenne. 
This  constitutes  the  Brazilian  arrow-root  of  English  oommeroe  When 
this  fecula  is  prepared  by  drying  on  hot  platee,  it  becomes  granular, 
and  u  called  taptoca.  It  oocun  in  irregular  lumps  or  gr^,  and  is 
partially  soluble  in  cold  water.  The  granules,  diffused  through  water, 
and  examined  by  the  microsooiie,  are  of  great  uniformiW  of  sice,  and 
nnsIlOT  than  those  of  arrow-root  from  the  Uarantas.  Tapioca  is  voiy 
nutntious  and  easy  of  digestion,  being  free  from  all  stimulating 
qoahUes.  It  is  therefora  veiy  neoeasary  to  distfaigiiidi  it  from  aa 
artificial  tapioca  made  with  gum  and  potato  ataroh,  which  is  in  laigcr 
mmules,  whiter,  more  eaaily  broken,  and  more  soluble  In  cold  water 
than  the  gecume. 

TAPWNO,  or  Paraoent^  (in  Surgery),  Is  the  opetation  usually 
employed  for  the  removal  of  fluid  from  any  of  tike  serous  oavitiee  of 
boajr  in  which  it  has  collected  in  a  dangeroua  quantity.  Zt  ii 
aooomplishad  by  mesne  of  aa  instgiunant  called  a  tgoaar.  and  it  toba,  or 
oanuliy  in  ^oh  it  auctly  fltk.   The  ttmkr  ta  of  rtnl,  c^fn^oal 


through  the  duet  part  of  ita  lengtii,  and  teimhiated  by  a  three-sided 
pyramid  which  ends  in  a  veiy  sharp  point.  The  canula  being  placed 
upon  ita  shaft,  the  trocar  is  thrust  into  the  cavity  oontaii^ng  the  fluid, 
and  being  then  vrithdrawn  through  the  eanula^  the  latter  ia  retained  in 
the  aperture  till  all  the  fluid  la  diidiargBd.  The  diseases  for  whieh 
tapping  ia  chiefly  performed  are  'aaoitea,  imlrothorax,  hydrocele,  and, 
occasionally,  hydrocephalus,  and  effunona  <tt  fluid  Ml  the  pericardium. 

TAR.  To  give  a  concise  definition  of  this  familiar  aubstanoa  Is 
difficult  inasmuch  aa  it  variee  in  colour,  oompoaition,  and  ooo^steoce, 
and  is  derived  equally  from  the  animal,  vegetable,  and  mineral 
kingdoms.  From  uie  colourless  <Hl4ike  NararHa,  on  the  one  hand,  to 
the  hard,  blac^  rodn-Uke  BiruMEV,  or  pitoh,  on  the  otlwr,  w«  have 
mixtures  >d  Om  two,  oontalning  man  at  Issi  of  cither,  and  to  whioh 
the  term  tar  is  applied. 

Tar,  then,  is  a  coloured  oleo-resin.  Di^KwitB  ef  it  are  frequently  met 
witii  in  nature,  rarely  however,  in  large  quaatitiea.  The  most  impor- 
tant basins  of  it  are  found  in  Bormah,  especially  at  Bangoon.  Wells, 
about  sixty  feet  deep,  are  sunk  in  the  soil,  and  from  tiiefr  walla  coses 
out  the  tar  and  oollecta  at  the  bottom ;  it  has  a  brownish  green  oo3aar, 
a  gooee-grease  consistence,  and  is  a  miztore  of  BBveral  wdtdaflnsd 
matten  that  will  be  refenred  to  presently,  yamea,  other  than  tar, 
have  been  given  to  this  naturally  occurring  oleo-renn.  Thus,  we  have 
roei^il'jse  pe^vleutn.  Hade  napma,  liquid  pitch,  Uqmid  bitmmtn,  JbM 
atphalt,  and  nuTieral  tar. 

But  the  vegetaUe  kingdom  b  also  a  aoorce  ot  tar;  indeed,  it  is  the 
most  important  one,  and  wood  and  coal  are  the  members  which  yield 
it.  In  oommeroe  we  meet  with  wood-tar  in  bamls  hoUifaig  Mont 
thirty  gallona.  Under  the  name  of  StodchoUn  tor  it  ia  in^orted  from 
Ruaaia,  Swedra,  Norway,  DenmaA  and  other  n<Mrthem  part*  of 
Europe ;  wliile  tiiat  from  the  States  of  the  New  World  is  distinguished 
as  ATnerieain  tar.  The  wood,  especially  that  of  the  root,  of  pines,  ia  tiie 
kind  most  profitably  used  in  the  produotini  of  tar;  and  it  u  subjected 
to  a  crude  yet  efibotiva  ^oosss  irf  dertructive  distHlatkn.  A  large 
^neatly-trimmed  hole  of  c<»iical  ahape  is  mads  in  a  bank,  hiU-sida  or 
other  sloping  ground,  and  into  this  is  bwsred  a  dmilarly  shaped 
bundle  ot  pine-Mllets.  The  wood  being  kindled  the  whde  is  covered 
with  turt  Slow  partial  combustion  now  goes  on,  the  resin  naturally 
existing  in  the  wood  melts,  is  sli^tiy  decomposed  and  darkened  in 
colour  by  the  heat,  and  flowing  down  to  the  bottom  of  the  hole  is 
there  received  in  an  iron  dish  having  a  long  tubular  spcnit  which 
conveys  it  a  tnw  feet  throuf^  the  ground  to  the  month  ol  the  barrel ; 
the  latter  being  plaoad  for  its  reception  in  a  oa^ty  aome  two  or  three 
yards  lower  down  the  slope. 

OoaUtar  has  already  bean  treated  ot  in  a  aspiEBte  article  [Coal- 
TAR.]  In  appearance  and  oonqlssily  of  eompomtn  it  mtteh  resembles 
mineral  and  wood  tar. 

Bemembering  the  Teo^abla  natora  of  ooal,it  is  sa^to  ecnoatn  that 
the  above-deecnbed  varieties  of  tar  have  a  common  origin.  The  pro- 
duction of,  first,  wood,  then  coal,  and  finally  mineral  tar  are  possibly 
sequential  operations  in  nature  whioh  are  simply  hastened  by  the 
restless  ener^  of  man  when,  in  the  rude  Macedonian  fashion  he  haU 
bums  wood  m  the  forest,  or  submits  coal  to  destruotive  dlatiUition 
aided  by  all  the  applianoee  of  refined  modem  iiuenuity. 

Animal  tar  has  abaady  been  treated  <d  [Bohhiqdox.]  It  ia 
dii^y  used  for  lubricating  maehfimy. 

PitdL — When  tar  ia  heated  in  retorta  it  petttally  volatilises.  The 
first  portions  of  the  distillate  constitute  crude  napkMa  twpentaie  and 
impure  pyrolignecnu  (acetic)  aeid,  and  next  oiU  containing  pan^n  cume 
over ;  the  re^ue  in  tlie  retort  is  pitch,  a  bard,  black,  vitreous  resin. 

CemtitueiUa  <^  Tar. — "By  tedious  processes  ot  fractional  distillation, 
eaiA  portion  of  tiie  diatiUate  bong  redistilled  and  ita  products  od- 
leoted  in  several  ssparate  quantlma,  and  these  again  rectified  and 
acted  upon  by  powenul  oheinical  reagents — coal-tar  has  been  shown  to 
conaiat  of ; — first,  a  number  of  very  inflammable  liquids,  containing 
either  the  elementa  carbon  and  hydrogen  only,  as  Cdh OLi,  Edpion, 
(from  <I  beautiful,  and  -rlmw  fat)  Toluolb,  and  Xylols  ;  or  oxygen 
also,  as  in  Kbeasotb,  Oapitohob  (from  Konhs,  smoke,  and  iMtpa  part), 
and  pieamor.  The  latter  ia  an  oily  body,  of  bitter  taste,  and  BpMt&) 
gravity  MO  :  it  forms  a  crystalline  compound  with  potash.  ^Hie 
second  aeries  containa  solid  bodies,  nam^,  Pabavfir,  'Saxkcjuimi 
CzBBiBXT,  (from  eedrutm,  the  old  name  for  "  acid  tar-water,"  and  rtte  a 
net,  in  alluaion  to  the  reticulated  appearance  of  ita  crystals),  Ptkxh, 
Chrtskh,  Ptroxabtbim  and  pUtacal;  the  latter  has  a  deep  blue 
colour,  and  ia  insoluble  in  water,  alcohol,  or  ether.  The  liquid  called 
nanAiAn  chiefly  conaista  of  hydro-carbon ;  the  oiU  oontun  the  oxidised 
bodies ;  and  j»(cA  is  a  mixture  of  the  various  solids,  together  with 
other  fixed  matten  that  are  probably  decomposed  when  diatiUati«i  is 
effected  at  vety  high  temperatures,  and  which  yield  the  charcoal  tliat 
under  these  cireumstaoces  is  always  left  in  the  retorts. 

Mineral  tar  and  coal-tar  have  been  proved  to  conaiat  of  the  same 
euhstanoesaa  wood-tar.  As  mif^t  be  suspected,  they  oontaia  teas  iKn< 
volatila  matfesr  thtti  wood-tar. 

Animal  tar,  besides  the  compounds  already  referred  to,  ocoitaina 
UiTHTLAiCDtx,  Ethtlamime  and  other  banes  of  the  same  olaaa; 
AviUNB  and  Ita  homologuee ;  and  some  nitriles  of  &tty  acids. 

TARANTISMU8  ia  tha  naQu  givflii  to  a  peculiar  nervous  afieoUon 
wfaidi  vras  long  smoaed  to  be  we  ooniequsooe  of  the  bite  of  the 
THtttala  B^der.  Tt  sbami  to  hm  ooooired  frequently  in  the  king- 
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dom  of  Kaplea  dariDg  the  16th  eeabmj,  and  to  hare  been  nearly 
nmilar  in  ita  chanoton  to  the  diasaK  which  vm  orij^inally  called 
8t  TttaA  danoB  fClHOBBi,].  and  to  thai  vhioh  hu  occanonally  pr»- 
TBilad  in  parts  td  Sootlaod,  and  hag  been  caDsd  the  "  kaping  ague,*'^ 

The  patienta,  nearly  all  of  irhom  were  women,  soon  aftw  being 
Uttan  (as  it  was  nippoaed)  used  to  fall  into  a  profound  atupor,  from 
which  nothing  rouAsd  them  but  the  sound  of  such  muaio  as  pleased 
them,  on  hearing  which  thc>y  hod  an  irresistible  desire  to  danoe.  So 
long  aa  tbe  mumo  continued,  and  was  in  tone  and  soffioienUy  lirely, 
tliegr  woidd  go  on  jnmj^ng  and  dancing  till  tb^y  fell  eihaiMtod ;  and, 
all  the  tiBMi  aome  oaed  to  riuiek,  some  to  laug^  and  ring,  and  some  to 
weepw  When,  after  a  short  rest,  they  bad  recovered  from  their  fatigue, 
tboy  would  agun  begin  to  dance  with  aa  much  vigour  as  before,  tuuess 
the  mosio  were  played  slowly  or  confusedly,  when  they  would  stop 
and  grow  anxious  and  melancholy,  or  even,  i  the  mudc  were  not  soon 
made  agreeable  to  them,  would  fall  into  a  dangerous  state  of  stupor. 
The  diasass  naed  to  last  about  four  days,  and  BQemed  tobsoured  b^ 
the  profuse  perspirations  brought  on  py  the  aotiva  einndse;  but  it 
often  retnmed  at  the  sanu  time  in  the  foUoinn^  yair,  or  even  for  a 
suooeasion  of  years,  and  on  every  oooaaion  required  the  same  treat- 
matt. 

Sinoe  it  has  been  found  that  the  bite  of  Uie  Tarantula  can  produce 
no  sudi  strange  efiects  as  these,  many  have  suspected  tl)at  the  disease 
aaoribed  to  it  never  really  existed,  but  waa  f<9lgned>[<»-  Che  pnrpoee  of 
exdtiqg  pHynfor  the  pleasure  of  daoelDg.  IlieTe  ii  good  reason  to 
baheve  that  in  most  inshmoee  it  was  oountOTfeited  :  but  there  can  be 
no  doobfc  that  such  a  disease  hod  occurred  aod  had  given  occasion  to 
tiie  piaeUoe  of  the  fraud.  Besides  ita  similarly  to  diseases  whose 
reality  is  generally  admitted,  such  aa  the  St.  Vttus's  dance  and  the 
IsuM^s^gue,  oaaea  have  occasionally  been  met  with  in  reoent  timea 
wmeh  doM^  reaembb  and  in  iriudi  tiien  oould  be  no  juafc  auqn^^ 
of  finutd.  Such  a  case  is  described  1^  Mr.  E.  Wood,  in  tiie  sevmith 
Tolunu  (rf  the '  Medico-Chirurgioal  Transactions ;  *  Miother  is  recorded 
1^  Hr.  Criehton,  in  the  thirty-first  voltmie  of  the  '  Edinburgh  Medical 
and  Surgical  Journal ; '  and  m  the  *  Cydopcedia  of  Practical  Medidne,' 
art.  '  Chores,*  several  cases  of  analogous  affections  are  related.  All 
these  however  occurred  singly.  Th^  the  Tarantiamua  and  the  St. 
Vitw^s  dsnoe  should  have  asBumed  the  ohanotera  of  a^damios  ma^  be 
aamibed  to  their  propagating  themselves,  as  all  oonvulaive  aflbetums 
are  apt  to  do  among  nervous  and  supentitious  perion^  by  the  pro- 
pensity  to  imitation,  the  effects  of  which  are  still  freqnsnUj  ssen  in 
the  production  of  hysteria,  chorea,  and  similar  diseases. 

TAKAXACIN.  Taxaradn,  A  bitter  non-azotised  orystalline 
inindple  oontained  in  the  milky  juice  of  the  common  duidehon. 
{iMUedon  TaraxaeuM.) 

TARE.  We  hardly  know  whether  off  the  words  tare,  trtt,  ctt^f, 
tnUle,  gntt,  nef ,  ace  still  used  in  oommerce ;  they  all  hold  their  places 
in  wc^cs  of  aritiLmetio.  Tan  is  sud  to  be  tiie  aUowance  for  the  weight 
of  the  box  or  bag  in  which  goods  are  packed ;  tret,  sn  allowance  of 
41h.  in  1041b.  for  waste ;  eloff,  an  allowance  of  21b.  in  Sowt.,  that  the 
weight  nuy  holi  good  when  sold  retail;  the  grou  w«ght«  that  of 
fba  goods  and  pscksge  all  together;  the  futfte  waght,  thai  which  re< 
mains  when  tare  only  is  aUowed;  the  m(  weight,  wat  which  remains 
when  all  aUowaneea  are  made.  We  shall  merely  state  what  we  know 
of  these  words. 

Tare  (written  tara  in  some  of  our  older  arithmetical  works)  is  nutde 
from  the  Italian  Uxrare,  to  ubate.  In  that  language  tara  is  a  technical 
term  imp^ing  abatement  of  any  kind,  not  for  weight  of  package  only. 
We  believe  euff  to  have  been  Uie  Boyish  word  much  originally  stood 
for  the  allowance  for  package :  in  our  oldw  aritbmefieianB,  ture  and 
doffo  generally  go  together,  and  the  latter  seems  to  be  for  the  package, 
the  former  for  other  abatements.  ■  Oloff  or  dough  is  defined  in  an  old 
dictionary  as  tiist  wherein  any  thing  is  put  for  carriage  sak&  Hum- 
phrey Baker  (1S62)  speaks  only  of  tare  and  cloffa ;  Mastenon  (1592), 
of  tara,  doffe,  and  tret,  but  the  first  two  terms  are  used  together.  We 
cannot  find  oloff  used  in  the  sense  given  to  it  1^  our  modem  books  of 
sritlunelic  until  about  the  end  of  Uie  17th  century. 

Tret  seems  to  be  from  the  Italian  tritare,  to  crumble.  Stevinus,  in 
his  Latin  treatise  on  book-keeping,  uses  intertrimeTUum,  in  tiie  sense  of 
deduction  from  the  quantity  choired  for.  Qroti  weight  needs  no  ex- 
planation ;  the  Italian  form  neUo  was  formerly  used  for  net  wei^t. 
It  bdng  well  known  that  these  terms  generally  come  to  us  from  the 
Italian,  we  most  suppose  suttle  to  be  from  nttUe,  which  is  used  in  the 
aense  of  fine  and  valuable,  and  ia  api^ied  to  the  finer  part,  as  separated 
from  the  coarser.  One  of  our  old  writers  (Hasterson,  '  Arithmetike,' 
1S92)  uses  suttie  weight  in  a  manner  which  mokes  us  imagine  we  see 
the  origin  of  the  hwndrtd  weight  being  a  hundred  and  ttedve  pounds. 
Without  any  explanation,  as  if  it  were  matter  of  notoriefy,  he  oon- 
trasts  auttle  and  averdtipmt  weight,  the  former  having  100  IbsL  to  the 
hundredweight,  the  latter  112  lbs.  Intiie  rougher  tort  of  goods,  at 
the  same  pcviod,  the  tan  was  (as  appears  by  the  taUes  they  give)  very 
often  12  lbs.  in  112  lbs. :  porhaps  then  the  hundredweight  of  112  lbs. 
was  only  an  allowance  tot  the  weight  of  the  box,  barrel,  or  other 


TABES  are  a  most  important  green  crop  in  the  improved  systems 
of  agrioalture,  eq>eda^y  on  heavy  8CHlB,whwe  they  thrive  best.  When 
sown  in  aatamn,  with  ft  null  spinkling  of  wheat  or  lye,  thc^  oonr 
the  ground  In  sping;  and  supi^abandukoe  of  lodtl«r  in  Btumntt.  A. 


good  crop  of  tares  is  fuUy  equal  in  value  to  one  of  red  clover :  it  comas 
off  the  ground  in  sufficient  time  to  give  tlie  land  a  summer  tillage^ 
whioh is  so  nsefol  in  deatriTing  wesdi^  and  to  aBow  tundps  tolie 
sown  in  the  same  aeastm. 

There  are  many  vpodM  and  varieties  of  tares;  but  that  which  Is 
found  the  best  ada|)ted  for  agricultural  purposes  is  the  common  tare 
(Vicia  sativa),  of  which  there  are  two  principal  varieties,  very  alightiy 
differing  in  appearance,  one  of  which  is  hardy,  md  will  stand  the 
severest  winters :  tiie  other  is  more  tender,  and  is  therefore  only  sown 
in  ^ring;  but  It  has  the  advantage  of  vegetating  more  r^pid^,  so  that 
spring  tares  sown  in  Hardi  will  be  fit  to  cut  vritun  a  for^gfat  or  three 
weeks  after  those  wbich  were  sown  in  autumn.  By  sowing  tiion  at 
regular  intervals  frcm  Septembw  to  Uay,  a  succession  of  green  tares 
in  perfection,  that  is,  in  bloom,  or  when  the  pods  are  forming,  may  t>e 
cut  for  sevwal  months,  from  May  to  October.  A  prudent  tKnotr 
arranges  his  crops  bo  that  he  shall  have  artificial  green  food  for  his 
hwses  and  cattls  at  least  MX  months  in  the  year.  In- having  tsns  fit  to 
cut  between  the  first  and  seoond  cut  of  clover.  When  there  are  more 
tores  tlian  is  absdntdy  required  for  this  purpose,  and  tbe  vreather 
permit^  they  make  excellent  hay ;  or,  if  the  weather  is  not  favourable, 
they  are  out  and  f^ven  to  sheep,  whioh  are  folded  on  the  portion 
already  out.  It  is  an  advantage  to  have  portable  tacks  for  this  pur- 
pose,  that  the  fodder  may  not  be  trod  under  foot  and  wasted;  or  the 
tares  may  be  placed  between  hurdles,  tied  two  and  two,  which  form 
extemporaneous  racks.  It  is  prudent  to  raiss  snffldsnt  seed  for  another 
year;  but  a  crop  of  aeed-tares  raised  fur  sale  it  seldom  wofitable,  as 
th^greaUy  exhaust  the  sdl;  and  the  price  varies  so  much  in  different 
seasons,  that  it  becomes  too  much  of  a  speculation  for  a  farmer.  The 
dlKrence  of  sjwing  and  wintw  tares  is  probably  more  owing  to  habit 
than  to  any  real  Sotaoical  distinction  between  them.  When  spring 
tares  are  sown  li^ntumn  instead  of  winter  tares,  they  may  ooosBonsUy 
stand  the  frost,  if  not  very  severe;  but.  In  general,  they  rot  on  tiie 
ground  and  never  recover;  whereas  the  real  liardy  winter  tares,  whose 
T^etation  is  slower^  seem  insensible  to  the  severest  frosts. 

In  the  early  part  of  Bummsr  green  rye  and  tares,  mixed,  are  sold  at 
a  great  prioe  in  large  towns  for  horses  which  have  woriced  hard  and 
been  highly  fed  in  winter.  They  act  ss  a  gentle  laxative,  and  ootd  the 
Uood:  nsarLond<Hi,whmevegrprodnoeisf(Hvedwithanidniiidaose 
of  manore,  tsms  are  dhea  fit  to  out  early  in  Hay,  and  the  land  is 
immediatdy  plou{^ed  and  planted  with  potatoea,  or  sown  with  mangd 
wutad  or  Swedish  turnips,  which  oome  off  in  September  or  October, 
in  time  for  wheat-sowing.  Thus  two  very  profitable  crops  are  raised 
during  the  time  that  the  land,  aooording  to  the  old  system,  would  have 
been  fallow ;  and  at  the  some  time  it  is  left  as  dean,  by  careful  hoedog, 
aa  the  best  fallow  would  have  made  it. 

Tares  should  be  sown  on  land  wbich  is  well  pulverised.  If  after 
wheat,  the  stubble  should  be  ploughed  in  with  a  deep  furrow  after  a 
powerful  scarifier  has  gone  over  the  land  several  times  to  loosen  it ; 
live  or  six  cart-loads  of  good  farm-yard  dtmg  should  be  ploughed  in. 
The  tares  should  be  drilled  or  dibbled,  and  the  surboe  well  harrowed. 
The  intervals  should  be  hoed  early  in  spring  :  this  will  accelerate  the 
growth,  and  insure  a  oomplete  covering  of  tiie  ground.  As  soon  as  the 
tares  show  the  fiowsr,  they  may  be  cut  dsily  till  the  pods  are  fully 
formed ;  after  this,  any  which  remain  uncut  uiould  be  made  into  hay 
or  given  to  sheep ;  for  if  the  seeds  are  aUowed  to  swell,  the  ground 
will  be  much  exhausted.  Another  piece  should  be  ready  to  cut  by 
this  time,  and  thus  there  may  be  a  suooesrion  of  tares  and  bread  dover 
from  Hay  to  November.  Tares  may  be  sown  as  late  as  August,  on  a 
barley  or  rye  stubble,  for  sheep-feed  early  in  winter,  or  to  be  plou^ed 
bi  to  rot  in  the  ground,  where  beans  or  peas  are  intended  to  be  sown 
early  in  spring ;  this  is  periisps  tbe  oheuwst  mode  of  manuring  tbe 
luidj^the  only  e^tenss  bdng  the  seed ;  mr  the  tillsge  is  neoesssry  at 
all  events. 

TARQUMS,  or  CHALDEE  PARAPHRASES  OP  THE  OLD 
TESTAMENT.  During  the  Babylonish  captivity,  the  language  of  the 
Jews  was  affected  by  the  Chaldee  dialect  spokoi  at  Babylon,  to  such  on 
extent,  that  upon  their  return  they  could  not  understand  the  pure 
Hebrew  of  their  sacred  books;  and  therefore,  when  Kara  and  the 
Levites  read  the  law  to  the  people,  they  fotmd  themsdveB  obliged  to 
add  an  explanation  of  it,  tmdoubtedly  in  Chaldee;  (Nehem.  viii.  8.) 
[Hjebrxw  Lahquaob  ;  Abahjlui  llanou&OB.]  In  ooone  of  time 
such  explanations  were  oommitted  to  writing,  and  from  thdr  being 
not  aim^e  versions,  but  explanatory  par^)hiHas,  they  were  called  by 
the  ChaJdee  word  Tarffum,  which  dgnmes  "  sn  explanation.'' 

There  are  ten  Taivums  extant : — 

1.  The  Targum  of  Onkdn,  on  the  Pentateuch,  is  the  most  sndent. 
Onkdos  is  supposed  to  have  lived  at  Babylon.  The  Babylonish 
Tdmud  makes  him  a  contemporary  of  Oamalid,  at  the  vsry  beginning 
of  the  Christian  era.  No  critics  place  him  lovrar  than  the  2nd  ontozy. 
Eiis  language  ai^nroaohes  nesrer  than  that  of  the  other  Targums  to  the 
pure  Chaldee  of  the  bo<^  of  Danld  and  Sara.  He  follows  the 
Hebrew  text  so  dos^»  that  his  work  is  less  a  psnuihnse  than  a 
verrion,  and  he  ia  free  from  the  &blei  whioh  pranl&d  anumg  the 
later  Jews. 

2.  The  Targum  of  Jonathan  Ben  Uiad,  on  the  Prophets,  is 
ascribed  to  an  authw  oontemponry  with  OnkeI(is,  or  even  k  Uttu 
older,  namdy,  Jonsthsa  ths  son  of  Utsid.  a  disdple  of  the  eldar 
HillsL  The  mantioa  of  Us  name  in  the  Tabauds  proves  Uqi  to  bane 
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lired  earlier  ihwa  tha  4th  ud  6th  oenturieK,  But  Jahn  pmotB  out 
oertain  intanul  mt/rk»,  ttfoa  whioli  he  ocuoiudw  that  this  Teirgum  wm 
oominled,  towaide  the  end  the  fed  century  after  Chiirt,  from  other 
paraphnaee,  some  of  -which  at  leait  were  coiuiderably  older.  The 
Jewa  make  Jonathan  oontemporarf  with  tJie  ]nt>ph«ta  Kalachi, 
Zecbariah,  and  Haggai,  ood  relate  marrellou*  storiea  reapecting  the 
compoatiMt  <d  hit  Tahnud.  This  Targum  is  more  par^duMtic  than 
thatol  Onkeloa;  ita  dtalect  ia  not  lo  puraj  the  Tenion  ii  notao  aocu- 
rata,  but  it  is  frae  from  the  fabuloua  atoriea  fit  the  later  Talmoda.  It 
oompriBsB  the  books  of  Jonhua,  Judges,  Samuel,  Kinga,  Isaiah,  Jeremiah, 
Ee^d,  and  the  twelve  miaor  prophets. 

S.  The  TargHia  of  the  ptemdo-Jonathan,  on  the  Pentateuch,  is  bo 
called  from  its  having  been  erroneously  ascribed  to  JooaUian  Ben 
UssieL  In  purity  of  dialect,  in  ita  genetal  s^le,  and  in  its  mode  of 
ezpontion,  it  is  far  inferior  to  the  Targum  of  JooKthan.  It  abounds 
in  silly  fsljes,  and  displays  great  ignorance  of  Hebmr  on  the  part  of 
its  auUior.  From  intonal  evidenoe,  sudi  as  its  mention  <rf  the  Turks 
and  Lombards,  it  is  evident  that  it  could  not  have  been  written  earlier 
than  the  7th,  or  perhwa  the  8th,  century. 

4.  The  Jenaaiem  X'arguin,  on  the  Pentateuch,  of  which  however  it 
omita  large  ptntitma,  and  sometimea  endains  on^  single  wtvds,  Is 
evidently  later  than  that  of  the  peeudojonathan,  which  it  genenlly 
follawa  dosaly,  occasionally  departing  from  it  lor  the  worse.  Its 
dialect  Ji  very  impure,  aboimding  in  Greek,  Latin,  and  Fetnan  words. 

The  other  Tai^uma  scarcely  deserve  a  separate  notaoe.  An  aooount 
of  them,  and  lists  of  the  editions  and  Latin  venrioos  of  the  Targunu, 
will  be  found  in  the  works  quoted  at  the  and  of  tiiis  article.  Taken 
togetiier,  the  Twguma  form  a  paraphrase  of  the  whole  of  the  Old 
Testament^  wraetit  the  books  of  Daniel,  Sisra,  and  If  ehemiah,  which 
called  len  lev  itmh  an  expositaon,  as  they  are  to  a  great  extent 
written  in  Olialdee.  • 

(Prideauz,OMMetio»,{MrtiL,bocdCTiiLj  the/nCnxlMfMlM  of  Home 
iu^d  Jahn.) 

TABIFF,  a  table  of  duties  to  be  paid  on  goods  imported  or  exported. 
Tlie  prinoipla  of  a  tariff  depends  upon  the  oommerdal  policy  of  the 
body  hy  wmeh  ft  ia  framed)  and  tha  details  are  coostantiy  fluctuating 
with  the  change  of  iutereata  and  the  wants  ot  the  oommuni^,  or  in 
pursuance  of  commercial  treaties  with  other  states.  The  British  tariff 
has  undergone  many  important  alterations  within  the  last  sixty  years, 
all  tending  to  increased  freedom  of  trade.  Only  twenty-six  lands  of 
artiolea  are  now  aubject  to  an  import  duty,  and  none  to  an  export 
du^,  all  being  impoeed  merely  for  fiscal  purposes.  A  tariff  often  idnu 
at  moompatiua  Mida :  duties  are  sometimes  meant  to  be  boUi  pro- 
dnotiva  of  revenue  and  fur  protective  objects,  which  are  frequentiy 
Inconsistent  with  each  other.  Hence  they  sometimes  operate  to  the 
emulate  exolnsion  of  foreign  produce,  and  in  so  far  no  revenue  can  of 
course  be  received ;  and  sometimes,  when  the  daty  is  inordinately  high, 
the  amount  of  revenue  becomee  in  oonsequenoe  trifling.  An  attempt 
is  in  fact  made  to  protect  a  great  variety  of  partionlar  interestB  at  the 
e^enn  of  the  ronnae  and  of  the  oommardil  Intereoom  witit  other 
countries. 

TARTAN.  rWKAvnioJ 

TARTAR,  CREAM  OSC  [Tabtaiuo  Aoid.] 

TARTAR  EMETIC.  rAKmiOHI.] 

TARTARIC  ACID  (CgH.O,^  iBO).  This  acid  ooenrs  in  nature  in 
both  the  free  snd  combined  states.  In  the  free  condition  it  exists  in 
Ihe  tamarind,  grt^,  pin»^>^j  pepper,  to. ;  as  »  potaah  salt,  also  in 
the  tamarind,  grafw,  and  in  the  molberiy;  and  as  tartrate  (rf  lime, 
in  the  fruit  of  the  stag's-hom  Bumach  (JUm  fjrp&tna).  Tartaric  a^  is 
also  found  in  many  other  vegetable  juices,  but  it  is  from  tbe  ptipe  that 
nearly  all  the  tartaric  acid  of  commerce  is  obtained. 

Bitartrate  of  potaah  is  soluble  in  wato-,  but  not  in  alcohol  >  in  a 
mixture  of  the  two  it  is  soluble  to  an  extent  dependant  upon  the  pro- 
portion ot  the  on*  to  the  other.  When,  therefore,  the  juice  of  the 
grape  u  fermeoied,  there  arrives  a  pobit  at  whidi  the  bitartnte  of 
potash  bMins  to  crystallise  out  and  depodt  on  the  aidee  of  the  vessel 
in  whldi  it  is  contained,  and  tiiis  operation  goes  <m  untAl  the  whole  of 
the  sugar  in  the  wine  is  cmiverted  into  alcoho).  In  going  out  of 
solution  it  takes  much  colouring  matter  wHh  it,  and  in  this  impure 
state  is,  at  eonveuient  seasons,  removed  and  sent  into  commerce  as 
snvl  <a  crudt  tartar.  Purified  by  reorystalliBation  and  treatment  wifh 
eofmal  ohareoel,  it  eonatitutes  purified  tartar,  or  "emm*  o/ Mortar; 
and  it  is  from  this  salt  that  tartaric  add  is  produced.  "  It  is  called 
tartar"  eays  Paracelsus,  "  because  it  produces  oU,  water,  tincture,  and 
salt,  which  bum  the  patient  aa  tartuus  does."  Tbrtoriu  is  Latin  for 
htiL  The  products  of  its  destructive  distillation  are  certainly  some- 
what irritating,  and  the  properties  of  the  "  salt "  (carbonate  of  potash) 
that  is  left  are  well  known. 

To  prepare  the  add,  the  Utartrate  is  dissolTed  in  hot  water,  and 
powdered  chalk  added  so  long  as  eServesceooe  continues.  A  prodpi- 
tate  of  tutrate  of  lime  ia  hereby  fcnroed,  iriiile  nential  tartaite  of 
potash  remains  in  solution.  The  latter  is  tiien  decomposed  by  adding 
.  the  pnmer  proportion  of  chloride  of  caldnm,  or  by  boiling  with  sut 
phate  of  lime.  In  either  case  the  tartaric  aoid  remaining  in  the  potash 
ntt  is  ^  thrown  into  the  state  of  tartrate  of  lime.  Flual^,  the 
tartrate  of  Ume  is  goitly  heated  with  rather  mon  than  half  its  wdght 
erf  Btrong  ra^iirie  aeid  mixed  with  aercn  or  taOa  times  Its  wd^t 
of  watsr.  When  the  deeompoaHion  Is  compete  the  whole  1«  fiHeted, 


the  filtrate  erapraited,  if  neoaswy,  and  the  liqnor  art  add*  to 
crystallise. 

Crystals  of  tartaric  aoid  are  oolonrlees,  inodoroun,  powerfully  yet 
agreeably  add  to  the  taste,  of  spedfio  gravity  175,  contain  no  water  of 
czystallisation,  and  remain  peiieotly  transparent  and  unaltered  in  the 
air.  They  are  very  soluble  in  water,  alcohol,  and  wood  qiirit,  but  not 
in  fltiier;  the  aqueous  soluticm  sbwly  deoompoeee  if  e^Kised.  When 
gentiy  wanned,  they  evidenoe  ot  being  hi^y  ohai^ied  with  elsfr 
tricity,  SolutloQoftartarioacad,  eqwdaUy  whenhot,ex«taapowsrfui 
twisting  action  on  polarised  rays  of  li^t.  The  direction  of  rotetaon  la 
to  the  iigfat,.ae  obeerved  in  the  appuatua  deaoribed  undw  Saooha- 
BDUSTBT  :  it  is  a  remuluble  phenomenon,  and  will  preasnUy  be 
referred  to  As  a  means  of  distinguidung  the  derivatives  and  modifl- 
cationa  of  titis  acid  from  each  other. 

Tartaric  add  gives  a  white  predpitate  (Utartnte  of  jpoladk)  whatt 
added  in  exoeaa  to  a  strcng  sdutiMi  ot  a  potaah  salt;  it  also  tiurawa 
down  white  tartrates  from  lime  or  baryta  water  and  from  acetate  of 
lead,  but  does  not  decompose  the  chlorides  of  barium  or  calcium. 
Oxidising  agents,  auch  aa  peroxide  of  lead,  red  lead,  bichromate  of 
potash,  nitric  acid,  tus.,  readily  aot  upon  tartaric  add  and  oonvart  it 
mto  f<nmio  and  carbonic  acids.  Fused  with  caustic  potash,  it  splita  up 
into  acetic  and  oxalic  adds,  tiiua  : — 


SHO,C,H.tf,o  +  3(K0,H0} 


Tu-tario  acid. 


Hydrate  of 

potodi. 


Vater. 


Acetate  of 
potash. 


Oxalate  of 
potuh. 


By  hmt,  tartaric  add  is  transformed  into  several  modificatiouL 
B^naad  to  a  tempentiirB  not  szoeeding  SIO*  Fahr.,  it  fusee,  and  fa 
altered  to  aa  add  tnat  haa  the  same  oompodtion  and  ai^nrentiy  the 
Bune  constitution  as  the  olginal  acid,  but  forms  salts  which  are  more 
soluble  in  water.  It  has  a  gummy  i^rpeorance,  is  very  deliquescent, 
does  not  when  in  excess  predintate  ammonia  from  its  aalts  until  after 
some  tame,  and  then  the  ciystalB  have  a  different  form  to  that  of  ordi- 
nary bitartiate  cf  ammonia.  The  solutions  of  its  salts  ohange  into 
thoee  ot  ordinary  tartrates  when  boiled.  The  aboTC  Is  dlttiogniahad 
from  the  ordinary  by  the  name  metatccrtarie  add.  By  continued 
exposure  to  the  same  temperature,  metatartaric  add  is  f  urwer  modified 
to  woCortario  add,  the  chief  pecnUarity  of  which  is  that  its  salts  cone- 
spcmd  only  to  bitutrates.  The  formula  (HO,  C,HjO,,)  probably  tiiere- 
fore  represents  its  true  constitution.  Closely  associated  vrith  the 
above  adds  are  the  tarirtUie  and  tartr^:  they  are  formed  on  expodng 
t«rtaric  add  to  a  still  higher  temperature  for  a  shorter  or  longer 
period ;  they  contidn  less  water  than  the  ordinaiy  add,  and  poeaibly 
are  m&^j  mixtures  in  different  proportions  of  tiaat  substance  with 
anhjfdrout  tartMic  add,  or  tartaru:  aTthydride.  The  latter  body  haa 
the  oomposiUon  CaH^O,o :  it  always  results  when  tartaric  acid  is  main- 
tained for  some  time  at  a  temperature  of  874°  Fahr.  It  is  insoluble  In 
water,  alcohol,  or  ether,  and  by  long  exposure  in  a  moist  state,  or 
more  rapidly  on  boiling  In  pare  or  ^dine  water,  ia  reconverted  into 
the  ordinary  crystslline  form  ot  add.  Finally,  on  heattng  tartaric  aeU 
to  400'  Fdtf.,  and  hteher,  in  a  distallatory  apparatus,  it  is  decomposed 
into  car  buret  ted  hydrogen  and  carbonio  acid  gases,  water,  acetic  arid, 
empyreumatic  oily  matters,  pyruvic  and  pyrotartuic  acids.  Pynfde 
add  (2H0,  Ci,H.O,o)  is  separated  from  other  matters  in  the  distillate 
by  fraotitmal  distillation  and  by  taking  advantage  of  the  insolubility  of 
its  lead  salt.  Pynivio  add  is  uncrystallisable^  misdUe  kt  all -pro- 
portions with  water,  alcohol,  or  ether,  and  fonns  difSeultly  crystal- 
usable  mrimitei  /  tlut  of  sUw  being  somewhat  soluble  in  water,  and 
containing  2AgO,  C„H,Oio.  Psrotartaric  add  (2H0,  CigHoO.)  in  the 
impure  state  remains  as  a  BymOT  liquid  when  the  tartaric  distillate 
above  referred  to  !b  redistillea.  It  may  be  purified  hy  distillation  and 
exposure  ot  its  distillate  in  vacuo,  whoi  it  separates  out  in  crystals. 
Tht  latter  m^  be  quite  deooloriseid  by  solution  in  water,  treatinent 
with  animal  charcoal,  and  recrystallisaUon.  Pyrotartaric  add  crystal- 
lises in  oblique  prisms,  is  very  soluble  in  water,  alcohol,  or  ether,  is 
volatile  without  deoompodtion,  and  forma  wdl-defined  crystalline  s^ta 
iKth  bases.  It  forms  neutral  and  add  pyrotarirateB,  of  the  general 
formnU  MO,  HO,  C^H^O^  or  2M0,  C^oHaO,.  With  ^wrsalts  of  iron  it 
gives  a  red  {oedpitat^  and  iritii  protosalts  a  solution  that  npidly 
reddens  In  cnitnot  with  air. 

ArtiJldiU  Fdrmatim  of  l^alane  Add. — This  has  been  accomplished 
by  Liebig.  Its  source  is  sugar  of  milk  (lactose)  and  nitric  acid  is  the 
oxididng  agent.  One  part  of  lactose,  two  snd  a  half  of  nitric  add,  of 
sp.  gr.  I'Sl,  and  an  equal  quantity  of  water,  are  gently  heated ;  a 
mixture  of  carbonic  acid  and  nitrogen  oxides  are  disengaged  and  a 
separation  of  mudc  add  takes  place.  Water  is  then  added,  the 
mixture  filtered,  half  a  part  of  nitrio  add  put  into  the  liquid  and  the 
whole  again  boiled.  More  mudc  add — m  all  S8  per  oent.  of  the 
lactose  employed — then  separates.  After  filtration  a  little  more 
nitrio  add  is  added,  and  the  whole  boiled  for  eighteen  or  twenty-four 
hoars.  On  now  neutralidng  the  solution  by  potash,  abundance  of 
tartrate  of  potash  is  obtained,  which  may  be  purified  by  one  or  two 
crystallisations,  and  the  add  isolated  in  the  manner  described  at  the 
commencement  of  this  article. 

The  add  thus  artifidalfy  obtained  paseaaea  all  tiie  [nwertiM  <tf 
mrdinafytartaiio  odd;  ithasdextro-rotative  or  plane  polarised  lij^t, 
and  la  iii  fact  idential  with  true  tartaric  add.   A  short  time  since  an 
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aonoonoamant  ma  nude  th«i  tartaric  acid  had  bean  artificially  fonnwl 
in  another  and  totally  difhrent  manner,  but  on  optically  azamuung  it, 
^>^«adaA]sovad  to  banoemu  add*  a  BMdified 

nr*rata;~Tartaria  add  ia  Ubanc,  and  its  anlts  oonaequeoily  are 
attlMr  add  (]IO,UO,C,H,0,o)or  nwtral  (2MO,C,E.O  J.  The  neutral 
■alta  may  eontahi  two  liimlar  or  different  protoxides ;  or  a  protoxide 
and  a  aeaquioxida ;  or  a  protoxide  and  a  teroxide.  They  are  mostly 
formed  by  pariaally  or  wholly  saturating  the  acid  vith  the  oxide  or 
■arboDaie  en  the  ozlde;  or,  m  the  eaae  of  double  tartratei,  b^  auta- 
ntinga  biUrtrata  with  an  oxide  difiteent  to  that  ah«ady  oontamed  in 
it.  Heated  in  the  air,  taitntea  blaokcn  and  give  off  an  odour 
raaembling  that  of  burnt  aogar.  The  ofaief  tartrates  are  Dotbwd  in  the 
following  paragr&ph. 

Tartrate  o/Ammtonia  {2NH«0,C,H«0,o)  ia  a  ymj  sduble  salt;  efflo- 
reaoMit,  and  loaiag  ammoiiia  when  exposed  to  the  air.  BitartraU  of 
ammomia,  <NH«O,H0,C.H,O^  is  a  OTBtalline  powder  tdenUy 
aolubfe  fai  hot  water  tiunuh  but  very  slightly  so  in  oold  water. 
TarlrmU  of  poUuk  (2KO,CaH.O,o)  OTysbOUseB  with  diffioultr.  Sitar- 
•rale  of  poUuk  (KO,HO,C,H^O,o)  was  referred  to  at  the  oommence* 
ment  of  this  article :  one  part  is  soluble  in  240  of  yrater,  at  £0°  Fahr. 
Heated  to  redness  in  a  covered  crucible  it  is  decomposed,  carbonate  of 
potadi  and  ohareaal  being  left  in  a  fine  state  of  division;  it  con- 
atttntn  the  fifoofc  flta  of  mataUumita.  '^""■tjp""  it  is  deflagrated 
with  lAn ;  la  thia  the  eatbon  la  all  oxidised,  and  vAiitJlua  (caibonate 
of  potash  alone)  is  the  name  given  to  the  residue.  Tartrate  of  toda 
(SNaOfCgHfO^o  +  l  aq.)  resembles  the  oorrespondiBg  potash  salL 
BitaMrat«  of  toda  <NA0,H0,C,H.0^a+2aq.)  is  far  more  soluble  than 
bitartrate  of  potash.  A  solution  of  it — made  by  neutralising  a  given 
quantity  }sy  carbonate  of  soda,  and  then  adding  a  second  similar 
quanti^  ol  add  to  the  solution — forms,  if  it  be  saturated,  a  useful 
test  of  the  preeenoe  of  potaah  in  a  liquid,  the  bitartrate  of  the  latter 
baae  being  formed  and  precipitated  if  present  in  notable  quanti^. 
Awmmio-tartraU  of  toda  contains  (NH.O,NaO,C,H«0„  +  8aq.}  TVip- 
tra/^  ofpctaak  and  toda  (KO,KaO,C,H«0,J  ia  a  lazatiTe  saline  used  in 
medidne.  It  is  sometimes  called  sel  de  Leignette  from  the  name  of 
ita  disoovsiBr  who  redded  (1692)  at  Bodxelle,  faenoe  also  its  name  of 
Bodislle  flslt  In  fnmsr  times  it  waa  called  tai  polfekrat  (that  ia  salt 
of  many  virtnaa).  It  ismade  by  nenttalidng  bitartrate  of  potash  with 
Mtbonate  of  soda.  Tartrate  of  Hmt  (2CaO,  CaH«0,o+8aq)  and 
Utartiate  of  lime  (CaO,HO,C,H^O  J  ooonr  native^  Tartrate  of 
copper  (SCuO,C,H,0,Q  +  6  aq.)  is  a  tnght  green  orystolline  powder. 
T&rtraU  ^  aMMOwia  and  irm  (NH.O,Fe,0„aH^O,o.  +  4  to  5  aq.) 
and  TartraU  of  potatk  and  iron  (KO,  Fe,0„  C,B«0,o)  are  need  in 
me^dne.  They  do  uot  oryetalliae,  but  their  solutions  dry  up  when 
eapoasd  on  sheets  of  i^ass  «■  other  pdished  surfaces,  and  scale 
off  in  dark-red  or  brown  I"""'"*"  Tartratt  ef  fotaak  and  boro» 
(KO,  BOs,  C,H,0,o  at  212°  Fahr.)  better  known  taioro-tartraU  ^fpotaA, 
M-  soMie  cream  qjF  (ortar,  is  obtained  on  evaporating  to  dryness  one 
part  of  b<H«etc  add,  two  of  bitartrate  of  potaah,  and  twenty-four  of 
water.  Tartrate  of  pobuA  otui  aaA'mony,  see  Ahtimoitt.  A  similar 
aalt  containing  onenu!  (NH^O,  AsO„  C,H,0,j,-l-aq)  may  be  obtained. 

Smomia  Aad  (2H0,C,H.0,o-f  2  aq.)  Para^iTtarie  Add.— This 
komerio  modification  is  a  frequent  associate  dl  tartatio  add,  but  it  is 
in  the  grape  of  the  Upp«^  Rhine  that  it  is  abundantly  met  with.  Li  all 
ita  relations  it  exhibits  a  dose  analogy  to  ordinazy  tartaric  add.  The 
ohief  points  of  difference  are  ; — that  it  crystallises  more  readily  from 
■cdnttoD  :  it  contains  two  equivalents  of  water  of  orystallisatuxi ;  it  is 
less  soluble  in  alcohol ;  it  gives  a  precipitate  with  sulphate  of  lime, 
nitrate  of  lime,  and  diloride  of  eakfom;  and,  finally,  tne  racemate  of 
lime  is  soluble  in  bydrochlorio  add,  and  Is  nredpitated  undianged  on 
adding  ammonia.  By  taking  advantaoa  a  these  properties,  it  may 
readily  be  distinguished  and  separsited  mW  tartaric  acid.  A  point  of 
oonsidenible  interest,  conneeted  with  tho  oonatitution  of  raoemic  add, 
is  that  itfl  solution  has  no  sffbot  on  a  nqr  of  plane  polarised  light. 
The  racemaia  are  very  Uka  the  tartoatea :  ncemate  of  lime  is,  how- 
ever,  considerably  less  SoJublo,  and  the  dosUa  racemate  of  potadi  and 
antimuiy  crystallisea  in  aolookr  tofta  iadead  of  octohedn. 

Arlifikal  Formaiixm  of  Xaeemie  Aeid. — BeoenUy  Heesn.  Perkin  and 
Dappa,  and  almost  at  Mme  time,  Dr.  Kekul^,  have  suooeeded  in 
producing  paratortaric  acid.  It  ia  formed  when  bibromoauodnato  of 
ailTer  is  boiled  in  water,  bromide  of  diver  being  predpiteted : — 

C,H|BrsAK|0.  +  00  m  IHO^OaH^Oi,  +  SAkBt. 

Hon  reoeni^  IC.  CtiUH,  nuMlilailiig  that  botoae,  vhidi  la  deztio- 
totntive,  yidded,  in  the  band  iA  LleMg,  oidinaiy  tartaric  add— 
concluded  ^t  duleoaa  (a  ■oochariao  joindple  imported  from  Uada- 
gfocai)  should  hj  similar  tieatoMvt  furnish  pantartario  add.  He 
tried  the  experimM*  and  suoeaedsd  la  producbig  a  small  quantity  of 
raoemio  acid. 

Oatutitatiom  of  TWtane  and  Parwhiiaric  Add.— By  the  brilliant 
WQMchea  at  H.  Fastaor  in  this  direetion,  ohevdstrj  has  been  put  in 
posaeedon  of  fbor  kinds  <4  tartark)  aoid.  Fiml,  dexlro4ariario  acid,  or 
that  which  causes  right-handed  rotation  of  a  ray  of  plane  polarised 
light.  This  is  the  ordinary  tartaric  add  met  with  in  commerce ;  it  ia 
•ometimee,  and,  aa  will  be  seen  direcUy,  not  inappropriately  termed 
dextro-raeemic  emd.  Second,  lavo-tartarie  aeid  which  produces  left- 
handed  rotation,  and  which  is  also  termed  lavo-mcetaic   The  crystals 


of  these  two  adds  differ  in  form  in  a  somewhat  interesting  manner. 
Ndther  of  them  is  ever  obtained  of  a  perfectly  ^mmetrical  ahi^, 
but  what  Is  ramaAaUa  is  that  the  ptniion  not  forthcoming  ia  the  one 
ia  eonotly  the  tereiae  tiiat  wanting  in  the  otliw.  Uoreover,  the 
salts  of  tlie  two  adds  preserve  the  peouiiKEitieaof  the  adds  themsdvea; 
their  rotatory  power,  chemical  properties  and  appearance  differing  aa 
the  adds  differ :  thus  tiie  hna^,  as  seen  in  a  mirror,  ot  tiie  crystal 
which  is  dextro-hemihedral,  as  its  shape  is  termed,  has  the  exact  form 
of  the  laavo-hemihedntl  crystal;  while  the  reflected  image  <^  the  l^tor 
is  of  oourae  identtori  with  tiie  dirwb  image  d!  the  fwmer.  The  tiiird 
{(Mm  of  tartaric  add  is  a  comlnnation  of  tbe  first  with  the  aeoond,  and 
has,  of  course,  no  rotatory  pown' :  it  ia,  in  fact,  raoemio  or  paratartario 
add. 

Racemic  add  was,  by  M.  Pasteur,  made  to  yield  up  its  respective  oon- 
stituenta,  dextro-  anid  hero-tartoric  add,  in  the  following  marmer.  The 
double  raoemate  of  soda  and  ammonia,  made  by  saturating  a  quaatitgr 
of  common  raoeolio  add  with  oartxmate  of  soda,  addhig  a  aeoond  oqnal 
quantity  of  raoemio  add,  and  Snal^  neutralising  by  ammonia,  war fomd 
to  cryBtallisa  in  opponte  hemihedral  forma.  On  picking  out,  by  hand, 
the  one  variety  from  the  other  and  optically  ■""'"■"g  their  solution^ 
H.  Pasteur  found  that  each  powerfully  twisted  a  polarised  ray,  but 
in  oppodte  directions.  From  the  two  salts  the  adds  were  isolated 
by  fint  pranpitating  with  nitrate  of  lead,  then  decompoaing  the 
insbed  lead  salts  bv  sulphuretted  hydrogen,  and  IhUt,  a^iwing 
crystals  to  be  depottted  from  the  evaporated  filtrates.  The  one  sat 
of  crystals  wore  foimd  to  be  dextro-rotatory,  the  other  Itero-rotstary ; 
on  adding  equal  quantitiea  together,  tiw  wi^nal  non-rotatoiy  acid  vras 
obtained. 

A  second  proceea  for  the  separation  of  deztro-tartario  from  hevo- 
tartaric  add  haa  been  discovered  by  M.  Pasteur ;  it  is  not  mechanical, 
like  that  of  the  separation  from  each  other  of  the  two  kinda  of  nystala 
of  raoemate  of  soda  and  ammonia,  but  chemical,  and  depends  u^on 
prindplea  which  are  generally  applicable.  It  consists  in  eomlanmg 
racemic  acid,  or  any  other  substance  suspected  of  having  an  aaalcgoua 
binary  constitution,  with  an  active  gyratory  body.  The  naeeesary 
disumilarity  of  propertiea  in  the  compounds  which  such  a  body  is 
capable  of  forming  with  the  oonstituents  of  »  ctHsplete  snbstanoe  will 
at  once  reveal  whetlwr  the  suspected  body  is  complex  or  not.  Thuo, 
in  preparing  the  racemate  of  oinohonidne,  it  always  happens  that  when 
the  liquid  has  attained  a  certain  degree  at  concentration  the  first  crop 
of  crystals  formed  consists  almost  wholly  of  Issvo-tartrate,  the  dextro- 
tartrate  remaining  in  solution,  A  dmilar  result  ia  obtdned  witii 
quinidne,  except  that  dextro-tortrste  first  arydalUssB  out,  the  hsro- 
tartrate  remuning  in  tiie  mother  liquor. 

The  fourth  kind  of  tartaric  acid,  disoovovd  1^  the  emment  diemist 
alluded  to,  is  inaetive  tartarie  aeid;  it  haa  no  action  whatever  oo 
polarised  light  and,  moreover,  is  not  resolvable,  under  the  same  oir- 
oumstanoes  as  is  raoemio  add,  into  dextro-  and  lievo-tartario  ocida.  It 
ia  formed  aa  fdlows :  tartrate  of  dndionine  is  heated  for  several  hours 
to  170°  Fahr. ;  the  mass  is  then  treated  with  water  and  chloride  of 
caldum  added,  when  raoemio  aoid,  formed  at  the  eniawe  of  tibe 
tartaric  add,  is  predpitated  in  the  f<»rm  of  raoemate  of  ume.  If  now 
the  liquid  be  inunedmtdy  filtered,  and  then  left  at  rest  for  twenW-four 
hours,  an  additional  orop  of  aTstab  k  obtained,  eonslsthig  of  pure 
inactive  tartrate  of  lime;  from  the  latter  the  inactive  add  itsdf  is 
esdly  prepared. 

NUric  derivativea  of  Tartaric  Aeid. — When  tartaric  add  is  dissolved 
in  tdtrio  acid,  and  sulphuric  add  added,  a  crystalline  mass  of  «Hro4ar- 
taric  aeid  is  produced.  It  Is  very  unstable  and  difficult  to  purify. 
Watw  deoomposes  it  into  tartromic  acid  {C.B.fi,^. 

The  ioUownig  derintives  of  tartario  add  we  ^wpared  by  the  usual 
methods:— 


HethjUtsrUrle  sold  (tartronietltylle  add) 
Tartrate  of  mcth}-!  .... 
Etbfl-tsrtarie  acid  (tartroTtnio  acid]  . 
Tartrate  of  eibjl  (tartario  etlier)  , 
Amyi-tortorlo  add  (laitnunyllc  aeid) 
TaztroglTesrle  aeid       *      .      .  • 
Tarlnnile  ae!d .      ■      •      >  • 
Tartnuatde  


C,U,0,HO,  C,H«0,, 

aiC,H,0)C,H.O„ 

C.UgO,  HO,  C.H^O,, 

2{C^H,0)C,H.0„ 

C,,H„0.  HO,C,H,0„ 

C,U,0„U0,C,H,O„ 

C,H,NOi, 


Tartarie  add  is  much  used  in  medidne;  extendvely  also  in  the 
preparation  of  eflhrvaadng  drinks,  and,  by  the  oaUoo-^inter  wad 
dyer. 

TARTARIC  ACID,  for  medioal  pnrpoMH,  should  be  remsAaMy 
pure,  when  it  is  without  odonr,  but  makes  a  powerful  add  impreesion 
on  the  organs  of  taste.  In  small  doses,  properly  diluted,  it  acts  aa  a 
refrigerant,  and  is  of  much  value  in  fe^rs,  particularly  mucous,  and 
in  bmary  remittents.  It  exdtes  the  appetite  of  personB  in  whom  the 
stomach  is  in  a  healthy  condition ;  and  those  who,  by  long  indulgence 
in  stimulrting  food  and  drinks,  experienoe  loss  of  i^petite,  pdnfnl 
digestion,  oonatipation,  with  a  yellow  and  altered  oountmance,  and 
cBmfaiid»J  mnasuhur  vigour,  find  In  tartario  add  a  remedy  of  sin- 
gular power.  For  this  state  of  system  a  few  erystals  should  be 
dissolved  In  two  snutil  tumblers,  and  drank  in  the  morning  bating, 
an  hour  intervening  between  tiie  tumblers.  A  few  grains  are  suffi- 
dent  for  eadi  tumbUr,  as  "when  made  too  strong  it  excites  irrita- 
ti<m,  folknrad  1^  pui^jng.   OooadtmaUy  it  disturbs  the  nervous  system 
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TARTAKU3. 


TATTooma, 


in  ft  diatreMiiig  way,  bo  that  patientB  refuse  to  continue  its  lue.  TbiB 
pUQ  baa  in  many  instances  recLumed  individuals  addicted  to  habitual 
intoxication,  to  which  they  have  recourse  to  reUere  a  painful  feeling  of 
■inking  and  craving  of  the  itomaoh,  which  is  efftetualhr  ranoTod  by 
the  add  dnught  This  is  also  useful  after  an  attack  of  ddiriuin 
trtmau. 

Tartaric  acid  enters  Uie  circulatioo,  and  diffuses  itself  through  the 
whole  body,  and  may  be  reoognised  in  the  urine,  generally  in  com- 
bination, often  with  lime.  Tvtario  acid  is  much  iu«d  to  decompose 
alkaline  carbonates,  and  fonn  efiemacing  drau^^ta,  the  aapkyxomt  of 
whiA  require*  cantion.  [Ajitaciiw.] 

TARTARUS  (Td^apet)  was,  according  to  ihe  notjons  of  the  Greeks 
and  Romans,  a  part  of  the  lower  world,  and  was  inaoceeuUe  to  tiie 
light  of  the  sun  and  to  the  winds.  Homer  describes  it  as  the  place  in 
which  the  gods  were  punished ;  as  being  as  far  below  Hades  as  hearen 
is  above  the  earth,  and  as  being  provided  wiUi  brazen  gates  at  its 
entranoe.  ('  Iliad,'  viiL  18,  &c,  481.)  Hetiod  entertains  on  the  whole 
the  same  idea,  but  he  adds  ihat  Tartarus  is  surrounded  a  brasen 
wall  and  triple  night ;  the  roots  of  the  earth  and  the  sea  hang 
down  into  it.  It  is  the  prison  of  the  Tit^s.  (Hesiod, '  Theog.,'  720, 
&c)  In  later  times  Tartarus  designated  that  part  of  the  lower  world 
in  which  the  shades  of  the  wicked  were  punished  (Plato, '  De  Re 
Fubli.,'  p.  616 ;  Virgil, '  ^n.,'  vi.  MS),  and  the  ideas  tiien  formed  of 
it  were  more  awful  than  in  earlier  tinua.  Aooordlng  to  Virgil,  the 
road  into  the  lower  world  was  dividod  at  a  certain  ^int  into  two 
roads,  the  left  of  which  led  into  Tartarus,  which  was  surrounded  by  a 
triple  wall  and  the  fieiy  river  Fhlegetbon,  and  was  closed  with  an 
adamantine  gate.  At  its  outer  aide  Tisiphone  kept  watch,  and  at 
the  inner  side  the  tift^-heeded  hydra.  Rhadamanthus  was  the  judge 
in  Tartarus,  and  at  his  command  the  Furies  scourged  the  shades  of 
the  wicked. 

TARTRALIC  ACID.   [Tabtabio  A<m1 

TARTRAMIC  ACID.  XTartario  Acid."] 

TARTRAMIDE.   [Tabtabio  Acid.1 

TARTRAMYLIC  acid.   [Tartaric  Acid.] 

TAHTROGLYCERIC  acid.   [Tartaric  Arm.] 

TARTROMETHYLIC  ACID.   ITabtabic  Acid.] 

TARTRONIC  ACID.   [Tabtabio  Acid.] 

TARTROVINIC  acid.   [Tabtabio  Acid.] 

TASTE,  according  to  the  definition  of  Sir  Joshua  Reynolds,  "  is 
that  act  of  the  mind  by  which  we  like  or  di^ike,  whatever  be  the 
subject"   ('  Discourses  before  the  Royal  Academy ; '  Discourse  viL) 

Taste  is  h^quently  spoken  of  as  a  gift,  as  sometUng  independent  of 
rules,  a  kind  of  instinct,  bestowed  more  liberally  in  degree  upon  some 
men  than  upon  other*.  It  has  been  treated  some  writers  as  the 
result  of  caprice  or  fashion,  as  having  no  uniform  or  permaiMnt  prin- 
ciples  for  the  ground  of  its  dedaions.  Others  have  reeolved  it  hito 
different  complex  elements,  whose  joint  development  is  determined  by 
certain  prindples  of  beauty  or  subhmity  In  things  exteraaL 

Much  obscurity  has  ansen  in  discussions  on  l^e  subject  of  taste 
from  the  twofold  sense  in  which  the  word  toate  has  been  employed,  as 
exiwessive  of  an  emotion,  and  of  something  oltjective  in  which  there 
exMs  an  aptitude  to  produce  emotion.  The  term  taste  sMctly  applies 
to  the  emotion  only ;  the  theory  of  the  different  causes  by  which  the 
emotion  is  produced  belongs  to  the  subject  of  beauty  or  sublimity.  In 
what  follows  we  shall  confine  ourselves  to  the  explanation  of  taste  in 
its  restricted  or  proper  sense. 

When  any  object  either  of  sublimity  or  beauty  is  presented  to 
the  mind,  we  arp  oonsdous  of  a  train  of  thotu^t  being  immediately 
awakened  analogous  to  the  ch^acter  or  expres^on  of  the  original  ob- 
ject. The  trains  of  thought  which  are  thus  suggested  are  distinguished 
in  the  nature  of  the  ideas  or  conceptions  whi^compose  them,  and  in 
the  nature  or  law  of  their  succession.  In  the  cose  of  those  trains  of 
thought  which  are  suggested  by  objects  either  of  sublimity  or  beauty, 
they  are  in  all  cases  composed  of  ideas  capable  of  exdting  some  affec- 
tion or  emotion.  There  is  this  distinction  between  tibe  omotiona  of 
taste  and  all  our  differrat  motions  of  nmple  pleasure,  that  in  the  case 
of  these  last  emotions  no  additional  train  of  thought  is  neceesair.  The 
pleasurable  feeling  follows  immediately  the  presence  of  the  object  or 
quality,  and  has  no  dependence  tmon  anytiiing  for  its  perfection  but 
uie  sound  state  of  the  sense  by  which  it  is  received.  The  emotions  of 
envy,  pity,  benevolence,  gratitude,  utility,  propriety,  novelty,  Ac,  might 
undoubtedly  bo  felt,  although  we  had  no  such  power  of  mind  aa  ^t 
by  which  we  follow  out  a  trun  of  ideas,  and  cert^nly  are  felt  in  a 
thousand  cases  when  this  bculty  is  unemployed.  In  the  case  of  the 
emotion  of  taste,  on  the  other  hand,  it  seems  evident  that  this  process 
of  mind  is  necessary,  and  that  unless  it  is  produced  these  emotions  are 
unfelt  Whatever  may  be  Qte  nature  of  that  simple  emotion  which 
any  object  is  fitted  to  excite,  whether  that  of  gaiety,  tranquillity, 
melantuioly,  Ac,  if  it  produce  not  a  train  of  kindred  iaought  in  our 
minds,  we  are  consdous  only  of  that  simple  emotion.  Whenever, 
on  the  contrary,  the  train  of  thought  which  has  been  mentioned  is 
produced  we  are  conscious  of  a  higher  and  more  pleasing  emotion; 
and  which,  though  it  is  impossible  to  describe  in  language,  we  yet 
distinguish  by  the  name  of  the  emotion  of  taste.  The  emotions  of 
taste  may  therefore  be  considered  as  distinguished  from  the  emotions 
of  simple  pleasure,  by  titur  being  dependent  upon  the  exercise  of  our 
Imagination. 


It  is  on  this  prindple  that  Burke  remarks  that  the  excellence  and 
force  of  a  ocHnposition  must  always  be  imperfecUy  estimated  from  ita 
effect  on  the  minds  of  any,  except  we  know  the.  temper  and  character 
of  those  minds.  ('  Int.  to  the  Sublime  and  Beautiful.')  The  rules  by 
which  taste  is  determined  vary  with  the  objects  to  which  its  decisions 
refer;  but  in  respect  of  all,  this  general  prindple  holds,  that  a  com- 
podtion  is  to  be  judged  1^  its  fitness  to  produce  the  end  designed  by 
it.   For  a  further  discuadon  of  the  subject,  see  .Sbthetiob  ;  Bkautt  ; 

SUBLQUTT. 

TATTOOIKG  is  the  name  usually  ^ven  to  the  custom,  common 
among  many  undvilised  tribes,  of  nurking  tJie  skin  by  punctures  ot 

inddons,  and  introducing  into  tliem  coloured  fluids,  so  as  to  produce 
an  indeliUe  stain.  It  is  mentioned  in  Captain  Cook's  account  of  the 
South  Sea  islanders  under  the  name  tattooing;  and,  with  trifling  dif- 
ference in  the  ortiiography,  the  same  name  is  applied  by  English 
writers  to  similar  practices  among  other  people.  TIm  word  "  taUoo  " 
appears  to  be  formed  by  a  redupticsticn  of  a  FclyneiriaQ  yvA  "  ta," 
meaning  to  strike,  and  therefore  to  dlude  to  the  method  of  performing 
the  operation,  tioA,  if  this  sumodtion  be  cnreot,  it  has  a  curious 
resemblance  to  the  En^ish  word  tattoo,  meaning  a  partioular  beat  of 
the  drum.  ~ 

From  a  passage  in  the  book  of  Leviticus,  chap,  xix.,  v.  28,  in  which 
the  Isradites  are  forbidden  to  make  any.  cuttings  in  tbdr  flesh  for  the 
dead,  or  to  prmt  any  numb  upon  their  bodies,  it  has  been  su|>posed 
that  some  custom  resembling  tattooing  was  practised  in  the  time  of 
Moses.  It  is  also  an  Oriental  custom,  and  among  peo[de  whoee  prox- 
imity to  the  Hebrews  ofibrds  a  reason  for  the  prohibition  contained  in 
the  text  referred  to.  "  The  Bedouin  Arabs,  and  those  inhabitants  of 
ton-ns  who  are  in  any  way  allied  to  them,"  observes  the  editor  of  the 
'  Pictorial  Bible,'  on  the  passage  in  Leviticus,  "  are  scarcdy  less  fond 
of  such  decorations  than  any  islanders  of  the  Pacific  Ocean.  This  is 
particularly  the  ease  among  the  females,  who,  in  general,  have  their 
1^  and  arms,  their  front  from  the  neck  to  the  waist,  and  even  their 
chins,  lips,  and  other  prominent  parts  of  the  face  marked  with  blue 
stains  in  the  form  of  flowers,  drclee,  bands,  stars,  and  various  fandful 
figures.  They  have  no  figures  of  living  objects,  such  bein^  forbidden 
by  their  religion  j  ndther  do  they  associate  any  superstitions  with 
them,  BO  far  as  we  sre  aUe  to  ascertun."  The  woifa  of  ancient 
writers  contain  many  notices  of  the  i«actioe  of  tattooing,  aa  pnctlsed 
by  several  barbarous  races.  As  to  the  Britons,  Cnsar  merely  mentions 
their  custom  of  staining  their  bodies  with  vitrum,  or  wood;  but 
Solinus  and  Iddore  describe  a  process  exactiy  resembling  the  modem 
mode  of  tattooing.  Herodotus  aaya,  tiiat  among  the  Tiirodans  to  be 
tattooed  or  marked  {imlx^w)  was  an  emblem  of  rank,  and  the  want  of 
it  indicated  meanness  of  descent  <v.  6).  The  extended  use  of  dothing 
at  a  later  period  rendtevd  such  ornaments  supwfluous,  and  led  to  the 
decline  and  subsequent  abandonment  of  the  practice.  It  appears, 
however,  to  have  been  continued  during  the  whole  of  the  Angio-Sazon 

Sriod,  and  is  among  tiie  English  vices  reprobated  by  William  of 
almesbury  after  the  Norman  conquest,  ^veral  other  ancient  noticee 
on  the  subject  are  collected  by  I^fitau,  in  his  '  Hceurs  des  Sauvages 
Am^riqiiaineB,' 

In  modem  times  tiie  custom  of  tattooing  has  been  found  in  most  of 
the  islands  of  the  Fadfic  Ocean,  and  among  many  of  the  aboriginal 
tribes  of  Africa  and  America,  as  well  as,  on  a  limited  acale,  aa  before 
stated,  in  the  East.  It  is  also  practised  by  the  Tunguses  on  the  banks 
of  the  Amur,  as  stated  by  Atkinson  in  his '  Travels  in  the  Regions  of  the 
Upper  and  Lower  Amoor.'   Much  curious  information  on  the  various 


Head  of  Sh  angle,  frcm  a  carving  by  Uauelf. 

kinds  ol  tattodng  b  cdlected  in  the  volume  oa  the  '  New  Znslandsrs, 
in  the  *Libni7  of  EatetlalniDg  Knowledge.'  Of  the  ibSEaabar  ot  tha. 
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TAX,  TAXATIOK. 


{■ttOTDB  a  bettor  idea  will  be  oonveyed  by  theamiezed  bustof  ^nngie^ 
a  Vvw  Zealand  chief,  oc^iad  from  an  engnTing  io  the  *  MiaBoniiy 
B^neter '  for  1818,  thut  by  the  most  leogtheiied  deeoriptioo. 

The  proGeas  of  tattooing  as  practiBed,  or  ratber.as  it  was  formerly 
practised,  in  other  islands  of  the  South  Sea,  was  leea  painful  tluui  that 
followed  in  New  Zealand ;  for,  according  to  Uie  account  of  Captain 
Cook,  in  some  cases  the  punctures  oould  fuudly  be  said  to  draw  blood ; 
while  in  New  Zealand,  having  taken  a  pieee  of  bharooal,  and  rubbed  it 
upon  a  atone  with  a  little  water,  ao  as  to  produoe  a  Odok.  Hquid,  tiie 
opera  torn  dipped  into  it  an  instrument  made  of  bone,  with  a  sbaip  edge 
like  a  chisel,  and  shaped  in  the  fashion  of  a  garden-hoe.  Th^  then 
applied  the  instrument  to  the  akin,  and  struck  it  twice  or  thrice  with 
a  piece  of  wood,  thereby  making  it  cut  into  tiie  flesh  as  a  knife  would 
have  dona,  and  causing  a  great  deal  of  blood  to  flow,  which  thay  kept 
wipii^  off  with  the  me  w  the  hand,  in  order  to  see  whether  toe  im- 
prcesion  wss  made  suffidently  dear.  If  not,  they  applied  the  cutting- 
uistrument  again  to  the  same  place.  The  instruments  used,  as  described 
by  Captain  Cook,  were  edged  with  small  teeth,  somewhat  resembling 
those  of  a  fine  oomb ;  and,  as  in  the  case  of  Kew  Zealand,  the  colouring 
tincture  was  introduced  at  the  same  opemtion  as  that  by  which  the 
skin  was  punctured ;  the  substance  employed  in  some  pkoes  being  a 
kind  of  ump-Uaok.  On  the  brown  skua  of  tiie  natives,  the  marks 
made  with  Oaa  sufastanoe  appear  black ;  but  on  the  skin  of  a  European 
they  are  of  a  fine  blue  colour.  Lafitau  speaks  of  powdered  charcoal  as 
the  colouring-mattw  commonly  used  by  the  American  Indians ;  and 
states  that  it  was  introduced  by  a  process  subsequent  to  that  of  cutting 
or  puncturing  the  skin.  This  insertion  of  the  colour  appears  to  have 
been  the  most  painful  part  of  the  operation  of  tatto<dng  as  practised 
amnnothem. 

TAITRIN  (C,H,NO^^,  a  peculiar  crystalliaable  sobstanoe  obtained 
from  die  l»K  >^  *1m>  pi^uoed  artifiotMly  the  aotitm  of  heat  npon 
isethiaute  of  ammonia — 

C4H,{NH.)0„8,0,    ei    C»H,K0,8,    +  IHO 
IsetUoaate  of  ammonis.  Tanria. 

Its  properties  are,  thak  it  has  ib»  form  of  a  riuided  priaon  tenninated 
hj  j^iamids  of  four  or  six  {soes ;  the  drstala  are  gnt^  between  the 
teeui,  and  hare  a  sharpish  taste,  which  la  neither  sweet  nor  saline ; 
they  undergo  no  alteration  by  exposure  to  tlie  sir  even  at  212',  and 
have  neither  an  odd  nor  on  alkaline  reaction.  When  heated  in  the 
naked  fire,  this  substance  becomes  brown,  fuses  into  a  thidc  liquid, 
swells  up,  exhales  a  sweetish  empyraumatio  odour  resembling  th^  of 
burning  indigo,  and  leaves  a  charcoal,  whidi  Is  readily  bunit.:  when 
submitted  to  diy  distillation,  it  yields  much  thi<^  brown  oil,  and  a 
little  yellow  acidulous  water,  which  holds  an  ammooiaoal  salt  hi  solu' 
tion,  and  reddens  a  solution  uf  percbloride  of  iron ;  one  part  requires 
parts  of  water  at  64°  for  solution ;  it  is  much  more  soluble  in 
beting  water,  and  the  exoeee  cnstaUises  on  ooolin^;  it  is  but  little 
stdnUs,  even  in  boiliiw  alcohol  of  sp.  gr.  0-8S5,  and  u  nearly  inaolnbla 
in  absolute  aloohoL .  Conoentrsted  sulphuric  add  dissolves  and  fonns 
a  light  hrown  solution  with  taurin ;  nitric  add  readily  dissolves  It,  and 
when  the  add  is  evaporated,  it  is  left  unaltered. 

TAUROCHOLALIC  ACID.   [Cholkio  Acid.] 

TAUKOCHOLIC  ACID.   [Choluc  Acid.] 

TAUBUS  (the  Bull),  the  second  constellation  of  the  Zodiac.  Its 
noition  in  tlie  heavens,  surrounded  by  Aries,  Eridsaoi^  Orion,  and 
Peneua,  is  easily  obtained  by  the  manner  in  which  its  bright  star 
Aldbbabab  is  connected  with  the  belt  of  Orion.  In  all  speculations 
upon  the  origin  of  the  Zodiac,  l^iurus  must  be  an  important  obpect  of 
consideration,  sinoe,  at  the  earliest  date  which  prudent  speculation  can 
consider  it  advisable  to  begin  from,  Aldebaran  must  have  been  at  no 
great  distance  from  the  vernal  equinox.  [Zodiac]  The  figure  is 
onir  a  psrt  <^  a  bull — ^tha  faaad,  shouldws,  and  torn  le^  Aldebann 
and  tiie  Hyadss  form  tbe  forehead  and  and  the  Pleiades  are  in  the 
shoulder.  But  Aratus  must  have  drawn  the  figure  difierently,  for  he 
puts  the  Pleiades  in  the  knees. 

The  Hyadee  form  a  group,  of  which  five  (some  of  the  andents  said 
seven)  are  distinctly  visible  to  the  naked  eye,  a,  9,  y,  S,  and  <  of  the 
constellation ;  there  «re  many  more  in  the  duster.  These  stars  are 
arranged  in  the  form  of  a  V, «  and  «  bdng  the  extremes,  and  y  at  1^ 
anguUr  point.  The  star  a  is  Aldebanin.  The  name  seems  to  be 
derived  from  Star,  to  run.  The  Latins  called  them  nmte  Hittie  pigs, 
no  doubt  meaning  Aldebaran  for  ttie  sow,  and  tiie  others  for  her  off- 
spring), a  name  wUch  Cicero  and  others  state  to  have  arisen  from  sup- 
posing the  Greek  word  to  have  been  from  Sts  (pigs),  and  not  from  S*iy. 
We  think,  however,  it  may  be  possible  that  may  were  right  in  their 
idea  of  the  Greek  word  :  the  large  star  and  the  duster  01  small  ones 
might  very  eadly  suggest  the  notion  of  a  sow  and  her  litter. 

The  Pleiades  are  so  close  a  group  of  stare  that  it  is  very  difficult  to 
say  how  many  are  seen  by  the  tu^ed  eye.  "  ThOT  are  oiled  seven," 
says  Higiuus,  "  but  no  one  can  see  more  than  six ;  and  six  seems  to 
be  the  number  generally  visible,  though  there  are  many  more  in  the 
duster.  Tbme  stars  are  17,  19,  SO,  23,  25,  and  26  of  Flamstedd. 
There  is  acoordin^y  a  snppodtion  that  some  one  star,  ODoe  vinbla,  hss 
Bow  dianged  its  magoitu^,  or  disappeared  altogether.  The  name  has 
been  derived  &om  vAStv,  to  saiL  One  of  the  mythologieal  stories 
Bkakes  theee  stars  the  daughters  (rf  .PbfoM  and  AtlsiL 

Amis  ijro  SOL  nir.  Vol.  tul 


The  principal  sten  of  IWus  are  as  follows  :— 
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TAURUS  PONIATOWSKI,  a  constellation  formed  by  the  JLhh6 
PoGzobut,  a  FoUah  astronomer  (bom  in  172d  :  we  do  not  know  the 
year  of  his  death ;  but  Lalande  mentions  his  having  resumed  his 
observations  at  Wilna  in  1S02),  In  honour  of  the  xc^n^  Ung  of 
Poland,  and  adopted  in  the  Frandi  (Fortin's)  edition  of  Ebmsteed'a 
maps  (or  rather  added  to  the  plates).  Poosobut,  in  1778,  proposed 
this  constellation  to  the  French  and  other  academiea,  by  whom  it  was 
received.  Bode  conjectures  that  a  resemblance  of  certun  very  small 
stars  in  it  to  the  figure  of  the  Hyadee  was  the  reason  for  the  first  word 
of  the  name.   It  is  utuated  between  Aquila  and  Ophiuchus. 

TAURTLICACID.  [BxKzoio  Alcohol.} 

TAUTOCHROIT.  Of  Dbbokit.] 

TAX,  TAXATION.  A  tax  b  a  portiaa  of  the  produoe  of  a  oountty 
or  its  vdue,  applied  to  publio  purposes  1^  the  government.  Taxatum 
is  the  general  charging  and  levying  of  particular  taxes  upon  the  com- 
munity. 

In  a  free  state  it  is  assumed  that  all  taxation  is  nnnnssni  j  for  the 
public  good;  and  it  is  justified  1^ neosaaity altmsk  The  amount  of 
expenditure  will,  in  a  great  maasnre,  be  determined  by  tiu  magnitude 
of  a  stete  and  by  the  number  and  importanoe  of  its  political  relations  j 
yet  the  prudence  vrith  which  ite  attun  are  administered  will  affect  the 
demands  of  the  government  upon  the  people  nearly  as  much  as  ita 
necessities.  The  e^>enses  of  a  private  jperson  must  be  r^ulated  by 
his  income;  but  in  a  state,  the  expenditure  that  is  needed  is  the 
measure  of  the  public  income  tiiat  must  be  obtained  to  meet  it  A 
dvilised  community  requiree  not  only  ^Ht>tMtion  from  fureim  enemies, 
and  inteiml  security,  but  it  needs  various  institutions  whidi  are  oon- 
dudve  to  ite  welfare.  It  is  the  buKine.'>s  of  a  government  to  [aovide 
for  theee  objects  in  the  best  manner  and  at  the  laut  expense  oonsistent 
with  their  eflSdency.  Every  tax  shoiild  be  viewed  as  the  purchase- 
money  Tpaid  for  equivalent  advantages  gtvm  in  return.  This  prind^ 
assumes  the  neoessily  of  moderatioii  in  levying  taxes,  and  will  souaely 
be  denied  by  any  one  when  steted  in  that  {Mm;  yetitisnot  unoonmum 
to  hear  it  argued  that  so  long  as  taxes  are  ipmt  in  the  comUty,  the 
amount  is  not  of  omsequence,  as  the  money  is  returned  through 
various  fthftTinwT/i  to  the  people  from  whom  it  was  derived.  The 
prindple  we  have  just  laid  down  exposes  the  &llaoy  of  tiiis  doctrine^ 
by  redudng  it  to  a  simple  question  between  debtor  and  creditor.  For 
example  n^ing  a  mOIion  (rf  mon«y  every  year,  the  ^eogSa  obtaia 
the  semoss  <»  an  anny.  This  we  will  suppose  to  bean  eqnivalsDt,aad 
we  will  further  assume  that  the  food  and  clothing  of  the  force  an 
purdiased,  and  that  the  entire  pay  of  tiie  men  is  spent,  within  the 
country.  The  whole  of  the  money  will  thus  be  returned ;  but  how  t 
Not  as  a  free  gift,  not  as  the  rep^rment  of  a  loan,  but  in  the  purchase 
of  artides  equsl  in  value  to  the  whole  sum.  The  only  benefit  obtdned 
by  tiiis  return  of  the  miUiou  is  oleariy  nothing  more  than  the  ordinary 
I«ofite  of  tnde;  tmr  tiie  community  nas  already  provided  the  money, 
and  then  out  at  ite  own  capital  and  industry  it  prodnoes  what  is  equal 
to  it  ia  value,  and  this  it  tellt  to  the  state,  receiving  as  payment  the 
very  sum  it  had  itsdf  contributed  as  a  tax. 

No  branch  of  legislstion  is  perhaps  so  important  as  the  wise  »f)liea» 
tion  of  just  prindples  in  the  matter  of  taxation.  The  wealth,  nappi- 
ness,  and  even  the  m<aa]s  of  tiie  people  are  dependent  upon  the 
finwiff*!  P^*y    their  government, 

Adam  -  Smith  lays  down  four  general  maxims,  which  are  as 
follows : — 

'  I,  "  The  subjects  of  every  stete  ought  to  oontTibuto  towards  the 
support  of  tiie  government  as  nearly  as  posdble  in  jmportion  to  their 
respective  abUiUea;  that  is,  in  proportion  to  the  revenue  whidi  tiiey 
rsspeotivdy  enjoy  under  the  protection  of  tite  stete." 

n,  "The  tax  which  each  mdividual  is  bound  to  pav  ought  to  be 
oertain,  and  not  arbitraiy.  The  time  of  p^ment,  toe  manner  of 
payment,  the  quantity  to  be  paid,  ought  all  to  be  dear  and  pbun  to  the 
contributor,  and  to  every  other  person." 

IIL  "  Every  tax  ought  to  be  levied  at  the  time  or  in  the  manner 
most  likeW  to  be  oonvenient  for  tiie  contiibutor  to  pay  it.* 

IV,  "  Even  tax  ouf^t  to  be  ao  contrived  as  both  to  take  out  and 
keep  out  of  w  podcete  of  the  peo[de  sa  litUe  as  posnble  over  and 
above  what  it  brinn  into  the  pauio  treasory  of  the  state," 

Tba  justioe  of  Adim  Bnuth's  first  naziu  nq,uires  no  onteoentent 
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or  illuBtmtioD,  although  the  objwt  Ib  most  difflouH  ot  atti^nmast. 
The  second  maxim  ie  of  great  importaitoe,  and  the  neoossity  of  adhering 
to  it  must  be  umversall;  adcnowledged.  Unoertainty  gireB  rise  to 
frauds  and  extortion  ou  tba  part  of  the  tax-gatherer,  and  to  iU-will  and 
Buspicion  on  that  of  the  ooatributor,  while  it  ofFeis  a  moat  injurious 
impediment  to  all  the  operations  of  trade,  Notwitlistanding  the  many 
evuB  of  uncertainty,  it  is  by  no  means  aa  uncommon  &ult  in  modem 
^ystemu  of  taxation. 

Under  the  oonstitutlonal  goremmenta  of  Europe,  the  people  do  not 
indeed  suffer  from  violoit  enotitBis,  as  in  the  Turkish  empre  and  in 
Penia;  but  industry  tuid  commerce  are  often  restrained  by  irregular 
uid  ill-de&ned  taxes. 

To  levy  a  tax  "at  the  time  and  in  the  maimer  most  likely  to  be 
oonvenient  for  the  contributor  to  pay  it "  is  always  a  wise  policy  on  the 
part  o£  the  states  The  time  or  manner  of  pnme&t  may  cntea  be  more 
▼ezatious  than  the  amount  of  the  tax  itself  ud  thus  have  the  aril 
effects  of  high  taxation,  while  it  produces  no  revenue  to  the  state. 
Suppose,  for  example,  that  a  merchant  imports  goods  and  is  required 
to  pay  a  duty  upon  them  immediately  and  before  he  has  found  a 
market  for  them : — he  must  either  advance  the  money  himself  or 
borrow  it  from  others,  and  in  either  OMe  he  will  be  oUiged  to  charge 
the  pondiasar  of  the  goods  with  the  intnest;  or  he  must  sail  the  goods 
at  onoe,  not  on  aooount  of  any  commercial  oeouitm  for  the  sale,  but  in 
order  to  avoid  {mpayment  of  the  tax.  If  he  ptya  the  tax  and  holds 
the  goods,  the  consumer  will  have  to  repay  not  only  ^e  tax  but  Uie 
interest ;  and  it  he  parts  with  them  at  a  loss  or  inconvenience,  trade  is 
injured,  and  the  general  wealth  and  consequent  productiveness  of 
taxation  proporticxiately  diminished.  To  prevent  these  evUs  the 
Banding  or  Warehouaeiiu  system  was  aitablished  in  this  oountry, 
which  aflbrds  the  most  Ubwid  oonvenienoe  to  the  merchant  and  a 
general  &<dlity  to  trade,  Cert^n  warehouses  are  appointed  under  the 
charge  of  officers  of  the  customs,  in  which  goods  may  be  depoMted 
without  being  chargeable  with  duty  until  l£ey  are  cleared  for  con- 
sumption, and  thus  the  tax  is  paid  when  the  article  is  wanted,  and 
when  it  is  least  inconvenient  to  pay  it  Similar  aooommodati<Mi  is 
granted  on  tiieir  own  premise*  to  toe  maoufketaren  of  artiolei  liable  to 
mise  duties.  At  pnsent  the  oustonu  bonding^wdumsM  are  eon- 
fined  to  the  ports,  and  a  few  large  towns. 

The  evils  resulting  from  inconvenient  modes  of  assessing  and  ool- 
looting  taxes  have  been  very  seriously  felt  in  this  oounby  under  the 
operation  of  the  excise  laws.  When  any  manufacture  is  subject  to 
«xase  duties,  the  officers  of  the  reroiue  have  cognisaaoe  of  erery  part 
of  the  iwooess,  inspeot  and  oontaol  the  prnmlnns  and  machinery  of  the 
naDnfiMtarer,  and  often  even  preseribe  the  mode  of  oonducuiw  and 
tiie  times  of  conuDMicing  and  completing  each  jnwoees;  whiM  the 
observance  of  numberless  minute  regulations  is  enforced  by  severe 
penalties.  The  manu&toturer  is  put  to  great  inocmvenienoe  and 
expense,  and  his  ingenuity  and  resoivcee  are  constantly  interfered  wi^ 
in  such  a  manner  as  to  impede  inrenticBis  and  improvements,  and  to 
diminish  his  [noflta.  A  London  distiller  stated  to  Uw  Commlnionen 
of  B»ise  Inquiry,  .that  assuming  that  tiie  duties  on  spiiits  distilled  hj 
him  should  be  fully  secured  to  the  revenue,  "  it  would  be  welt  worw 
his  while  to  pay  SOOOL  a-year  for  the  privily  of  exemption  from 
excise  interferenoe."  ('  Digest  of  Reports  of  Oommiasionere  of  Exdse 
Inquiry,'  p.  16.) 

Any  injury  done  to  trade  is  injurious  to  tiie  state  hf  diminishing 
the  national  wealth  and  the  emph^ment  ot  labour.  It  lias  tba  sama 
efffeot  also  upon  the  reronuo  as  mSmin  taxation.  The  hi^  price  ot 
the  article  limits  the  emeamption  and  consequently  the  rsvenne 
arising  from  it.  The  injurious  effects  of  the  exdse  restarictimiB  "  miut 
be  felt  in  an  accumulated  degree  by  the  public  who  are  the  consumers, 
against  whom  the  tax  operates  by  the  addition  made  to  the  price  of 
the  commodity,  not  only  by  its  direct  amount,  but  by  the  necessity  of 
oompen sating  Um  manufacturer  for  his  advanoe  of  capital  in  defraying 
it,  and  also  the  increased  eoet  of  produetitnL"  (*  lUd.,'  p.  IS.)  In 
the  case  of  a  heavy  tax,  which  also  duninishes  consumption,  the  state, 
at  least,  derives  some  benefit ;  but  in  the  case  of  onerous  restrictions 
and  impediments  to  trade  caused  by  the  mode  of  collecting  a  tax,  tiie 
state  gains  nothing  whatever,  and  the  manufacturer  and  the  oonaumer 
are  s^ously  mjured,  without  an  equivalent  to  any  party.  If  the 
oonsnmer  must  suffer,  it  should,  at  least,  be  toe  the  benefit  of  the 
revenue,  for  then  his  contributions  may  be  diodnished  In  some  other 
direction.  During  the  last  few  years  excise  duties  have  betrn  removed 
entirely  from  several  manufactures,  and  in  the  instance  of  bricks  and 
glass,  especially  in  the  latter,  the  improvements  in  tbt  manufocture, 
and  the  remanable  diminution  of  price,  have  been  of  m  moet  BtriUng 
eharacter,  and  Tvoduced  the  moet  benefioiRl  effects. 

The  net  produce  of  a  tax  is  all  tliat  the  state  Is  intereeted  in,  and 
therefore  any  violation  of  the  fourth  maxim  of  Adam  Bmith  is  liaUe 
to  the  same  objeotirau  as  those  already  stated  in  reference  to  the  third. 
Bnch  violation  increases  the  amount  of  the  tax  directly,  «s  tiie  former 
was  shown  to  increase  it  indirectly,  without  anyadvant^e  to  the  state. 
AciUty  of  otJlection  la  a  great  recommendation  to  any  tax ;  and,  on 
the  contrary,  a  disproportion  between  the  cost  of  collecting  and  the 
amount  ultimately  secured  is  a  good  ground  for  removing  a  tax, 
though  founded  m  other  respeota  upon  just  mjnoi^lfls.  ()n  this 
aooount  alone,  as  well  as  for  the  general  conveoienoe  of  trade,  it  has 
WMiawtaa  policy  to  r9dQo^  a«  far  as  poMi^  tiw  number  t^Mtides 


upon  which  customs  duties  are  levied.  The  cost  ot  ooUeoting  the  duttai 
upon  the  larger  and  more  productive  articles  of  import  bears  only  a 
small  proportion  to  the  amount  ot  the  tax,  while  tiiia  expmse  <tf  col- 
lecting tiie  duties  on  the  smaller  and  less  productive  art^des  bean  a 
larse  proportion  to  t^e  tax,  and  maj  in  some  oases  exceed  it. 

J>ifferettt  Sinda  of  Taxa. — la  selecting  taxes  for  raising  the  revMoe 
ot  a  state,  the  prim^lee  already  discussed  should  be  adhered  to  as  &r 
as  possible ;  bat  these  do  not  pdnt  out  any  putioular  mode  of  taxation 
as  prefWabie  to  others.  Whatever  mode  (A  raismg  the  neoesaaiy  funds 
may  be  found  to  press  most  equally  upon  dififoreut  members  et  the 
community,  to  be  least  liable  to  objections  of  unoertainty,  or  incoave- 
nience  in  the  mode  or  times  of  payment,  <ff  to  be  attended  with  the 
iMst  expense,  Is  hirly  open  to  the  choice  ot  a  statesman;  unless 
objections  ot  some  other  nature  can  be  proved  to  outwdgh  these 
reoommendatiouL 

The  two  great  divisloDS  under  which  moet  taxee  may  be  ohssed  are 
db-Mt  BoiiKdireet. 

direct  nLves. — All  taxes  ought  to  be  paid  from  the  Income  ot  the 
oommunify.  To  derive  revenue  from  capital  is  to  act  the  part  of  a 
spendtiiritt ;  and  sueh  a  praotioe  as,  in  private  life,  must  be  ooodemned. 
Ii  the  taxes  of  any  ooimtiy  should  become  so  disproportioned  to  its 
inoome,  thak  fn  order  to  pay  them,  continual  demands  must  be  made 
upcm  its  o^atsl,  its  reaouroes  wonld  ftil,  employment  of  labour  would 
decrease,  and  the  revenue  must  neeeaaarily  be  reduced  by  the  general 
impoverishment  of  the  tax-payers.  Such  a  system  could  not  long  con- 
tinue OS  regards  all  capital,  but  it  may  affect  particular  branches  of 
capital,  or  idl  capital  in  certain  conditions.  In  whatever  degree  it  is 
permitted  to  operate,  it  is  injurious.  A  tax  upon  legadee  is  a  direct 
deduction  from  ouiitsl,  and  on  that  aooount  objectionable,  &ltiion|^  it 
is  profitable  to  uie  treasoiy,  and  very  easily  collected.  [Lbqaot; 
Probatk.]  The  same  obsemttions  apply  to  the  probate  duty,  and  to 
duties  charged  upon  succession  to  the  personal  property  of  intestates. 

With  these  exceptions,  it  has  been  the  object  of  the  British  legisla. 
ture  to  derive  all  taxes  from  income,  either  by  direct  assessment  or 
by  means  of  the  voluntary  e^qmiditure  of  the  people  upon  taxed 
oommoditiei. 

Direct  taxes  upon  the  land  have  been  ooivanally  resorted  to  It  all 
nations.  In  countries  vrithout  conmierce,  land  is  the  only  source  from 
which  a  revenue  can  be  derived.  In  most  of  the  Eastern  monaroliies 
the  greater  part  of  the  revenue  has  usually  been  raised  1^  heavy  taxes 
upon  the  soil ;  and  in  Spain,  at  the  present  time,  the  taxes  nput  tiw 
soil  are  moat  oppreeiive  and  injurious. 

In  ^Cng'""'*,  under  the  Saxon  kings,  thers  was  a  land-tax.  When 
the  invanons  of  the  Danes  beoame  frequent,  it  was  customary  to  pur- 
chase their  forbeannoe  by  large  sums  of  money ;  and,  as  the  ordinaty 
revenues  of  the  crown  were  not  sufficient,  a  tax  was  imposed  on  every 
hide  of  land  in  the  kingdom.  Ttiis  tax  seems  to  have  been  first 
imposed  a-D.  991,  and  was  called  Danegeld,  or  Danuh  tax  or  tribute. 
[Daitbobu).]  It  was  abolished  about  seventy  years  after  the  Norman 
Conqueet,  but  a  revenue  still  oontinued  to  be  derived,  under  diffimnt 
names,  tram  iiiiii iiiiiiiiiils  upon  all  persons  holding  lands,  whidi,  how- 
ever, became  merged  in  the  general  subsidies  introduced  in  the  rsigni 
of  Ricliard  II.  and  Henty  IV.  During  the  troubles  in  the  reign  ol 
Charles  I.  and  tiie  Commonwealth,  the  praotice  of  laying  weekly  and 
monthly  assessments  of  specific  sums  upon  the  several  counties  was 
resorted  to,  and  was  found  so  profitaUe,  that  after  the  Restoration  the 
aneient  mods  of  grautiag  sufasidiea  was  renewed  on  two  ooanom  on^. 
In  1692  a  nsw  TsluatioB  of  eatstes  waa  made,  and  ootain  |iaymeim 
w«re  apportioned  to  each  oounfy  and  hundred,  or  other  division.  For 
upwaroB  of  a  centuiy  the  tax  was  payable  under  annual  acts,  and 
varied  in  amount  from  one  shilling  in  the  pound  to  four  shillings,  at 
which  latter  sum  it  was  made  perpetual  by  the  88  Oea  III.,  c  60, 
subject,  however,  to  redemption  by  the  landowners  upon  certain  con- 
ditions. But  no  new  valuation  of  the  land  has  been  made,  and  th« 
proportion  chargeable  to  eaoh  district  has  oontinued  the  same  as  it  was 
in  the  time  of  King  William  III.,  as  r^ulated  by  the  act  of  1698. 
That  assessment  is  said  not  to  have  been  accurate  oven  at  that  time^ 
and  ot  course  improved  cultivation  and  the  application  of  capital  have 
since  completely  changed  the  relative  value  of  different  portions  of  the 
soil  On  account  ot  the  generally  increased  productiveness  of  land, 
tlie  tax  bears  upon  the  whole  a  triilin^  proportion  to  the  rrat^  yet  ita 
inequality  is  very  great.  Adam  Smith  imagined  that  this  tax  was 
borne  entirely  by  the  landlcnds,  but  this  opinion  has  been  proved  to  be 
erroneous  by  modem  political  economiste,  who  hold  that  the  tax 
increases  the  price  of  the  produce  ot  the  land,  and  is  therefore  paid  by 
the  Gonsumera,  The  tax  is  also  obviously  objeotimiaUe  on  the  ground 
of  inequality. 

A  tax  upon  the  grom  rent  of  land  would  fall  upon  the  landlord,  and 
would  be  m  fsot  a  tax  upon  his  annual  inoome,  and  as  such  would  fUl 
with  undue  severity  upon  him,  unless  other  olasses  of  the  community 
should  be  liable  to  a  proportionate  deduction  from  their  respective 
incomes  for  the  benefit  of  the  state.  This  brings  us  to  consider  the 
expediency  of  a  general  tax  upon  all  incomes. 

In  vrtiatiBver  form  the  tax  may  be  levied,  the  contribution  should  be 
paid  from  Income,  and  not  from  capital ;  and,  aocordingly,  tiie  dnndeet 
and  mo«t  equitable  mode  ta  taxation  would  appear  to  be  tiiat  whldi, 
after  mianiiiilnff  tha  annnal  ineoue  of  eadi  person  arising  from  all 
souioea,  shouU  take  from  Um,  directly,  a  oertsin  proportioa  ol  Ua 
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liKome  u  hit  than  of  the  general  contribution.  Such  a  tax,  Bquttably 
lerucl,  would  appear  to  agree  In  titoory  with  all  the  four  nuutime  at 
Adam  Smith ;  hut,  pntettcidly,  erery  tut  upon  looune  must  abound 
in  inequalities,  in  nnoutunly,  utd  in  gnat  personal  luvddipB  and 
inooDTcnience. 

The  Btrongeat  of  the  objections  to  an  income-tax  is,  hotreTer,  the 
inquifdtorial  nature  of  the  investigation  into  the  affidn  ci  all  men, 
which  is  neceasaiy  to  secure  a  statement  of  their  ineomea.  This  obje(»- 
tion,  indeed,  is  treated  lightly  hj  aome ;  but  the  niasa  of  con- 
tributors it  is  considered  the  moat  incouTenlent  and  unseasonable 
quality  of  an  income-tax.  Even  if  the  exposure  of  a  man's  afi^ra 
could  do  him  no  possible  injury,  yet  as  an  offence  to  his  feelings,  or 
eren  caprice,  it  is  a  hardship  which  la  not  intolred  in  the  payment  of 
other  taxes.  But  apart  from  matters  ot  feeling,  injury  of  a  real 
duiaeter  is  dso  inflicted  upon  individuals  hj  an  ezpoeure  ti  thdr 
meana  and  sources  of  inoome.  Mercantile  men,  from  the  dread  of 
competition,  take  pains  to  conceal  from  others,  eapeotally  if  in  the 
aame  bumness,  the  application  of  their  capital,  the  rate  of  profit 
realised,  their  connecMons,  and  their  credit,  sill  of  whldi  must  be  dia- 
dosed,  perhaps  to  tbcdr  serious  Injury,  when  there  Is  an  inrestlgation 
ot  their  profits. 

For  these  reasons  the  mode  of  colleetlnR  the  incotoe^ax  oartaln^ 
cannot  be  ai^ved  of  as  being  "  most  likdy  to  be  convenient  to 

contributor."  Its  general  unpopalarity  when  in  operation  {a  ihe  best 
proof  of  its  hu^ship  and  inconvenience.  Upon  the  whole,  a  tax  upon 
meome  is  bo  difficult  to  adjust  equitably  to  the  means  of  individuala, 
and  the  mode  of  collection  is  necessarily  liable  to  such  strong  objeo- 
tiofl,  that,  if  resorted  to  at  all,  it  should  be  reserved  for  eztaaodinaiy 
ofloarfona  of  state  neceaaity  or  danger,  when  radinary  sooroes  at  rsveniie 
osnnot  aafeW  be  rdied  tm. 

The  Engfsh  Aiaetted  taxa  have  as  few  objections  in  principle  as 
most  modes  of  direct  taxation.  WiA  an  equitable  assessment,  and 
spedal  exemptions  in  certain  cases,  they  are  capable  of  being  made  to 
bear  a  tolffiably  just  proportion  to  the  incomes  of  the  mdividuala 
wing  ^axKo.  They  share,  however,  in  the  general  unpopularity  of  all 
oiroot  tax»a,  and  it  cannot  be  denied  that  thiy  often  preee  unequally 
upon  particular  perBona.  The  window-tax  was  indeed  in  many  respects 
moat  objectionable,  but  it  has  happily  been  removed.  The  direct  taxes 
upon  horses,  carriages,  hair-powder,  annoiial  bearii^,  tc,  b^n^  paid 
voluniarilv  by  the  rich  to  gratify*  their  own  taste  for  luiuiy  or  display, 
are  not  likely  to  meet  with  many  objectors.  The  use  of  such  artides 
generally  indicates  the  scale  of  income  enjoyed  ^xy  the  contributor,  and 
tile  tax  is  too  light  to  discourage  nijie&uture  or  to  zoake  any  semfble 
deduction  from  his  means. 

Indirect  Taxes. — In  preferring  one  tax  to  another,  a  statesman  may 
be  influBDced  by  political  considerations  as  well  aa  by  strict  views  of 
financial  expediency,  and  nothing  is  more  likely  to  determine  his  choice 
tiian  the  probability  of  a  cheerfuTacquiescence  on  the  part  of  the  people. 
All  taxes  are  disliked,  and  the  more  directly  and  distinctly  they  are 
required  to  be  paid,  the  more  hateful  they  become.  On  this,  as  well 
as  on  other  grounds, "  indirect  taxes,"  or  taxes  upon  the  ecHisumption 
of  various  articles  of  merchandise,  have  been  in  favour  with  most 
governments.  "  Taxes  upon  merchandise,"  says  Montesquieu,  "  are  felt 
the  least  hy  the  people,  because  no  formal  demand  is  made  upon  them. 
They  can  be  so  wisely  contrived  that  the  people  ahall  scaroely  know 
that  tiiey  P^y  them.  For  this  end  it  is  of  great  consequence  that  the 
seller  shall  nay  the  tax.  He  knows  wdl  that  be  does  not  pi^  it  for 
hlmaslf ;  and  the  buyer,  who  pays  it  in  the  end,  confounds  it  witii  the 
price."  <'  Esprit  dee  Lois,'  livre  xiii.  chap,  7.)  This  effect  of  indirect 
taxes  is  apt  to  be  undemlued  by  writers  on  political  economy ;  but  it 
is  undoubtedly  a  great  merit  in  any  system  of  taxation  (which  is  but  a 
part  of  general  government)  that  it  should  be  popular,  and  not  give 
rise  to  discontent.  A  tax  that  is  positively  injurious  to  the  very 
parties  who  pay  it  without  thoug^t^  is  certainly  not  to  be  dafradsd 
merely  on  tiie  ground  that  no  comi^nts  are  made  of  It;  but  it  may 
be  safely  admitted  as  a  principle,  that  of  two  taxes  equally  good  in 
other  respects,  that  is  the  best  which  is  most  acc^ttable  to  the  people. 
The  very  facility,  however,  with  which  indirect  taxes  may  be  levied, 
makes  it  necessary  to  considar  the  incidenti  and  efbots  of  tiiem 
witii  peculiar  caution.  The  statesman  has  no  waning,  as  in  the  cases 
of  diract  taxes,  that  evils  are  caused  by  an  impost  which  is  productive 
and  vhieh  every  one  seems  willing  to  pay.  When  any  Ivaam  of  indus- 
try is  viidbly  declining,  and  its  fsHure  can  be  traced  to  no  other  cause 
than  the  discouraging  pressure  of  a  tax,  the  necessity  of  relief  is  felt 
at  once ;  but  if  trade  and  manufactures  are  flourishing,  and  the  country 
advandng  in  prosperity,  it  is  difficult  to  detect  the  latent  influence  of 
taxee  in  restnuning  that  progress,  which  but  for  them  woiild  have  bem 
greater;  and  still  more  oimoidt  to  immne  tlie  new  sonroes  of  wealth 
vhitb  midit  have  been  laid  open  if  suon  taxes  had  not  eKisted,  or  had 
been  less  heavy,  or  had  been  collected  at  different  times  or  in  difibrent 
wan. 

The  government  is  directly  interested  in  the  increase  of  national 
wealth,  and  taxes  upon  commodities  should  be  allowed  to  interfere 
vritik  it  as  little  as  possible.  Oa  this  acoount,  duties  upon  raw 
materials  Me  objeotionaUe.  They  increase  the  jaioe  of  such  materiats, 
end  UtuB  limit  the  power  oi  the  manufiusturer  to  purchase  tiiem,  and  , 
to  emplf^  labour  in  increanog  their  value,  and  in  adding  to  the  pro- 
dnoUim  ud  cartel  of  the  coa^37«  Thi^  diiseourage  ior^ga  oonuaeree 


and  the  employment  of  ahippiog ;  for  as  tiu  power  oi  Pitying  |a 
restrained,  so  uk>  is  that  td  selling,  and  the  intaroiumge  of  mn^n* 
dise  between  different  countries  is  checked.  Mtneover,  hy  innirissiiig 
the  price  of  the  exported  msuufaoturea,  th^  limit  the  demand  for 
tliem  abroad  and  subject  them  to  dangerous  competition. 

Similar  objections  may  be  urged  against  taxes  upon  domestic  manu- 
factures, rinoe  by  iQcreaung  the  price  t^y  diminjrf^  consumption,  sod 
oonsequentiy  dieoourege  ma  manufsotures,  whioh  if  left  to  wsmsiriw 
would  have  given  em^<^ment  to  more  capital  and  labour,  and  would 
have  added  greatly  to  the  amount  of  nation^  wealth  and  prosperity. 
The  object  of  a  government  riiould  idways  be  to  ooUect  its  revenue 
from  the  results  of  successful  employment  of  capital  and  industry,  and 
not  to  press  upon  uty  intermediate  stage  of  production. 

The  British  legislature  has  of  late  years  veiy  wise^  repealed  or 
reduced  various  duties  upm  raw  matoials  and  upon  manufholaMs. 
Of  customs  duties,  none  now  remain  but  on  arncles  at  large  ooih 
sumption,  such  as  tea,  sugar,  wine,  tobacco,  timber,  ftc.,  and  all  those 
upon  raw  material,  and  upon  articles  of  small  oonsumption,  where  the 
double  and  hindrance  to  the  merchant  exceeded  the  amount  of  income 
produced,  have  been  repealed. 

One  of  the  chief  recommendations  of  indirect  taxes  is,  that,  when 
plaoed  upon  the  proper  deacripticm  of  articles,  the  payment  of  tiiem  hf 
the  consumer  is  optionaL  If  charged  upon  what  may  be  strictly  cslM 
the  necessaries  of  life,  their  payment  oeoomes  oompulsoiy,  and  iUls 
with  unequal  weight  upon  labour.  Competition  generally  reduces  a 
large  proportion  of  the  working  daasea  to  a  state  which  tJlows  them 
UtUe,  if  anything,  beyond  necessaries ;  oonsequentiy  a  duty  upon  these, 
as  it  will  have  no  efibct  in  diminishing  the  oompebition  of  labour  and 
in  raising  wages,  must  reduce  the  oomforts  and  stint  the  subsistenos  of 
labouring  men. 

That  class  of  articles  commonly  called  luxuries,  of  which  the  oon- 
sumption is  optional,  is  a  Mr  subject  of  taxation.  In  principle  there 
is  no  objection  to  such  taxee  :  they  do  not  interfere  with  industry  or 
production,  but  are  paid  out  of  the  incomes  of  the  contributors,  and 
paid  willingly,  and  for  the  most  part  without  undue  pressure  upm 
their  means.  But  in  hyinK  on  taxes  upon  particular  articles  of  this 
description,  care  must  be  taken  to  proportion  the  oharge  to  the  value 

the  article.  Excessive  duties  fail  in  the  veiy  object  th^  have  in 
view,  by  rendering  the  revenue  less  productive  than  moderate  duties; 
while  the  causes  of  their  feihire  are  injurious  to  the  wealth  of  the 
country  by  discouragiDg  consumption,  and  to  ita  morale  by  offering  sn 
inducement  to  smuggling. 

High  duties  upon  foreign  articles  imported  into  a  eaaoiry  are  liable 
to  ^  the  objections  which  apply  to  immoderate  taxes  upon  artidee  ol 
consumption,  and  the^  are  chargeable  with  another — ^they  diminish 
importation,  and  thereby  restrict  commercial  intercourse  and  tiie 
demand  for  and  exportation  of  domestic  produce  and  manufactures. 

The  success  of  moderate  duties  upon  articles  of  consumption,  in 
encouraging  the  use  of  than,  placing  Uiem  within  the  reach  of  a  larger 
number  of  persons,  and  at  the  same  time  aannenting  the  revenue,  was 
never  better  shown  than  in  the  article  of  cclfoe.  In  1824  the  duty  on 
British  plantation  coffee  was  la.,  upon  East  India  li.  6d.,  and  upon 
fore^  coffee  2f.  6d.  per  lb.,  and  tiie  quantity  cleared  for  consumption 
was  8,262,943  lbs.,  prodttchig  a  net  revenue  of  420,988/.  In  1825 
those  duties  were  reduced  one-half,  oud  the  consequence  was  consider- 
ably more  than  a  threefold  increase  in  tiie  consumption,  while  tiie 
revenue  in  1841  had  been  more  than  doubled.  The  duly  Is  now  id. 
per  lb.,  and  the  importation  in  1859  was  85,858,029  lbs.,  of  iriliidi 
84,292,947  lha.  were  entered  fcnr  home  oonsumption.  There  is  no 
difibrenoe  between  foreign  ooflbe  and  that  at  the  pxiduetton  of  Britidt 
poBSessioiis. 

Thus  reductions  of  existing  duties  may  be  proved  by  such  examples 
to  increase  the  revenue ;  bat  whether  the  effect  of  them  be  immediate 
or  deferred  must  defend  upon  a  variety  of  drcumstsaces.  It  the 
reduction  puts  an  end  to  extensive  smug^ine,  the  revenue  will  derive 
immediate  benefit,  as  both  the  demandandthe  supply  of  the  utiole 
already  exist;  and  t^  reduced  tax,  without  affecting  production  or 
oonsumption,  acts  as  a  police  regulation,  and  at  once  protects  the 
revenue  from  fraud.  But  where  there  ia  little  or  no  smuggling,  and 
the  revenue  can  on^  be  increased  by  means  of  additional  consumption, 
tiie  efibct  <^  reduced  duties  may  be  deferred  and  even  remote.  The 
article  may  have  to  be  produced ;  capital,  skill,  labour,  and  time  may 
be  required  to  provide  it  in  suffident  quantities  to  meet  the  growing 
demands  of  tite  consumer ;  and  even  should  the  supply  become 
abundant,  the  habits  and  tastes  of  a  people  cannot  be  changed  on  a 
sudden.  The  high  price  of  an  article  may  have  placed  it  out  of  their 
rttuth,  and  in  the  meanwhile  they  may  have  become  attached  to  a 
favourite  subsUtut^  or  may  be  alow  to  spend  their  money  upon  a 
commodity  whidi  they  have  learned  to  do  without.  These  and  other 
causes  may  defer  for  a  considerable  time  such  an  Increase  of  con- 
sumption as  would  make  up  for  the  reduced  rate  of  tax,  espedally 
when  the  reduction  has  been  so  great  as  to  require  an  extraordinaiy 
addition  to  the  previous  amount  of  consumption,  before  the  sacrifice 
made  in  the  revenue  can  be  redeemed.  But  where  the  article  on 
which  it  is  proposed  to  reduce  a  tax  is  alrea^  in  universal  request, 
and  Uie  supply  immediate  and  abundant,  sua  where  the  tax  is  so 
heavy  as  to  restrain  consumption,  no  preamt  loss  need  be  wprehmded 
fxtaa  a  lemisdcm  of  part  of  tiie  tax,  nod  a  very  spesdy  increase  ra 
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reventte  duj  be  expected.  Sugar  ii  an  article  of  tbu  deaeription.  It 
haft  become  a  necessary  of  life  la  well  as  a  faTOurite  luzorr.  There 
are  soarcelT'  any  limits  to  the  supply  oo\ild  be  raiMd,  and  the 
prasent  dutiee  add  materially  to  the  price  and  check  conaun^ition.  Ae 
a  proof  of  the  suddoaDeea  with  which  the  conaumpUon  of  f<a«aga 
Bngar  mi^  bs  expeotod  to  increaee  if  the  ezceesiTe  duty  were  reduced, 
w  may  refer  to  toe  efieets  of  eqnalieiiig  the  duties  on  Eaat  and  West 
India  sugars  in  18S6.  In  that  year  the  duty  on  East  India  sugar  was 
reduced  from  S2s.  the  owt  to  24«.  In  1S35  the  quantity  imported 
had  been  147,970  cwta. ;  and  in  1837,  one  year  only  after  the  change, 
tiie  import  had  increased  to  S02,945  cwts. ;  in  1838,  to  474,100  owts. ; 
and  in  1839,  to  687,142  cwts.  An  the  tax  was  diminished  only  by  one- 
fomih,  and  the  oonaumpUim  was  inuuediately  more  than  doubled,  the 
reranne  at  once  pined  considerably  by  the  reduction  of  duty.  The 
duty  now  wiee  fnnn  18*.  id.  to  12«.  ed.  per  owt.,  according  to  the 
quality,  and  the  importatioo  in  1869  was  7,426,791  cwts. ;  the  quantity 
retained  for  home  oonsumption  was  8,847,119,  on  which  the  duty  was 
7,291,089^.,  and  the  estimated  value  12,616,7671. 

A  finwi"''^'  experiment  will  serve  to  show  how  little  an  increased 
revenue  can  be  depended  upon  as  the  result  of  an  augmentation  of 
taxes  apoB  aitides  <rf  consumption.  In  1840  an  addition  of  6  per  cent 
was  made  to  all  the  duties  of  customs  and  ezdae,  and  a  prc^rtionate 
increase  of  revenue  was  anticipated,  but  not  realised.  The  net  pro- 
duce of  the  customs  and  excise  in  the  year  ending  January  6th,  1840, 
amounted  to  87,911,5061.  The  estimated  produce  for  the  year  ending 
Januaiy  5tli,  1842,  was  39,807,0812.,  1,895,5751.  being  expected  from 
the  additioiul  5  per  cent.  The  actiial  increase,  however,  was  only 
806,715^,  or  little  more  than  4  per  cent,  instead  of  the  5  per  cent, 
wb^  had  been  expected.  This  result  was  undoubtedly  in  part  caused 
by  a  general  stagnation  of  trade,  and  by  the  consequent  dirtress  which 
prevuled  in  that  year;  but  we  notice  it  because  the  principle  of  an 
mdiscrtminate  augmentation  of  existing  taxes,  without  reference  to 
their  present  amount,  character,  and  circumstances,  is  very  unwise. 

We  have  said  that  experience  alone  can  show  the  precise  rate  of  a 
particular  tax  which  wUl  not  affect  consumption  and  will  at  the  same 
tiine  discourage  smuggling.  It  must  be  presumed  that  existing  rates 
have  been  fixed  in  order  to  secure  these  resmts,  and  that  they  are  justified 
by  ejqterience.  To  add  to  them,  therefore,  not  because  they  are  in- 
■ufBdeot  for  their  immediate  object,  but  because  a  graeral  addition 
to  the  revenue  is  needed,  is  to  neglect  experience  and  to  disturb  the 
proper  relations  between  the  amount  of  tax  and  the  value  of  particular 
articles.  During  the  last  centuryitwasaoommonfinanoialcourseto  add 
a  general  per  oenta^  of  increase  upon  all  the  customs'  duties  whenever 
the  revenue  was  found  to  be  insufficient  for  immediate  purposes.  To 
this  unwise  policy  must  be  atteibuted  many  of  the  strutge  anomalies 
whidi  formerly  existed  in  the  British  tan£  Any  reourrenoe  to  so 
clumsy  a  mode  of  taxation  should  be  avoided.  The  tax  upon  each 
article  ought  to  be  adjusted  by  itself  upon  sound  principles,  and  then 
should  not  be  changed  merely  to  save  tiie  trouble  or  to  avoid  the  un- 
popularity of  selecting  particular  articles  for  increased  taxation  or  of 
^venting  new  burdens. 

PnUctive,  JXtcrimi»aling,  and  Prohibitoty  Ihitie$. — The  legitimate 
object  of  tuation  is  that  of  obtaining  a  revenue  in  the  least  injurious 
manner  for  the  benefit  of  the  community ;  bat  this  object  has  con- 
stantly been  overlooked  for  tiie  sake  of  ends  not  fairly  to  be  accom- 
{dished  by  taxation.  Legislature  should  endeavour  to  encourage 
agriculture,  trade,  and  maoufaotures ;  and  it  would  be  culpable  to 
ne^ect  any  proper  means  of  encouragement,  whidi  are  not  only 
beoefidal  to  particular  interests,  but  add  to  the  general  {Htwperity. 
tJnfiatunately,  however,  the  leal  of  most  l^^ilatures  upon  this  point 
!»■  been  misdirected.  They  have  seised  np<m  taxation  as  the  instixi- 
ment  of  protection  and  encouragement ;  and,  using  it  as  such,  Iwve 
injured  the  great  mass  of  their  own  countrymen,  and  ultimately  have 
faued  io  {oximoting  the  very  interests  they  had  intended  to  serve.  When 
the  system  of  protection  has  existed,  severe  injuries  and  even  injustice 
are  inflicted  whenever  an  attempt  is  made  to  undo  the  miaohief  which 
has  been  done.  Reason  and  experianoe  unUe  in  teaching  Uie  imp<dioy 
of  protective  taxes;  and,  in  our  own  coontry,  this  impolicy  was 
acknowledged  by  tiie  acts  of  1846,  which  regulate  the  trade  in  grain, 
meal,  and  flour,  and  other  articles. 

The  object  of  a  protective  duty  is  to  raise  artificially  the  price  of  the 
produce  or  manufactures  of  one  country  as  compared  with  tte  produce 
or  manufactures  of  another.  A  heavy  tax  wsUy  efEacfes  this  object, 
and  thus  prevents  competition  on  the  part  of  that  countay  whose 
omnmoditles  are  taxed,  and  establishes  a  m<m<^ioIy  in  the  supply  of 
tiiose  commodities  in  favour  of  the  parties  for  whose  benefit  the  tax 
was  iinpoaed.  The  revenue,  the  avowed  object  of  a  tax,  so  far  from 
being  improved,  is  here  actually  sacrificed  by  the  exclusion  ci  merchan- 
dise, which  at  moderate  duties  would  fill  the  coffers  of  the  state.  The 
state  clearly  is  a  loser ;  the  foreigner,  whose  mods  are  denied  a  market, 
isaloser.  Who  then  gains  by  theae  lossosl  Notthe  eonnimer;  for 
the  more  abundant  the  sup^y,  the  better  and  obeKper  will  be  find 
tlie  market ;  but  the  seller,  who  is  enabled  to  obtain  a  high  price'  for 
his  wares  because  be  has  a  monopoly  in  the  sale  of  them,  is  tiie  only 
party  who  gains.  The  community  at  large  suffer  doubly :  first,  by 
having  to  buy  dear  instead  of  cheap  goods,  or  by  being  denied  the 
use  of  titem  altogether ;  and,  secondly,  by  bong  oUiged  to  pay  other 
taxes  vhidi  would  not  have  beta  re^iiradlf  £e  Tetyartioba  which 


would  have  made  thrar  purchases  cheaper  had  been  charged  with  * 
moderate  impost.  Even  tiie  sellers,  for  whom  all  these  sacrificee  are 
made,  do  not  derive  the  benefit  which  might  be  expected.  In  the 
goods  which  they  aeH  themselves,  indeed,  oiey  are  guners ;  but  in 
purchasing  of  other  monopolisia  thOT  lose  by  an  artificially  high  price, 
uke  the  rest  of  the  community.  It  constantly  happens  too,  that 
although  the  prioes  at  which  they  sell  are  high,  their  profits  are  re- 
duced, by  the  competition  of  others  sellisg  the  same  articles,  to  the 
general  level  of  profits  throu^out  the  country.  When  this  is  the 
case,  all  parties,  without  exception,  are  loans — the  state,  the  oommu- 
nity,  and  tiie  monopolists. 

Protection  may  be  accomplished  by  actual  probiUtion  of  the  import 
of  particular  articles,  by  exorbitant  duties  which  amount  to  proniln- 
tion,  or  by  such  duties  only  as  give  the  home  producer  an  advantage 
Duties  may  also  discrimioste  between  the  produce  of  different  coun- 
tries, and  give  the  preference  to  some,  to  the  injury  and  exclu^n  of 
others.  In  this  country  all  these  modes  of  protection  have  been 
resorted  to :  but  their  impolicy  has  been  recognised  by  the  legialatarey 
which,  witlun  the  last  few  years,  has  advancM  rapidly  in  the  adoption 
of  a  more  sound  system  of  taxation.  [Tariff.] 

Duties  are  called  discriminating  or  differential  when  they  are  not 
levied  equally  upon  the  produce  or  manufoctures  of  different  countries. 
The  object  of  them  is  to  give  an  advantage  to  the  country  on  whose 
commodities  tiie  tax  is  li^test,  as  compared  with  others.  To  obtain 
such  a  prefraence  has  been  tiie  ol^eot  of  various  negotiations  and  com- 
mercial treaties  between  dUferent  states,  as  it  opens  extensive  markets 
to  the  industry  of  the  favoured  nation.  By  the  commercial  policy  <^ 
England  the  principle  of  discrimination  may  be  said  to  have  been 
confined  to  the  protection  of  our  colonies  i^piinst  the  competition  of 
foreign  countries.  As  regards  each  other,  all  foreign  countries  enjtw 
equal  commercial  advents^  in  their  intercourse  with  Engjand.  It 
has  been  contended  that  oohmiea  form  an  integral  port  of  the  mother- 
country,  and  that  the  commercial  intwoourse  between  the  several  parts 
of  the  British  empire  ought  to  be  viewed  as  a  vast  coasting-trade,  but 
now  fcueign  vessels  are  admitted  to  this  trade  iu  Englaml,  althou^ 
foreign  nations  refuse  to  adopt  the  like  practice.  If  this  principle  were 
acted  upon,  it  would  certamly  present  a  grand  fiscal  union  worthy  of 
admiration.  There  were  two  ^crwt  articles  of  consumption,  sugar  and 
timber,  u^n  which  the  discriminating  duties  have  been  most  mis- 
chievous m  their  results.  These  discriminating  duties  have  been 
abolished.  Those  on  sugar  have  been  noticed.  'Hiose  on  timber  were 
reduced  in  1847  and  1848,  and  in  1860  the  difference  between  foreign 
and  colonial  timber  was  abolished,  and  Is,  per  load  only  is  imposed 
on  all. 

Export  DtUia, — Duties  levied  upon  goods  exported  to  foreign 
countines  are  ultimately  paid  by  the  foreign  consumer,  and  thiu  have 
tiie  effect  of  mnking  tiie  subject  of  one  state  bear  the  burdens  of 
another.  However  desirable  this  may  afqwar  to  the  state,  whose 
^■easuiy  ia  enriched  at  the  expense  of  foreigners,  the  expediency  of 
such  duties  vrill  depend  upon  peculiar  circurnstances,  and  great  nicety 
is  required  in  tiie  regulation  of  them.  If  a  country  possesses  withia 
itself  some  produce  or  manufacture  much  in  request  abroad,  and  for 
the  production  of  which  it  has  peculiar  advantages,  a  moderate  export 
duty  may  be  very  desirable.  In  this  manner  Russia,  which  almost 
alone  supplies  tallow  to  the  rest  of  Europe,  derives  a  considerable 
revenue  from  an  export  duty  upon  that  article.  Upon  tiie  same 
principle  a  du^  upon  machinery  exported  from  Qreat  Britain  would 
Lave  been  politic.  British  machinists  far  excelled  ail  others  in  akill 
and  ingenuity,  and  foreign  manufacturers  were  wiUing  to  pay  almost 
any  price  for  their  machinery.  Notwithstanding  tiie  prohibition^ 
large  quantities  were  smuggled  abroad  at  an  enormous  cost,  but  the 
difficulty  and  expense  of  evasion  were  so  great  that  foreigners  had 
latterly  almost  confined  their  punduses,  inula  country, to  models  and 
drawings,  and  made  the  machinery  themselves,  with  the  assistance  of 
British  artisans,  whom  they  enticed  abroad  by  extravagant  wages. 
The  partial  relaxation  of  the  prohibitory  law  m  1825,  by  granting.- 
licences  to  export  certain  kin<^  of  maobineiy,  showed  the  extent  toi 
which  the  trade  might  have  been  carried  under  a  more  liberal  policy. 
The  offldal  value  of  machinery  exported  under  lioenoe  In  1840  wa* 
693,064IL,  in  addition  to  various  tools  allowed  by  law  to  be  exported,,  of 
which  no  account  waa  taken.  The  restriction  is  now  removed,  and  the 
declared  value  in  1859  amounted  to  2,662,9841. 

Though  moderate  export  duties  upon  articles  of  which  a  country 
has  almost  the  exclusive  supfdy  may  be  advisable,  heairv  duties  will 
check  the  demand  abroad  in  the  same  manner  as  tiiey  aroct  tba  con- 
sumption of  commodities  at  home.  In  the  same  maimer  also  they  are 
injurious  to  trade  and  unprofitable  to  tiie  revenue. 

All  duties,  whatever,  ^ould  be  avoided  upon  the  export  of  produce 
or  manufactures  which  may  be  also  sent  from  other  ooimtries  to  the 
same  markets,  Tb^  would  discourage  trade  and  offer  a  premium  to 
foreign  competitioL 

Although  the  temptation  Is  great  to  shift  taxes  from  one  country  to 
another  ^  means  of  export  duties,  this  temptation  is  equally  great  in 
'  all  countries ;  and  if  their  several  governments  should  be  actuated  1^ 
I  the  desire  to  make  foreigners  contribute  to  their  revenue,  their  oppor^ 
tunities  for  carrying  out  such  a  system  would  probably  be  equal,  and 
thus  retaliations  mi^t  be  made  upon  each  oUier,  which,  after  all, 
I  would  neutnlise  tbrn  efltntK  to  tai^  foreigiun,  and  leave  them  in  th» 


Digitized  by 


Google 


42 


TAXATIO  ECCLESUSTICA. 


TAXATIO  ECCLESIASTICA. 


nma  pMntion  u  if  th^  had  been  oontented  to  iu  none  bnt  thdr 
own  enbjeeta.  In  thin  power  of  ntalUtbo  Ilea  the  antidote  to  Uie 
«TiI  of  one  state  being  forced  to  bear  the  burdens  of  another  bb 
well  as  ita  own.  Every  state  would  naturally  resist  such  on  impo- 
sition upon  subjects,  and  export  duties  can  therefore  only  be 
safely  reeortad  to  in  such  peculiar  cases  as  we  have  noticed,  where 
fordgnen  ore  willing  to  pay  an  increased  price  for  commodities  which 
they  must  hare,  sjid  whiMi  th^  cannot  obtain  so  good  or  so  cheap 
from  any  other  place. 

TAXATIO  ECCLESIA'STICA,  ngnifies  the  assessment  aod  levy 
of  taxes  upon  the  proper^  of  the  i^urch  and  of  the  clergy.  The  pope 
onoe  claimed  in  all  coontnes  the  first  year's  whole  profits  and  the  tenth 
port  of  the  whole  annual  profits  of  every  ecclesiastical  benefice.  These 
were  called  "  Fir*fc-FruiU  and  Tenths"  [Fibst-Fbuitb  ;  Tenths],  and 
were,  for  the  most  part,  paid  willingly  hy  the  clergy  to  their  eodeatas* 
filial  rapwior.  The  popes  founded  uielr  claim  upon  scriptural  precepts 
and  practice,  from  the  time  of  Melchizedek.  The  pope  had  his 
oollecton  in  every  diocese,  who  sometimes  by  bills  of  exchange,  but 
generally  in  specie,  yearly  returned  the  tenths  and  first-fruits  of  the 
clergy  to  Rome. 

But  while  the  oler^  were  thus  liable  to  taxation  by  Uieir  ecdesias- 
tiool  bead,  it  was  mamttuned  by  the  Roman  Catholic  church  that  their 
property  enjoyed  complete  immunity  against  all  cl^ms  of  temporal 
powoa,  being  set  apart  for  the  service  of  Qod,  the  support  and  dignity 
of  the  Christian  church,  and  for  woi^  of  charity.  Upon  this  point 
freqnent  contests  very  naturally  arose,  and  the  vast  poraessions  of  the 
church  tempted  the  pope  and  temporal  princes  by  various  modes  to 
exact  contributions  from  the  clergy.  The  means  resorted  to  by  th^ 
respeotiva  powers  to  raise  a  revenue  from  the  clergy,  and  the  laws  and 
customs  that  prevailed  upon  tha  matter,  may  be  conveniently  stated  by 
dividing  the  luhjeet  into— 

1.  I^uatbn  of  the  dhnroh  or  clergy  by  tihe  pope  for  eoolenastical 
purposes. 

2.  By  temporal  princes  for  the  service  of  the  state. 

1.  The  pope  was  by  no  means  satisfied  with  the  regular  contributions 
of  the  clergy,  but  continually  applied  to  them  for  extraordinary  funds 
for  special  purposes.  In  1199,  Pope  Innocent  IIL  ieeued  a  bull  com- 
mandung  the  prelates  and  clergy  of  the  Christian  church  to  pay  the 
fortieth  part  <»  all  their  revenues  to  defray  the  expenses  of  a  crusade. 
This  is  said  to  have  been  the  first  attempt  to  impose  a  tax  on  the 
clergy  of  all  nations  W  the  authority  of  tiie  pope  as  head  of  the 
church.  The  practice  became  frequent ;  and  in  1225  the  pope  enter- 
tained a  project  by  which  the  revenues  of  two  prebends  in  every  cathe- 
dral, and  the  portion  of  two  monks  in  every  monastery,  in  all  the 
eountries  in  oommunion  with  the  Church  of  Rome,  were  to  have  been 
granted  to  the  pope  for  the  better  support  of  his  dignil^.  When  this 
project  was  laid  l^fore  the  parliament  of  England  in  1226,  they  evaded 
a  dhect  answer  to  the  ps^  legate,  by  alleging  "that  tMs  aSair  con- 
cerned all  Christendom ;  and  that  they  would  conform  to  the  reeolu- 
tiouB  of  other  Christian  countries."   (Wilkin's  '  Concilia,'  voL  i.) 

Two  years  afterwards,  the  king  of  England,  Henry  III.,  in  order  to 
induce  the  pope  to  Interfere  in  a  dispute  oonoeming  the  appointment 
of  on  archbishop  to  the  see  of  Canterlniry,  receoUy  vacant  by  the  death 
of  Cardinal  Langton,  promised  him  a  tenth  of  the  moveables  not  only 
of  the  clergy  but  of  the  laity.  In  this  proceeding  there  appears  to 
have  been  a  twofold  peculiarity.  First,  a  temporal  prince  offered  the 
pope  a  ctmtribution  from  his  clergy,  which  commonly  origiimted  with 
the  pope ;  and,  secondly,  a  tax  was  to  be  levied  upon  the  laity,  not  for 
the  aerTioe  of  the  state,  but  for  the  benefit  of  a  foreign  ecclesiastic. 
The  straogeDses  of  the  circumstances,  however,  did  not  prevent  the 
pope  from  tahing  imme^te  advonta^  of  the  king's  oner,  and  he 
accordingly  sent  a  legate  into  En^and  to  collect  the  tenths.  His 
denuutd  met  with  some  opposition,  chiefly  from  the  barons,  but  the 
pope  and  the  king  together  were  too  powerful  to  be  reusted.  In  the 
same  reign  the  pope's  legates  were  constantly  demanding  presents  from 
the  bishops,  monasteries,  and  clergy,  and  oonvening  assemblies  of  the 
diuTch,  wiUi  no  other  object  than  to  eirtrarfc  moDVj.  Their  proceedings 
created  such  disgust  that  the  great  borons  sent  orden  to  the  wardens 
of  the  semorts  to  stop  all  persons  bringing  any  hulls  or  mandates  from 
Home,  and  at  last  succeeded  in  driving  the  legato  himself  out  of  the 
Ungdom ;  but  the  sums  which  the  pope  continued  to  draw  from  the 
clergy  at  that  time  appear  to  have  been  enormous,  and  the  histories  of 


the  see  of  Rome,  but  apparently  with  little  good  results ;  for  seven^ 
years  afterwords  we  find  the  Commons  in  parliament  still  ^testing 
against  Uie  extortions  of  the  pope.  In  their  remonstrance  to  the  king 
upon  that  grievance,  they  asserted  "  that  the  taxes  paid  to  the  pope 
yearly,  out  of  Engluid,  amounted  to  five  times  as  much  as  tiie  taxes 
paid  to  the  king."   (Cotton's  '  Abridgment.') 

Although  complaints  continued  long  after  this  period,  no  measures 
were  effectual  in  limiting  the  demands  of  the  court  of  Rome  until  the 
pope's  anthori^  was  alt(^ther  suf^ressed  in  England  at  the  Reformo- 
tion  in  Hm  reign  of  Hemy  VIII. 

8.  The  immunities  olauned  by  the  churdi  were  not  effectual  in  pro- 
CeetiDg  its  rsvenues  from  being  laid  under  contribution  lor  the  service 
of  the  atotsi  The  kings  a£  En^and,  som^ames  by  the  pope^  oathoillyt 


sometimes  by  forced  or  volmttaij  com[Jianoe  on  the  part  of  the 
church,  and  sometimes  by  th«r  own  direct  power,  obtainedUige  sums 

from  the  clei^. 

William  the  Conqueror  foimd  the  church  very  wealthy,  and  subjected 
it  to  much  spoliation.  A  singular  occasion  for  taxing  the  cler^  anwe 
in  the  reign  of  Henry  I.,  a.d.  1129.  An  ecclesiastical  council,  assem- 
Ued  at  London,  denounced  all  married  cler^men,  and  decreed  tiiat 
they  should  put  aw^  their  wives.  The  oouncu  committed  to  the  king 
the  exeeuticm  of  their  decrees;  but  he,  instead  of  compelling  the 
cler^  to  send  away  their  wives,  imposed  a  tax  on  those  who  chose  to 
retam  them,  whidi  is  said  to  have  b»en  very  productive. 

The  pope  was  not  unwilling  to  BssLst  in  oppressing  the  dei^gy  for  the 
benefit  of  kings,  when  they  were  inclined  to  further  his  own  objeetSi 
either  by  undertaking  crusades,  carrying  on  wars  against  his  enemies, 
or  making  oonossdons  to  him.  He  would  not  suffer  the  immunities 
of  the  church  to  be  infringed  hy  the  temporal  power,  but  often  placed 
at  the  duiposal  of  princes  the  revenues  of  the  church  by  his  own 
authority.  Thus,  the  pope,  by  virtue  of  his  apostolical  power,  granted 
King  Henry  III.,  by  sevwal  bulls,  the  goods  of  all  clergymen  who  died 
int^tate,  the  revenues  of  all  vacant  benefices,  and  of  all  non-residents. 
In  1288,  Pope  Ifidiohts  IV.  granted  the  tenths  to  King  Edward  I.  for 
six  years,  towards  de&^ring  the  e^Moses  of  an  expedition  to  the  Holy 
Land ;  and  in  order  to  collect  them  at  th^  full  value,  a  taxation  by 
the  king's  precept  was  begun  in  tiiat  year,  and  finished,  as  to  the  pro. 
vince  of  Canterbuiy,  in  1291,  and  as  to  that  of  York  in  the  following 
year,  the  whole  being  under  tiie  direction  of  the  bishops  of  Winchester 
and  Lincoln.  This  taxation  is  a  most  important  record,  because  all 
the  taxes  of  the  church,  as  well  to  the  kings  of  England  oa  to  the  pope, 
were  afterwards  regulated  it  until  t^e  survey  made  by  Herur  VIII. ; 
and  because  the  statutes  of  ccdlwes  which  were  founded  before  tiie 
Reformation  are  also  interpreted  by  this  criterion,  according  to  which 
their  benefices,  under  a  certain  value,  are  exempted  from  the  restric- 
tion in  the  statute  21  Henry  VIIL  conoemmg  pluralities.  {'  Preface 
to  Taxatio  Ecclesiastica,  P.  Nich.  IV.,  by  the  Record  CommiBsioners.') 

In  1295,  Edward,  notwithstanding  the  pope's  grant,  and  numerous 
exaoti<His  from  the  clergy  in  the  meantime,  being  still  in  great  need  of 
mon^  to  cany  on  his  wars,  summoned  deputies  from  the  inferior 
clergy  for  the  first  time  to  vote  him  supplies  from  their  own  body.  In 
the  preceding  year  he  hod,  by  threats  and  violence,  exacted  a  tax  of 
half  the  revenues  of  the  clergy ;  but  now  he  thought  it  prudent  to 
obtain  their  consent  to  his  demands  in  a  more  regular  manner.  The 
deigVi  howevw,  would  not  obey  the  king's  writ  of  smnmons,  lest  they 
ehoiud  iq>peav  to  acknowledge  the  temporal  power ;  and  in  order  to 
overoome  this  objection,  the  king  issued  his  writ  to  the  archbishop, 
who,  as  their  spiritual  superior,  summoned  the  clergy  to  meet  in  con- 
vocation.  (Qilbert's '  History  of  the  Exchequer.') 

This  was  the  commencement  of  tiie  constitutional  practice  of  the 
clergy  meeting  in  Convocation  at  the  some  time  as  the  Lay  Parliament, 
and  voting  subsidies  by  its  own  voluntsry  act  for  the  service  of  the 
state.  It  was  not  viewed  without  alarm  by  the  pope  and  the  high 
church  dignitaries ;  and  in  order  to  ^t  a  stop  to  alt  such  exactions  of 
princes  from  the  clergy.  Pope  Boniface  VIII.  issued  a  bull  in  1296, 
which  forbade  churchmen  of  every  degree  to  pay  any  tribute,  subsidy, 
or  gift  to  laymen,  without  authority  from  the  see  of  Rome ;  and  de- 
clai«d  that  if  they  should  pay,  or  princes  exact,  or  any  one  assist  in 
levying  such  nnanthoised  taxes,  all  such  persons  respectively  would 
incur  the  sentence  of  excommttnication.  {Rymer's  '  Foedera,'  voL  L, 
part  2.) 

In  the  same  year,  however,  Edward  L  demanded  of  the  clergy  a  fifth 
of  their  moveables,  which  they  resisted,  on  the  ground  that  they  could 
not  disobey  the  pope ;  but  the  king  was  not  indined  to  desist ;  and  in 
order  to  force  the  acquiescence  of  the  clergy,  he  put  them  out  of  the 
pale  of  the  laws.  Orders  were  issued  to  the  judges  to  hear  no  cause 
brought  before  them  *by  the  clergy,  but  to  decide  oil  onuaoo  in  which 
they  were  sued  by  others.  The  clergy  could  not  long  redst  these 
oppressions ;  and  although  unwilling  to  disob^  the  papal  bull,  th^ 
evaded  it  by  voluntarily  depositing  a  sum  equivalent  to  the  amount 
demanded  of  them  in  some  church,  whence  it  was  taken  by  the  king's 
ofllcers.  In  this  expedient  the  whole  ecclesiastical  body  aoquieeced, 
and  thus  yielded  up  their  qtiritnal  privilc|;eB,  under  coercion  by  the 
temporal  power. 

At  the  R^onnatitm,  the  chief  source  of  revenue  to  the  pope,  namely, 
first-fruits  and  tenths,  was  transferred  to  the  king  "  for  more  aug- 
mentation and  maintenance  of  the  royal  estate  of  hia  imperial  crown 
and  dignity  of  supreme  head  of  the  Church  of  EnglandT"  (Stet.  26 
Henry  VIII.,  c.  S.)  In  order  to  collect  this  revenue,  a  court  of  first- 
fruits  was  established,  and  the  king  ordered  a  valuation  to  be  made  of 
all  the  wdsoopol  sees  and  benafloes  in  England.  The  hook  which  oon- 
tains  tma  valuation  is  colled  the '  Liber  Regis.'  The  first-fruits  and 
tenths  continued  to  form  part  of  the  royal  revenue  until  Queen  Anne, 
hy  the  Act  2  &  3  of  her  re^;n,  c.  11,  gave  up  the  proceeds  thereof  on 
the  part  of  herself  and  her  successors,  and  assigned  them  for  ever  to 
the  augmentation  of  poor  livings. 

It  now  only  remains  to  notice  more  particularly  the  practioe  oi 
taxing  the  diergy  hi  ocmvoolson,  iriiich  oontinued  in  full  fares  till  the 
reign  of  Oharlea  IL  It  hod  afibrded  the  kings  oi  Bndand  a  lucrative 
revenue  from  the  church.  Their  jnflnenoe  aa  heads  of  the  church,  and 
H  hning  eaJedartjoal  (vdbnQenti  to  bestqwj  was  very  gnat  after  tht 
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RofomatioQ,  and  enabled  thetn  Tery  oommonly  to  obtain  laif^  iUbd- 
diea  from  the  convocation  than  those  that  were  Toted  by  pariiament. 
The  church,  therefore,  was  not  unwilling  to  be  deprived  of  the  expen- 
nre  privilc^  of  TOting  Bepamta  sub^dies;  and  aoquietoed  in  an 
imngemeni  propoaed  m  1084-5.  hf  vhidi  tiw  Commoni  hsTB  ever 
riaoe  Toted  taxes  upon  the  poMenona  ot  tiw  diuidi  and  of  the  dergy, 
in  the  same  manner  as  upon  tlw  lait^. 

TAXES.  The  general  objects,  character,  and  principtea  of  taxation 
and  M  different  classes  of  taxes,  are  treated  of  under  the  head  of  Tax, 
Tazatioit.  In  this  plaoe  it  is  proposed  to  give  a  short  summary  ot  the 
•mount  and  descri{rtion  of  taxes  paid  In  Great  Brit«^  and  Ireland, 
whethflT  aMoied  d&eotly  upon  propwty,  or  ooUeoted  Indiraetly  upon 
attinlea  of  consumption;  incto^og  not  tnily  audi  taxea  as  are  patd  to 
tha  general  gorcnunantj  but  also  ah  municipal  and  local  Msoeemonti  Ar 
ootttrUnitiont. 

Unittd  Kingdom. 

The  chief  sources  of  rarenue  will  ba  aeaii     tbe  fdlowing  atataowt, 

nade  up  to  December  31,  1860. 

OroM  tteoetptt. 
CiutOBU  .iUl^OIMBi 

£xciM  lf,OU^00 

Btamps  atUft.tfS 

Taxes  (land  ud  aueued)    .       «      •    .  8,138,000 

Fropertrtax  13,001,816 

To»t  OffiM  1,430,000 

Crova  lands    ......  SM,SM 

MtaesHaneoo  l,84>.iir 

Total  TevaMN  .  .«n,«t,4M 

From  whieh  the  salaries,  &c  of  the  revaaue  departments,  amounting 
to  4,509,402/.  has  to  be  d«luoted  as  the  charge  for  ooUecting;  of  this, 
the  Post  Office  expenses  for  mansganit  in  18A0  was  IMlfiSSl,  The 
remainder,  2,667,4491,  givas  an  avan^  of  laaa  tbaa  8d.  m  tha  pound  aa 
the  ohaifpe  of  collection. 

The  assessed  taxes  are  the  ho  use- tax,  the  tax  on  mala  aenrants, 
taxae  on  carriages,  aa  horses,  on  dogs,  armorial  beaiinga,  horao  daalara* 
duty,  game  duties,  ataga-ooach  dutieaj  and  duties  on  paasaogen  000- 
veyed  for  hire  carriages  traveUing  on  nulwaya.  In  1840  (3  &  4 
Ylot.  c.  17)  10  per  cent.  additi<mal  was  imposed  on  all  the  assessed 
taxes.  The  income-tax  was  impoaed  April  Sth,  1842,  for  three  yean, 
and  was  then  renewed  for  another  three  vears,  and  has  bean  oontinued 
afc  nried  intarvala  am  nnoa.  For  1860  It  waa  impoaai  «t  IQd.  in  tlia 
pound ;  for  1861-2  it  ia  proposed  to  nduca  it  to  M.  in  tiia  pound. 

Bachektra,  except  Roman  Catholio  clergymen,  p«r  aa  ■HJiMmiri 
duty  of  il.  on  male  servants.  [Bachxlob!]  The  ua^as  for  gama 
dutiea  are  stated  under  Oahe  Laws.  Ttw  duty  on  paaaragera  oon- 
TSiyad  for  hire  by  carriages  travelling  on  railways  is  ft  per  cent,  on 
the  groaa  amount  of  the  iana.   Aa  to  tb«  dutiea  on  stageKooaohes,  ase 

To  these  parliamentary  taxes  may  be  added  tha  following  local 
aaaoanwuti  m  WngiyiH  Walai 

Poor-rates  (whkh  ladndet  comity,  konmgh  aad  t  ,  ,.f 

poUee  ratM^  T00,0O«J,)  .  .  .  .  ]  ■,188,88(1 
C3iureh-rste«  (averafe  of  savm  year*) .  .  .  161,710 
AUitknal  TobmUry  ceoMtadgas  .      .      .  •  169,660 

Hlghway.rates  -  .  1,149,817 

Tnntplke-toUs  (Eniland  and  Wales)  .  ,  .  lf0Sl,060 
If etropOlltan  loeal  Butnscsmaal  ....  1SB,B66 

Tlia  rates  levied  for  local  management  oonld  not  be  aacertuned,  but 
bidadrng  poors-rates  In  SooUand  and  Ireland,  in  the  gnmd  jury  pre- 
^tmenta  in  the  latter  countiy,  the  whole  is  estimated  in  a  return, 
avowedly  imperEect,  laid  before  parliament,  at  16,171,6461:  in  1860. 

The  tithes  of  Qreat  Britain  and  Ireland  are  said  to  amount  to 
4,000,000i. 

There  was  published  under  the  direction  of  the  Poor-Law  Com- 
BDiadoiten  in  1846,  a  valuable  work  entiUed  '  The  Local  Taxes  of  the 
TTnitod  Kingdom,  containing  a  Digest  of  the  Law  with  a  Summary  of 
rtatistacal  Information  oonoeming  the  Several  Local  T»xa»  In  England, 
Bootland,  and  Ireland,'  England  includes  England  and  Walea.  It  is 
remarked  in  the  Introduction  that "  these  Lo<^  Taxes  are  of  two  hinds ; 
the  rates  raised  in  defined  districts;  and  the  tolls,  duos,  and  few  paid 
lOT  particular  servicea  or  on  certain  oocasiona.  But  those  rates  only 
Will  be  hwe  noticed,  ara  authorised  Itr  general  statutea  or  the 

comm<m  law;  exduding  such  aa  darive  iheu-  origin  Sum  vadal 
or  local  Acta."*  The  rates  are  divided  into  three  daaaee.  I.  Batea 
of  independent  districts,  on  the  basis  of  the  poor-rate.  II.  Bates  of 
independent  districte,  not  on  the  basis  of  the  poor-rate.  IIL  Batea  of 
aggremte  districts,  on  the  basis  of  the  poor-rate.  No.  I.  comprehends 
—I,  The  Poor  Rate.  2,  The  Workhouse  Building  Bate.  3,  The 
Survey  uid  Valuation  Rate.  4,  The  Jail  Poos'  Rate.  S,  The  Con- 
^Wes  Bote,  e.  The  Highway  Kates  (throe).  7,  The  Lighting  and 
Watcfamg  Rate.  8,  The  MilitU  Bate.  So.  II.  oompreh«Dd»-a  Tha 
Church  Bates  (three).  2,  The  Sewer  Rate.  8,  The  General  Sewoa' 
Tax  4  The  Drainage  and  Indosur*  Bates.  6,  The  lodoaure  Bate. 
6,  The  Belated  Pasture  Rate.  No.  IIL  comMehenda— CbMw/iet,  1 
The  County  Rate.  2,  The  PoUoe  Rate.  8,  The  Shin  Hall  Rate,  4, 


The  Lunatio  Asylum  Rate.  6,  The  Burial  Rate.— ffitudrfrft  6,  The 
Hundred  RAtcSirongha.  7,  The  Borough  Rate.  S,  The  Watch 
Rate.  9,  The  Jail  Rnte.  10,  The  Prisonera'  Ratak  11,  The  Lunatio 
Asylum  Rate.  12,  The  Uuseum  Bate, — CoiaMa  and  Sorougha.  13, 
The  IMatriot  Prison  Batea. 

The  Local  Taxes  in  Scotland  are  distributed  by  Mr.  Burton  under 
the  following  heads : — 

1.  Administration  of  Justice,  which  indudes  Criminal  Proseeutions, 
Court  Rooms  and  County  Buildings,  Rural  Police,  Town  Police,  Prisons, 
II.  Internal  Tranrit,  which  includes  Commutation  Roads,  Turnpike 
Roads,  Highland  Roads  and  Bridges.  III.  Navigation.  IV.  Civio 
Eeolunny,  whidi  indudea  Dirant  MunidMl  Tazei,  Vtttj  Cnatoma* 
Mlacdlaneons  Burdoia.  V.  Rdief  of  Uw  Poor.  VI.  Tba  Churdi  and 
Education,  vriiich  indudea  Tb»  Church  of  Scotland  fiidacatlon.  VII. 
HisoellaneouB  Taxes. 

Ur.  Burton  observes  **  that  the  money  expended  cm  the  eodeohwtioal 
establidmient  and  on  education,  partakes,  in  some  respects,  of  tha 
nature  of  a  tax."  The  amount  of  money  annually  levied  by  local 
taxation  in  Scotland  ia  not  accunteW  known.  The  sum  of  966^78^  ia 
the  approximate  amount  given  by  Mr.  Burton. 

The  Local  Rates  levied  in  Ireland  are  distributed  under  the  following 
heads  in  tike  work  pnUiahad  under  the  dinctlo&  of  tha  Paar-lAW 
Commiamonera. 

L   Grand  Jnrr  Cess  (in  all  tha  coontiM,  indndlng  oonntlaa  of 

dtiea  and  towns). 
IL  Fon^Rataa  (in  180  Uniou,  oomfriaing  «v«i7  townlaad  and 

denomination  of  land  In  Irdand). 
IIL  Lighting,  Cleanahig,  and  Watching  Batei  (in  all  dtiea,  towna^ 
and  borougfaa  which  may  adopt  the  provisionB  of  th« 
statute). 

IV.   Borourii  Rates  (in  certain  Boroughs). 

V.   Pipe  Water  R^ea  (in  every  dty  and  town,  except  Dublin, 
Cork,  and  Linuriok,  iriucn  ^vea  title  to  a  bidic^  or  aroh- 

biflhop). 

VL   Parish  CesB  (in  all  pariahes^  unions  of  parishes,  or  ohapelriea  in 
Ireland), 

VII.   Bates  for  deaerted  children  (in  all  parishes  in  Ireland,  «xoept 

those  in  the  city  of  Code). 
VIII.   Ministers'  Uon^  (in  cities  and  towns  corporate  in  Itdand). 
IX   Board  of  Health  Bates  (in  parishes  in  which  the  lord  lieutenant 

shall  direct  officers  <a  bailth  to  be  appdnted). 
"  Beeidea  the  above  rates  leviable  under  general  acta  of  parliament, 
there  are  rates  leviable  under  special  acts  in  many  plaoee,  as  Dublin, 
Cork,"  &0. 

Information  about  the  several  taxea  of  European  Statea  will  be  found 
in  the  Pwliamentary  Paper,  No.  227,  of  1842,  ordered  by  the  House  Vt 
Commons  to  be  printed,  3rd  May,  1842. 

TAYLOR'S  THEOBEH.  We  propoae  in  thia  part  of  the  artide  to 
give  some  reaults  of  the  methods  of  algebraical  development  which  are 
consequences  of  the  cdebrated  theorem,  the  history  of  which  is  given 
in  the  article  Tatlos,  Bbook,  in  Btoo.  Dtr.  The  simple^it  parts  of  the 
Differential  and  Integral  Calculus  will  be  presumed  tnown.  It  is  not 
usual  in  works  on  uiat  subject  to  brin^  together  iu  one  place  the 
most  consptcuouB  theorems  wtiich  have  arisen  out  of  that  «  Taylor ; 
which  mues  it  tha  more  desiirable  that  such  a  thing  should  be  done 
in  a  work  of  reference.  It  is  to  be  particularly  remembered  that  we 
do  not  here  profess  to  teach  the  aubjact  of  development,  but  only  to 
recall  the  steps  of  the  aevnal  prooeaaes  to  those  who  have  already 
learnt  them,  and  to  present  the  theorems  in  a  form  whidi  cui  be  easily 
referred  to. 

As  to  notation,  we  shall  frequently  signify  differentiation  by  accents ; 
thus  ^"x  is  tiie  second  differential  coefficient  of  «a;  with  re^>ect  to  x ; 
{^se^f  ia  the  third  diSbrential  coefBdant  of  the  product  of  ^  and 
iix.  And  [n]  will  dgnify  the  product  Ix2x3x  .,..x(ii-l))(ii. 
Moreover,  when  a  series  is  written,  three  tarmi  will  be  writtan  down, 
and  the  general  term  appended. 

TayWa  theorem  ia  as  follovra : — 

^* A)  =  ffl! +  -f-f^'at-j  +*«•  {♦'"'*pJ]} 

This  theorem  is  true  whenever  x  has  such  a  vdae  that — 1.  No  one 
of  the  set  to,  ^'x,  &o.  is  infinite.  2.  All  of  them  do  not  vanish.  Thus 
neither  of  tlw  fblloiring  oould  be  allowed  to  be  treated  by  H  whan 

x=a : — 

V(a?-<i').log«  and  •-(•-•'-*. 

In  the  first  function,  ^x,  and  all  whldi  follow,  are  infinite  when 
x=ai  in  the  socond  ^  and  all  its  differential  coefficients  vanish  when 
x=a.  The  meaning  <A  this  drcumstanoe  ia  as  follows :  the  form  of 
Taylor's  theorem  eesentially  requires  that  ^{x  -f  A)  should  be  devdoped 
in  ascending  integer  powers  of  A ;  consequently  when  such  form  of 
development  ia  impoasible,  this  theorem  may  show  signs  of  being 
inapi^cablft  Now,  the  first  of  these  functions  (when  x=a)  can  only 
have  A)  expanded  in  aacendtng  fraotional  powen ;  and  the  second 
only  ui  deacwndmg  integer  powera.  ^loae  wno  will  only  allow  the 
use  of  converging  series  may  require  also  that  A  should  be  ao  small  that 
th«  resulting  aeries  is  conveT;geni :  but  thia  Cauc^  has  proTod  alwag^a 
ha^tena  if  A  be  small  enough. 
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TAYLOR'S  THEORBU. 


choow  for  0  Oat  value 
Let  ^  be  such  that  x 


Jn  Fttmy  Ofdapm^^  m  gtn  •  otnnpariMn  of  fiva  tvoofii  of 
Tftylor'i  Theorem.  This  ttm  twenty  yam  ego:  dnce  wmch  time 
the  ehuutter  of  eleueateiy  works  hM  changed.  The  Pemiy  Cyolo- 
p«di»  being  «tUl  perfectly  eoeeeublej  we  thiok  it  will  be  best  to  cniGDe 
oorBelres,  in  the  preeent  work,  to  »  statement  of  the  best  form  of  the 
beat  proof.  This  we  hold  to  be  a  vari»tion  and  amendment,  by  Mr. 
Homershem  Cox,  ol  Caachy's  proof,  which  may  be  seen  in  De  Moi;gui'a 
]>ifteenti»l  Cahnilus.  Mr.  Coi*i  proof  was  first  puhtiahed  in  tlw 
Ombridge  Usthemstieal  Journal,  vol.  tL,  p.  SO. 

FVom  $(a  +  v)  subtract  any  number  of  Tyler's  terms,  and  one  more 
with  an  undefined  constant,  and  write  this  down  vith  as  many  dif- 
ferential coefficienta  as  TayWs  terms :  as  in 

t    <p{a  +  v)-<pa-      »  -  ^'o  "2  -  *"'o       -  0  OT? 

q    <pXa  +  v)~  ^'a  —  ^  a  v  —  ^'"o  2"  ~  o  575 

8     ^'(o  +  i,)-#"'o— cw 

T    ^{a  +  D)  — a 

All  these  vanish  with  v,  except  the  Isat ; 
which  makes  the  first  vanish  when  v=h. 

(and  oonaequsntly  <p'x,  ^"x,  ^"x)  does  not  beoome  infinite  from 
x=satox=a-\-h,  Xow  remember  ^ta  function  which  vsniBhea  in 
two  places,  and  does  not  become  infinite  in  the  interval,  must  chan^ 
frcnn  increasing  to  diminishing,  or  from  diminiBhing  to  increasing,  m 
tiiat  interval :  so  that  its  differential  coefficient  must  chan^  ngn,  and, 
if  not  infinite,  must  vanish,  Now  p  aatisBea  these  conditions,  vanish- 
ing at  ff =0  and  at  v=h :  henoe  4  must  vanish  before  v=hf  uid  as  it 
Taaishaa  at « =>  0,  and  does  not  beoome  infinite  in  the  Interval,  q  also 
satiaSes  the  conditions  :  henoe  b  vanishes  before  v^h :  and  by  like 
reaaoniog  and  *.  New  if  some  value  of  «  between  0  and  A  makes  I 
vanish^  let  it  be  vndA,  9  being  a  positiTe  fraction  between  0  and  1. 
Hence  0'-^>*(a-|-M):  and  sinoe  0  was  so  taken  that  p  vanishes  when 
v=h,  we  have 

^(*  +  A)  =  ^  +  ^'o  .  A  +  ^'o  2  +  **''2~3    ^^'^       '  2~8  4' 

Thia,  if  the  reasoning  be  carried  to  «  terms  of  Taylor's  series,  is 
Taylor's  theorem  with  Lagrange's  theorem  on  the  rrmaindtr  of  the 
•enea  appended  If  no  di&rential  coefficient  of  ^  up  to  ^<*>«  should 
become  mfinitefrom  s~ato  xaa+A,  then 

+  27877^- 

If  the  nmainder  term  vithout  limit  as  n  increases  iritlunit 

limit,  Taylor's  series  gives  a  true  development. 

Some  views  of  Lambert  on  the  redncUon  of  the  roots  of  equations 
(Acta  Helvetica,  1758)  into  series  ware  generalised  Inr  Lagrange 
(M^m.  Acad.  Sd,  1788)  into  a  oelebrated  theorem  of  development 
beaaingUBnanie;  and  this  again  was  generalised  in  form  by  L^plaoo 
(Mtfo.  CA.}.   The  problem  is  as  follows :  given 

y^T{t+xffi).,..{i.) 

required  the  expansion  of  fy,  when  poesiUe,  in  powm  of  x.  Since 
ifiy  is,  by  the  preceding  equation,  a  function  of  x  and  z,  if  s  be  constant, 
and  we  difierentiate  with  respect  to  x,  and  then  make  «=0,  oxy=jx, 
we  may  use  Stirling's  theorem.  But  this  differentiation  would  be 
laborious  and  indirect ;  it  was  made  more  direct  (by  Laplace)  in  the 
following  manner : — ^A  constant  may  have  any  value  given  to  it,  or  may 
be  made  to  vanish,  dtber  before  or  after  difierentiation  with  respect  to 
a  variable :  if  then  we  can  express  difierentiations  with  respect  to  2  in 
terms  of  differentiaUons  with  respect  to  s  only  (in  which  x  is  constant), 
it  will  be  in  our  power  to  make  x  vanish  hefort  the  differentiations, 
which  will  reduce  the  indirect  or  implicit  to  direct  differentiation. 
This  snbatitution  of  z-diOerentiations  in  place  of  thcaa  of  a;  is  done  ss 
foUowa : — DiSbrentiate  (a)  both  with  respect  to  x  and  t  sepantely,  and 
wehavB 

^-'H'it  +  x^pj,)       +  wbencc 

Let  u  be  a  function  of  jr  only,  that  is,  not  of  x  orz  exoept  as  those 
variables  are  contained  in  y :  then 

if u  dtf         du  dy       dtt  dt* 
From  this  equation  only  it  nukj  be  shown  (by  Ibdvotioh)  Oal 

aalcdkm.  Anum  the  preceding  to  bttne  tor  om  valiw^ii^aad' 


siiiM(^)"x<b:^iaaftiiietioBotyon]j,  let  it  be  (t«  ;  i^. «  bdog 
another  function  of  y. 


di^^  \dy  dMj  ^  dt> 


(f'+'M      d"     rdff  dv  dv  dv 

"  d?  ^ 
,      du  dv      ,   ,  dal 

lAanee  the  theorem  remaini  true  after  writing  %+ltctn.  Bat  It  is 
biiewhea«*l;  tbarefbre  it  is  tme  far  aU  values  of  n.  If  then  in 
make  «=0,Mir-ir«,  which  may  be  dona  before  thadlfflmttiatioiu on 
the  second  ride  of  the  equation,  we  liaT»  (h  being  ^y) 

Apply  this  to  Maolaurin'a  Theorem,  and  we  have  XMpfocs'i  Hkemm, 
nameqrj 

y-»(f  +  atp)  gives  «(<y  = 


/      (f+m       d  /         d<ffwz<.a»  , 


the  generd  term, 


tagrang^i  theorem,  frwn  vUdt  L^daee  gBoeralind,  U  the  oaaa  in 

which  rx=  x ;  namely, 

y  -  «  +  *W  gives  inf  =  ft+  (<pz^e)x  +  -~  (  (^)»  f    ^  -i-,  4a 


the  general  term         |  j--^^ 


Lagrangeli  Theovem  leads  to  Aumatm'*  Jfteornn  (presented  to  tiie 
institute  ni  17M).  The  Homd  ii  in  iaut  the  same  as  the  first,  though 
very  dilbrant  In  <onn,  voA  arrived  at  independently.  It  is  required, 
when  posrible,  to  expand  ^  in  powers  of  Tms  might  be  done 
indirectly,  by  expanding  if^>  x  in  powers  of  x,  and  snlMtituting  fix  for 
j;  fn  the  result.  The  form  in  wnich  Burmann  obtained  Lagrange's 
theorem  avoids  the  indirect  process.  Let  ^  vanish  when  x=a,  and 
let  ^=  (ae— a)  :  «=a  +  ^  ■  X^-    "^e  can  now  employ  La- 

grange's theorem  to  e:^and  ifx  in  powers  of      and  we  have 

d  I  \  (0«)* 

♦x-^a-Hx-fa.+as  +  dS  ((xa)»*'a)  -^  +  ,&c. 

How  the  general  term  of  this  has  for  its  coefficient  the  value  of 

( oc*)-  ) "  £5  { (V)'  *'4 

whenirsa:  ccmsequei^  1^,  expanded  in  powers  of  is  found  by 
middng  «=a  in  the  oot^Bdenta  of  the  powers  of  ^  in  we  following 
series: — 

^ .  {'-^•.^.}  ^ .  {^xr-^")V' )  }'-^ 

When,  in  a  function  of  any  number  of  variables  x^,  x„  Ac.,  the  varia- 
bles are  severally  to  receive  increments  A„  A„  the  law  of  the 
development  is  beet  seen  by  the  calculus  of  operations.  [Oferatioh.] 
To  chug*  »  into  x+h  is  to  pmrfonn  the  operation  d  being  the 
symbol  mdiffiraitlBtion  with  reqieot  to  «:  tm  condensed  form  itt  the 
^velopment  now  befcne  oa  la 

+   , 

where  n„  ftc  refer  to  3^  Ac,  The  general  term  of  the  devdop> 
mentii 

<A.D.-t-Aj).-t-  )" 

*  *     [n]  ftc-> 

which  must  itself  be  developed.  It  is  not  worth  while  to  parsuo  this 
case  further :  we  shall  only  obserra  that  when  it  is  desired  to  stop, 
the  remnant  may  be  obtained  by  writing  in  the  last  term  +  flA,  for 
Xi,x^+9h,  for  «y  ftCfWhero  <,  thssamo  in  dl,  is  eitbar  0  orl  or 

between  them. 
The  value  of  z  whieii  ma^ea  <px=<iiB  represented  by 

J    ^    (8»"-  f^^v  (Hi»'^-io^»V"+»V')»* 
_{iOff»"'(»^»V0  +  io^V^4XfifV»'-»^  If'.jb.. 

2 . 8 . 4 .  6^'* 

where  a  is  any  assumed  valus  (the  naarar  the  root  the  better)  and 
^,  iif,  raprwsnt  ^'a,  Thla  siffiss  b  obtained  by  eonunon 
revRiioamin#<a+A)»0.  Tor  the  forms  which  Fooli  gave  to  this 
BerieB,and  also  %  BnmMttn^,  ssa  Lacnifx,  toL  L, pp.  800-808.  The 


Digitized  by 


Google 


TAYLOR'S  THEOREU. 


TATLOB'S  THEOBBH. 


preceding  series  hu  bean  lued,  w  br  m  thres  tanm,  in  the  irtbde 

ApFBOXDUTIOir. 

All  that  preoedea  is  found  in  elementary  ueatisee,  with  the  exceptioa 
of  a  few  temu  of  the  lut  emes :  we  now  come  to  matter  which  baa 
been  hitherto  only  the  property  of  the  well-read  mathematician,  but 
which  well  deserres  to  be  made  aa  common  as  Taylor's  Theorem.  We 
refer  to  Arbogast's  fnethod  of  derivationa.  [Abbooabt,  in  Bioa.  Dir.} 
Few,  even  among  mathematioiana,  are  aware  of  the  power  of  this 
process,  which  may  perhaps  arise  from  their  taking  Lacroix'e  account 
of  it,  instead  of  consulting  the  woric  of  Arbogaat  himadf :  the  former 
has  only  exhibited  it  to  show  that  it  may  be  reduced  to  processee  of 
tiie  differential  calouloi;  and  even  the  latter  has  eo  loaded  his  method 
with  heavy  appUoations,  that  he  hu  oonoealed  much  of  its  beauty  and 
simplicity. 

The  foundation  of  Arbogaat's  methods  is  a  contrivance  for  expediting 
the  expanrion  ot  i>(a-i-bx  +  aP+  . . .  .)  into  a  series  of  the  form  a+Bcc 

+  ae'  i-   "The  process  by  which  b  is  formed  from  a.,  o  from  b, 

Ac.  ia  uniform,  and  is  called  deriration ;  and  a.  being  ^a,  b  may  be 
called  D^,  0  may  be  called  dd^,  or  d*^,  and  ao  on.  Hence  b  ought 
to  be  called  da,  o  ought  to  be  ifla,  and  so  on.  This  notation  is  not 
precisely  that  ol  Arbugaat,  bat  will  do  for  our  paipoae.  For  more 
detail,*  see  the  Difibrential  Calculus  ('  Library  of  UbsAiI  Knowledge '), 
pp.  S28-S34. 

If,  fen*  a  moment,  we  write  the  expansion  thus — 

^(ao  +  o,a;  +  a^+  Ac.)  =:a^  +  a^x  +  a^*  Ac. 

and  if  we  differentiate  both  sides  wiUi  respect  to  a a:  and  all  the 
other  ooeffioients  remaining  constant,  we  faaye 


which  ahowi  that  am  cannot  enter  any  ooeffident  preoeding  ah,  or 

The  first  side  of  this  ia  the  s^e  series,  whatever  letter  a.  was  made 
to  TSry ;  the  second  side  is  therefore  always  the  same  series ;  whence 
we  collect  that  dA^  da^  does  not  alter  with  tlie  value  of  m,  being 
always  the  coeEBcient  of  x*  in  the  devdopmeot  of  <pf{a^+ a^x  +  , 
It  is  enough  to  satisfy  this  condition  for  each  letter  and  its  preceding 
one ;  that  is  to  sa^,  each  coefiioiait  di&rentiated  witit  respect  to  ai^ 
one  letter,  is  to  yield  the  same  result  as  the  diret^y  preoeding  co- 
efficient differentiated  with  reepect  to  tiie  directly  preceding  letter. 
The  following  rules  are  found  aufficient.'  To  pass  from  any  one  de- 
rivative of  ^«  to  the  next,  arrange  the  letters  o,  i,  c,  &c.,  orOoi  «i, «« 
Ac,  whichever  may  be  used,  in  order,  in  every  term  :  differentiate  wiw 
respect  to  the  last  letter  in  each  term,  and  multiply  by  the  letter 
which  comes  next  to  it.  And  when  the  last  but  one  unmediately 
{Moedes  the  last  in  the  alphabet  or  otber  eonaecutive  system,  do  the 
same  with  the  last  but  one,  tmd  divide  hf  the  e^ionent  of  the  last 
letter,  as  it  beoomss  after  the  increase  whkh  it  receives  from  Uie 
prooess  of  the  preceding  letter;  but  in  no  case  use  any  letters  bat  the 
last  or  the  last  but  one.  For  instance,  beginning  with  la  iriiialt  ia 
only  one  letter,  we  have  p'a .  6,  or 

in  which  are  two  letters,  a  and  b,  consecutive.  Operate  upon  b,  and 
we  have  f'a.e;  operate  on  ^'a,  and  we  have  again  p'a.b,  which,  with 
the  b  whidi  was  In  before,  is  ^"a .  ifi,  which  we  divide  by  the  new 
exponent  of  ft,  or     S,  whence 

In  fonning  dV>  '^^  ^  o°ly  »  hi  ^a.  c,  because  a  does  not  imme- 
diatdy  precede  «;  and  we  get  (the  socoea^  being  a,  b,  e,  t^f,  g.  A, 


3  *  """^  2:s 

and  80  on.  As  soon  however  as  tiie  law  ia  eataUialud,  it  is  best  to 
form  a  table  of  the  suooesaive  derivatives  of  tlie  powers     ft  by  this 


same  law:  wethuihave 


*"'a 

ft'  +  a-78D-'4'  +  &c 


a»  '»'■  M  ^  b'i 

m  wbioh  ^a,  ^a,  Ao.  are  to  be  token  from  the  fonotion  by  common 
di^reotiaiion,  and  the  derivatives  of  the  powers  of  ft  frcnn  the  table 
This  bdng  done,  we  have 

and  the  proceaa  ia  shortened  to  its  utmost  extwt;  all  that  is  not 

»  There  la  a  sreat  deal  os  the  subject  In  the  *  HathemaUesl  Treatlaea  ■  (post- 
hnoMiDa)  of  tbe  Kev.  John  W«t,  pabliahed  at  Bdinbnrgh  In  1838.  Mr.  Wert 
kaa  sobstUoM  aMtattoD,  for  that  of  Arbogast,  in  whbdi  he  win  ptetaUy  have 
Ibvfldtewera.  Tha  atatel  who  la  not  npdled  Oia,  mi  eaaaot  prawn 
ArbogsK'k  work.  vfU  And  Wasf  i  traatlssa  abooMbic  la  dartvatkna. 


differentiation  being  merely  reference  to  a  table  and  writing  the 

result. 

We  ahall  give  materials  for  foooeeding  as  far  as  tbe  t«nn  D^^fa.  x>*, 
not  that  so  much  will  often  be  necessary,  but  because  it  ia  deeiiable  to 
show  with  how  little  trouble  questions  of  enormous  labour  in  the 
ordinary  way,  such,  for  instance,  as  that  solved  in  BETBBSlolf  or 
Sebies,  may  be  looked  at  withoat  diatnay.  We  have  to  form  every 
derivative  of  every  power  of  ft,D'ft*j  in  whiiA  »+»  cbes  not  ex- 
ceed 12. 


Dft  =  C 
Ifb^h 

lfib=n 


D>ft=a 
Ti'^b^k 


D<ft=y 

lfb~l 

D^'ft^s? 


i^b=g 
D*ftsia 


i>i)=2ftc 

i^6»=2ft«+c« 

DS6»=2ft/+2« 

D*ft>=26?+2c^+e» 

Ii>ft>=2AA+2(V  +  2^ 

DW=2ft£-f3«^+2(9-l-/* 

j)f  ft*= 2ftl -(■  Seit  +  2eA ->- ^ 

dV=  2ftm  +  2ci  +  2flt  +  2/A  +  ji" 

7^=  26n  +  2ci»+  2d  +      +  2r/& 

Di"ft^ = 2ftf)  +  2c»  i- 2m  +  ^  +  ^ + A.' 


B*ft"=  8ftV  +  Wc/f- aw  +  3  A 

dW=  S6>A  +  (JftM  +  66^/ +      +  8e^ 

1)«6>  =  aft**  +  66cA  +  66m  +  36/*  +  8e^  +  6e^+ ^ 

D'6»  =  3A«i  +  66ct  +  66eA  +       +  Sc«A -I- 6c«p  +       +  8«y 

l)*fts = S6*m  +  6M  4- e6ei  +  6ft/'^  +      +  wi'^t  +       +  + 

Dofti^Sft^  +  SftcM  -f       -f  df/&+.6ft^  -i-ScV-t-  6Dik,-^6cJk  +  Zctf* 


i>6<  =  46>c 

D>6*=46»e+662c« 

D"6^  =  46*/+ 126^  +  46c» 

46^  + 126  V+  S****  +  12ftc^+ «* 
o>ft«»4ft>A-i-126^  +  12ft^+12ftcV+12&«'  +  4e*a 
i>*&<=4ft%+12A^+12ftV7+U'/'+12ftoV-l-24fte^+4ft^-|.4«y 
+  6<W 

D'ft4=4ft*^ +12ft)al;-i-12ftieA+  12ftV^  +  126e*A  +  24ftc^-i-  126c/> 

+  126ey  +  4c*?  +  12c'«/+  4c^ 
l)*ft*>46>>m-f-126>«f  +  126*ei  +  12&*a+06V*+  ^h^k  *  246«& 

+  2ibcfg  +  126«V  +  126^  +  4?A  +  12c^  +  «cV* 

+  12«y+«* 

D«6»=.6ft*e  +  106M 

D»6»=  56y+  206»M+106»c» 

D*A» = 66*ff  +  206s</+  106V+ + 66c* 

i>*6«  =  66*A  +  20ft>ej7 + 205»<^+  80JV/+  SOft«ce"  +  206c^  +  ^ 

D<ft»=66U  +  206"cA  +  206»<!ff  +  lOfty  +  806»<!V+606>«/+10ft»e« 

+206cy+8O6A»  +  fic*e 
D'ft>=M<t-t-20ftScl;  ••■  20ft^  +  206^  +  SOfiVA  +  ^Wetg  +  SOftV* 

+  806V/+20fteV  +  «06«iV+20ftc^+  6«jy+  lOA* 

D6«=6ft*c 
D*6»=6ft»«+16ft*^ 
i>»6»==66»/+  806V«+20fi"c» 
T)*ffl=  6b^g  +  S06*c/+ 15**^  +  ^Ofi**^  + 1**^'** 
D»6"   Sfi'A  +  30ft*CT  +  SOb*^+  606V/ +  606»e^  +  606Vc  +  66c« 
OH>*~6^k  +  306*d!t  +  SOft*!^  +  15ft*/«  +  606»cV  + 1206^-*-  20ftV 
+  60ft^^+ 90ftW  +  softer + «> 


d6'=76'c 
D'6'=76««  +  21ft'(f' 
dV=  76»/+  42A»ee+  356*c' 
D*6? = 76V  +  426>^^  +  216»«»+  1056'A  +  8i*»e* 
s>ft7=76^A  +  42ft*M  +  ii^ef  +  106ft«c>/  f  lOSft^:^  +  140&V^ 
+  21ftW_  

d68=86'<; 

I)=ft»=86'«+286"c» 

dW=  8fty  +  666*ce  +  fiSftV 

DV=86?Sr+6eftV+a86V+WM»A+70iiV 

d6»=968o  ■ 

D'6»=fl6«e  +  S66?c* 

D«6»  =  96*/+  72fti'tfe+  846'^ 


D&»=lOft*0      D>ft»B  loft's +4SftV 

I>b"Bll&'-<^B 

To  Tari^  tiuse  results^  observe  that  if  we  o«»idar  each  letter  as  of 
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tlisflntdiiiMiirionfimrytnniof  n^lf  iioftherthdiDMiMion;  bat  If 
we  ommdu  each  Wtter  aa  of  tiia  dimenikn  foUowing : — 
icefgkilmnpq 
1   9  8  4  6  0  7  8   9   10  11  IS: 

tbea  erary  term  of  d"&''  is  lA  ths  («+r)th  dinwnacni.  To  find  out 
if  all  thtt  proper  ternu  be  tlm«,  and  with  tbe  pnq^  exponsnto,  write 
down  the  number  of  wan  in  which  »  +  r  can  be  nude  out  cA  r  nvaor 
hen.  Thai,  to  verify  toil  point  fw  d'&*,  write  down  the  ways  in 
whidk  10  oan  be  made  out  of  three  numbers,  nunely : — 
8  +  1+1,  7+S+l.  6  +  8  +  1,  6  +  2  +  2.  5  +  4  +  i,  S+8+3,  4+4+S, 
4+8+8; 

take  the  letter  aoawoing  to  each  number,  in  the  alKm  Hity  and 
mnhif^  flie  lettan  of  aatm  n(  together^  vhicb  girei 

w,    wi, «,  Aft,  tv,  «y, 

which  are,  ooefBoiente  ezoepted,  the  terma  of  D*t*  in  the  teble.  To 
verify  tbo  ooefBdeoto  Mfantely,  obearve  that  the  coefficient  <rf  that 
tarm<tfD*fi^  -whiA  oontama  the  ith  power,  Ah  power,  fto.,  la 

I.2.8....  {r  ~  l)r  

1.2.8...*  X  1.2.8,..(  X  ■ 

Thus,  in  D*i*,  the  term  oontdning       ought  to  be  multiplied 
1.2.8.4,6.6.7.8  , 

But  ttie  beife  genanl  mode  of  Twifloiliim  ii  derind  from  the 
flieonm 

that  ii,  having  a  oertoin  derivative  of  a  certain  power,  the  next  higher 
derivative  of  the  next  lower  power  may  be  found  by  difEbrentiating 
with  respect  to  ft,  dividing  by  the  exponent  of  the  anginal  powar,  and 
then  performing  the  derivation.   Thus  : — 

D>6i .  mf+  72i*ce+  84&V*, 

diSonntiato  wHh  reipeot  to  ft,  and  divide  hj  0,  whioh  i^ma 

JSaw  darbe,  whiuh  gives 

+  WiV+  28iM + 1686«e»e  +  706V, 

the  mme  as  is  found  in  the  teble  for  D*-*-'ft*~*.  Here  we  verify  the 
earlier  result  of  the  table  from  the  later  :  to  verify  the  later  from  the 
«rU«r,  use  the  foUowing 

OS  tP  =«  D»4  « .  r      -f         .  r  ^  6^  + ,  ft& 


^^^Hr-l)..-(r-..l)^ 


1.8  » 

b  which  the  derivattvea  of  powers  of  «  must  be  famed  from  the 
eovrea^Kndingtebalar  ones  of  i,  by  cbangiiig  eadi  letter  into  the  next 
followmg.  Iliere  are  thus  abununt  means  of  verification.  We  will 
mmiticm  yet  cme  method  more.  Only  the  last  letter  and  the  last  but 
one  (and  that  only  when  the  two  letten  are  consecutive)  are  used  in 
the  derivations.  If  we  use  any  letter,  no  new  term  is  produced,  but 
only  a  repetition  of  those  which  other  terms  giveb  For  instance,  in 
IW  ia  Um  term  COfiW;  and  fat  panlng  to  D*&*,w«  dnivs  from  / 
beeuM  H  is  th*  last  letter;  and  from  »  beoaun^  being  the  last  bat 
one,  it  Immediately  in«oed«s  /  in  the  serieB.  We  do  not  here  use  ft 
and  e  at  all ;  but  if  we  did  use  them,  we  should  only  rnieat  terms 
which  will  come  into  D^ft*  from  other  aouroee.  Thus :— 60n^  fff**t 
inmf,  6W<xff,  whioh  Is  set  down  in  d'^  ;  from  t,  9(ilA^/-t-2,  or 
SOfi*!^,  whidi  is  also  set  down;  from  «,  if  c  had  been  used,  we  duHild 
hwe  had  SOtW-f.^  or  80fi^,  whi(^  on  looUncb  m  find  set  down,  SB 
ari^  from  the  last  letter  of  106V.  Vhim  ft,  m  60«^,  had  it  been 
used,  we  should  have  got  li(ibee^-i-2,  or  60&e*^,  which  la  also  foot^ 
and  arises  from  the  last  letter  of  806<^.  If  then  we  ever  find  that 
derivation  from  one  of  the  unused  letters  gives  anything  but  what 
ariaea  from  some  of  the  letters  which  are  need,  it  is  a  sign  that  some 
error  has  been  oommitted. 

By  hfl^ttfthiBpreoediag  method,  upansioiu  whioh  analysts  usually 
KVoid  ■■  much  aa  pomible,  at  almoBt  any  expense  of  drcumoperatiou, 
ai«  eanfed  on  with  the  greatest  (adlify  even  further  than  is  necessary. 
nMdevehqHnentof  ^(a  +  ft«+ex*+  ao.),alseadygiven,iaoneinstanoe; 
theproeeaa  in  Rbvibhok  or  Skbus  is  another.  This  last  is  done  by 
expMiding  X  in  powen  of  ax  +  bs?  t- ,  ftc.,  by  Burmaan's  Theorem,  and 
making  uw  expeoaion  erf  the  negative  powersof  (a+ftx+e«*+,4n.), 
whldk  will  be  wanted,  ligr  the  method  A  derivsticaa.  We  duOl  atete 
aoms  further  ly^dioations : — 

ec+ea'+  4c.)»=(^ +d6».  rf+,  fta 

When  m  is  integer,  these  derivatives  are  in  the  tebl&  jWhai 
6  +  CSC  + ,  ftc,  is  a  ftoito  aeries,  the  whole  remit  is  brooght  out  with 
ysat  easB^  compared  with  the  trouble  ni  the  common  algelmical 
opention  t  in  tha  oaae,  the  valoo  of  emy  Mfew  after  the  last  in  the 
faUaMlMliO,  or  the  last  letter  of  tiwt  miAmkwAUtUmasUmi 

ABTI  AXS  Id.        TOU  Tl  I. 


Indarivstkn.  Lak  the  reader  try  for  himself  (ft  +  cs+ea^+fj^)*  by 
this  mode  and  then  in  the  oommm  way,  going  only  ao  far  in  the  lattw 
as  to  feel  sure  that  the  former  is  of  no  trouble  ccHnpared  with  it.  Let 

»,  m  btf  denoted  by  «,  s^,  4c. 

(a+&r+(»*+  ftc.)"««-a»+»6fl»^'fl! 

+  (ma^e+m,oDft«+i»,6»)  a--"** 

+(ma»/+ii»jo'D^  +  i»,oD6*+».t*)o"-*a*  +,Acj 

the  law  of  which  is  evident,  the  only  thing  left  being  the  BiibBtltution 
at  the  values  in  the  tables  instead  of  the  derivativee  of  ft.  This  form 
ia  convenient  for  fractional  or  negative  powers.  The  following  case  is 
worth  ezhlHting  separately : — 

1  14  ft»-oe 


0  +  6*+,  4c. 
J»— aD6*  +  ffl«i 
 S  


a  ■  a' 

6*— apft*  +  a'D*6*-oy 
a* 


«*— ,fta. 


We  h»TC  avoided  the  formality  of  writing  Dft  for  e,  D*&  for  ^  ftc 

a+6a;+eK*+,&c       a  ~     a*  " 
aCft*— ac)  —Baft  +  oa» 


A(y-aD6'+aV)— BO  (6'— (ig)  +  oa*S— Eo» 


The  law  ia  here  avideot  enough ;  the  next  nmnerator  would  be 
«*•+ a^lW-ay)  -»B(6"-aDJ« + o^)  +  Ofli^(ft«-ac)  -mM+ra*. 

The  derivatives  of  the  general  term  ft"  may  be  readily  formed,  but 
the  partioalar  caaea  are  mwe  useful ;  see  the  derivatives  of  a"  in  the 
general  torm  above  given.  We  shall  not  overload  this  subject  with 
further  examples ;  enough  have  been  given  to  show  those  who  require 
developmente  of  some  extent  how  mu^  labour  they  mi^t  save. 

We  shall  omdude  this  article  by  reoonmiending  that  the  prooees  of 
derivation  should  be  introduced,  without  demonetration,  of  course, 
into  elementary  bo4^  of  algebra,  as  one  of  the  best  exerdses  of  i^ple 
algebraical  opnation.  We  are  firmfy  of  o^nnion  that  the  arithmetician 
and  the  anujyat  should  be  tiuned  eariy  in  the  performance  of  ope- 
iwtions  in  which  numerous  details,  each  very  simple  in  itself,  follow 
one  another  in  rapid  anocearion  with  much  samenees  and  some  diversity. 
For  this  reason  we  should  recommend,  in  arithmetic,  Homer'B  procees 
risvoLunoiT  ABD  BvoLunoRj ;  and  in  algebra,  Arbogaet'a  derivation. 
We  proceed  aoondliKlr  to  divest  Ods  method  td  the  phraseology  of 
the  diflferential  ealenlas,  and  to  pot  ft  before  tiie  demeutary  student  in 
algebra. 

The  name  of  the  process  is  derivatim ;  ite  primary  object  the 
raising  of  any  power  of  an  e^nvssicnt  of  the  form  ft  +  c:E  +  e:i^+/;]::3  +  , 
Ac.,  immediately— that  ia  to  aay,  by  writing  down  the  result  at  once, 
without  any  but  tdm[de  mental  processes  in  pnnsing  from  term  to  term. 
The  rules  are  as  foUowa : — 

1.  Begin  with  that  power  tA  ft  which  Is  to  be  r^sed. 

3.  To  pass  from  the  eoeffldent  of  one  power  of  x  to  that  of  the  next, 
multi[dy  each  letter  by  ite  exponent ;  then  diminish  that  exponent  by 
a  unit ;  then  introduce  the  next  letter.  And  if  this  lut  prooeaa 
increase  an  e^nent,  owing  to  the  letter  newly  introduced  having 
been  in  the  term  before,  divide  by  the  increased  exponent.  JBirf 
fweunfter  ntntr  to  operate  on  any  tetter  exegat  Ute  latt »  ne  (em,  or  As 
laet  hut  one ;  upon  the  last  always,  upon  the  last  but  one  when  it 
immediately  preoedes  the  last  in  the  original  snies  ft,  e,  e,f,  Ac. 

8.  If  ft  +  ex  +  ,&o.,  be  not  an  infinite  series,  but  a  finite  number  of 
terms,  operate  as  if  the  aucoeediog  letten  were  sevoally  equal  to  0 : 
for  instance,  if  9  be  the  last  letter,  drop  ereiy  tenn  in  which  &  should 
appear,  aa  fast  aa  it  arises. 

For  example,  the  fifth  power  of  ft  +  car+«i^+/i^.  Begin  with  ft*, 
derive  frcon  It  SftV,  the  two  first  terms  are  ft*  +  Sb*c  .  x. 

To  fonn  the  coefficient  of  a^,  take  6ft*e,  and  observe  that  ft  and  e 
follow  each  othsr  in  the  aeries,  ao  that  in  the  next  derivation  there  are 
two  proooaaea.  Fitst,  use  e  or  e*,  the  last  letter,  which  the  rule 
gives  lifie  or  e ;  so  that  derivation  applied  to  the  first  power  of  a  letter 
givee  merely  a  cdumge  of  that  lettw  into  the  next ;  hence  5ft*e  gives 
5b*t.  But  6*,  which  must  also  be  used,  gives  4ft*c,  and  givee 
S(4ft>e)o;  so  that  e  beoomes  e*,  and  we  must  therefore  divide  by  the 
increased  exposunt  3,  giving  lOftV.  Heooe  ^  next  term  is 

(Sft^+lOfiV)*** 

In  the  next  dsrhation  0Ms  gives  onfy  6fi%  for  (  not  immediately 
pnosdiiiig  f  in  the  aeriea  1^  e,  e, not  used.  But  lOiV  givw 

l06Ha«)+  ^^'^^^,or«)J^+108V. 
Kext  term  (Sb*f+  20ftVs  +  10ft>e*)x*. 

In  the  next  derivation  5li*f  must  be  ncj^eoted  entirely,  beoause  /  Is 
the  last  letter,  and  ft  la  not  the  one  Immediately  preceding.  Also 
aOt^wgtreiStMVaiid  a0«W3,  or  IWi  whiU  IM^  givM  806W| 
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«idSxlO&e.<^-f-4,or6M.  The  whole  value  of  (ft+ca;+n^+/i^*  fa 
as  follows,  and  &  little  pnctioe  would  enable  soy  one  to  write  »  dcnm 
Bt  onoe,  witiiout  sny  intermediate  opera^one : — 

6»  +  5b*cx+  (B6<e+10AV)«^+(«6y  taOWcs+lOWrtat" 

+  (2QV>ef+  1W+  306»c»e  +  56c«)x* 
+  (20i.Y-H8ti6«cy+806«ce»+20fcA+c')«» 
+  (106¥»  +  60i«c^+  106V  +  aOJeV  +  SOfcV  +  6<r'e>af 
+  (306V  +  S06V/+  60befl^+  20be^+  Sc*/ +  10c'e»)a? 
+  (806»e/»+  306cy*  +  fl06ce*/+       +  20c'^+  10c»«')j? 
-+  (1  OA*/'  +  605«/'  +  206<y+  10cV» + «oevy 
+  {20hcp  +  306«V»  +  30c«er*  +  20ee«/+ 

This  process,  so  simple  m  compared  vnOi  the  aettial  performance  of 
the  four  multiplicationB,  haa  hitherto  Iain  hid  in  works  on  the  higher 
parts  of  the  cUfferential  calculus :  it  is  time  H  should  take  its  plaoe  in 
every  ajBtem  of  algebra  which  contdui  the  bhiomial  theorem,  (d  which 
it  is  the  Iwtimate  extsnsun. 

TEA  AND  THE  TEA  TRADE.  Though  now  so  extensively 
employed,  the  Introdaotion  of  tea  into  Bnr^M  is  of  oanparatively 
recent  origin.  Hacpherson,  in  his  '  History  of  European  Commerce 
with  India,'  states  that  "  tea  (eeh)  is  mentioned  as  tiie  usual  bererage 
of  the  Chinese  by  Soliman,  an  Arabian  merchant,  who  wrote  an  account 
of  his  travels  in  ihe  East  about  the  year  a  d.  8£0  but  that  he  had 
been  unable  to  find  any  other  mention  of  it  prior  to  the  times  of  the 
Jesuit  miflsifHieTies,  who  entered  China  and  Japan  a  little  before  the 
middle  of  the  16th  century.  Anderson,  in  his '  History  of  Commerce,' 
quotes  Botero  as  giving  the  earliest  account  in  1590,  when  he  says 
that  the  Chinese, "  have  also  an  herb,  out  of  which  th«y  press  a  deli- 
cate juice,  which  serves  them  as  driiilc  instead  of  wine."  Tezeira,  a 
native  of  Portugal,  about  the  year  IGOO,  saw  the  dried  leaves  of  tea 
at  Malaooa ;  and  Olearius  found  them  used  in  1633  1^  the  PersianB, 
who  obtained  them  from  China  by  means  of  the  Usbedc  Tartars. 
Tea,  ooffiee,  and  chocolate  are  ail  mentioned  in  an  act  of  parliament  of 
1660,  whereby  a  du^  of  8d.  is  charged  on  eveiy  gallon  of  <dkooolate, 
Bhwbet,  and  tea  made  tar  sale.  But  the  use  of  it  in  En^snd  at  that 
time  must  hare  been  new ;  for  Pepys  in  his  '  Diary,'  writes,  Sep- 
tMnber  25,  1661,  "  I  sent  fur  a  cup  of  tea  (a  Chinese  drink),  of  which 
I  had  never  drank  beffov,"  The  Dutch  East  India  Company  pcobaUy 
first  introdneed  it  into  Eorope,  and  from  Amsterdam  it  was  Inwight 
to  London.  But  tea  must  have  continued  to  be  brmi^t  in  smsU 
quantities  only;  for  in  the  year  1664  the  East  India  Company  pur- 
chased, for  the  purpose  of  preeoDting  to  the  kins,  8  lbs.  sod  2  oss. 
teai  and  in  the  year  1678  they  imported  lbs.  of  tei^  wUok  urn 
then  for  the  first  time  tJiought  w<»th  their  atteirtion  as  a  bnuah  of 
theirtnule.   (']faq>henon,' p.  181.) 

The  botaoioal  ohaiaoters  of  tiie  chief  species  of  tlie  tea-plant  are 
described  in  the  Nat.  Hist.  Div.,  imder  the  name  of  the  genus  Thea, 
to  which  they  belong. 

Tea  OuUivati<M.~TeA  is  cultivated  in  China  over  a  great  extent  of 
territory.  Dr.  WalUch  mentions  it  as  being  cultivated  in  Cochin 
China,  in  17''  N.  lat.  We  know  that  it  is  oultivated  in  the  eoutheni 
provinces  of  Yunnan  and  of  Canton.  Farther  north  the  prinoipal 
cultivation  of  teas  for  tlie  foreign  trade  is  between  27°  and  81°  K. 
lat. :  bnt  tea  is  anid  to  be  produced  in  several  places  to  the  north  of 
81";  even  in  36°,  and  also  in  t^e  Japanese  Islands,  which  extend  from 
80°  to  41°  N.  laL  It  is  eenerally  said  to  be  oultivated  in  billy 
ntuations.  Groaier  states  tbat  the  songlo-tcha  {our  green  tea)  takes 
its  name  from  the  mountain  Song-lo,  situated  in  we  provhioa  of 
Eiangnan,  in  80"  N.  lat. ;  while  the  bou-y  toha  (boheo)  takw  its  name 
from  a  mountain  called  Bou-y,  situated  in  lite  province  of  Fo  kien. 
Mr.  Cunningham  (at  the  time  when  Chusw  had  a  British  factory) 
oolleoted  specimens  on  the  tops  mountains,  vriaere  the  tea-plant 
flourished  along  with  pines.  The  deputation  sent  into  Anni  to 
namiue  the  sites  of  the  tea,  saw  it  growing  in  the  valley  of  Aiam, 
and  were  thus  led  to  think  that  it  must  grow  in  similar  situations  in 
China;  bnt  even  in  Asam  it  is  also  found  on  hills ;  and  there  is 
no  donbt  that  it  is  found  in  both  situations  in  China,  and  in  many 
which  must  be  moist,  thouf^  it  is  probaUe  that  the  finest  varietiea  of 
tea  are  cultivated  in  the  drier  soils,  and  in  situationi  espoMd  to  hAt 
and  air.  Some  soils  in  whidi  the  tea-iJant  is  cultivated  in  Chma 
yirided,  on  analysis,  in  200  parts — of  sUez,  135 ;  alumina,  36 ;  carbo- 
nate of  magnesia,  6 ;  oarbcmate  of  lime,  4 ;  oiiie  of  iron,  13 ;  roots 
and  fibres  of  plants,  S ;  water  absorption,  4.  Dr.  Ab^  thou^t 
that  the  debris  of  granitic  rocks  would  yield  a  fitting  soil,  and  wtt 
the  Cape  (rf  Good  Hope  wouhl  sfTord  a  auitiU>le  climate. 

The  culture  of  the  tea-plant  in  China  seems  rimple  enough  The 
pUnts  are  rused  from  seeds,  sown  in  the  places  where  they  are  to  renudn. 
Beveral  are  dropped  into  holes  4  or  5  inches  deep  and  3  or  4  feet 
apart,  shortiy  after  they  ripen ;  or  in  November  and  December,  as 
they  do  not  preserve  well,  from  their  ollinees.  The  plants  rise  up  in 
a  duster  when  the  rain  comes  on,  and  require  little  further  care, 
mcept  tbat  of  removing  weeds,  till  they  are  three  years  old,  when 
they  yield  their  first  crop  of  leaves.  Thtr  ««  seldom  tntoq^ted; 
bDteometlmesfourtosixphuitsareputdosetogvther,  so  as  to  form 
afinebmlL  After  growing  seven  or  tea  ifears  they  are  mt  down,  la 
vrder  that  the  nuowrous  yoan^  shoots  which  Ibn  spring  out  may 


afford  a  more  abundant  supply  of  leaves.  In  some  districts  the  bosh  as 
grow  unrestrained,  in  ot^en  they  are  rsgidorly  pruned,  to  keep  them 
low.  The  gathering  of  the  leaves  is  performed  with  great  care  :  they 
are  usually  gathered  singly,  first  .in  March  or  April  (according  to  the 
district),  when  the  young  leaves  are  scarcely  expanded;  the  second 
about  two  montiis  later,  or  M^  and  June ;  snd  the  tAiird  in  Augnst, 
or  about  six  wedts  after  the  second ;  bat  the  times  neeeesaril^  difier 
m  difierent  districts,  as  well  as  the  number  of  crops  which  are 
obtmned,  some  growers  avoiding  the  third,  for  fear  of  injuring  the 
bushes.  When  the  leaves  are  gathered  they  are  dried  In  houses  tiut 
contain  snudl  furnaces,  on  eai^  of  which  there  is  a  flat  iron  pan ;  upon 
this,  when  heated,  the  leaves,  partially  dried  by  exposure  to  the  sun, 
are  thrown »  the  leaves  require  frequent  shiftitw  and  tnniing.  When 
all  are  properly  dried,  th^  ore  quickly  removed  either  by  the  hand  or 
with  a  shovel,  and  either  thrown  upon  a  mat  or  into  baskets  kept 
ready  to  receive  them.  They  are  thm  removed  to  a  table  where  they 
are  rolled  and  cooled,  and  the  prooees  is  repeated;  after  which 
they  are  sifted  and  sorted  hito  several  variettsa. 

It  is  difficult  to  determine  whether  the  green  and  black  teas  are  pro- 
duced by  one  or  two  distinct  spedes  of  pbnts ;  aa  the  statements  of 
iq)parently  equally  well  qualified  judges  are  not  only  oontradictoiy, 
but  directly  the  reverse  of  each  other.  The  difficulty  is  owing  porUy 
to  the  Chinese  in  the  nei^bourfaood  of  Cantcn  being  able  to  prepwe 
a  tea  which  can  be  coloured  and  made  up  to  imitate  various  qu&Litiea  of 
green  tea ;  and  large  quantities  are  thus  yearly  made  up.  The  Chinese 
tea-makers  in  Asam  and  those  in  Java  iJike  state  tiiat  the  black  and 
green  teas  may  be  preptfad  frcNm  the  same  plant  But  as  there  are 
plants  of  the  genus  27iea,  of  which  tiie  leaves  resemble  some  the  black 
and  some  the  grem  teas  of  commerce,  and  ss  these  difier  very  con- 
sidetably  from  each  other  in  their  powers  of  resisting  cold,  and  as 
there  are  green  tea  and  black  tea  districts  (the  former  to  the  nortit  of 
the  latter),  it  seems  probable  that  difiierent  plants  are  preferred  for 
preparing  the  finer  qualities  of  these  different  teas. 

Tea  having  become  bo  extendve  an  artide  of  oommeroe,  and  a 
sotirce  of  considerable  revenue,  various  attempts  have  been  made  to 
introduce  it  into  other  oonntrieo.  The  climates  are  very  different  in 
which  the  several  experiments  have  been  made;  such  as  iu  Rio  Janeiro 
and  the  warm  part  of  Bnudl,  and  latterly  in  the  hilly  parts  of  Java 
and  Brazil,  in  Penong,  Asam,  and  the  Himalayas.  Dr.  Abel  recom- 
mended the  Cape  of  Qood  Hope.  It  is  requisite  to  have  not  only  a 
suitable  soil  and  climate,  but  dso  dieap  and  abundant  labour.  Many 
have  been  of  opinion  that  tea  could  be  cultivated  in  the  Himalayas, 
but  the  fli«t  published  opinions  seem  to  be  those  of  Dr.  Ik^le  ('  Uurtr. 
Himalayan  Botany,'  p.  5  and  107,  and  'Productive  Beeouroes  of 
India,'  p.  259),  where,  from  a  consideration  of  a  similarity  in  latitude, 
climate,  and  v^tation,  as  f<ir  as  any  information  could  be  procured 
on  those  subjects,  he  was  of  (pinion  that  tea  oould  be  successfully 
cultivated  in  the  Himalayan  mountains ;  "  for  the  difierent  elevations 
allow  of  every  vorie^  of  climate  bdng  adeoted,  and  the  geographical 
distribution  of  this  plant  is  suffidently  extended,  and  the  natural  sites 
sufficiently  varied,  to  vrarnmt  its  bdng  beneficially  cultivated."  He 
recommended  experiments  being  made  in  that  traot  of  the  Himalaya! 
which  extends  from  Almorah  nearly  to  the  Butlej,  at  various  eleva- 
tions from  the  vall^  up  to  7000  feet,  and  thou^t  that  about 
5000  feet  of  elevation  would  afford  a  suitaUe  climate.  Dr.  Ftdooner 
formed  ehnilar  ojanions  at  l^e  same  time  in  a  roxort  to  government. 
The  oorreobteas  of  these  opinions  has  been  clearly  proved  by  the 
snooess  of  the  tea  {dentations  established  in  the  Kumaon  and  Qurhwal 
diitriots  of  these  motmtains,  whieh  were  formed  when  the  tea  nuneriea 
wwe  established  in  Asun,  and  the  seeds  and  pbirta  wnt  up  vliieli  hmi 
been  obtained  fn«n  CSiina. 

The  Asam  tea-plant  first  attracted  publio  attMitlon  in  1884,  fa  ood> 
sequence  of  relies  to  the  droubrs  whidi  had  been  addressed  to 
several  gentiemen.  Captains  Jenkins  and  Chariton,  in  Kay  of  that 
year,  wrote  that  a  kind  of  tea- plant  was  undoubtedly  indi^noua  ia 
Asam.  Since  then  it  has  appeared  that  several  gentlemen  were  well 
aware  of  the  fact,  and  also  that  Mr.  David  Soott  had,  in  June,  1825, 
sent  leaves  and  seeds  of  a  plant  discovered  originally  by  Major  Bmoe, 
which  he  said  the  Burmese  and  CUneee  ooneurred  ia  etatmg  to  be 
wild  tea.  A  smentifie  deputation,  composed  of  Dr.  Wallidt  and 
Messrs.  Qiinth  and  MaeCleland,  «aa  eeafc  for  the  proper  investigation 
of  Upper  Asam.  Tea  plantations  were  subaequentiy  eetaUished,  and 
Mr.  Bruoe  was  ai^dnted  their  luperintsodent  Mr.  MaoCleland  states 
that  the  tea  tracts  are  found  in  Asam,  first  on  the  levd  pUin  and 
eeoondly  on  mounds  or  hillocks,  and  that  the  former  utuMaons  have  a 
porous  structure  which  «iaUee  them  to  maintain  a  dry  surface  under 
exposure  to  exoesaive  moisture.  Asam  teas  were  first  sold  in  1889 ; 
am  from  the  excitement  and  com  petition  created  by  the  noveU^  of 
the  sale,  such  extravagant  prioes  were  pud  as  from  to  Ms. » 
pound ;  but  they  in  due  time  found  their  true  level. 

Becent  explorations  have  rendered  it  probable  that  the  tea-plant  is 
growing  wild  in  the  forests  and  juoglee  of  Upper  Asam,  the  Sylhet 
Hills,  the  Himalaya,  and  the  great  range  of  mountains  extending 
ttwoee  through  China  to  tite  Yang-tee-Kiuig.  If  so,  its  exbaaded 
•itiflaialoultare&MyieoKniabty  be  ejected.  Mr.  Leonard  Wray,  la 
aa  daborate  pi^er  on  the  Cultmtaon  of  Tea,  read  before  the  Bodatf 
of  Arte  ia  Jaauwy,  18S1,  gives  aa  aoootmt  U  the  raoant  prooeedingi 
«atfanbmbjeet  ta  IftdiB.  TIm  Asam  Tea  Compaayi  tftw  awj  < 
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marcnldiMoratgaiaanti^lMmlioagU  tliur  «ffiun  into  a  beoIUiy  con- 
dttion.  Th^  now  own  4000  aorwMlt&dfWbich  yielded  1,000,000  lbs. 
of  t«K  in  tlM  year  1860.  This  t«»,  BeUing  in  EiuUiid  (wbolewle,  and 
miiLu*  Uw  datj>  «t  an  arwage  of  about  it.  per  lb.,  U  Btrong^  coarse, 
h&rah,  and  utoingent,  and  is  considered  to  be  well  fitted  for  mixing 
with  China  tea,  which  is  mostly  of  weaker  quality.  There  is  another 
oompaaj,  and  thwre  are  man;  private  -  individuab^  also  culttvatiiu;  tea 
in  Adam.  Still  mora  important  are  tha  meaiAaim  vhioh  the  fiidia 
gOTernaMnt  has  for«eTenu  yean  been  oonduoting  in  the  North-Wflrt 
prornwai.  nndsr  tha  able  mMu^ement  of  Dr.  W.  Jameson.  Began  on  a 
small  Kila  in  1835,  they  have  now  become  very  extenaive.  la  1S59 
the  goTcrament  t«h  plantations  in  Kumaon,  Gm'hwal,  Deym  Dhoon, 
and  the  Kangra  Valley  comprised  2250  acres  and  seven  factories.  The 
Bohea  wie^  ia  thai  obiefly  cultivated.  The  govenunent  established 
thsM  tea  iMMtatims  with  a  vivw  to  the  maUng  of  experiment^ 
and  the  eoooun^cment  of  companies  and  private  apeouUtore ;  and  a 
liberal  tmngmismon  of  seeds  and  young  plants  ia  granted  to  beginnera. 
Land  fit  for  the  tea-oulture  ia  also  granted  b^  the  government  on  very 
libeial  terms ;  and  of  such  land  than  is  beheved  to  be  not  less  than 
a  milUon  acres  in  (he  Korih-Wcst  provinces  alone.  The  experienoe  of 
1859  showed  that  a  handsome  pnx&fc  is  derivable  from  the  oulture; 
and  BUDsrooa  panoDS  are  enwarking  in  tha  eoternisik  Many  of 
tb(M  pmona  in  military  oOeera  lately  in  the  East  India  Company's 
iMTvioe,  who  find  the  haalU^  climate  of  tKe  hill  districts  siutable  at 
ones  v>  themselves  and  their  families,  and  to  the  tea-«ultura. 

Tem^uriMg  amd  Urn. — Whether  obtuued  from  one  species  only  of 
the  genua  ^tea,  or  from  several,  all  the  tea  of  China  ia  in  oommerce 
brouj^t  undo-  two  distinct  teima,  gnai  tea  and  block  taft.  These  are 
ala^diitii^uUied  as  Ayaaa  and  bokea.  The  Europaan  name  tea  is 
boROwad  &om  tiw  eommon  language  of  the  province  Fu-kian  (Fokien 
of  D'AnviUe),  where  this  artide  ia  Mlled  Tiii  in  thdr  patois :  at  Canton 
it  is  called  T8(^  or  lV:haL  Black  tea  is  called  He-iaoha,  green  tea 
Lo-tacba.  The  aab-varietiea  owe  their  names  to  other  circumatanccB, 
the  number  ol  whkh  is  endless.  Thus  there  occur  in  tha  catalogues 
of  the  Chfataae  mndbants  at  least  one  hundred  and  fiitjr  names,  many 
of  whieh  an  aynonymea  ol  other  sorts,  or  names  iurented  to  impose 
on  foretaiera  and  obtain  a  high  price.  Tha  dUatingnidwd  Oriental 
adiolar,  Kh^iroth,  gives  a  list  of  about  forty  genuine  varieties,  with,  an 
explanation  of  the  terms  applied  to  them.  Tliua  Fak-ho,  corrupted 
into  Pekoe,  merdy  means  "  white  down,"  being  the  first  sprouta,  or 
yrt  bury  leaf-buda  of  young  plants,  thrae  years  old,  after  Uieir  first 
flowering.  With  us  it  is  applied  only  to  a  black  tea;  but  It  is  equally 
apidioaUe  to  a  green  tea,  which  ia  never  brought  to  Europe,  aa  It  la  ao 
deUcato  and  sli^tly  fired  as  to  spoil  by  the  least  damp. 

Though  it  is  stated  that  black  tea  may  be  cured  as  green  tea,  and 
green  tea  as  black,  the  green  being  cured  without  fermentation  to 
which  black  tea  is  idways  subjected,  certain  it  is  that  the  preparation 
of  the  reapecUve  kinds  ia  carried  on  in  different  parts  of  tiie  empire, 
and  a  different  practice  pursued  with  the  leaves  from  the  first  stage. 
In  tha  green  teaa  the  leaves  only  are  taken,  being  nipped  off  above  the 
foofc-rtaui  or  petiole,  whila  of  the  blade  teaa  the  foot-atalk  is  always 
eoOsoted,  "Thus  black  tea  contains  much  of  the  woody  fibre,  whue 
the  green  ia  exclusively  the  fieshy  part  of  the  leaf  itsdf ;  which  ia  one 
good  reaaon  wl^  it  ahould  be  dearer."  (Davis's  '  China,'  iL,  p.  S51.) 
BeaideB  this,  the  constant  removal  of  the  young  leaf-buds,  by  which  the 
jdant  is  prevented  from  being  clotited  with  full  grown  leavea,  which 
alone  can  daborate  the  sap  aoA.  oontribute  to  the  further  growth  of  the 
dirob,  oaaaes  it  to  perldt  eat^,  and  compels  a  more  frequent  renewal 
of  tiie  plantationa.  Indeed  some  oultivators  restrict  the  ft^theting  of 
the  laavea  to  two  banresta,  instead  of  thrae,  to  save  their  plants.  Thoae 
of  Uie  third  gatJiering  are  large  and  ooarse,  and  often  so  rigid  that  they 
cannot  be  nmed.  This  yields  a  tea  so  inferior  in  quality  that  it  is  con- 
sumed only  by  the  poorest  of  tiie  natives,  or,  when  very  bad,  is,  as  an 
loma  of  the  finer  Unda  when  spoiled,  uaed  Ua  ^^dog. 

Such  are  the  pains  taken  to  ensuro  the  exceUeoco  of  the  finest  sorts 
of  green  tea,  that  for  two  or  three  weeks  before  the  harvest  oommenoea 
the  ooUectors,  who  are  trained  to  this  bumness  from  a  veir  early  age, 
are  prohibited  from  eating  fish  or  other  kinds  of  food  reckoned 
undom,  lest  by  their  breath  they  should  contaminate  tiie  leaves. 
They  are  alao  made  to  take  a  bath  two  or  three  times  a  day,  aiid  not 
allowed  to  gather  the  leaves  with  the  naked  fingers,  but  always  with 
^oves.  The  finest  tea  may,  if  the  proper  time  for  ^thering  it  be 
neglect^  be  changed  into  an  inferior  tea  in  one  night  It  ia  necessary 
to  roast  the  leaves  the  same  evening  that  they  are  collected,  for  if  kept 
tUl  the  following  day  they  ferment,  become  black,  and  lose  much  of 
their  virtue.  PrevioUB  to  putting  them  into  the  iron  pans  or  furnaces, 
which  an  heated  by  charcoal,  they  are  dipped  for  about  half  a  minute 
into  boiling  water.  Abont  half  or  three-quarters  of  a  pound  of  leavea 
an  pot  into  the  pan  at  onoe,  and  diligently  stirred,  to  prevent  them 
from  being  burnt.  They  are  then  removed  with  a  shovd  and  thrown 
on  mate  or  into  baaketa ;  and  while  yet  hot  the  soft  leaves  an  rolled 
between  the  pahuB  of  the  hands,  during  which  operation  a  quantity 
of  ydlowiah  green  juice  exudes  from  them.  This  process  of  roasting 
and  n41ing  is  often  rmated  even  to  the  dxth  or  seventh  time.  This 
method  ia  called  the  Ay  wy :  but  l^Jbhe  wef  way  the  leaves  an  AM 
euNMed  to  the  vapour  of  boUing  water,  after  which  they  an  rolled  and 
dried  an  tiie  iron  pans  like  the  other*.  Leaves  prepsfed  in  the  wet 
inv  hftw  «  bright  peon  eokw ;  ihoae  ^  the  dry,  a  daA  green  veigi^ 


tobrown.  From  the  gnen  tea,  when  pnpwred  in  the  dry  way,  lew  of 
the  aDova^nwHODed  joioe  exudes,  a  cinumstance  to  which  the 

Eator  strength  of  green  tea  ia  in  some  degree  owing.  The  laqpr 
vea  an  generally  selected  to  be  prepared  ia  the  wet  way.   By  the 


roastiiut  that  the  flavour  is  first  developed, 
the  leavw  when  freah  being  aainnptd  as  the  bean  of  ooflee  bef on  beat 
ia  aj^lied.  Sieboid  is  of  opinitn  that  the  agreeable  violet-like  flavour 
of  tea  ia  inherent  in  the  leaves  themsdves;  but  most  writeie  ascribe 
the  different  flavours  of  the  choicer  kinds  of  tea  to  the  adinixtun  of 
the  flowers,  leaves,  or  oUa  of  a  variety  of  difEerent  ^luAa,  The  chief  of 
these  an  the  Okafea^nt,  CUaramtkm  ineanMpietutt,  OanUmia  jUmda^ 
Aglaia  odwaia,  Moagnum  (/oamMHtM)  Swmhact  VUex  tpieaia,  OawuUm 
SatOHoWj  and  a  ekii^ra,  JUieimm  OMSolaai,  Magtuiia  TuUm,  and  the 
Aim  Indiea  9doratiiima,u  well  aa  the  root  of  tiie  ImJhrentiua,MiA 
CAtrranMA)Mjraortunnaric,andtheoilof  funOre&Ro.  The  Cbioaae 
annually  dry  many  milliona  oi  pounds  of  the  leaves  of  different  plantik 
to  mingle  with  the  genuine,  such  as  those  of  asb,  plum,  Jko. ;  so  that 
all  the  Bpurioua  leavea  found  in  parcels  of  bad  tea  must  not  be  sup- 
poeed  to  be  introduced  into  them  the  dealers  in  this  oountcy. 
While  the  tea  trade  waa  entirely  in  ttte  hands  of  the  East  India  Com- 
pany,  few  of  theee  adulterated  teas  wen  ahipped  for  this  country,  as 
experienced  and  competent  inqiecton  with  large  salaries  wen  kept  at 
Cuiton,  to  prevent  the  exportatiou  of  audi  in  the  Company's  Bhipa; 
but  since  the  trade  has  been  opened,  tlH  kiuibi  find  a  rea^  outlet;  and, 
aa  the  demand  often  exceeds  the  aupply,  a  manufaotured  artiole  -ta 
furnished  to  tiie  rival  crews. 

The  objeet  of  the  drying  and  n^Ung  ii  both  to  tiW*"'*^  the 
and  to  oiaUe  the  leaves  to  pnaarvetCdr  flavour.  No  tea  is  thought 
fit  for  use  till  it  ia  a  twdvemonth  old ;  and  the  ridi  and  luxurious 
Chinese  keep  the  fine  tea  in  jars,  made  of  the  finest  porcelain,  some  of 
whioh  an  thouf^it  to  eommunioato  an  additional  aroma  to  the  tea,  and 
aU  of  whidi  have  very  narrow  mouths  (as  may  be  observed  in  these 
brought  to  Europe,  and  sold  at  a  high  price),  to  retam  the  peculiar 
odour.  If  the  tea  oontraeta  danm,  it  is  taJken  out  and  roasted  again. 
To  make  the  infusion,  the  Cs&ese  pour  boiUng  water  on  a  small 

Sortion  of  the  leaves;  they  do  not  allow  it  to  stand  cv  macerate,  as  it 
pne  in  England,  but  instantly  pour  it  off  ageia,  by  which  they  obtain 
only  the  more  volatile  and  atunubting  portion  of  ita  prindplea.  The 
poorer  CMneae  indeed  boil  the  very  inferior  utd  ooaise  leavee,  which 
alone  an  within  their  reach,  and  drink  the  deoootion  repeatedly  during 
the  day.  Tbu  is  done  not  only  to  extract  snob  viHuea  aa  tha  tea 
poasessef,  but  to  qualify  the  water,  seeing  that  Uttie  good  drinUi^ 
water  is  met  with  m  Ctdna.  Travdlera  find  a  aupply  o[  tea  a  vasy 
valuable  accompaniment  on  long  journeys,  as  it  improves  the  most 
brackish  waters.  The  exdting  efiecU  of  fnah  tea  are  such  that  it  is 
ranly  used  till  it  has  been  kept  twelve  months,  aa  already  stated;  and 
where  indulged  in,  it  {Hoduces  neat  mental  ezdtMnent.  Tiiis  pn^ter^ 
ia  diminiahed  by  npeated  roaannM,  but  as  green  tea  is  lass  exposed  to 
heat  than  blaiA,  it  retdna  more  (3  this  power.  Besides,  the  green  tea 
for  exportation  undergoes  some  process,  whidi  changes  ita  colour, 
giving  it  a  bluish-green  hue.  The  Chinese  themsdvea  do  not  consume 
those  kinds  of  green  tea  which  an  prepared  for  exportation.  It  is 
dtogether  a  mistake  to  suppose  that  the  odour  of  green  tea  is  owing 
to  ita  being  dried  on  comwr  fuOB,  as  none  such  are  used,  and  the  most 
searching  ehemical  aaa^aia  la  unable  to  de^eot  a  trace  of  eofqier  unlev 
as  a  constitneait  of  the  vegetaUew 

The  subject  of  the  adulteration  ot  tea  has  oocu|ned  a  large  amount 
of  attention  within  the  last  few  years.  Irrespective  of  any  adultera- 
tion, however,  the  vdue  of  tea  varies  enormoudy,  according  to  ita 
delicacy  and  aroma.  Mr.  Wray,  when  at  Malacca^  had  a  small  quantity 
of  "Mandarin  tea"  {pven  to  hhu  by  aonw  Cliineee  memhanta ;  it  is  a 
kind  never  sold  to  xormgnei^  but  commands  SOi;  per  lb.  in  China 
itseU  The  vast  bulk  of  tea  used  the  Chinese  it  of  poor  qualiW; 
and  much  of  the  poorest  ia  mixed  to'  adulten^  the  better  kmda  for 
the  English  market  Mr.  Wray  eatimatee  that  tlM  Chinese  c<msume 
2,000,000,000  lbs.  of  tea  annudly,  more  than  ten  times  aa  muoh  as 
they  sell  to  all  other  countries.  IWhen  the  English  tea  trade  with 
CSiina  was  wholly  conducted  by  the  East  India  Company,  it  is  bdieved 
that  the  sc^histication  mostly  took  plaoe  aftv  the  tea  readted  the 
hands  of  other  dealen;  but  now  the  Chineee  adultnato  it  themsdvea. 
Mr.  Wn^  states  that  seven-dghtha  of  all  the  tea  shipped  from  China 
in  1850  waa  adulterated;  this  waa  publidy  announoed  at  a  meeting  of 
merchants,  bdd  in  Canton  in  April,  1859,  to  condder  the  subjeot. 
The  adulteranta  wen  found  to  be :  spent  tea-leaves  from  aome  of  -  the 
^vinoes,  unsound  leaf  from  others,  and  three  or  four  aorta  of  jdants. 
When  brought  to  this  oountry,  the  tea  sold  at  a  (nominal^)  low  piiee 
in  the  poorer  neighbourhoodi^  ludergoea  a  itiU  iorUHr  prooeii  of 
adultencion.  Tins  is  proved,  not  only  by  the  ana^raaa  ci  Dra.  HasBell 
and  Letheby,  and  others,  but  also  by  the  Exeiae  edauree  whieh  so  fre- 
quently occur.  All  admit  that  imitatiMts  (A  good  tea  can  be  prod  need 
b^  very  ea^  means;  and  this  ladUt^  offim  a  perilmia  tenptaUon  to 
dishonest  persons. 

Tea  TVode.— The  period  when  tea  was  flnt  intreduosd  into  this 
country  has  already  oeaa  noticed.  ThefintinypNirtationbiyttwEn^iah 
East  India  Comfajn  took  {iUee  in  1669,  Wm  the  GMa|pM»'a  Moij 
at  Bantam.  The dheoton  crdaied  thdjr  Hrwta to  homely 
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their  abipa  one  Inmdnd  pounds  weight  of  the  bwk  lev  they  oould  get." 
In  1878,  4718  Ibi.  ware  unported ;  but  In  the  dz  foUowing  jean  the 
entire  importi  amounted  to  no  more  than  ilO  the.  The  ocmtmaooi 
c^cud  aooounts  of  the  trade  do  not  commence  before  1726;  but, 
aooording  to  HUborn  ('  Oriental  Commeroe '),  the  otmsiunptirai  in  1711 
ma  111,&&5  Ibe.;  120,895  lbs.  in  1715;  and  287,901  Iba.  in  1720. 
Then,  taking  peiiuda  twenty  yeara  apart,  we  find  Uiat  the  quantitiaa 
entered  for  h<une  cxmauinption  were,  In  round  numbers,  1,000,000  Ibe. 
inl710;  4,000.000 lbs. in  1780 ;  $,000,0001be.inl780;  80.000,000 Iba. 
in  1800  ;  22.000,000  Oa.  in  1820;  83,000,000  lbs.  in  1840;  and 
77,000,000  Iba.  in  1880. 

For  above  a  century  and  a  haU  tiie  aole  objeot  of  the  East  India 
Compan^s  trade  with  China  was  to  proride  t«a  for  the  conaumption 
of  the  United  Kingdom.  The  Company  enjoyed  Uiia  trade  to  the 
fin^i'TV™  of  aU  other  partleis  and  were  bound  from  time  to  time  to 
■and  oidera  for  tea,  mod  to  pnnide  sh^  to  In^MMt  the  same,  and 
■Iwaya  to  have  a  year's  oonaumption  in  their  warehouses.  The  teaa 
were  diapoaed  of  in  London,  where  only  th^  oould  be  imported,  at 
quarterly  salea ;  and  the  Cconpany  was  bound  to  aell  them  to  the 
highest  bidder,  provided  an  advanoe  of  one  penny  per  lb.  was  made  cm 
the  wioe  at  which  each  lot  was  put  up.  Tliia  wioe  was  determined 
by  adding  together  the  yiimo  cost  at  Canton  and  the  bare  ohargee  of 
freigjit,  inauimnoe,  interest  on  oq^tal,  and  oartain  charges  on  importa- 
tion; but  by  the  mode  of  ealoulating  these  items,  and  die  heavier 
expenses  which  always  attend  orery  department  of  a  takde  monopdy, 
the  upset  prioes  were  gresUy  enhanoed.  Hie  pricea  re^iaed  at  Uie 
Company's  sales  were  however  in  still  greater  proportion  beyond  the 
upaet  prioes;  a  result  easily  produced  by  a  body  who  moDopaised  the 
sole  8t^4f  i  Mit  WM  CB^  neoesBsiy  tliat  the  quanti^  ofIte«d  ftw  sale 
ahoold  not  be  aogoMlited  in  prmMrtion  to  tiie  growing  demand  ol  a 
rapidly  increasing  population.  The  18  Qeo.  IL,  o.  26,  passed  imme- 
diately after  a  laige  reduction  of  the  duty  had  taken  place,  provided 
for  such  a  contingency  as  this,  hj  enacting  that  if  the  ^st  India  Com- 
pany foiled  to  import  a  quantity  sufficient  to  render  the  prioes  as  low 
aa  in  other  parts  of  Europe,  it  should  be  lawful  to  grant  lioenoea  to 
other  persona  to  import  tea.  This  would  have  constituted  a  very 
effieieiu  dwdc  if  it  had  been  acted  upon ;  but  eventudly  the  mode  « 
levying  the  duty  gave  the  government  almost  the  ssme  intereet  in  a 
restricted  supply  as  the  East  India  Company.  The  dutiea  were  col- 
lected ad  vaurem  on  the  amount  realised  at  the  Compai^s  aales ;  »od 
thus  the  very  circumstsnce  which  enhanced  the  prioe  nised  the  totsl 
amount  of  doty.  Tlie  duty,  at  that  time,  was  nominally  90  and  100 
per  cent  ad  volorm,  but  being  ohwged  on  a  mon<^K>l7  prioe,  the 
difTerenoe  on  the  cheaper  teaa  eonsumed  by  t^  working  and  middle 
classes  amounted  to  above  800  per  cent,  on  the  ooat  price  ci  the  same 
teas  at  Hamburg;  uid  in  1880  the  diSemioe  between  the  prices 
realised  at  the  Compaq's  ssles  and  the  Hamburg  raicea  »^ftim<MMl  to 
a  sum  of  1,889,976^.  The  sales  in  the  last  year  of  the  East  bidia  Com- 
pany's monopoly  are  shown  in  the  foUowing  taUe : — 

An  Aoootmt  of  the  Quantity  and  Prioes  of  several  sorts  of  tea  sold 
in  En^aod  from       lst»  18&,  to  May  lst»  1894  :— 


Bobca  . 
Congon  . 
Campoi 
Bvuehooc 
Pekoe  . 
Twankny  , 
Hyaon  Skin 
Hjaoa  . 


Total 


llw. 
e,170,»6S 
lB,e63,8S3 

i.ees 

«14,811 
4,M»,0TS 
Ul,010 
H7,0«S 

SI,  164,061 


The  Company's  sales  were  in  Maioh.  June,  8es)tembar,aild  Deoembw, 
the  latter  being  the.largest.  About  2,000,000  IbK  were  oBbrad  belongs 
ing  to  the  offlcera  of  the  Compaqy,  who  were  allowed  to  import  a  car> 
tain  quantity  of  tea  on  thew  own  account.  In  1839  there  were  only 
122,812  Iba.  offered  for  ssle  by  the  Bast  India  Company;  and  the 
diaiwe  effected  by  the  8  ft  4  Wm.  lY.,  o.  98,  whlidi,  on  the  22nd  of 
Ajru,  1884.  opened  the  trade  to  China,  is  now  oonwlete.  The  im- 
portation of  tea  ia  DO  longer  confined  to  the  port  of  London.  In  the 
four  years  ending  1884,  the  arerags  aimoal  smnber  ol  ahlpa  entered 
mwards  from  CSiiiia  at  the  ports  of  I2ke  Uoited  Klngdnn  was  28 ; 
in  the  four  foUowing  years  the  average  wsa  88 ;  other  oommodities 
besides  tea  have  since  been  extensively  imported,  and  a  corTesponding 
inorease  in  the  quantity  and  variety  of  the  uports  to  China  has  taken 
plaoe.  The  exportB  of  tea  from  the  United  ^ngdom,  which  formerly 
did  not  oneed  250,000  Iba.  annuaUy,  amounted  to  4,847,483  Ibe.  in 
1841,  and  have  mduaUy  much  iDoreaaad.  Tb»  quaot^  ntained  for 
home  eonanmption  has  also  considerably  incnued,  alibouj^  aooom- 
panied  by  an  eztiaordinary  increase  in  the  use  of  coffi»e. 

The  tea  dut^  has  long  oonstituted  an  important  item  in  the  Ei^idi 
revenue.  It  has  varied  greatly  in  amount  at  difii^^t  times.  In  1725 
Uiare  was  a  CustMns'  duty  of  13t  18i.  7id.  per  lOOi.  of  value,  and  an 
Exdae  duty  of  U.  per  lb.  Sometimes,  during  the  next  period  of  a 
hunihvd  yean,  the  Customs'  duty  was  raised,  sometimes  lowered,  and 
on  A  few  occasions  repealed  altogether;  and  precisely  the  sune  may  be 
aaid  of  the  Exdse  duty,  fa  18S4  the  EzdaeduW  was  finally  npeiOed, 
■Dd  at  the  aHna  time  the  Costoma' waa  nted  at  uTm^ to  Sib  par 


lb.,  aooording  to  prise  and  quality,  b  1886  it  was  raduoed  to  8s.  IdL 
par  Ifab  Cnr  all  qoatttiea :  Hid  in  1840  an  additfonal  S  per  oent.  was 
imposed.  During  the  ezlsteaee  of  the  Bxdse  duty,  it  was  very  vazo- 
tioua  to  the  retailers.  Each  at  the  hmadred  thousand  tea-dswers  in 
the  United  Kingdom  were  visited  onoe  a  month  by  the  offloen  of 
excise,  who  took  an  account  of  thur  stock ;  and  no  quantity  szoeeding 
six  pounds  could  be  sent  from  their  piemiaea  wiuiout  a  permit,  ol 
whiw  above  800>000  wna  nquired  in  a  year.  In  shcrt^  this  ayatem  of 
aaparriaion  was  very  troubleaome,  coatiy,  and  aaiwend  no  usual  pui^ 
pose.  l!h»  number  of  tea-dealers  ia  1889  was  82,794  in  Eodand; 
18,811  in  Scotland;  12,774  hi  Ireland:  total,  109,179.  Tea  ia  now 
aold  by  the  importing  merchants  by  pubUo  auotiou  uid  private  sales. 

The  revenue  which  the  tea  duty  yielded  from  1805  to  1841  was 
shigularly  uniform,  never  rising  above  4,700,0002.  and  never  Uling 
below  MOO,00«L  Within  the  last  twenty  jeH^  the  rate  ol  dn^  and 
the  amount  reoeived  have  varied  mudi.  In  1861  the  duW  was  fixed 
at  2f.,  plus  6  per  oent  In  Ur.  Gladstone's  tarilT  of  1808,  the  duty 
was  intended  to  undergo  saoceasive  diminutions,  bringing  it  to  li.  lOJ. 
in  1804, 1<.  Sd.  in  1806,  and  It.  in  1808  and  later  yeara,— ^us  0  per 
oent  A  warlike  expenditure  so  far  interfered  with  thia  pUn,  as  to 
prevent  the  lowering  going  bey«id  Is.  0d.  jdna  0  per  oent  In  1807 
the  avnags  prioe  of  aQ  kinda  of  tea  la  bcBid  waa  eaot^  equal  to  the 
duty,  «Mw  Ming  about  Is.  td,  Tha  actual  i»ioea  in  bcmd  ranged 
from  6ci  to  4«.  6d.  per  lb.  lb,  U'CulIooh  supposes  that  aU  the 
Chinese  tea  brought  to  En^^and  costs  on  an  avera^ge  about  It.  per  lb. 
when  on  board  'diip  in  Chinese  ports,  aU  charges  included ;  and  that 
tiiia  is  raised  to  the  retail  oonsumer  to  8a  4d  ^  the  foUowing  steps — 
frei^t,  insurance,  and  interest  lid.,  duty  Is.  6d.,  wholesale  and  retail 
nrofita  84.  The  average  prioe  in  bond,  betwMn  1850  and  1880,  ^ed 
framls.2i<{.toU6i3.:  and  the  du^realiaed  varied  from  4,800,0001. 
to  mnnnlB  <rf  8,000,OOOL  The  artnal  trade  in  1880  ia  re^eeented  in 
the  sdlowiiig  Agues ; — 

lbs. 

I^ortsd  <t^«.MI 

Ba.expertsd  il,oar,iH 


Betsfasd  te  home  eoaaanptlan . 


.  r«,iftMBt 


This  oonmimptiun  Is  about  8|  lb.  per  annum  for  each  individual  of 
the  whole  populatiflo. 

On  a  recent  occasion  (May,  1861)  the  House  of  Commons  conaented 
to  a  renewal  of  the  present  tea  duty  (1>.  Sd.,  [dus  6  per  cent)  for  the 
financial  year  1861-62 ;  supporting  Bfr.  Gladstme  in  an  aboUtion  of 
the  paper  duty  instead  of  a  reduction  in  that  on  tea. 

The  usual  net  weight  of  a  chest  of  tea  is  188  Iba.  for  Bohea,  49  Iba. 
for  Fekoe  and  Hyson,  and  84  lbs.  ior  Congou.  So  greatly  does  tho 
proportion  of  Congou  exoeH  that  of  the  othw  kinds,  that  64  iba.  is  con- 
sidered a  fair  average  of  aU  the  oheeta ;  thia  wiU  afford  an  approximata 
rule  for  oonvertinf  cheats  into  lbs.,  in  the  commercial  lists  of  imports 
sod  deUveiies.  The  Chinese  weights  and  moneys  are  of  course  veij 
difierent  fttnn  the  ;  but  it  may  be  convenient  to  know  that  80 

tadi  per  picul  of  tea  la  about  equal  to  la  M.  per  lb.  Kore  tiiao  nine- 
tenths  of  aU  the  tea  brought  to  the  United  Kingdom  in  185S  ratered 
the  port  of  London ;  and  the  prepondennce  is  stiU  increasing.  The 
great  increase  in  the  use  of  tea  haa  not  checked  that  of  coffee.  Tlie 
lulowing  table  shows  the  avenge  annual  oonsumption  ot  tea,  cxiffee, 
and  ooooa>  in  the  jhat  four  decennial  pwiods : 

Tea.  CoAm. 


IMO-SS 

Average  f 


lbs. 
.  S«,000,000 
.  S4,000,«00 
.  41,0M,0«0 
.  61,000,000 


lbs. 
1S,000,000 
14,000,000 

»,ooo»ooe 

15,000,000 


lbs. 
ftOO,000 
1,000,000 
S,«M,O0* 
1,100,000 


Brinrang  in  a  mora  modem  aitide  of  oonsumption*  diioory,  the  figurea 
for  I8G9  were— tea  78  nJUim  Iba.,  coffee,  84  mUUen  lbs.,  chio<»7, 30 
million  Iba.,  and  ooooa  8  million  lbs.  The  proportion  of  black  to  green 
tea  consumed  in  the  United  Kingdom  Is  about  6  or  7  to  1 ;  in  the 
United  States  Uie  use  of  green  tea  is  greater  than  that  of  black. 

TEA,  Medieai  Pnperliet  of.  The  botany  of  tea  is  given  under 
Tau,  in  the  Natoeal  Hutort  Dmaiox  of  this  work;  its  ohemical 
pnmeities  are  notioed  under  Camnrx  j  for  an  aooannt  of  its  oulturo 
aee  Tu  akd  thi  Tia  Tbadk 

Before  attempting  to  estimate  the  aotion  of  tea  on  the  human 
qrstem,  it  ia  necessary  to  csU  to  mind  that  some  of  the  effects  are  due 
to  the  plants  mixed  with  the  real  tea,  several  of  which,  such  as  the 
Chlorantkn  meoMpteutu,  are  stimulsnta  of  the  highest  order ;  and  in 
other  inntsntfis  deletaious  chemical  compounds  are  used  by  the 
Chineee  to  convert  damaged  bbudt  teas  ii^  aaleable  green  teas;  (Davis, 
'  Chinese,'  ii.  486.)  For  the  affbots  of  tiiese,  tea  ia  not  jnstly  ohaigaable. 
A  correct  estimate  of  Uie  action  of  tea  is  not  ea/tily  formed ;  yet  the 
most  dispassionate  inquiren  regard  it  as  a  narcotic,  the  stimulating 
period  of  which  is  the  most  conspicuous  and  of  longest  dunticm.  Tea 
has  be«i  preposterously  jvaised  by  some  writers,  and  unjustly  aooused 
by  otfaen  ss  being  productive  of  numerous  diseases  :  above  aU  it  has 
been  charged  with  oanaing  an  inoreaae  of  nervona  diaaasoi.  It  would 
perhaps  be  more  just  to  atfarlbuta  the  incroaae  of  snob  oompiainta  to 
the  num  oompKoated  state  of  our  aodal  rdationa,  ariisng  from  an 
atlgnunted  pc^nktioVf  and  an  adnnoo  in  Inzuzy,  with  Mm  mora 
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fraqueot  infringwment  of  the  natonl  laws,  portiooUrly  tnnung  nigbt 
into  day,  and  not  ssldocn  day  into  ni|^t,  aa  ia  the  iH«ctioe  of  the 
Totariaa  of  fuhlon.   Thai  tea  should  not  autt  all  oonsUtutiona  or  all 

SH  ia  not  remarkable.  It  ia  leas  suited  for  young  children  than  for 
olta ;  indeed  for  vaj  young  children  it  ia  extremely  improper,  pro- 
dwanf^  like  all  narootica,  a  nun-bid  state  of  the  brain  and  nervona 
qrstflm.  It  is  alao  unanited  for  those  of  an  irritable  nature,  and  like- 
inae  lor  Hhcm  <d  a  leucc^hlegmatie  conatitutum.  Sneh  persona  can  ill 
hear  mneh  Hqmd  of  any  kind,  particularly  in  the  erralng,  and  prosper 
best  on  a  very  dry  diet,  to  vhich  growing  children  of  thia  constitution 
dionld  be  strictly  con&ied.  rDiLUurrs.]  It  may  not  be  true  that  the 
nae  of  tea,  aa  alleged  by  Dr.  Lettaom,  has  been  the  main  cause  of  the 
mcxeaae  of  acrofuloua  diaeasea,  stiU  as  diseases  of  this  olaas  are  the 
only  dfnfmsm  which  are  proved  by  the  rqiorta  of  the  r^^strarceneral 
to  m  statitmaty,  or  perlu^  more  {reimieot  than  omiBn,  nfiaterer 
impairs  the  nervona  power  and  uHamatdT  the  digeatnre  function  in 
strumous  diildren  should  be  avoided.  His  advice  la  sound  where  he 
says, "  It  ought  "by  no  means  to  be  the  common  diet  of  boarding- 
Bwools ;  if  it  be  aUbwed  sometimea  as  a  b«at,  they  should  be  at  the 
same  time  infcmned  that  the  oonstaat  use  of  it  would  be  injuiioua 
to  their  health,  atrengtii,  and  oonrtHntvm."  Those  to  whom  it  ia 
most  suited  are  the  plethoric  and  saagoine.  Upon  the  same  principle 
it  is  a  jnvper  artide  of  diet  and  perhapa  the  best  oommon  drink  at  ue 
b^inning  of  feven  and  inflammatory  eomi^ainta.  In  a  peouHar  state 
of  brain,  termed  by  Hr.  Newnham  ('Observationa  on  Hedioal  and 
Dietetic^  Pro^mrties  of  Green  Tea')  ithmia  excitmenl,  a  state  clearly 
bordering  on  mfiammation,  especially  if  produced  }y  sJctAolio  stimu- 
lants,  or  by  intense  and  long-oontinued  application  of  mind  to  any  par- 
ticular objeoi  of  literai7  research,  green  tea  acta  aa  a  ealutaiy  remedy. 
On  the  oontniT,  in  states  of  dindniwhed  ez<atemea^  morbid  vigilance 
and  nerroua  ^storbance  follow  its  use.  It  ia  not  an  uncommon 
practice  with  ardent  students,  when  pushing  their  stndiea  far  into  the 
ni^t,  to  renst  tiie  claims  of  nature  for  repose,  and  keep  themselves 
airake  by  the  frequent  use  of  tea.  That  it  answers  the  purpose  at  the 
time  cannot  be  denied,  but  the  object  is  often  attidned  at  a  fearful 
price,  the  destmction  ot  health  and  vigour  both  of  mind  and  body 
being  the  penalty.  But  more  effect  is  {nnduoed  hy  small  doaes, 
frequentiy  repeated,  than  by  large  ones.  Bee  the  paper  on  the '  Uses 
of  Tea  in  tlw  healthy  System,'  read  before  the  SocieU'  of  Arts,  IMt 
Febmary,  1801,  p.  188.  Dr.  Smith's  remaAs  are  based  upon  a  most 
axtensiTe  series  of  eiperimenta — ^the  results  of  wbi^  are  most 
important  Less  injury  results  in  these  oases  from  the  use  of  coffee. 
There  is  this  diffinence  between  the  morbid  Htatea  of  the  nervous 
system  produced  by  coffee  and  those  resulting  from  tea :  that  the 
former  generally  subside  or  disafipear  mtirely  on  relinquishing  ita  use; 
those  from  the  latter  are  more  permanent,  and  often  incapable  of 
bdng  oadicated.  Keverthelees  man^  persona  have  immediately  found 
their  health  improved  by  entirely  relmquisliing  the  use  of  tea,  or  even 
OTnittang  itraly  at  breakfast,  for  which  meal  it  is  owtainly  less  proper 
than  for  the  evening  beverage.  Those  for  whom  tea  ii  nnmita^l  ynH 
general^  fiiul  weak  eoooa  the  most  jaoper  subelitnte. 

Persons  of  a  gou^  and  rheumatic  nature,  above  all,  those  pnme  to 
ealculous  diseases  of  the  lithio  add  diathesis,  find  weak  tea  tiie  least 
objectionable  article  of  common  drink.  They  should  take  it  without 
sugar,  and  with  very  little  milk.  (Prout,  'On  the  Stomach,'  p.  217.) 
"When  the  water  is  hard,  the  addition  of  a  little  carbonate  of  soda  not 
only  improves  the  tea,  but  renders  it  a  more  proper  beverage  for  aadh 
peiBons.  This  addition  of  an  alkali  aeema  to  increase  the  action  of  tea 
upon  the  skin,  and  to  augment  its  cooling  properties.  Cream  appean 
to  lessen  the  action  on  the  skin,  as  does  also  lemon-juice.  (Stnitti,  uf 
sapra,p^  189.)  Tea  should  not  be  used  till  about  four  hours  after 
airrsoUdmeaL 

^e  medioal  \ises  of  tea  are  not  many.  In  fevers  it  is  not  only  an 
excellent  diluent  at  the  commencement,  but  a  tincture  of  tea  made  by 
macerating  tea  in  proof-spirit,  and  adding  a  teaspoonfnl  of  this  to  a 
small  cup  of  water,  and  given  at  short  intemls  during  the  night,  after 
the  acuta  symptoms  have  subsided,  is  often  of  gr^  service.  For 
this  purpose,  m  hospitals  and  workhouses,  the  leaves  which  have 
been  used  for  the  ordinary  infusion  may  be  macerated  in  iJoohd, 
and  a  spirit  of  sufficient  strength  for  this  purpose  obtained  at  a 
cheap  rate. 

In  some  forma  of  diseased  heart  tea  provee  a  useful  sedative.  It  is 
nearly  as  valuable  an  antidote  to  poisoning  by  opium  aa  ooffee  is.  Soma 
cases  of  poisoning  by  usenio  and  tartarised  antimony  have  been  pre- 
vented proving  &tal  by  the  immediate  administration  of  tea  in  the 
form  of  a  vei^  strong  infusion.  Here  its  power  aa  an  antidote  d^tends 
upon  its  tannm  decomposing  the  poisonous  substances.  [Astkivqehts.] 
But  in  poisoning  by  opium  it  is  useful  only  in  combating  the  secondaiy 
sympttmis,  and  should  not  be  administered  till  the  stomach-pump  or 
other  means  have  removed  the  opium  from  the  stomach.  Some  cases 
of  severe  nervous  headache  are  relieved  bv  a  cup  of  strong  green  tea, 
taken  without  milk  or  sugar.  But  this  snould  be  sparingly  resorted 
to ;  it  ia  a  wiser  plan  to  avoid  the  causes  of  such  headachee.  Tea  has 
been  looked  upon  as  the  great  means  b^  which  intoxication  was  to  be 
baniflhed,  but  it  is  certain  that  to  reheve  the  tremblinn  and  other 
unpleasant  effscta  of  the  abuse  of  tea,  a  Uttls  brandy  or  raur  alotdtoUo 
stimulant  ia  ooeadonally  added  to  the  oop  of  fm,  and  ao  a  hatdi  Ii 
aoijuizadiridcli  can  navar  aftsrwardi  ba  xiliiiciQUied. 


Tea  hae  fraquent^  beea  denoanced  aa  a  useless  article  of  diet  to  the 
poor,  as  H  ia  assumed  to  be  devoid  of  nutriment,  and  the  millr  and 
sugar  which  are  added  are  auppoeed  to  be  the  cnaly  bmteficial  ingiedinita. 
Dr.  Lettsom  has  given  a  caloulatitBi,  partly  his  own,  and  portfy  taken 
from  'E^Bsays  on  Husbandry,'  to  show  how  much  ia,  in  his  visw, 
unnaoeesarily  expended  by  them  in  thia  wi^.  But  the  observationa  of 
Liebig  are  titought  to  offer  a  satiafectory  explanation  of  the  cause  of 
the  great  parti^tgr  at  the  poor  not  only  for  tea,  bnt  for  toa  of  an 
expensive  and  thwefore  superior  kind : — 

"  To  see  how  the  action  of  csiFeine,  asparagine,  theobromine,  fta, 
may  be  explained,  we  moat  call  to  mind  that  tiie  chief  constituent  at 
tJie  bile  contains  only  S-8  per  cent,  of  nitrogen,  of  which  only  the  half, 
or  1*9  per  cent,  belongs  to  the  taurine.  Bile  contains  in  its  natural 
state  water  and  aolidmatter,  in  tiie  proportion  of  90  parts  by  weight  of 


we  _ 

then  100  parts  of  fresh  bile  will  contain  0*171  parts  of  nitrogen  in  ths 
shape  of  taurine.  Kow  this  quantity  is  contained  in  0*6  parts  erf 
caffeine ;  or  2^tfas  gnuns  of  oafieine  oan  give  to  an  ounce  of  bile  the 
nitin^en  it  oontains  in  the  form  of  taurine.  If  an  infusion  of  tea 
oontam  no  more  than  the  Ath  of  a  grain  of  oafEUne,  still,  if  it  con- 
tribute in  point  of  fact  to  the  formation  of  bile,  the  action,  even  of 
such  a  quanti^,  cannot  be  looked  upon  as  a  nulli^.  Keither  oan  it 
be  denied,  that  in  tiie  caae  of  an  excess  of  non-aaotised  food  and  » 
deficiency  of  motion,  which  ia  required  to  cause  the  change  <^  matter 
of  the  tismes,  and  thus  to  yield  uie  uitrogeoiaed  product  whicb  enters 
into  the  composition  of  the  bile ;  that  in  audi  a  condition  the  health 
may  be  benefited  hr  the  use  of  compounds  idiidi  are  capable  of  supply- 
ingths  idaoe  irf  uw  nitrogeniaed  substance  produoed  in  the  healthy 
sti^  of  the  body,  and  esamtial  to  the  production  of  an  impcstant 
dement  of  rei^ii^on.  In  a  diemical  sense— and  it  is  this  alone 
which  the  preceding  remarks  are  int«aded  to  show— caffeine,  or  thraM, 
asparagine,  and  theobnmiine,  are,  in  virtue  of  their  composition,  better 
adi^vted  to  this  purpoee  than  all  other  nitrogenised  vegetable  [ouioii^s. 
The  action  ot  these  snbatanoea,  in  ordinary  drcumstaocea,  is  not 
obvious,  but  it  unquestfonaUy  exista.  Tea  and  coffee  were  originalhr 
met  with  among  nations  whoee  diet  is  diiefly  vegetable."  (Uebig's 
'  Animal  Chemistry,'  p.  178.)  These  facte  show  in  what  way  tea  proves 
to  the  poor  a  substitute  for  animal  food,  and  why  females  and  literair 
persona  who  take  littie  exerdae  manifest  such  partiality  for  it.  They 
also  explain  why  the  attempts,  and  they  have  been  numerous,  to  find 
among  other  plante  a  substitute  for  tea  have  invariably  failed  of 
suooess. 

TEA,  PABAOUAT,  ot  MATfi.  [Tba,  Pabaouat,  in  Nat.  Hist. 
Div.l 

TEAK,  ECONOMICAL  USES  OF.  The  teak  tree  ii  lonnd  in 
Burmah,  in  India,  and  in  various  ialanda  in  the  Indian  aeas.  It  grows 
to  an  immense  Bise^  and  is  remaikable  for  its  voy  large  leaves,  which 
are  from  IS  to  24  inches  long,  and  from  8  to  16  inches  broad.  The 
wood  ia  li^i^  brownish  coloured,  and  eaaify  worked,  as'  well  as  very 
sbxtng  and  aanblei.  It  la  soon  seasmed,  and  from  containing  a 
resinous  oil,  reusbi  the  action  of  water,  as  well  as  thai  ot  inaectsTThe 
density  of  the  wood  varies  from  0'£91  to  0-876,  according  to  ita 
quality  and  the  mode  in  which  it  is  seascued ;  the  average  is  about 
0711.  One  specimen  has  been  deecribed  having  a  specific  gravity  of 
1'056;  buttheacourapyofthisstatementisdouMful.  fVom  extensive 
experience,  teak  has  been  found  to  be  the  most  valuable  timber  for 
Bhip-buUding.  Teak  is  the  print^ial  article  of  export,  both  in  quantity 
and  value,  from  Houlmdn ;  near  which  port  are  vast  foreste  of  the 
best  teak  in  the  world-  Sjdendid  baulks  of  timber  are  shipped  there, 
60  feet  in  length,  and  as  much  aa  24  inches  square.  The  price  of  fiiat 
class  teak  at  that  port,  squared  into  baulks,  is  usually  about  60a  per 
ton  of  50  ouUe  fsei.  At  the  Great  Exhibition  of  1851,  a  very  interest- 
ing collection  was  diqilqred,  consisting  of  more  than  seveu^  speciee  of 
tmk,  obtwned  from  various  looalitias  and  arranged  aoooiding  to  their 
dend^.  They  were  coUeoted  by  Hr.  Seppioga  of  Qvlcutta,  and  were 
contributed  by  the  Naval  Department  of  the  East  Indhi  Omnpai^. 

TEAM.  Nothing  is  of  greater  importance  in  the  management  of  a 
btm  than  tiie  oattie  which  perform  the  neceesaiy  work  in  ploughing 
and  otiier  operations  on  the  soil,  in  drawing  manure  to  tiie  landanS 
oairylng  the  produce  to  maAet  It  is  eviwit  that  the  smaller  the 
expense  of  the  team  which  does  the  reqoidto  work  in  proper  time,  the 
greater  tiie  profit  of  the  farmer,  and  eveiy  saving  in  this  part  ot  the 
expense  of  cultivation  ia  so  much  added  to  the  clear  gain.  Wherever 
the  land  is  uily  partially  cultivated,  and  a  portion  of  it  remains  in 
coarse  paature,  which  costs  littie  or  nothing  to  the  occupier,  or  where 
extendve  open  commons  afford  cheap  food  for  oxen,  these  last  are 
naturally  emidoyed  in  farm  labour,  it  four  oxen  do  only  the  work  of 
two  horses,  they  are  maintained  at  a  much  smaller  expense,  and,  after 
wmking  for  two  or  three  yean,  their  value  is  improved  for  the  purpose 
of  fatting  for  the  butcher.  The  necessary  gear  is '  much  less  expen- 
mve,  especially  where  the  old  yoke  is  still  in  use,  whether  aorcas  the 
OBck  or  the  horns.  In  fact,  for  a  poor  man  who  has  on^  a  few  acres 
of  land,  and  who  is  dtuated  near  a  waste  or  commcni,  oxen  are  the 
moet  eocoomioal  team.  HaiVt  who  in  gimeral  have  more  theoretioal 
than  practioal  knowledge  ct  nuabaudiy,  have  maintained  the  guwai 
■upenori^  ot  m  tMn  over  that  composed  of  hanea^aixl  have 
given  calculations  which  appear  olearty  to  establish  their  point  But 
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OB  the  oUier  side,  it  may  be  obeeired,  tliat  vherevflr  arable  land  is  the 
ehieC  object  the  {amter'a  attention,  and  the  tillage  of  the  soil  is 
brou^t  to  any  d^ree  of  perfection,  there  oxen  are  nevei'  seen  at 
Tork,  but  have  been  invariably  aupeneded  by  active  boraea.  Ozeot  aa 
draught  anjiT>al»  are  almoat  invariably  part  <d  a  riu^jiBh  agriculture ; 
and  though  leas  eoetly  theauelm,  yefc  teacbing  Sow  and  dilatoi^ 
■jovement  to  evei^thing  about  thenii  their  nw  for  tillage  operationa  u 
Qveiywheav  dinuniBhing. 

Ab  to  the  cost  of  horsee  per  annum,  the  following  mi^  suffice.  In 
the  old  mode  of  feeding,  with  aa  much  hay  as  they  would  eat,  and 
two  bushels  of  oats  for  eadi  horse  per  week,  during  at  least  nine 
montba  in  the  year,  and  giving  them  tares  or  artificial  gnunes  betweea 
taring  sowing  and  harve^  when  there  was  leas  to  be  done,  the  copeoae 
ofa  horse  was  much  greater  than  most  farmera  could  now  afliwd;  and 
more  laud  waa  devoted  to  the  keep  of  the  team  than  was  neocsmy. 
The  following  ia  the  ealculatioD  of  the  cost  the  Iwep  o(  a  horse  in 
thisway: —  . 

£  u 

SS  weekly  at  S  tauhels  of  osb  per  week,  at  St.  6d.  p«T  bushel  II  4 
SO  wnks,  at  1  bushel  of  mts  per  week,  at  S».  Od.  per  boshfll .  S  10 
Tares,  tn.,  SO  weeks,  at  <i.  (1  cwt.  daily,  at  Od.)  .    .     S  10 

Hart     we^  aboat  li  ewt.  we^y,  at  41.  )per  cwt,   .      .     t  S 

maotm  •  1* 

fankr  •  A 

Total      ,      .      .      .   ,jUB  C 

The  bigr  vaA  oati  we  at  hi^  pricas,  but  at  all  events  a  hone 
oaniutt  be  kept  in  this  wajr  under  10s.  per  week.  They  are  then, 
however,  in  ezoellent  condition,  and  able  to  work  ten  hours  per  day  in 
snmmer  and  eight  iu  winter. 

The  use  of  bnitsed  com  and  carrots,  and  mangold-wursel  and  chaff 
of  hay  and  straw,  secures  a  considerable  economy ;  and  taking  smith, 
farrier,  harness,  and  depreciation  of  value  (3£.  per  annum)  iqto  account, 
ttw  coak  per  hone  should  not  be  more  ^tan  SOA  a  year.  In  fsct.  on 
31  fhima,  the  details  of  whioh  have  been  s^ven  Mr.  Morton  in  the 
.Agrieultural  Socoety's  'Journal,'  2S2  horses  working  8851  arable  and 
26i9  pasture  acres,  cost  7513^  S*.  per  annum,  or  about  261. 12s.  apiece. 
In  this,  the  wagea  of  team-s3Len  had  to  be  added,  nearly  1  S,000^.,  iu 
order  to  find  the  coet  oi  hotae-labour  per 

j  It  is  of  great  importance  to  a  person  about  to  hire  a  £um  to  know 
flsaet^  what  number  of  horses  will  be  required  for  its  proper  eultiva- 
tios^uid  thia  depends  upon  many  ciroumstanoea,  which  must  all  be 
taken  into  consideratioD,  and  which  will  make  a  very  material  differ- 
ence, often  aa  much  as  half  the  rent  of  the  land.  He  ia  to  consider 
the  situation  of  the  farm-buildings,  especially  the  stalls  and  cattle- 
yards,  where  the  manure  is  to  be  made,  with  respect  to  their  distance 
snoatbefielda;  the  state  of  the  roads  ajid  the  aocew  to  the  fields;  the 
distance  of  a  good  maricet-town,  and  whether  the  fields  Ue  in  a  xins- 
feaioe  or  are  scattered.  A  farm  of  good  li^t  loam  will  require  one 
horse  for  every  thirty-five  acres  for  its  cultivation.  The  larger  the 
farm,  or  rather  the  fields,  the  fewer  horses  are  required  in  proportion 
to  its  sise,  becauae  much  tune  is  lost  in  turning  the  plough  where  the 
fuiTow  is  short ;  and  ploughing  is  always  the  principal  work  of  the 
team.  If  more  than  two  horses  are  required  to  plou^  the  ground, 
the  sdl  must  be  very  oompact  and  heavy,  and  if  this  is  not  compete 
sated  by  greater  fertility,  the  expense  of  the  horses  will  much  reduce 
tiie  profit  of  (he  farmer.  The  work  in  the  field  when  the  days  are 
loi^  should  be  divided  so  as  to  give  the  horses  at  least  two  hours'  rest, 
during  which  they  should  be  fed  with  com.  When  the  fields  are 
near  the  stables  the  horses  may  be  broug^it  home,  but  a  portable 
manger  is  easily  carried  into  the  field,  such  as  is  used  at  the  inns 
on  the  roads  where  carrien  stop  to  bait.  In  winter  it  may  be  aa 
well  to  finish  the  day's  work  wiui  only  an  interval  of  .half  an  hour. 
The  time  in  summer  should  be  from  S  in  the  morning  till  10,  and 
from  2  till  7  if  the  weather  ia  very  warm,  resting  four  hours ;  or 
from  6  till  11  and  from  1  till  d,resting  two  houia.  In  winter  the  tune 
is  from  7  till  3,  resting  half  an  hour  or  an  hour  between  11  and  12. 
With  good  feeding  and  grooming  thia  is  by  no  means  too  hard  work 
when  the  work  requirea  to  be  carried  on  briskly.  The  heavier  and 
lighter  kind  of  work  should  be  so  arranged  tiiat  when  horsee  have 
worked  hard  for  a  day  or  two,  they  may  have  <Hie  or  two  da^  of 
lighter  work.  Iu  most  parts  of  Eo^aod  the  pace  of  tiie  horses  and 
titeir  daily  work  are  much  leas  than  in  Scotland ;  two  horses  should 
idou^  an  acre  a  day  or  more,  on  an  average,  but  few  farmen  can  get 
much  more  acoomplished  than  three-quarteis  of  an  acre,  if  they  plough 
a  good  depth  or  break  up  clover  or  giaaa  lays.  In  the  light  sands  of 
Norfolk  wad  Lincolnshire  they  go  over  much  ground;  but  there  the 
{arrows  are  wide  uid  shallow,  and  the  horsee  might  eauly  trot  with 
the  iJough  if  the  ploughman  could  keep  up  with  i^em. 

TEAZIjE  {D^aeut  ^U6num)  is  a  pluit  which  grows  wild  in  tho 
hedges,  bat  an  inmoved  variety  ia  carefully  cultivated  in  those 
distnots  of  England  where  oloth  is  manufactured.  It  ia  used  for  the 
purpose  of  forming  a  species  of  brush  witii  which  the  finer  hain  of 
the  woollen  fobric  are  drawn  to  the  sur&ce,  where  they  produce  what 
ia  usually  called  the  nap  of  the  cloth.  Several  attempts  hare  been 
made  to  substitute  artificial  teazles,  formed  of  hooks  of  very  fine  and 
elastio  steel  wire ;  and  at  one  time  there  was  ao  much  ^tpeoraoce  of 
suceeasj  as  to  canie  the  eultivaticoi  of  teaileetobeo^jUiotad:  but  it 


was  soon  found  that  the  wires  tore  the  fine  fibres  of  the  wooL 
espeoiallv  where  there  were  knots  in  the  thread,  whereas  the  hooks 
the  teaeles  gave  way,  and  ttther  bent  or  broke  oflT  before  the  fibcQ 
of  the  wool  was  injured. 

Teazles  ^w  strongest  and  best  in  a  stiffloata.  They  require  Hkti 
soil  to  be  m  good  Iwart,  and  are  supposed  to  exhaust  it  much ;  but 
no  great  portion  of  manure  is  required  to  obtain  a  good  crop.  The 
growing  <xE  teazles  is  a  peculiar  trade.  The  teazle-grower  hires  a  piece 
of  ground  suited  to  his  purpose  from  the  fanner  for  two  years,  and 
paya  a  considerable  r^t.  If  the  grouBd  is  broken  up  from  grass,  it  is 
ploughed  as  deep  as  the  staple  of  the  soil  permits,  and  as  early  as 
poaaible,  if  before  winter  so  much  the  better :  the  ground  is  laid  in 
narrow  stitchee,  on  which  the  seed  is  sown  in  April,  in  rows  fr«n  12 
to  18  inches  apart :  moisture  is  neoeasair  to  make  the  seed  germinate. 
As  Boon  as  the  plants  appear,  they  are  thinned  out,  and  the  intervals 
carefully  hoed  and  weeded.  During  the  summer,  the  ground  is  several 
times  dug,  or  ipaded,  as  it  ia  called,  to  a  coodderable  depth,  with 
very  narrow  and  long  spades ;  thia  greatly  invigorates  the  plants.  In 
November,  plants  may  be  traosplanted  from  where  they  stand  too  Uiick 
to  the  places  where  they  have  failed,  and  also  to  other  land  cultivated 
for  the  crop.  Th^  should  stand  about  a  foot  apart  in  the  row*. 
During  the  ensuing  qiring,  the  cultivation  ia  repeated.  They  soon 
begin  to  push  up  tiieix  stems,  and  are  fit  to  be  cut  in  July,  just  when 
the  blossom  has  fallen.  Aa  tiiey  do  not  oome  to  proper  maturity  at 
the  same  time,  several  aucceasive  gatherings  are  made.  They  are  cut 
witha  sharo  knife  about  nine  inches  below  the  head,  and  tied  in  small 
bundles  or  haodfule :  thick  gloves  are  very  neoeasaiy  in  this  operation. 
They  must  be  carried  under  cover  before  ni^ht,  as  the  raina  or  heavy 
dews  would  injure  them.  When  the  sun  shmes,  they  are  exposed  to 
dry  ia  the  same  manner  as  is  done  with  onion  seed,  and  they  are  never 
packed  close  until  they  are  perfectly  dry.  When  drying  they  are 
usually  hung  on  poles ;  so  tAat  the  air  may  circulate  between  the 
bundtos.  The  bundles  are  afterwards  opened,  and  the  teazles  sorted 
into  kinfB,  middlings  and  sorubi^  aoowding  to  thwr  size;  MOO  kings 
or  20,000  middlingpi  make  a  paek. 

Teazles  are  a  very  precarious  crop ;  sometimes  they  produce  a  very 
great  profit,  and  at  other  times  a  serious  loss.  Care  and  cultivation 
lessen  the  chances  of  failure  greatiy :  but  the  prioe  also  fluctuates  so 
muoh  that  it  is  an  uncertain  speculation,  resembling  iu  this  respect  the 
cultivation  of  hops.  Hence  it  is  undertaken  by  men  who  are  prepared 
for  the  event*  and  who  make  the  i»n>fits  of  one  year  repay  the  lose  ot 
another.  A  ^ood  crop  of  teailea  is  about  10  or  12  packs  on  an  acre : 
this  is  sometimes  exceeded,  but  more  often  It  fails  by  oae-half,  and 
a  total  &ilure  is  not  uncommon.  The  price  may  avers^  or  6^  a 
pack,  so  that  a  good  crop  is  worth  more  than  the  land  it  grew  on ; 
the  expenses,  however,  are  large.  Although  teazles  are  said  to  exhaust 
the  ground  much,  yet  from  the  continual  atining  of  the  soil  the^ 
render  it  very  fit  to  grow  othw  erops,  provided  a  ympm  qnantils^  ol 
manure  ia  uaecl :  thus  very  good  crops  wheat  have  been  obtamed 
after  a  crop  of  teazles. 

TEETH,  DISEASES  OF  THE.  The  teeth,  like  other  organs  of  the 
body,  are  subject  to  a  variety  of  diseased  conditions.  Fco:  practical 
purposes  they  nu^  be  divided  into — 1.  Disorders  attending  dentitioa 
or  the  cutting  of  the  teeth ;  2.  Diseases  of  the  teeth  ^emselvesi 
8.  Diseases  of  the  gums  and  alveolar  processes. 

ZHtaua  of  Dentition. — The  eruption  of  the  temporaiy  or  milk-teeth 
is  a  natural  procees  after  birth  tl^-E^TrnoK,  Diskajsks  of  ;  and  "Teeth, 
TSat.  Hist.  Div.].  The  order  in  which  Uie  milk-teeth  appear  after 
birth  is  subject  to  conaiderable  variations.  Although  dentition  is  a 
natural  process,  it  is  frequently  attended  with  morbid  conditions. 
Prior  to  iha  appearance  of  a  tooth  the  gum  above  it  increases  in 
breadth,  becomes  swollen,  and  is  hot  to  the  touch.  There  is  an 
increased  flow  of  saliva,  which  comes  out  of  the  mouth ;  the  child 
thrusts  whatever  may  be  placed  in  its  hands  into  its  mouth.  It  is 
more  fretful  than  usual,  haa  sudden  fits  of  crying,  and  starts  in  its 
sleep.  The  cheeks  are  flushed,  the  bowels  are  irregular,  and  its  food  ia 
often  thrown  ofT  its  stomach.  It  not  unfrequentiy  happens  that  a  diy 
cough  is  present,  and  sometimes  even  severe  derangement  of  the 
nervous  ^stem. 

In  the  trtatmaU  of  these  symptoms  little'more  ia  needed  than  to 
regulate  the  state  of  the  bowels,  and  to  prevent  the  child  overloading 
its  stomach  with  milk.  It  should  not  be  put  to  the  breast  after  every 
time  it  is  sick,  but  cows'  milk,  with  a  littie  water  and  sugar,  may  be 
substituted  for  its  mother's  milk.  When  oonvulsuHU  occur  and 
evidently  arise  from  the  irritatitm  of  the  gums,  a  free  incision  of  the 
gum  over  the  prensing  tooth  will -often  give  nreat  and  immediate  relief. 
Whenever  in  fact  the  irritation  has  proceeded  so  far  as  to  produce 
obvious  inflammatory  symptoms,  recourse  may  be  had  to  laudng  the 
gums.  In  this  operation  care  should  always  be  taken  to  divide  the 
gum  down  to  the  surface  of  the  pressing  tooth. 

Sometimes  instead  of  inflammation  of  the  jaws  there  is  an  excenive 
hardness  or  induration  of  the  gums.  In  this  case  there  is  great  irri- 
tability and  reetleasnees,  with  other  mnptoms  of  dotangsment  of  the 
qrstem,  which  can  only  be  removed  bgr  aiTidlng  the  indurated  gums 
freely  down  to  the  pressing  tooth. 

During  the  presence  of  the  mtlk-teetii,  they  and  the  gums  are 
subject  to  the  oa^  diseases  as  the  psrmament  teeth  in  after  life, 
Th^  are  however  subjeot  %9  om  lom  of  ^iwaae  whleh  U  peouliar  to 
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ehEldren,  uid  vhich  U  cwiRed  aMOVM  orii.  It  b  io  fiut  an  Tiloenijon 
attended  niih  a  death  of  ports  umilar  to  niut  is  called  phagedena  in 
other  organs  ol  the  body.  The  ulceration  commencee  u  this  case  at 
the  free  edge  ol  the  gunu  and  eztcnds  to  the  alveoli  and  other  parte  of 
the  moudi.  The  Bur&oe  of  the  cheek  lying  in  oo&tact  with  ^e 
ulcerated  gums  becomes  invtilTed  in  the  same  diseeae,  m  that  tiie 
iUT&oes  ot  tile  two  ulcers  are  in  contact.  The  teeth  loosen  and  in 
some  casea  become  black  from  necroaia.  The  surface  of  the  ulcer 
is  of  a  pale  yellow  or  straw  colour,  with  here  uid  there  a  red  ^int 
t^ied  MOTS  Muitoe,  and  wUiA  bteeds  on  being  toadied.  This 
reeds  fat  some  eases  till  the  dwc^  is  mrfbrated,  but  it  more 
^'haimens  before  tUi  tikse  jdaes  that  tin  patient  dtfaer 
from  exnanation  or  hsemorHiage  from  the  nlosmon  of  some 
lam  TesseL 

The  treatment  in  tiiese  cases  must  be  both  constitutional  and  local 
t^M  bowels  diould  be  kept  open,  and  ttmio  madioineB  (iron  and  quinine), 
with  a  liberal  dtot>  mast  M  given.  Locally,  the  nitrate  of  ^rer  riuntld 
be  applied,  and  the  mouth  should  be  mshed  out  with  a  lotion  con- 
tebting  chlorate  of  potash.  This  latter  salt  has  also  been  strongly 
teoommended  as  an  utemal  remedy. 

The  milk-teeth  disappear  as  they  came,  at  Tarious  ues.  Th<7  are 
■ncceeded  by  what  are  called  the  permanent  teeth.  The  number  ot 
theee  is  thirty-two.  Twelve  of  them,  howeTW,  belong  to  the  first 
Bet,  as  th^  are  never  snpeneded.  So  that  the  true  view  of  the  case 
umsart  to  be,  that  tite  ftnt  set  of  teeth  oonsi^a  of  thir^-two,  of 
voidi  Iwen^  dis^peor  under  the  name  of  milk-teeth,  and  are 
fUlowed  by  twenty  othaie,  wludL  are  called,  vitii  the  other  twelve^ 
parmauent  teeth. 

Haeata  of  the  Permanent  TeetJt. — The  diseases  to  which  the  pw- 
manent  tec^  are  subject  have  been  arranged  as  followa  by  Hr. 
Tvmm:— 

Imgalaritr  la  the  tbne  of  the  envtim  ot 

ttw  pmoaneat  teeth. 
Inocnlsritr  In  Oe  position  ot  the  perBunrat 

teeth. 


Veduflical  InlorlN  of  the  teath 
UsshsBliial  lajarlcs  of  tte  atvsoU 


THisMW  nf  ths  iaefsl  tlwme 


otttapolp  m  ,  t 
of  the  alvatriar  perlostettn 

ortteidvnlt  .     .  . 


Dtocaass  ef  the  fuai 


artar. 


Frnotura. 

DilaoeratloB, 

DWoeattoa. 

haetwe. 

carles. 

Heorotla. 

ExDiioils, 

AbscHa. 

LoM  front  tk»  sw/aoe. 

Abeotptton* 

Pals. 

brltattoo. 


UlNMtal. 
araaalatlHb 
Jalaauutlon. 
Bmuwrhaca. 

Tn  fl  *yY^  IBlf  ITM| 

Necrosis. 

Exoitoils. 

AbBorptloa. 

Vleermtton. 

Beeedeaoe. 

Tnmonn. 

Epnllf. 

'PolrpBS. 

Tasealar  ta— la. 

BliBinn. 


Tt  win  be  tmneceesuy  here  to  r^er  in  detail  to  these  disorders  of  the 
teeth  and  gums,  as  many  of  them  are  common  to  these  tiamee  with 
other  parts  of  th»  hodj,  and  require  the  some  genersl  treaimanL  We 
shall  mrefare  refer  m<ne  particularly  to  tluse  disordered  ecnditions 
of  the  teeth  and  gnms  which  prodnoe  the  oomplainta  known  under 
the  name  of  toothache  and  faoeaohe,  and  the  other  more  frequ^t 
dismders  of  theee  organs. 

Denial  Cariet. — One  of  the  most  frequent  causes  of  pain  in  the 
teethis  that  destructive  process  known  by  tiie  name  of  caries.  Various 
liewa  have  been  taken  of  the  nature  of  this  process ;  but  Ur.  Tconee 
d^BM  it  as  "  the  death  and  subaequent  progressive  decomposition  of  a 
part  or  the  whole  of  a  tooth."  The  changes  which  indicate  the  occur- 
renoe  oi  this  condition  are,  fint,  a  discoloiation  of  the  dental  tissue, 
vUidk  ia  succeeded  by  softening  and  dinnt^ration.  The  enamel  first 
— and  then  the  dentine.  The  diseose  spreads  in  the  direction  of 
the  tubes  down  to  the  pulp,  forming  a  conical  cavity  with  an 

oblique  direeti(»i.  It  ia  not,  however,  infrequent  to  find  the  hole  in 
ttw  sgaamel  less  than  that  in  the  dentine,  as  the  process  of  decay  goes 
on  much  more  ruidly  in  the  latter  than  in  the  former. 

Thia  |gooeai  ox  decaj'  wtj  or  may  not  be  attended  with  padn  from 
tike  time  of  its  first  setting  in.  Bventuall^,  however,  the  caries  extends 
to  the  pulp  cavity  where  the  nwvee  are  situated,  and  pain  is  the  result. 
Even  this  is  socnetimes  prevented  by  a  kind  of  reparative  process  going 
on  in  the  dentine,  which  forms  the  walls  of  ttie  oavit^j  and  which 
prevents  the  nerres  from  bung  affeoted. 


If  the  caries  extends,  the  pulp  may  become  inflamed,  and  also  the 
dental  periosteum,  which  may  be  followed  by  alveolar  absoasa.  Before 
inflammation  of  the  pulp  U  eatabliihed,  the  pain  from  the  tooth 
becomes  intolerable  by  mitatiim  in  the  pulp.  This  state  eomes  on 
gradually:  first  a  little  pain  is  felt  when  not  or  cold  or  sweet  acid 
things  are  put  into  the  mouth.  This  goes  on  increasinK  till  inflamma- 
tion is  established  in  the  pulp  of  the  diseased  tooth.  This  frequently 
leads  to  irritation  in  the  pulp  of  the  sound  teetj^  so  that  pain  may  be 
felt  in  several  teeth  by  the  unsoundness  one. 

n  is  when  the  pulp  beconwa  inflamed  that  the  ^ideot  tiuobUng 
pain  known  as  toothac&e  oomes  on.   In  this  state  a  destnicUoo  of  the 
pulp  may  take  place  and  the  pain  cease,  and  the  tooth  retaining  its 
vitality  from  its  external  periosteum  alone  may  rtfll  be  nsaftiL  Th^ 
however,  a  very  rare  occurrence. 

In  the  treatment  of  caries  of  the  toofli,  and  Its  attendant  irritaticm 
and  inflammation  of  the  pulp,  it  should  be  recollected  that  all  external 
renndiea  are  palUatiTse.  A.  natonl  cure,  which  is  very  unlikely,  may 
go  on  whiht  a  UtUe  relief  -la  obtained  by  such  apidfoationa  as  o^am, 
ether,  creasote,  alum,  chloroform,  tannio  acid,  nitrate  of  sOvo'.  The 
multitude  of  remedies  for  too^Ache  show  how  utterly  intractable  a 
disease  it  is,  and  how  littie  amenable  to  imything  Uke  wrtwaQ  treet- 
ment.  Kor  will  internal  remedies  affect  tiie  tooth,  or  hi  any  manner 
arrest  the  caries  which  produces  the  pain. 

If  caiiSB  is  obsarred  m  the  eeriy  stages,  before  the  pulp  cavity  is 
aflboted,  then  the  diseased  part  may  he  scooped  out,  and  the  cavity 
plugged  up  in  various  ways.  This,  however,  must  be  done  early,  in 
order  to  ensure  suocess.  It  not  unfrequently  happeau  that  where 
irritation  of  the  pulp  cavity  has  been  set  up  plugging  will  relieve. 
Where  irritation  is  set  up  in  neighbouring  teeth  from  InBamed  pulp, 
then  the  removal  of  the  offending  tooth  is  immediately  attended  with 
relief  to  tile  othera. 

In  the  case  of  inflammation  of  the  pulp,  where  the  p^  is  severe, 
the  tootii  should  be  removed.  The  luMntrd  oi  ulterior  consequences 
to  the  alveolar  process  and  the  jaw  diould  always  pnnnpt  to  the 
removal  of  the  inflamed  tooth. 

The  consequences  of  decay  of  the  teeth  ate  not  at  all  confined  to  the 
simple  pain  called  toothache.  The  inflammation  may  extend  from  the 
tooth  to  the  gnma,  and  from  the  gams  to  the  surrounding  structuree, 
80  that  inflammation  of  lite  submaxillary  glands  takes  place,  and  a 
■welling  of  the  whole  &ce  oocurs,  Sudi  inflammation  may  be  acute 
or  chronic  When  it  la  acute  it  may  subside  in  a  few  days  after  the 
application  of  the  ordinary  remedies  for  on  acute  iafiammatoiy  con- 
dition of  the  soft  tissues.  It  may,  however,  be  chronic,  and  attended 
with  ulceraticm  ot  the  mucous  mraibrane,  whidi  may  extend  to  the 
tiiroat.  In  these  caass  local  remedies  may  relieve.  The  Wfdicatioo  of 
tannic  acid,  alum,  or  chlorate  of  potash  vrill  be  ol  eerrice,  but  tiie 
great  remedy  of  all  ia  the  removal  of  the  cause— the  extraction  of  the 
decayed  tooth  or  teeth. 

Again,  the  nervous  system  may  be  the  seat  of  the  engendered 
disease.  The  whole  of  the  nerves  of  the  face  singly  or  t^^ther  may 
be  the  seat  of  refiected  pain  from  the  infiamed  palp  of  a  sin^de  tooth. 
Tbmo  pains,  often  taken  for  idi<^wtitio  nenralgist  oanaoi  be  slsetasUy 
relieved  till  the  cause  of  tbedr  exutement  is  rasnoved.  ^le  reSaoted 
irritation  of  the  nerves  msy  not  only  afieot  nerves,  but  even  the  Isain 
itself  and  the  otgans  of  the  smses.  All  obscure  pains  of  the  head  and 
affections  of  the  senses  should  be  examined  in  relation  to  the  ocmdition 
of  the  teeth,  as  a  source  of  irritation  not  indicated  aeoewily  hj  pain 
in  the  tooth  may  be  frequently  found  in  its  disorganised  aad  decayed 
condition. 

The  other  forms  of  diseaie  of  Uie  testh  are  less  oonunon  and  special 
than  those  we  have  spoken  of  above.  Sometimes  ezoeasive  pain  ia 
suffered  from  %nJUuiimatio»  qf  tke  dental  periotteuoK  When  Uiere  ia 
no  decay  of  the  tootii,  and  the  pain  is  clearly  ref««ble  to  this  cause, 
muoh  good  may  be  done  by  the  ^^lication  of  one  or  two  leeches  to 
the  gum  opposite  the  end  of  the  root  of  the  affected  tooth.  Antiphlo. 
gistic  reniedieB  dionld  also  be  general^  ai^died.  Where  morbid 
growths  ore  the  result  of  such  mflsmm^ion,  the  extmctiMi  of  the 
tooth  will  be  of  service ;  but  even  then  the  i»fl»w.mnfj<^  oootiuue 
in  the  socket.  Sometimes  the  iufiammation  is  of  a  rheumatic  chants 
ter,  and  demands  a  treatment  ad^>ted  to  tiiis  state  of  the  system. 

Diaeasa  of  the  Alveoli  and  Oam$. — From  the  periosteum  we  pass  on 
to  the  alveoli  and  gums.  The  diseases  of  the  alveoli  whidi  sre  most 
frequent  are  absorptioa  and  haamorrhage. 

Absorption  of  the  ahreoli  frequently  takes  place  as  the  result  ol  eon- 
stitutiomd  tendenciy,  and  a  disposition  to  this  malady  is  handed  down 
from  father  to  son.  Under  uese  circumstances  it  is  not  an  unusual 
thing  to  observe  a  man  under  fifty  with  scsroely  sny  teeth  in  his  head. 
This  process  takes  place  slowly,  and  almost  imperceptibly,  till  the  teebh 
drop  out  one  after  another.  Absorption  of  the  ^veon  may  also  be 
induced  by  inflammation  of  the  gums,  whidi  may  be  k^t  up  by 
decayed  teeth.  The  salivation  attukdant  upon  the  adnunisttaticai  of 
mercury  is  also  accompanied  witii  an  absorption  of  the  alveolar  pro* 
ceases  and  a  falling  out  of  the  teeth. 

In  the  treatment  of  these  cases  the  great  thing  is  to  remove  the 
cause.  Where  decayed  teeth,  inflammation  of  the  gums  from  tartar, 
or  irr^ular  teeth,  are  present,  these  must  be  removed.  Kothing  seems 
to  arrest  the  hereditary  absorption  of  the  slveolL  It  is  like  the  loss  of 
hail,  or  other  defect^  au  acooupaoiment  of  old  age,  and  in  certain  oasei 


Digitized  by 


Google 


TBETB  OP  WBEELB. 


TEIiEaiULFH. 


M 


Umo  lyniptonis  come  oq  prematurely.  The  gre»t  reaonroe  and  com- 
ftfft  ui  the  eafferer  in  these  oamb  is  the  introduction  of  artificial  teeth. 
The  manufacture  of  these  organs  has  be«i  carried  to  such  perfection 
that  little  or  no  inocmTenience  is  felt  from  their  presence  in  the  mou&, 
irtiilst  Hay  perform  the  functifais  of  mastication  and  ^ve  the  nooeesary 
modulation  to  the  voice  as  thou^  they  were  the  origmal  teeth.  Th^ 
liave  even  this  advantage  over  natural  teeth,  that  they  nevn  aohe. 

hemorrhage  from  Uie  periosteum  of  the  alveoli  is  not  unfrequsntly 
a  BouToe  of  alarm,  and  cases  are  recorded  in  which  death  has  occurred 
from  this  cause.  It  usually  comes  on  after  the  extraction  of  a  tooth. 
Under  ordinary  cirumstances  the  socket  becomes  filled  with  a  ooa^fulum 
of  bkod,  whidi  arrests  all  further  bleeding ;  but  in  theee  oases  the 
Mood  eoQtinaea  to  bs  poured  out  from  the  wounded  Tesseli^  and  resists 
an  attempts  at  arrest  The  best  method  <d  treaUng  these  eases  is  to 
plug  the  socket  with  a  piece  of  lint  dipped  in  some  strong  almiio.  One 
of  ^e  most  efficient  styptics  for  these  cases  ia  the  matioo,  which  should 
be  powdered  and  applied  ou  Hxe  outside  of  a  plug  of  moistened  lint. 

Injtammation  of^  the  Qwau. — This  may  be  eittier  acute  or  chronic, 
and  may  come  on  independent  of  caries  of  the  tooth  or  other  disease. 
Acute  inflammation  is  most  frequently  seen  as  the  result  of  taking 
mercury.  [Msboubt,  Medical  Propertva  o/.]  Chronic  infiammation 
ittended  with  ulceration  of  the  gams  is  veiy  frequent.  It  may  arise 
from  diMssed  conditions  of  the  teeth,  or  fnan  a  disordered  state  of  the 
■ystem,  In  inflammation  without  ulceration  stimulant  anilioationa 
are  very  benefidal,  whilst  the  ulcers  may  be  touched  with  nuxio  aiSA, 
or  pfin**^  with  a  strong  solution  of  chlorate  ci.  potash. 

Blvtt  Qvm. — When  iMd  is  iatroduoed  into  tiie  ^gtem  in  nuD  quan- 
tiUes  for  a  length  at  time,  its  presence  in  the  lystem  is  indicated  by  a 
blue  or  purpliui  line  running  along  the  edges  of  the  gums  just  where 
thmr  meet  the  teeth.  This  curious  fact,  which  was  first  pointed  out 
by  Dr.  Burton,  has  since  been  oonSrmed  in  a  large  number  of  cases. 
Ilie  blue  line  is,  however,  only  seen  in  oases  where  tartar  has  aocumu- 
lated  on  the  teeth.  It  is  not  seen  in  cases  either  where  there  are  no 
teeth  in  the  gums.  Wherever  present  it  indicates  the  action  of  lead 
on  the  system,  and  should  lead  to  the  investigation  of  the  ciroum- 
stances  under  which  the  patient  has  received  this  Bubatanoe  into  the 
^ystun.  ULt.  Tomes  has  mentioned  two  cases  in  wliich  the  same  kind 
of  discoloration  has  taken  place  from  the  aetiiHi  of  mercury  on  the 
system.  It  is  not,  however,  impossible  that  tlw  pt^amtioni  of  mer- 
cury taken  in  theee  cases  contained  lead. 

Tartar, — ^The  saliva  whidi  is  poured  into  the  moatii  contains  cer- 
tain eartiiy  mattcn  in  aolutitm,  which  an  prediutated  on  the  roots  of 
the  teeth  at  the  point  where  they  are  covered  by  the  gums.  Thispre- 
^pitata,  which  is  a  true  salivary  calculus,  is  Mlled  "  tartar."  Wnoi 
diemioaUy  examined  it  has  been  found  to  oonfadn  in  100  ports — 

Esittiy  pho^utBs   79>0 

SaSlntj  mwm   1 

PtymUn   1*0 

Aalmal  natter   T'f 

100*0 

It  assumes  a  variety  of  edoun  on  the  teeth,  acoording  to  the  nature 
of  the  food  habitusUy  taken.  The  aocnmnlaUon  of  t^is  substance  on 
the  teeth  tends  to  jnxiduce  infiammation  of  the  gums  and  to  cause 
their  absorption  as  well  as  that  of  the  alveolar  processes. 

When  tartar  has  accumulated  to  a  oonsidarable  extent  it  should  be 
tealed  off  the  teeth  by  means  of  instruments  fitted  for  the  purpose. 
One  of  the  great  objects  of  the  daily  brushing  of  the  teeth  Is  the  pre- 
vention  of  the  accumulation  of  this  tartar.  One  of  tiie  beat  dentifrices 
for  habitual  use  Lb  the  camphorated  tooth^wder,  which  conaiste  of 
camphor  carefully  powdsrsd  and  mixed  wHh  ehdk.  All  agents  that 
would  dissolve  the  tartar  woold  dissolva  Uie  teeth,  and  must  therefore 
be  careful^  avoided. 
(Tomes,  Ltetmta  m  Jkntal  Pkgdohgyi  Tomes,  JTaiwal  ^  DaOal 


m  OP  WHEELS.  [Wheels.] 
TEKOBBTIN  (C,H,r).   A  native  erystslline  resiu  found  in  the 
peat  of  Denmark. 

TELEGRAPH  (from  i%k»,  "distant,"  and  ^pif^,  "write"),  a 
machine  or  process  for  communicating  intelligeaioe  to  a  distance, 
usually  b^  means  of  preconcerted  signals,  to  which  some  conventional 
meaning  is  attached.  The  name  MmopAore  (from  ff^/io,  "  a  dgn,"  and 
f/fw,  "  bear "),  was  also  ^tplied  to  some  of  the  machines  used  for 
afibcting  telegraphic  communication;  which,  in  an  extended  sense, 
may  be  considered  to  embrace  every  means  of  cmveying  intdligenoe 
by  gestures  and  visible  signals,  as  flags,  lanterns,  rockets,  UueJ^ts, 
beaoon-fires,  Ac,  or  audible  signals,  as  the  firing  of  guns,  tite  Mow- 
ing of  trumpets,  the  beating  of  drums  or  gongs,  fte.,  as  well  as  by  the 
machines  specially  provided  for  the  purpose. 

Although  telegraphic  communication,  as  a  means  of  conveying  any 
required  inteUigmice,  is  an  invention  of  recent  date,  the  use  of^ji^ 
for  the  speedy  transmisedon  <d  such  brief  messsges  as  mi^t  be  pre- 
viously arranged  between  persons,  is  a  practice  derived  from  the  most 
reniote  antiquity.    The  use  of  beacon-fires,  for  example,  as  a  means  of 

S'ving  qwedy  warning  of  the  approach  of  an  enemy,  is  alluded  to  by 
e  ^^let  Jeremiah,  who  wrote  about  six  centuries  before  the 
Chiirtiuen,aiidwhowanutheBeDjamiteiio  "aet  upa  iriffi  of  fb« 


in  Beth-haooerem ;  for  evil,"  be  adds,  "  appeareth  out  of  the  north, 
and  great  destruction."  (Jeremiah,  vL  1.)  The  fine  description  given 
1^-  .^Bchylus,  in  his  '  Agamemnon,'  of  the  application  of  a  fine  of  flre- 
Bignals  to  communicate  the  intelligence  of  the  fall  of  Troy,  is  often 
referred  to  as  an  early  instance  of  this  kind  of  telegraphic  despatch. 
This  rimple  means  of  spreading  an  alum,  or  fflfflimunimittiig  utelli- 
gence,  is  described  by  Soott  inthe  '  Lay  of  tlie  Last  IQnatrdT  and  In 
a  note  he  refers  to  an  Act  of  the  Scottish  parliament  in  1465,  e.  48, 
which  directs  that  one  bob  or  fsggot  shall  be  warning  of  the  apimadi 
of  the  English  in  any  manner ;  two  bales,  that  they  are  eoming  indeed; 
and  four  bUes  blaring  beside  each  other,  that  the  enemy  are  in  great 
force.  Suoh  signals,  though  best  adapted  to  give  information  night, 
were  also  mnimAai  in  the  daytime,  when  they  upgmni.  as  columns  of 
dense  smoke.  Tnrehes  held  m  the  hand  and  moved  in  any  particular 
manner,  or  alternately  displayed  and  hidden  behind  a  screen,  were  also 
used  in  ancient  times  as  signals.  Folybius  describes  two  somewhat 
complicated  methods  of  tel^nphing  by  means  of  torches ;  and  Bishop 
Wilkins,  in  his  curious  work  entitled  '  Mercury ;  or  the  Secret  and 
Swift  Keaaesogev,'  after  desoibing  tius  tel^raph  of  Folybius,  mentinu 
another  wliich  requires  only  three  lights  or  torches  to  indicate  the 
twenty-four  necessary  letters  ol  the  ujiwbet,  which  are,  according  to 
this  man,  which  he  gives  on  the  authority  of  Joacfaimus  Fortius,  to  be 
divided  into  three  olossee  of  eight  letters  each.  The  first  dass  iM 
represented  by  one  torch,  tiie  second  by  two,  and  the  third  W  three ; 
and  the  number  of  tiie  letter  by  the  number  of  times  which  tiie 
torches  are  elevated  or  disoovered.  Similsr  to  this^  is  the  nis^t- 
telegraph  connived  by  the  Bev.  James  Bromner^  dC  the  Shetland 
Islands,  and  rewarded  bj  the  Sodety  of  Arts  in  1816.  CSoo.  Trans., 
xxxiv.)  A  sin^e  li^t  wmstitutes  the  whole  apparatus,  snd^tiie 
whole  operation  consists  in  its  alternate  exhibition  and  concealment. 
This  plui  had  been  found  suitable  for  distances  of  twenty  miles  and 
upwards,  and  had  been  successfully  put  in  operation  between  the 
lighthouse  on  Copland  Island  and  Port  Patrick  on  the  opposite  side 
of  the  Irish  Channel  Bishop  Wilkius  also  describes  a  method  which 
dmends  upon  the  relative  poritions  of  two  lights  attached  to  long 
poles,  and  which,  he  says,  "  for  ito  q<dcknes8  and  speed  is  much  to  be 
Inferred  before  uiy  of  the  rest."  This  plan  came  very  near  to  the 
principle  upon  which  some  of  the  subsequent  telegr^^c  systems 
depended.  In  suggesting  the  use  of  extended  lines  of  tel^raphic 
communication,  he  further  hints  at  the  t^pUcatioQ  of  the  tidesoopa 
(or,  as  he  styles  it,  '  Oalilsiu  his  pempeotive to  the  deoiphering  of 
distant  wgnafs. 

Other  writen^  such  as  Eiroher,  Schottos,  and  Eessler,  have  pub- 
lished plans  tot  tdegiaphic  signals.  Kesaler  proposed  to  cut  out  such 
charactera  as  it  was  desired  to  show  in  the  ends  of  a  cask,  which  was 
to  be  elevated  with  a  light  enclosed  in  it.  The  Marquess  of  Worcester 
also,  in  his  '  Century  of  Inventions,'  IMS,  announcea,  "  How  at  a 
window,  as  for  as  the  eye  can  discover  black  from  white,  a  man  may 
hold  discourse  with  his  correspondent,  without  noise  made  or  notice 
takea,"fto.;  and  agsin,  "Awaytodo  it  by  night  as  well  osbydsy, 
thourii  as  SmA.  ss  pjtidi  Is  Uack."  But  the  earliest  well-defined  plui 
of  teIegi«phio  communication  appears  to  be  that  described  in  a  paper 
addressed  to  the  Royid  Sodety  in  1684,  by  Dr.  Robert  Hooke,  and 
published  in  1726  in  Derham's  collection  of  his  '  Fhilosophioal  Ex- 
periments and  Observations,'  pp.  142-150,  "showing  a  way  how  to 
communicate  one's  mind  at  great  distances."  Hooke's  scheme  will 
be  vndentood  bj  lefaning  to      1,  which  mpiWHits  «a  dented 
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frame-work  supporting  a  panel  or  screen,  a,  behind  which  were  to  be 
suspended  a  number  of  symbols  or  devices,  formed  of  deal  plank,  of 
the  various  shapes  represented  by  the  amall  black  figures.  The  first 
twmty-four  of  these,  whidi  conmst  entirely  of  stnignt  lines,  were  to 
stand  for  ali^betio  dutrootera;  and  the  dx  devicee  oonsisting  of 
curved  lines  were  to  be  used  as  arbitrary  signals.  Whenever  it  was 
dedred  to  display  any  of  these  characters,  they  were  to  be  drawn  from 
behind  the  screen  by  a  rope  e,  passing  over  pulleys  in  tiie  frame-woric, 
and  so  rendered  visible  in  the  open  space  at  b.  These  telegraphs  were 
to  be  erected  upon  elevated  stakons,  and  telescopes  were  to  be  used  by 
the  observsn.  The  cwder  of  oonnaotitm  between  the  signs  enmloyed 
and  the  letten  of  the  alphlbet  mighty  it  is  en>lained,  be  infinitdy 
varied,  for  the  soke  of  secret^;  and  none  of  the  parties  employed, 
excepting  those  at  the  terminal  stations,  need  have  any  knowledge  of 
the  taammgt  communicated.  Hooke  fuithcr  prtmosed  a  aoheme  for 
ni^  oommimkation  by  meimi  of  llgfat*  dispoBod  fn  ft  oertaln  order 
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About  twenty  y«an  &fter  tJiu  date  of  Hooke'a  paper,  Amontons  brouKfat 
forward  a  mmilkr  plan  m»Emce.  Some  other  individuals  aubsequentJy 
derimd  aimilar  Bohemea,  but  aotluiig  waa  effected  in*  iho  piacticu 
application  of  tel^rapbic  communication  until  tbe  wars  of  the  French 
revolution.  Macdonald  states  that,  "  FollowiuK  the  principles  laid 
down  by  Dr.  Hoolce,  in  1684,  Dupuifi,  in  Franoe,  invented  the  French 
telegraphi  which  Don  Gualtier,  a  monk  of  the  order  of  Citeaux,  in 
1 7S1,  modified,  and  proposed  to  Gondorcet,  UiUi,  and  Dr.  Franklin, 
who  recommended  it  to  the  French  fovemmmt,"  The  telegraph 
brought  into  use  in  1798  or  1794,  "bj  H.  Chappe,  was,  as  will  be  aeen 
by  fy.  2,  a  Toy  mperior  madiina  to  that  of  Dr.  Hook& 
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Chappe'i  td«grai^,  which,  from  its  podtitni  whsa  at  rest,  is  wxae- 
timea  called  the  t  telegraph,  coneiated  of  an  upright  pole  or  post,  at 
'  the  top  of  which  was  pivoted,  by  its  centre,  a  transverse  beam,  which, 
hj  means  of  ropes  woriced  in  the  chamber  below,  that  served  also  for 
an  observatory,  might  be  made  to  aaaume  any  required  angle  with  the 
poet.  Eadi  end  of  this  moreabls  beam  earned  a  short  arm,  that  waa 
capable  of  assuming  any  reauired  angle  with  it ;  and  these  arms  also 
were  worked  by  ropes,  whicn  were  ocmdncted  tiirough  the  axis  of  tiie 
beam,  in  order  that  -the  neceaaary  degree  of  tension  mig^t  not  be  dis- 
turbed by  the  action  of  the  machine.  By  this  contrivanoe,  witbout 
the  use  of  any  angles  of  less  tban  45°  (whioa  might  be  indistinct  when 
viewed  from  a  great  distanoe,  or  under  the  influence  of  a  refractive 
atmosphere),  aa  many  as  256  different  signs  might  be  made.  A  mut^ 
smaller  number  was  however  sufBcient,  aa  M,  Chappe  oommimicated 
his  intelligence  letter  by  letter,  and  simplified  the  movements  by  using 
an  alphabet  of  only  sixteen  letters.  The  anuill  figures  in  the  cut  ahow 
some  of  the  different  positions  assumed  by  the  ucum  and  arms ;  and, 
as  the  connection  between  the^e  and  the  lettera  they  were  made  to 
repreeeot,  was  quite  arbitrary,  their  aignificaUon  might  be  changed  as 
often  aa  was  necessary  for  the  purposes  of  aecreey ;  it  being  only  neces- 
sary that  the  key  should  be  known  to  the  pnrtiee  sending  and  receiving 
the  message,  although  it  might  be  transmitted  through  a  great  number 
of  intermediate  stattona.  Such  tel^raphs  were  first  erected  on  a  line 
commenciag  at  the  Louvre,  in  Paris,  and  proceeding  b^  Montmartre 
and  other  elevated  pointa  to  lisle,  in  order  to  communicate  between 
the  Committee  of  Public  Wel&re  and  the  combined  armies  in  the  Low 
Countries.  TeleBC<^>e8  were  used  at  each  station,  snd  the  dgnals  dis- 
played at  one  station  were  immediately  repeated  at  tiie  next ;  four 
aeoonds  being  found  sufficient  for  effecting  tiie  required  motions,  and 
sixteen  seconds  the  time  allowed  for  observing  and  noting  down  each 
signal,  during  which  the  machine  remained  atationary.  Barr^re,  in 
aanoonciug  the  invention  of  the  telegraph  to  the  Convention,  on  the 
17tli  of  Aoguat,  1794,  stated  that  the  news  of  tlie  recapture  of  lisle 
had,  means  of  this  nudiine,  reached  Paris  in  an  hour  after  the 
troops  of  the  Republic  had  entered  the  plac&  ('  Annual  Register,* 
1794.) 

The  advantages  of  such  extraordinary  celerity  of  communication 
were  so  obvious,  that  in  England  and  other  countries  many  plana  were 
immediatoly  brought  forward,  some  of  which  differed  materially  from 
that  whidt  had  been  snocessfully  put  in  practice  in  France.  Among 
these  was  that  oontriTsd  by  Mr.  n.  L.  Edgewcnih,  whose  nnmerical 
telegraph  {or  a  telegraph  o^ireaaing  nnmbsn,  which  mudben  refer  to 
letters,  words,  or  sentences,  in  a  diotionaiyX  'W^l  ^  undantood  by 


meansoC  fy.  8,  in  which  aa  index  or  pointer,  In  the  fomi<tf  an  isos' 
eelea  triaape,  was  so  mounted  upon  a  poet,  or  on  a  portable  triangular 
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stand,  that  it  might  be  turned  into  any  of  the  ei^ht  positions  shown  in 
the  upper  part  of  the  cut ;  these  positions  indicating,  respectively,  0 
and  uie  numerals  1  to  7.  Four  such  pointers,  mounted  side  by  rade, 
as  in  the  lower  part  of  the  figure,  afford  power  for  expreeaing  any 
number  fraai  1  to  7777,  excepting  8,  £>,  18, 19,  28,  29,  and  all  others 
in  which  the  numerals  8  and  9  are  required :  the  first  pointer  repre- 
senting thousands,  the  second  hundreds,  the  third  tens,  and  the  fourtii 
units.  Thus,  the  four  black  pointers  in  the  figure  being,  respectively, 
in  the  positions  indicating  2,  7,  7,  and  4,  express,  cdlecUvely,  the 
number  2774.  Further  particulars  of  this  method  will  be  found  in 
Edgeworth's '  Enay  on  the  Art  of  Conveying  Secret  and  Swift  Intelli- 
gence,' published  In  tiie  rixth  volume  of  the  'Transactions  <rf  tibe  Rt^al 
Irish  Academy.'  He  also  published  a  pamphlet  entitled  '  A  Letter  to 
the  Right  Honourable  the  Earl  of  Cbarlemont  on  the  Tellograph,  and 
on  the  Defence  of  Ireland,'  which  was  reprinted  at  London  in  1797. 

The  Rev.  J.  Gamble,  chaplain  to  tiie  Duke  of  York,  proposed  a 
shutter  tel^raph,  conaating  of  a  fiame-woik  containing  five  boards,  or 
shutters,  arranged  veitieally  one  above  the  other,  and  pivoted  in  auoh 
a  way  that  any  or  all  of  them  mi^t  be  dosed,  so  as  to  present  th^ 
broad  surfaces  to  the  eye,  or  opened,  so  as  to  show  merdy  a  thin 
edge,  which  would  be  UiTisible  at  a  distance.  The  various  «gnals 
produced  by  closing  one  or  more  of  these  shutters  may  be  applied 
either  to  a  numeri(»l  or  on  alphabetical  system.  A  similar  plan  sub- 
mitted to  tita  Admiralty  in  1795,  by  Lord  George  Murray,  was  adopted 
in  the  first  government  line  of  telqmH^  established  m  BngWin,  in 
1796, between  London  and  Dover.  The  'Annual  Register 'n>r  that 
year  (p.  4  of  Uie  '  Chronicle ')  mentions  the  erection  of  the  tcHegnph 
over  uie  Admiralty  on  tiie  26tii  of  January,  and  states  that  information 
had  been  conveyed  from  Dover  to  London  in  seven  minutes.  The 
action  of  this  kmd  of  telegraph,  which  was  continued  in  use  by  the 
Admiral^  until  the  year  1816,  is  illustrated  by  j^,  4,  in  which  a 
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represents  a  square  frame-work  with  six  octagonal  shutters,  1,  2,  8, 4, 6, 
and  6,  arranged  in  two  vertical  columns,  or  sets,  and  turned  iato  a 
vertical  position,  so  as  to  display  their  broad  surfaces  completely,  and 
B  represents  the  same  appaiiktua  with  the  boards  or  shutters  placed 
hotiKontally,  or  turned  one^uarter  round  upon  their  respective  axes, 
BO  as  to  present  nothing  but  tiieir  edges  to  the  eye.  The  central  space 
between  the  two  columns  of  shutters  serves  to  render  them  more 
distinct  to  a  distsat  observer,  and  affords  room  for  the  ropes  and 
pulleys  fay  which  the  telc^nrsfdi  is  worked,  and  whidi  are  managed  fay 
persons  in  the  observatory  below.  A  modification  of  this  kind  w. 
tel^^ph,  intended  for  rught  as  wdl  aa  for  day  aervice,  waa  submitted 
to  the  Society  of  Arts,  in  1S05,  by  Mr.  Joseph  Davis.  About  the  same 
time  that  ahutter-tel^fraphs  were  being  introduced  in  England,  the 
Oievalfar  A.*  N.  Educrants,  of  Stockholm,  was  devisinff  similar 
machinery  for  use  In  Sweden.  (See  Kicholson's  'Journal/  180S; 
Society  of  Arts '  Transactions '  for  1808.)  Other  modifications  of  the 
shutter  telegraph  were  put  forward  from  time  to  time,  but  experience 
established  the  superiority  of  telegraphs  or  semaphores  with  moveable 
arms ;  and  these  were  greatly  simpMed,  so  aa  to  avoid  the  objection 
raised  to  the  old  French  telq^raph.  Among  the  achemes  proposed  soon 
after  the  first  practical  application  of  tel^ra^,  waa  <me  wnich  o<msisted 
in  dividing  a  large  circle  into  twenty>four  parts,  for  the  letters  <^  the 
alphabet,  and  employing  a  traversing  radius,  or  index,  to  point  them 
out ;  wires  being  fixed  before  the  object^Jaas  of  the  telescope  to  enable 
the  distant  observer  todetermine  the  position  of  the  radius.  This  ^lan 
could  only  be  applied  to  short  distances,  because  refraction  might 
render  it  difficult  to  distinguish  between  positions  so  little  varying 
from  each  other.  The  same  radiating  principle  was,  however,  ad<^tted 
in  some  machines  of  a  more  practical  character ;  among  whi<di  was  a 
telegraph  contrived  by  the  Rev.  J.  Gamble,  consisting  of  five  beams  or 
arms  pivoted  at  the  top  of  a  poet,  upon  one  axis,  and  capable  of  pro- 
ducing many  different  combinations  without  using  anj^es  of  lees  Uian 
45°.  On  a  similu  principle  were  constructed  the  French  coast 
telegn^iha  adopted  in  1803,  to  which  the  name  of  icmapfwre  was  fini 
applied,  and  from  which  it  has  hem  given  to  other  tel^raphic  machines, 
the  action  of  which  is  dependent  upon  the  motion  of  arms  around 
pivots  placed  at  or  near  their  extremities.  These  French  semaphores, 
or,  as  they  were  sometimes  called,  tiffnal-p(uU,  consisted  of  upright 
poets  with  two  or  three  moveable  arms,  tomins  upon  separate  pivots, 
one  above  the  other.  Before  they  were  mnob  Imown  in  this  oonntiy, 
Capt^  Pasley  had  been  led  to  omerre  the  inferiority  of  the  ocmimon 
]and-teleg»idi  to  that  used  at  8ea„  n^iioh  oonurted  <tf  ooloared  fl^s. 
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and  hj  wbicfa  three  numben,  or  rather  three  uumenlB  combined  to 
form  one  number,  might  be  readily  expreaaed.  To  remedy  thia  defect, 
he,  in  1807  (before  ha  had  seen  the  French  senuq>hor6),  deriaed  what 
he  termed  &  "  polygrunmatio  telegraph,"  a  descripUon  of  wfaioh  vas 
published  in  Tilloidi'a  '  Philoaophical  UagasiDe.'  vol.  xxix.  Thii 
machln^*^.  S«  oonaiated  of  four  poati,  at  tbie  top  irf  «Mb  oi  wUoh  mi 
Ttg.  s. 


pivoted  a  pair  of  arma.  Each  pair  of  arms  w«a  capable,  by  aaaamiiig 
the  various  poaitiona  indicated  by  the  dotted  lines  added  to  the  first 
pair,  of  forming  mora  than  a  auffldent  variety  of  diatinot  signals  to 
express  any  of  the  numerals  or  the  0 ;  and  consequently  tiie  whole 
moohine  could  represent  any  number  oompoaed  of  not  more  tiian  four 
flgtiree,  besides  having  several  signals  to  spare.  In  1800  Captain 
Paaley  saw  the  FVench  semaphore,  which  he  deecribed  in  the  following 

J 'ear,  together  with  a  modiBcation  of  his  own  polygrammatio  teleq^rajdi, 
ounded  upon  it,  in  the  thirty-fifth  volume  of  the  periodical  just 
mentioned.  This  aimpliSed  polygrammatic  telegraph,  represented  in 
Jig.  6,  has  three  pairs  of  arms,  refveaenting  hundreds,  tens,  and  Tinita, 
pivoted  to  different  parts  of  Uie  same  vertical 
posL  Thia  contrivance  is  adopted  by  Lieu' 
tenant-Colonel  Macdonald,  wifli  very  trifling 
variation,  in  hia '  Treatise  explanatoiy  of  a  new 
System  of  Naval,  Military,  and  Fohtical  Tele- 
.     .  gnqphio  Communication,'  published  in  1817.  By 

^^N.  the  addition  of  •  ball  and  a  vaoe  at  the  top  of 

^ ,  _  the  mast,  it  becomes  a  machine  of  the  same 

power  as  Maodonald'a  thirteen-ehutter  telegraph ; 
as  each  pair  of  arms  is  capable  of  aasuming 
fifteen  distinct  poaitiona.    Another  semaphore 
yO        on  the  same  principle  waa  lulanitted  to  tiie 
^  Society  of  Arte  in  1821,  by  Linitanant  N.  H. 

Nioohu,  and  described,  together  witli  a  metliod 
of  applying  a  ahiftiQg  key  to  telegn4>hic  com- 
muniflations,  for  the  purpose  of  insuring  their 
■Bcre<7,  in  the  thirty-ninth  volume  of  Uie 
Soctely's  '  Transactions.'  The  telegraphs  upon 
the  commercial  line  of  communication  eata- 
bliahed  between  Loudon  and  the  Downs  were  constructed  upon  another 
modification  <^  the  polygrammatic  principle ;  four  paits  of  arms  being 
employed,  but  mounted  upon  two  posts  instead  of  one,  as  in  M^ioolas'fl 
semaphore,  or  four,  aa  in  the  origiiul  design  of  (^ptain  Fkaley. 

In  1816  it  waa  determined  to  change  the  Admiralty  telegraphs  into 
•aiuai^ores  oonstruoted  on  the  principle  of  tlioaa  used  in  ]^«noe,  with 
the  imjwovements  aug^^ested  by  Sir  Home  Popham,  who  had  previously 
doiw  much  for  the  mtpiOTSDMnt  of  naval  ngnsls.  The  aotion  of 
Popham'a  aemaphore  is  explained  by  Ag.  7,  in  which  dotted  linea  are 
added  to  uiow  the  various  positions  in 
which  the  anna  may  be  placed,  and  nume- 
rals to  show  the  numbers  indicated  by 
those  positions.  Only  two  orma  are  em- 
ployed; but  aa  they  ara  mounted  up<»i 
separate  pivots,  eaoh  of  them  can  assume 
six  difierent  poBiti<»uiy  and  die  two  together 
are  capable  of  -  affording  forty-ei^t  signals ; 
which  number,  though  leaa  than  that  given 
by  the  Bix-shutter  tol^raph,  ia  sufficient  to 
express  the  letters  of  the  al[jiabet  and  the 
Arabic  numerala,  and  to  leave  thirteen 
signals  unappropriated,  far  ablweviatioiiB 
and  arbitrary  stgns.  This  kind  of  Bsma- 
phore  (which  is  minutely  described  in  the 
2  '  Society  of  Arts  Transactions,*  voL  xxxiv.) 
was  used  at  the  government  stations  until 
supeneded  by  the  electric  telegraph. 

The  vertical  poet  of  thia  tele^ph  was  a 
hoUov  hexagoiul  mast,  which,  turning  on 
a  pivot  at  its  foot,  and  in  a  collar  whera  it 
passed  through  the  roof  of  the  obaervatorr, 
oould  be  moved  so  as  to  display  its  signals 
in  any  direction.   The  moveable  arms  ware 

.  ,   provraed  with  balanoe-wel^ts  in  the  form 

of  manes  of  metal  attached  to  their  shorta* 
MidSy  van  BMT  to  jdvote  upon  which  they  turned,  by  whidi  means 
thqr  ooura  be  moved  in  any  direction  with  the  exertion  of  a  very  small 
force;  and  they  were  made,  when  out  of  use,  to  fall  into  gtoovea.or 
reoesaes  in  the  post,  so  as  to  become  invisible.  The  movements  were 
effected  by  means  of  two  winch-handles  near  the  base  of  the  mast, 
wUfain  the  cabin,  one  for  each  arm.   The  winch-handles  tomed  two 
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small  bevel-wheels,  which  communicated  motion  by  means  of  two 
horizontal  bevel-wheels  to  long  upright  ahafta  or  rods,  which  passed  up 
the  inside  of  the  hollow  post  ot  we  telegraph.  At  the  upper  ends  of 
these  rods,  which  were  held  steady  by  suitable  bearings,  were  endless 
•crews,  wotting  into  toothed  wheels  fixed  upon  tbs  azee  of  the  arms, 
and  tiiereby  eoomumicatiag  outtioa  to  them.  In  order  that  the  person 
who  woiked  the  machine  mi^it  know  praoisdy  iriun  the  arma  were 
tvouf^t  to  the  reqnirad  positions,  stmilar  mdlcas  Mirewi  were  added 
near  the  lower  ends  ot  tiie  vertical  rods,  to  give  motian  by  toothed 
wheels  to  indexes,  which  gave  a  miniature  representation  of  the  motion 
of  the  arms.  Uxoepting  these  indexes  and  the  winoh-handlea,  the 
whole  apparatus  waa  intdoeed  in  the  vertical  ahaft  ot  the  tolegnqph,  on 
the  outside  of  which  small  blocks  were  added,  to  enable  a  man,  with 
the  sssistaDce  of  a  rope  from  the  top  of  the  post,  to  ascend  the  machine 
for  the  purpose  of  cleaning  and  <uling  it 

About  the  same  time.  Sir  Home  Popham  proposed  a  modification  of 
the  semaphore  for  marine  purposes,  which,  he  conceivod,  would  be 
found  very  advantageous  for  the  merchant-service,  by  superseding  the 
necesai^  for  a  costly  aat  of  signal-flags,  the  expense  and  wear  and  tear 
of  which  formed  a  serious  objection  to  a  system  of  general  telegraphic 
communication  at  sea,  excepting  in  the  ships  of  the  East  India  Com- 
pany. His  proposed  sea-telegraph  vrould  not,  it  ia  stated,  cost  more 
than  Gfbr  shillings  at  first,  and  its  wear  and  Uac  would  not  amount  to 
five  shilirngs  a  year.  As  the  height  of  an  apparatus  resembling  the 
land-sema^ore  would  be  objectionable  for  marine  purposes,  Popham 
proposed  to  use  two  posts,  12  feet  2  intdtee  hi^  and  6  inchn  thick, 
each  having  a  single  arm,  6  feet  4  inches  long  and  10  inches  broad, 
pivoted  to  tiie  tc^  but  not  falling  into  a  Aot  In  the  post,  as  in  the 
last-described  maduna.  In  a  small  slot  at  the  top  of  each  post  is  a 
grooved  pull^  or  sheave,  fixed  upon  the  suns  axis  as  the  arm ;  and  at 
a  convenient  height  from  the  bottom  of  each  post  another  precisely 
similar  pulley  is  mounted  in  like  way,  its  axis  passing  through  tho 
post,  and  carrying  a  small  wheel  with  four  handles  at  right  angles  with 
each  other,  by  the  maohine  is  worked ;  the  motion  of  the  lowv 

pulley  being  otnnmunioatBd  to  the  upper  one,  and  consequently  to  the 
arm,  by  an  aidless  rope,  which  has  two  or  three  turns  round  eaoh  of 
the  sheaves,  and  paMeg  i^  the  aides  of  the  post.  When  the  tele- 
graph ia  in  use,  the  posts  may  be  attached  to  the  wdea  ot  a  vessel  by 
stepping  their  lovrer  ends  into  blocks  fixed  for  the  purpose,  and  lashing 
them  to  the  bulwarks;  or  they  may  be  mounted  upon  trucks,  so  as  to 
be  readily  moved  from  one  pvt^of  the  ship  to  another.  The  detorip- 
tion  of  this  madiine  in  Ehr  Home  Pojuiun's  eommunioation  to  the 
Society  of  Arts  mentions  but  four  positions  for  each  arm,  and  states 
that  when  placed  in  the  four  positions  diagonally  to  the  post,  one  arm 
denatcH  1,  2,  3,  and  4,  and  the  other  S,  8,  7,  and  8.  This  anangement 
gives  twenty-four  distinct  signals,  and  avoids  the  possibility  of  mis- 
taking the  horizontal  for  an  inclined  position  of  either  ann,  of  wiiich 
there  might,  owing  to  the  motion  of  the  ship,  be  some  riak. 

ICajor-GeneraJ  Paaley,  in  a  pamphlet  published  in  18S8,  entitled 
'  Description  of  the  Umveraal  Telegraph  for  Day  and  Kight  Signals,' 
abandons  the  polygrammatic  principle,  and  adopts  the  simple  form 
shown  in  Jig.  8,  which  represents  what  he  styles  the  "  univcnsl  telo- 
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graph,"  aa  adapted  for  dav-sernoe.  It  consists  of  an  ujajg^t  post  with 
two  arms,  boUi  attached  to  one  pivot  at  its  upper  extremity.  Eadi 
arm  is  capable  of  assuming  the  seven  positionB  indioated  in  the  cut, 
besides  what  is  called  the  tlop,  which  is  made  when  turned  down  and 
obscured  by  the  poet  Twenty-eight  distinct  aignala  may  therefore  be 
made  by  the  aimaratus,  as  shown  in  the  subjoined  table ;  these  being 
more  uian  sufficient  for  the  letters  of  the  alphabet,  though  not 
numerous  enough  to  allow  of  a  full  alphAbet  and  the  numeral 
characters. 

Tahh  iff  tha  tfarate  or  dittiitet  Sifnah  gwtn  by  Pmlt^g  Utiictmd  T^tf/raph. 
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li 

15 
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SB 

t 
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li 
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ST 
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13 

17 
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45 

BT 

4 

IS 

IS 

34 

4e 

5 

U 

34 

33 

47 

It  bad  been  found,  in  using  Sir  Home  Popham's  ship-semaphorca 
that  uneeitaintv  was  oocasoned  by  the  signids  being  sometimes  seen 
in  rtvacW(  In  wniA  ease  oaanmnoaror  sign  would  be  oonfounded  vrith 
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itDoUier;  Fsaley  provided  against  this  occurrcDce  vitii  his  uniTeml 
tel^n^h  by  the  addition  of  the  auxiliary  arm,  or  indicator,  marked  a, 
Jig.  S,  which,  in  whatever  direction  the  machine  may  b«  viewed,  diBtin- 
gnidies  the  aide  at  wUoh  tiie  nnmenl  sigiu  oommence;  It  sOTves  to 
preTSnt  th«  poiitiMi  ttuiAbd  4  from  being  oonfounded  with  the  stop, 
whldi  It  mint  if  tiitare  wm«  noUiing  to  indicate  that  the  telegn^h  ia 
tt  woik,  and  to  emble  the  ^  to  meeaore  Ite  height.  The  counter- 
bahnoe  wfeigbts  of  the  arms  we  not  fixed  close  to  the  pirot,  bat  extend 
to  notne  distance  from  It,  Id  tiie  form  of  a  slender  fromework  of  iron, 
with  a  ball  at  the  outer  extremity,  their  tight  appearanee  rendering 
thetn  almost  isTitfble  at  A  distauoe.  Pasley  states  that  telegtsphs 
should  fat  gtittu^  bb  feisAed  blaok,  and,  if  possible,  so  placed  that  ^tey 
may  be  smu  wlUumt  any  babkgrooiid.  If,  however,  a  badkgnrand  be 
nnsrt^dable,  the  telegragh  should  be  of  sudi  a  colour  » to  eontrut 
with  it.  In  some  oases.  Where  the  appearance  of  the  background 
Tsriea  much  at  difibrent  periods  of  the  day,  It  has  been  found  onful  to 
paint  the  arlns  white  and  black,  in  large  t^equerfl,  each  occupying 
half  of  tiie  width  and  half  of  the  iMigth  of  the  arm. 

The  oontrivanoes  whlcb  hare  been  suggested  for  effiwting  telegra- 
phic eommn^eation  afe  so  very  nwaerous,  that  anytiiing  like  an  enume- 
ration of  Uiem  is  impoodble  in  this  place.  Several  depend  upon  the 
^>plicailon  of  arms  of  various  forma  to  a  semaphoric  telegraph,  while 
another  class  of  telegraphie  contrivances  depend  upon  the  exhibition  of 
devices  or  symbols^  in  a  manner  somewhat  resembling  the  origiQal 
contrivance  of  Dr.  'Hooke.  In  Mr.  Spencer's  '  anUuopo-tdegraph,'  a 
man  hcUs*  couple  of  dlsoe  in  his  hands,  aUd  makes  aimab  by  plachig 
them  ia  <Ufl^mit  poritiois  with  respect  to  each  other.  But  the  reader, 
interested  in  this  sort  of  det^.  Which  is  ndw  purely  historical,  may 
gratify  his  curiosity  Iw  referring  to  the  '  Transactions  of  the  Society  of 
Arts.'  Blacdonald'a  'Treatise  on  Telegraph  Communication'  (1817), 
also  contains  a  multitude  of  eimiltU'  details. 

Marine  telegniphio  eommunicatlon  is  an  object  of  great  Importanue, 
rinoo  there  are  many  eireuniBtanoee  vUeh  render  paisoBal  eommimice- 
tion  between  vesselB  at  sea  imprabti(sble,  and  that  aometimee  in  oasM 
of  the  greatest  emergenoy.  But,  althoUgh  naval  signola  hivo  been,  of 
neceerity,  longund,  and  flags  of  various  forma  and  colours  have  been 
flxtenuvdy  employed  for  the  purpose  of  making  them,  it  was  not  till 
within  a  compuatively  recent  pwiod  that  they  were  reduced  to 
anythinglike  an  affloient  telegr^utio  system.  ^  John  Barrow  states 
('  Ency/Brit.;  art  *  ITavy ')  fhat^  The  idea  of  numbering  the  flap,  and 
of  assigning  a  cet-tais  nomber  of  eorresponding  sentences  to  cotaln 
combinations  of  these  numbws,  was  reduced  to  something  approadiing 
a  regular  system  in  the  fleet  of  Lord  Howe)"  and  that  in  the  year 
179S  a  new  signal-book  was  issued  by  ^e  Admiralty,  the  references  to 
which  were  made  by  a  numerical  arracgement  of  flags.  This  book 
contained  about  fonr  hundred  sentences,  expressive  of  Uie  most  iisual 
opaiaticnifl  of  the  fleet;  birt  it  Was  eo  imperfect  Idist,  if  at^  order  had 
to  he  trsiimidtted  wUch  waa  net  to  be  fdund  in  the  dietionary,  it 
became  necessary  to  make  the  sigtial  for  "  a  boat  from  each  ship  y'  sn 
ordet*  which  could  not  always  be  complied  witli.  This  inconvenience 
was  remedied  by  the  plan,  suggested  by  Sir  Home  Fopham,  of  making 
the  flag-signals  represent  the  letters  (A  the  dphabet,  as  well  as  words 
and  sentences,  in  cDU&eetioQ  with  numbers.  He  also  printed,  at 
Calcutta,  a  new  oode  of  naval  signals,  which  was  nibaequeni^  re- 
printed hi  Engjland,  greatly  extended,  and  adopted  for  tDM  id  the  navy. 
Among  tbe  numerous  Improvemente  introduced  by  him  is  a  new 
method  of  cutting  the  signal  flags,  so  that,  as  he  explained  to  the 
Society  of  Arts  in  1816,  "  the  selvages  of  the  buutin  are  brought  on 
the  outer  edgee  of  the  flags,  and  the  goringa  In  the  centre;  by  which 
means  the  outer  edge  Is  susceptible  of  the  least  air  of  wind,  and  when 
the  flag  Mows  out,  the  gmings  aasiet  in  keeping  Ik  ont;  whereas  the 
old  flags  had  a  h«a  oA  the  ontside,  whieh  rendered  them  difficult  to 
bo  moved  without  a  fresh  breeze,  eepecially  In  damp  and  r^ny  weather, 
as  the  hem  then  beoatne  very  heavy."  "  Besides,"  he  odds,  "  It  is 
impossible,  from  the  nature  of  the  buntin,  to  sew  ft  straight  seam,  for 
the  instant  it  is  cut  it  will  beOMns  in  some  degree  eonrad."  ('  Trans- 
actions,' tol.  xxxiv.) 

The  i»ineiple  of  the  nolneiioal  ffratem  as  amdfed  to  flag-tdecimphs 
in  the  navy  is  briefly  explained  by  Haodonald.  Nine  di&rent  varie- 
gated flags  are  employed  to  eg^reM  the  numer^  1  to  9,  mother  for  0, 
uid  anotiia-  called  a  tubtHtxie,  to  repeat  any  flag  tmder  which  it  is 
Loisted,  in  the  case  of  the  same  numeral  occurring  twice  in  the  nnmber 
tc  be  expressed.  A  pendant  is  also  uSed  in  some  cases  as  a  substitute 
for  the  uppermost  figure;  and  thus,  hj  the  use  of  eleven  difl^rent 
fliags  and  ft  pendant,  any  number  from  1  to  999  may  be  etpreaed 
without  displaying  more  than  tiiree  flags,  or  two  flags  and  »  pendant, 
at  once. 

The  Codes  best  known  in  England  are  those  of  the  Admiralty,  1808, 
and  again  i&  1816  and  1820,  and  the  modifications  which  form  the 
pteeent  Admiralty  Code ;  Lynn's  Code,  1818:  Squire's,  1820;  Baper's, 
1828;  PhiUipps's,  1886;  Hohde's,  1886;  WaUter'B,  1841;  Eardley 
Wilmot's,  1851 ;  Boger's  (American),  1854  •  Beynold's  (fVench)  1855; 
Martyatk's  (last  edit.),  1856 ;  Board  of  Trade  (2nd  edit.),  1869.  In  dH 
these  the  genenil  {nindple  ia  the  aame  as  above  explained.  A  eertun 
number  ta  flap  and  peOdante  of  dlflhrent  pattenis  have  to  each  its 
own  name,  some  being  expreseed  by  nomerals,  others  by  letters,  whUe 
ft  third  set  are  used  for  specific  purposes  :  one  called  the  Interrogatory, 
aAs  »  question;  another  aig^ufies  an  affirmaticoi,  another  a  negation. 


and  BO  on.  In  the  Admiral^,  this  system  is  carried  to  a  considentble 
extent,  and  requires  about  fifty  flags  or  pendimts;  while  there  is  a 

foneral  system-book,  by  which  orders  are  given  for  evolutiona  in  the 
eet,  and  much  routine  information.  There  is  also  a  second  tei^ra- 
phie  book,  iiuiludit^  common  winds  in  English,  a  list  of  ships  in  the 
Royal  Kavy,  with  the  names  of  the  flags  by  which  each  n  distinr 
guLshed,  and  other  useful  information.  There  is  also  a  ^atem  of 
night  signals,  the  same  as  the  general  signal  book,  but  instead  of  flags, 
lamps,  with  or  without  blue  lights  or  guns,  convey  the  signals.  There 
is  also  a  system  of  fog-signals  made  by  the  firing  of  guns,  the  variatioos 
being  marked  by  the  intervals  between  tiie  repents.  In  addition  to  all 
this,  eaoh  commander  is  furnished  with  private  and  aectct  idgnali^ 
whioh  are  only  need  to  ascertain  whether  a  ship  of  war  is  a  tamgotr 
or  not ;  for  if  a  foreigner  the  proper  return  signal  will  not  be  known. 

A  general  code  adapted  to  merchant  resaels  was  invented  by  Captain 
Horryatt,  and  continued  in  use  up  to  the  year  1 867,  when  the  Board 
of  Trade  published  their  '  Commercial  Code  of  Signals  for  all  Nations,' 
which  Soon  came  into  general  use.  It  includes  only  18  flaga  <^ 
pendants,  whleh  were  named  after  the  consonants,  and  were  ao 
arranged  as  to  show  the  distinguishing  flu  of  eveiy  British  merchant 
ship,  a  list  of  such  ships  as  are  registered  Ming  published  every  year 
by  the  Board  of  Trade,  with  an  official  number  to  each.  Ba<UL  ship 
always  retains  its  name  and  number,  although  it  may  change  its  pork 
The  signals  provided  for  were  20,000,  and  4  flags  the  greatest  nutnber 
for  any  signal.  The  system  was  modified  by  a  committee  appointed 
by  the  Board  of  Trade  in  1856,  and  as  now  in  cmeration  provides  by 
means  of  18  flags  and  8  pendants  for  upwards  of  70,000  signals :  the 
flags  and  pendimte  dre  given  under  Flao.  Hie  aiguala  are  tattageA  in 
olaasesfor  easy  reference.  We  may  lastly  refer  to  a  Bystem  of  boat- 
signals  arranged  by  Captain  Wilmot. 

Sir  John  Barrow,  in  the  article  before  alluded  to,  observes  that  a 
telegraph  employed  for  public  purposes  should  be  possessed  at  poKetf 
cermntg,  nm^tdts,  ederity,  and  tecrteg.  It  should  have  snffl<dent 
power  to  ezpresB,  by  .distinct  positaona  or  oombinationa  of  moveable 
parts,  any  possible  order  or  information,  either  by  letters,  words,  or 
sentences.  Its  certainty  will  depend  upon  oil  its  porta  being  clearly 
defined,  wholly  within  the  field  of  the  telescope,  and  so  distinct  that 
there  shall  be  no  risk  of  mistaking  one  signal  for  another ;  whence  the 
Importance  of  simplicity  becomes  obvious.   In  order  to  decide  the 

aneation  as  to  distinotness,  the  Bhutter-telegi^>h  at  Kunhead,  near 
Tew  ChvoB,  wsa  left  standing  for  some  time  on  the  same  hill  as  the 
semaphore ;  and  the  reeidt  of  the  trial  for  a  whole  winter  was,  "that 
tiie  semaphore  was  frequentiy  distinctly  visible  when  the  boarded 
telegraph  was  no  much  enveloped  in  mist  and  fog  that  the  particular 
boards  shut  or  thrown  open  could  not  be  distinguished ; "  and  that 
the  number  of  days  in  the  course  of  the  vrintw  upon  which  the 
semaphore  was  visible  exceeded  those  npon  which  the  shutters  eo^ 
be  seen  by  fully  one-third. 

Any  means  of  telegraphie  oonmiunication  whioh  depends  upon  the 
dstHphering  of  signals  exhibited  at  a  distant  station  is  necessarily  de- 
pendent upon  contingencies  of  weather ;  but  niany  plans  have  beem 
contrived  for  efitaoting  the  object  in  such  a  manner  as  to  be  inde- 
pendent both  of  lig^t  and  of  the  state  of  the  atmosidiere^  For  oom- 
mtmioation  between  the  dlfihrent  parts  of  a  house  this  object  may  be 
e0bcted  a  mechanical  ocnmection,  by  chains  or  wirsa,  betwaui  two 
dials  with  revolving  indexes  or  pointers,  in  such  a  way  that  when  one 
pointer  is  directed  to  a  particuLu-  letter  or  word  inscribed  upon  the 
dial  to  which  it  is  attached,  the  other  may  exhibit  a  similar  movement. 
The  attention  of  the  servant  is  engaged  previously  by  ringing  a  beU ; 
and  when  the  required  signal  haa  been  made,  a  spring  returns  both 
indexes  to  their  original  poaition.  Speaking-pipes,  or  tabes  to  eonvc^ 
the  voice  from  one  place  to  another,  are  also  avidlable  for  short  di^ 
tancfls,  but  their  range  ia  too  limited  for  application  on  on  extended 
ecida  One  of  the  early  schemes  of  this  character  depends  upon  the 
principle  of  water  finding  its  level ;  but.  Independently  of  the  diffloult^ 
which  might  arise  from  the  friction  of  water  in  a  very  long  pipe  m. 
small  diameter,  such  as  would  be  required  to  ootmeet  the  veTtiau  tubsa 
in  which  the  observations  would  be  made,  each  a  plan  involves  the 
necessi^  of  having  all  the  communicating  stations  at  or  near  the  same 
level.  Other  hydraulic  telegraphs  depend  upon  the  comparative  inoom- 
preseibility  of  water  or  other  liqtuds ;  it  lieing  proposed  to  lay  cU)wn 
small  pipes  of  any  required  length,  and  to  indicate  different  signals 
by  pressing  more  or  lees  upon  the  surface  of  the  fluid  contained  in 
them,  which  would  transmit  the  motion  to  the  opposite  end  of  the 
l^pe,  where  it  might  be  pointed  out  upon  a  dial,  or  in  any  other  oon- 
veoient  manner.  Mr.  TEJlance  described  such  a  method  of  tele««^o 
communication  in  a  pamphlet,  published  in  1825,  of  which  H«>«rt 
gives  some  account  ('  En^eer's  and  Mechanle's  Ifiooycdopeedia*) ;  and 
some  fflmilar  schemes  have  been  more  recentiy  propounded.  Air  con- 
fined in  small  pipes  has  also  been  tried  to  a  limited  extent  as  a  pneu-  ^ 
matio  tel^raph ;  but  In  this,  as  well  as  in  the  hydraulio  systomi  the 
risk  of  lei^age  is  a  serious  disadvantage. 

TELEQBAFH,  ELECTRIC.  The  attempte  to  render  one  or  other 
of  the  phenomena  of  electricity  aubaervient  to  the  purposes  of  tde- 
gnq)hy,  have  been  numerous.  From  the  earliest  date  whioh  we  can 
assign  to  Uie  existence  of  an  electric  tel^raph,  ite  essential  parts  have 
been  the  same.  These  are,  1st,  the  source  of  electrical  power;  Snd, 
the  conduoting  material  by  which  this  power  is  enabled  to  travd  to 
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the  required  locality ;  and  3rd,  the  apparatus  by  which  at  the  distunt 
eud  of  the  line,  the  existence  of  this  power,  its  amountj  or  the  direc- 
tion of  its  action,  is  made  known  to  the  obserTer.  In  the  earlier  stages 
of  the  inrention,  the  investigations  of  its  promoteni  ven  confined  to 
the  last  of  these  three  essentials ;  and  bo  long  as  the  illustration  of  the 
idea  was  confined  to  the  lectiire-table,  this  part  claimed  pre-eminence. 
But,  with  the  proposed  application  of  the  prindpla  to  purposes  of 
general  utility,  there  arose  the  neoessi^  for  an  eqiul.degree  ot  atten- 
tion to  the  two  former  requi«tes. 

The  experiments  of  Dr.  Watson  in  England,  in  1747>andof  Franklin, 
in  1748,  on  the  banks  of  the  Schuylkill  river,  may  have  suggested 
the  conveyance  of  information  by  means  of  electricity.  The  earlieot 
authenticated  instance  of  any  attempt  to  reduce  this  idea  to  practice, 
appears  to  bavo  been  that  of  M.  Lesp^  at  Qenevo,  in  1 774,  and  of  Lomond 
in  France,  in  1787>  They  employed  as  an  indicator  a  pair  of  pith  bolls, 
suspended  from  one  end  of  an  insitlated  wire,  at  the  otiier  end  of  which 
was  the  operator,  provided  with  an  electoioal  maahin&  On  chaigii^ 
the  wire  with  electricity,  the  pith  bolls  would  exercise  mutual  repul- 
sion, and  diverge  from  one  another;  but  on  removing  the  electrical 
cboige  from  the  wire  by  the  contact  of  some  conductor,  the  balls 
would  collapse.  It  is  evident  that  certain  numbers  of  successive 
divergences  might  be  made  to  denote  particular  preconcerted  signals. 
Subs^uenUv  to  Uus,  the  phenomenon  of  the  spark,  as  seen  on  the 
passige  of  deotrioity  through  an  uninterrupted  conductor,  was  used 
lor  the  transmission  of  ngnols.  Were  the  various  letters  of  the  alpha- 
bet formed  in  this  manner,  upon  a  tablo,  and  connected  each  one  with 
a  distinct  and  insulated  wire,  any  particular  letter  might  be  rendered 
visible  in  a  darkened  room,  by  paseing  an  electrical  charge  through  the 
appropriate  wire.  This  in  fact  constituted  the  telegraph  of  Beusser, 
or  Keiser,  invented  in  1794.  Betoncourt  and  Dr.  S&lva  in  Spain,  in 
1798,  appear  to  have  made  experiments  on  the  transmisaion  of  the 
duuge  though  wires  of  great  length. 

A  somewhat  similar  fonn  of  apparatus,  involving  the  some  principle, 
was  constructed  by  arranging  t^e  several  wires  in  succession,  with  a 
single  break  in  each.  The  various  wires  bore  the  names  of  the  dif- 
ferent letters  or  figures,  and  any  required  signal  was  indicated  by 
passing  the  chaige  uirou^  the  proper  wire,  when  the  spark  visible  at 
the  interruption  of  the  circuit  would  denote  the  letter  to  the  obaerrer 
at  the  ferther  end. 

This  was  the  point  to  which  the  invention  had  advanced,  at  the 
commencement  of  the  preeout  century.  The  discovery  by  Volta,  in 
1800,  of  the  pile  which  bears  his  name,  forms  the  commencement  of  a 
new  era  in  electric  telegraphs,  although  there  was  no  immediate 
applicatitm  of  tiie  phenomena  of  the  galvanic  current  to  the  purpose. 
Indeed  several  important  discoveries  had  to  be  made  before  an  electric 
(elegraph  of  any  mine  was  possible. 

In  1807,  Sommeriog  at  Munich  proposed  to  construct  an  electric 
telegraph  un  the  principle  of  tiie  decomposition  of  water  by  the 
Voltaic  current,  as  discovered  in  1800  by  Nicholson  and  Carlisle.  The 
form  of  his  apparatus  was  the  following  : — In  a  glass  trough  contsuning 
water,  thirty-five  gold  peg^  or  pins  were  arranged  vertically,  this 
number  of  pegs  OOTrespoDding  to  tiie  letters  of  the  alphabet,  together 
with  the  nine  digits.  Each  ^  these  pins  was  connected  wiUi  a  wire, 
which  extended  to  the  place  whence  the  signal  was  to  be  transmitted. 
At  this  point  they  tenoinated  in  brass  strips,  arranged  in  a  frame  side 
by  side,  but,  like  the  wires  and  pins,  insulated  from  each  other.  Each 
brass  strip  bore  the  name  of  the  letter  or  figure  which  belonged  to  the 
pin  to  wMch  it  was  connected.  The  operator,  when  wishing  to  send 
any  oommunication,  conneoted  the  two  of  the  battery  with  the 
bnsB  atoipe  bearing  the  names  of  tne  two  first  letters  required. 
Decomposition  of  the  water  in  the  trough  at  the  distant  end  was 
instantly  indicated  by  the  evolution  of  bubbles  of  gas  from  the  two 
gold  pins,  which  thus  become  the  two  electrodes  or  poles  of  the 
battery.  The  lettera  forming  any  communicotion  were  to  be  in  this 
moaner  denoted  in  purs,  the  inventor  ingeniously  avoiling  himself 
of  the  difierent  quantitiee  of  the  two  gases  evolved  to  point  out 
ttie  relative  position  ot  the  letters  in  each  pair,  the  hydrogen  being 
employed  to  indicate  the  first  letter.  Schweigger  proposed  to  add  to 
this  system  a  plan  for  caUing  the  attention  of  the  correspondent  at 
the  distant  station  by  the  discharge,  by  the  current,  of  a  pistol  charged 
^vith  the  mixed  gases. 

In  1816,  Mr.  Uonaldsj  of  Hammersmith,  invented  an  electric  tele- 
gn^h,  in  which  the  liss  of  frictiooal  deotrioity  was  reourred  to.  This 
tel^raph,  which  was  shown  to  several  soientifie  men  at  the  date  i^bove 
given,  was  fully  described  by  the  inventor  in  a  work  published  by 
him  in  1823.  Mr.  Ronalds  employed  the  divergence  and  collapse 
of  a  pair  of  pitii-balls  as  the  telegraphic  iiidication,  in  which  respect 
the  principle  was  the  same  as  that  adopted  by  Mr.  Lomond ;  but 
to  this  simple  i^poratus,  a  distinct  contrivance  was  appended,  in 
order  to  render  the  communicotion  more  rapid  and  easy.  A  single 
wire,  perfecUy  insulated  by  being  suspended  from  silken  strings,  or 
buried  In  ^ass  tubes,  surrounded  by  pitch,  and  protected  by  wooden 
troughs,  was  extended  between  the  two  stations.  From^the  end  of 
this  wire  was  suspended  in  front  of  the  diol  of  a  clock  a  pair  of 
pith-balls,  so  that-while  the  wire  was  charged  the  bolls  would  remain 
divergent,  but  would  instontiy  collapse,  when  the  wire  by  contact 
with  the  earth,  or  with  the  hand  of  the  operator,  was  dischorged.  A 
person  at  one  end  having  therefore  on  dectrical  machine  by  which 


he  could  maintain  the  wire  in  on  electrified  state,  and  the  pith-balls 
at  tiie  farther  extremity  consequently  in  a  state  of  divergence, —had 
it  of  course  in  lus  power  to  give  an  instantaneous  indication  to  on 
observer  at  Uutt  fartitw  extremity  by.  touching  the  wire  with  his 
hand,  which,  discharging  the  electiicity,  would  ^ow  the  bolls  to  col- 
lapse for  an  instant.  But  instead  of  merely  employing  the  successive 
movements  of  the  pith-bolls  to  denote  the  various  agnals,  Mr.  Ronalds 
added  another  apparatus  for  this  purpose.  Two  clocks,  very  accu- 
rately adjusted  to  the  same  rate  of  going,  carried,  insbttd  of  the 
ordinaty  seconds  hand,  liritt  discs,  on  which  the  various  letters  of  the 
alphabet,  the  figures,  and  other  required  signals  were  engraved.  These 
discs  turned  with  a  regular  step  by  step  movement,  behind  a  screen 
of  metal,  in  which  was  mode  o  small  opening,  sufficient  to  ollow  of 
one  letter  ot  o  time  being  seen.-  As  the  discs  turned  round,  each 
letter  in  succession  would  be  visible  through  this  space;  ond  it  is 
evident  that  if  the  clocks  were  started  wil^  the  same  signal  visible, 
the  movemoit  of  the  diaos  would  bring  similar  signals  into  view  at 
the  some  time.  One  of  these  instruments  was  g&tuated  at  each  end 
of  the  commumcating  wire.  The  operator  who  was  about  to  trans- 
mit ony  communication,  watched  the  dial  of  his  clock  until  the  letter 
he  required  was  visible,  and  at  that  instant  discharged  the  wire.  The 
momentary  collopse  of  the  bolls  ot  the  distant  end  would  then  Wai  u 
the  observer  to  note  the  letter  visible  on  his  instrument,  which  would 
form  a  part  of  the  intelligence  to  be  received.  The  succesuve  letters 
or  signab  constituting  any  message  were  denoted  in  this  manner  as  the 
clock  dials  continued  to  turn  round.  In  order  to  avoid  the  necessity 
for  constant  attention  on  the  part  of  the  observer,  an  arrangement 
wos  adopted  by  which  a  pistol  could  be  fired  by  the  spark  at  the 
farther  end,  to  summon  the  attendant  to  his  instrument.  Various 
signob  were  also  concerted  beforehand,  by  the  use  of  which  the 
time  necessary  for  the  transmission  of  any  intelligence  was  loMoncd. 
These  experimmts  of  Mr.  Rraialds'  were  made  with  the  interven- 
tion of  several  miles  of  wire,  carried  backward  and  forward  acrosa 
his  grounds. 

In  1819,  Professor  Oersted  of  Copenhagen  mode  his  great  dis- 
covery of  the  action  of  the  galvanic  ciurent  upon  a  magnetic  needle. 
He  observed  tiiat  when  a  current  is  passed  along  a  Wire,  placed 
panllel  and  new  to  a  magiutic  needle,  free  to  turn  on  its  centre,  the 
needle  is  deflected  to  one  nde  or  the  other,  according  to  the  direc- 
tion in  whidi  the  current  la  transmitted.  He  further  noticed  that 
the  posttiott  of  the  wire,  whether  above  or  below  the  needle,  hod  on 
equal  influence  with  the  direction  of  the  current  in  determining  the 
side  to  vhich.  the  deflection  took  placei  [Electro-Dtnauics.]  The 
power  of  a  sing^  wire  in  cuising  tiiis  deviation  of  a  needle  is  but 
small,  but  ^Ls  was  remedied  by  the  inventicm  of  the  tmiUpUer,  or 
GalVaboicrtsr,  by  Professor  Scuiweigger,  ui  whidi  the  needle,  b^ng 
surrounded  with  many  successive  coils  of  insuloted  wire,  is  acted  upon 
by  the  joint  force  of  oIL  Under  a  somewhat  different  form,  this  ois- 
covery  now  forms  the  basis  of  the  needle  electric  telegraph. 

Very  shortiy  after  this  important  discovery  had  been  mode,  Ar^o 
and  Ampdre  in  France,  and  Seebeck  in  Beriin,  succeeded  in  rendering 
iron  magnetic,  by  the  passage  of  a  galvanio  current  through  a  wire 
coiled  around  the  Iron,  and  Sturgeon  in  Eng^nd  produced  the  first 
electro-magnet.  [ELBCTBO-MAoyRTieiLl  It  was  found  that,  provided 
the  iron  to  be  magnetised  were  perfectly  soft  and  pure,  tiie  magnetic 
property  remained  only  during  the  actual  transmiuion  of  the  elec- 
tricity, and  was  lost  immediot^y  on  the  interruption  of  the  electric 
circuit.  If  the  iron  which  was  exposed  to  the  influence  of  tiie  galvanic, 
current  were  combined  With  sulphur,  carbon,  or  phosphorus,  the 
magnetic  power  became  to  a  greater  or  less  extent  permanent  in  it. 

The  invention  of  the  voltaic  batten,  of  the  d^ection-of  the  needle, 
and  of  the  magnetisation  of  soft  iron,  nnmed  the  three  great  steps  in  the 
history  of  the  electric  tel^raph. 

M.  Amp^  suggested  the  employment  of  the  discovery  of  Oersted  as 
eorly  as  1830,  and  this  suggestion  was  acted  upon  by  Professor 
Ritdiie,  in  a  model  tel^nqdi  exhibited  hy  him  at  the  Royal  Institn- 
tion.  Amp^'s  plan  however  was  far  from  possesring  the  simplicity 
so  essential  in  an  instrument  designed  for  practical  use.  Not  lees  tlun 
thirty  pairs  of  conducting  wires  were  necessary,  according  to  his 
scheme,  for  maintaining  a  tel^raphic  communicafjon. 

Baron  Schilliog  also,  in  Prusedo,  in  1832  and  183S,  following  the  iiea 
originated  by  Ampdr^  [nvposed  a  similar  form  of  telcgn^ih,  in  which 
there  were  as  maqyof  these  gaIvBn<Hneters,  each  with  itsmirop'iate 
circuit,  OS  there  were  letters  or  signs  to  be  used  in  the  various  com- 
munications. In  fiict  there  were  36  needles  and  72  wiresL  In  1833, 
QausB  ond  Weber  proposed  to  employ  the  separate  movements  of  a 
suspended  bar  as  si^ials :  but  its  indications  must  have  been  feeble,  aa 
they  hod  to  be  observed  through  a  telescope  placed  at  some  distance 
from  the  oscillating  bar.  In  1 837,  M,  Alexander  exhiinted  a  model  of 
a  proposed  form  of  telegn^ih,  cratuuing  25  needles,  to  be  acted  upon  aa 
in  Amp^'s  arrangement.  In  this  instroment  a  distinct  needle  was 
employed  for  the  indication  of  each  letter,  these  needles  bearing  ot  one 
end  light  screens  of  paper,  which  concealed  from  view  a  letter  or  figure, 
until  by  the  deflection  of  the  needle  the  screen  was  removed,  and  the 
letter  brought  into  sight.  M.  Alexander,  however,  effected  one  great 
improvement,  in  substituting  a  single  return  wire,  to  which  one  end  of 
all  the  coils  was  jmned  for  the  several  distinct  return  wires  existing  in 
the  previous  invention  ol  M.  Schilling,   At  a  later  period  this  genUe. 
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man  undertook  a  aeries  of  experimento,  with,  a  view  to  the  eetablish- 
ment  of  r  eommuQioatioti  by  means  of  a  single  wire ;  but  some 
mechuiicBl  difficulties  appear  to  have  arrested  his  progress,   la  both 

tbese  telegraphs  all  tnat  was  requisite,  in  Additi(m  to  the  indioatiDg 
apparatus  and  conducting  wires,  was  a  contrivance  by  which  the  con- 
nection of  the  voltaic  batteries  could  be  made  witii  any  pair  of  wires  in 
the  former,  and  with  an^  singja  wire  and  the  retutn-conduotor  in  the 
lattar  of  the  two  inventions.  In  H.  Alexander's  instrument,  a  set  of 
keys  raaembUng  those  of  a  pianoforte,  and  correspondinf;  to  the  number 
of  needles,  was  arranged  on  a  frame  or  table.  One  pole  of  the  battery 
bring  connected  to  the  return  or  common  wire,  the  other  pole  was 
joined  to  a  plate  of  metal,  or  to  a  trough  of  mercury,  extending  beneath 
all  the  keys.  On  depressing  any  key,  the  wire  belonging  to  it,  which 
was  continued  to  the  end  over  the  batteiy  ccmnectioo,  was  brought 
into  CMitact  with  this  bar  or  trough.  -  The  ouzroit  would  then  flow  auoig 
the  conducting  wire,  anmnd  the  multiplierooil  in  the  distani  instru- 
ment, and  return  by  the  common  wire  to  the  voltaic  battery.  The 
keys  bore  the  same  letters  as  the  needles  to  which  they  were  con- 
nected, so  that  the  operator  commumcated  any  letter  by  presetog  down 
the  corresponding  key.  j 

In  theee  two  instruments  no  use  was  made  of  the  power  which  ; 
exists  of  determining  the  deflection  of  Uie  needle  to  either  side,  by  ; 
merely  reversing  the  connections  of  the  battery,  I 

We  have  tiius  traced  the  history  of  the  telegraph  up  to  the  point  at  i 
which  it  ^TSt  aasumed'the  practical  form  in  Cooke  and  Wheatstone's  | 
inventions ;  but  what  bad  been  accomplished  remained  either  unknown  j 
or  was  known  only  to  a  few  leading  men  of  science,  imtil  the  unex-  { 
pected  development  of  the  electric  telegraph  in  the  hands  of  those  | 
gentlemen  led  each  one  who  was  in  poaseasion  of  any  title  to  the  [ 
merit  of  having  believed  in,  and  experimented  upon,  its  possibility, ; 
to  produce  his  title,  or  to  l^vo  it  eagerly  put  forward  by  his  friends  i 
and  fellow-countrymen. 

In  June,  1837,  the  experiments  of  Messrs.  Cooke  and  Wheatstone, 
which  had  been  progressing  for  more  thou  a  twelvemonth,  appeared  eo 
far  successful  as  to  induce  them  to  apply  for  a  patent  for  their  inven- 
tions. The  principal  pofaits  of  novelty  in  this  patent  were  the  use  of  a 
much  smaller  number  of  needles  (o  denote  all  the  requked  signals,  the 
employment  of  the  temporary  magnetism  excited  the  current  in 
soft  iron,  to  ring  an  alarum  ;  and  the  reciprocal  arrangement  by  which 
the  invention  was  rendered  practically  spidioable  to  a  long  liae  of  com- 
munication. In  explaining  the  inveotioD,  lb*.  Cooke  (' Telcgraphio 
Railways  *)  says : — "  If  a  magnetic  needle  were  placed  parallel  uid  near 
to  any  part  of  a  conducting  wire,  which  we  will  suppose  to  be  laid 
down  between  London  and  Blackwall,  the  transmission  of  an  electric 
current  from  a  voltaic  battery  would  cause  the  needle  to  change  its 
position,  so  as  to  stand  during  the  continuance  of  the  current  at  right 
angles  to  the  wire,  being  turned  in  one  direction  or  the  other  according 
to  the  course  of  the  currmt.  If  this  deflexion  of  the  needle  were 
limited  by  two  fixed  stops  placed  respectively  at  the  two  sides  of  one  of 
its  poles,  the  motion  of  that  pole  to  one  stop  might  evidently  constt- 
tata  one  signal,  and  ita  motion  to  the  other  stop  another  si^al." 
Sudt  an  apparatus  is  shown  in  ^g,  1 ,  the  dial  upon  which  the  signals 

Fig.l. 


the  poution  indicided  in  the  figure;  and  a  current  In  the  oppodte 
directitm  would  produce  a  deflexion  towards  the  opposite  side.  While 
no  current  passes  through  the  wire,  the  magnet  and  pointer  remain 
vertical.  The  next  cut  {fig.  2}  represents  three  such  instruments 
complete,  and  connected  together  by  wires  eDclosed  in  tubes,  which 
may  be  of  any  required  length.  One  of  these  may  be  supposed  to  be 
at  the  Minoriea,  the  next  at  an  intermediate  station,  and  the  third  at 
Blackwall;  and  as  each  is  provided  with  a  battery,  and  a  handle 
(beneath  the  dial)  by  which  the  oondncting  wire  may  be  connected 
with  it  at  pleasure,  the  attendant  at  every  station  at  which  such  an 
instrument  is  placed  can  instantaneously  communicate  the  aignid  to 
"stop"  or  to  "go  on"  to  all  the  other  stations;  attention  bring 
prevuiualy  en^ged  1^  tinging  a  bell,  placed  above  the  dial.   Fig.  S 


are  rqimented  being  removed.  In  this  cut  a  may  be  supposed  to 
repreeeut  the  battery,  and  b  b  the  conducting  wire,  which  is  formed 
beoind  the  dial  into  a  coil  e:  dd'ia  the  front  or  index  needle, mounted 
ttpm  an  axis  passing  through  the  coil,  another  needle  on  the  same  axis 


beinff  within  the  ooU.  The  front  needle  carries  upon  its  extremi^, 
wbidt  oom.ee  through  the  dial,  an  index  or  pointer  e.  The  arrows 
indicate  the  directiou  of  the  current  required  to  deflect  the  magnet  to 


represents  a  dial,  in  which,  by  the  combination  of  four  such 
magnets  and  pointers,  all  the  letters  of  the  alphabet  may  be  expressed 
by  pointing  one  or  two  needles  towards  them ;  and  of  coiuse  a  larger 
or  smaller  numbo-  of  rignals  might  be  made  on  the  same  principle  if 
necesauy,  A  tel^raph  with  two  pointers,  showing  ei^t  signals,  is 
considered  by  Mr,  Cooke  to  be  sufficient  for  all  ordinaiy  purposei. 
The  wires,  where  several  are  used,  are  covered  with  some  insukting 
material  (such  as  a  mixture  of  cotton  and  caoutchouc),  and  combined 
into  a  rope  and  enclosed  in  an  iron  tube,  which  may  be  either  buried 
beneatii  the  surboe  of  the  earth  or  auppinted  above  it. 

The  instrument  which  was  brought  into  use  on  the  Great 
Western  Railway  shortiy  after  the  date  of  the  patent,  oontobed  five 
needles,  arranged  with  their  axes  in  a  horizontal  line.  The  needles 
when  at  rest  hung  vertically,  by  reason  of  a  slight  preponderance 
given  to  their  lower  ends.  Each  coil  was  connected  with  one  of  the 
long  conducting  wires  at  one  end,  and  was  united  at  the  other  with  a 
rod  of  metal,  which  joined  together  the  rimilor  ends  of  all  the  coils. 
The  eunrent  was  transmitted  from  the  oj^iosite  end  of  the  wires 
(where  a  sot  of  ,five  ptun  of  finger-k^^s,  for  t^ft^ing  the  connections 
with  the  battciy,  was  placed)  through  two  of  the  wires  at  once.  That 
is  to  say,  one  of  the  wires,  of  which  one  key  was  pressed  down,  served 
to  convey  the  current  from  one  pole  of  the  battery  to  the  distant 
instrument,  while  the  key  of  a  second  wire  being  brought  into  contact 
with  the  other  pole,  the  cumnt  returned  by  tiie  rod  of  metal  con- 
necting the  soils  and  the  second  wire  to  the  battery  again.  Two 
needles  were  in  this  manner  deflected  at  once,  and  it  will  be  obvious 
that  the  current  would  pass  in  opposite  directions  around  their  coils, 
and  consequently  that  tne  deflectionci  must  be  in  contrary  directions. 
The  needles  would  therefore  converge,  either  above  or  below  their  line 
of  (wntres,  as  one  or  other  of  tiie  pair  of  keys  brionging  to  each  wire 
was  d^>reBsed.  Fixed  stops  were  so  placed  on  eadi  side  of  the  neocUes 
as  to  hmit  their  motion,  and  when  resting  against  them,  the  needles 
were  parallel  to  two  converging  lines,  at  the  point  of  intersection  of 
which  a  letter  was  placed.  {Fig.Z.)  This  was  the  signal  indicated  by  the 
movement  of  the  needles.  In  a  similar  manner,  as  lines  were  drawn 
diverging  from  the  centre  of  each  axis,  mutually  erosring  one  another, 
a  number  of  points  of  intersection  were  formed,  at  each  of  which  was 
a  letter  or  signal.  Any  of  these  letters  could  be  indicated  by  the 
rimultaneous  movonent  of  two  needles,  so  that  a  communicataon  could 
be  carried  on  with  certainty  and  tolerable  rapidity.  At  the  same  time 
a  plan  was  recognised,  by  which  the  number  of  wires  requisita  for 
mtuntaining  a  communication  might  be  reduced,  by  using  one  of  them 
at  times  as  a  return  wire  only,  there  being  no  needle  in  connection 
with  this  one.  One  needle  could  by  the  use  of  this  wire  be  deflected 
by  itself  ritiier  to  the  rig^t  or  left,  and  thus  of  course  each  would 
furnish  two  signals,  in  addition  to  those  formed  by  ita  rimultaneoua 
deflection  with  any  other.  The  instruments  at  the  two  stations  were 
always  rendered  reciprocating ;  that  is,  at  each  end  of  the  line  were 
placed  an  instrument,  a  set  of  finger-keys,  and  a  voltaic  battery,  so 
that  rither  station  could  transmit  or  receive  a  signal.  By  an  ingenious 
arrangement,  the  k^s,  on  bring  rrieased  after  depression,  were  made 
to  (esume  by  themselves  the  position  necessary  to  enable  that  which 
had  been  the  aignalliog  station  to  become  the  reripient  By  this 
means  messsages  and  answers,  or  words  and  their  aokaowledgments, 
oould  follow  one  another  without  the  neceMty  for  anv  intervening 
adjustment  of  the  instruments. 

The  bell  or  alarum  which  was  to  be  rang,  whoi  the  attention  of  the 
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clerk  at  the  diatoDt  terminuB  wan  required,  waa  eitlier  direct  or  indirect 
in  its  action.  In  the  first  case  the  attraction  exeroised  by  a  horw-ehoe 
piece  of  soft  iron,  rendered  temporarily  magnetio  by  the  galvamB  cur- 
rent, was  made  to  draw  an  armature,  Ukewise  of  soft  iron,  towards  it, 
aod  by  thia  action  impel »  gmall  hammer  against  a  bolL  In  the  peoond 
form  <A  alarum,  ^lg.{,iba  moremfliit  o{  tiu  Kiutare  monlf  releiMd 


a  detent  or  catch  from  a  train  of  clock-wotfc  driren  by  a  apiing  or 
weight.  Thin  clock-work,  by  the  intervention  of  a  Boape-wbeel  and 
pallets,  rang  the  bell  as  io  a  common  alarum. 

'  In  April,  1838,  Mr.  C^oke  obtained  a  pateat  for  aome  further  im- 
provemeutfi  in  this  apparatus.  Of  these  uto  most  prominent  was  the 
mode  of  introduction  of  the  intermediate  apparatus.  Before  the  date 
of  these  patents,  the  two  stations  at  the  extremitiea  of  a  line  of  tele- 
graph had  alone  been  put  in  communication  with  each  other;  but 
means  were  now  devised  by  which  any  number  of  intermediate  in- 
atrumcaita  m^ht  be  introduced  between  the  two  tenninals,  and  any 
intelligenco  rendered  simultaneously  visihle  In  all  or  in  any  of  them, 
as  required.  Furthermore  any  one  of  these  inBtruments  eould  be  put 
in  communication  with  the  rest,  cither  genendlr  or  in  part  only ;  and 
the  same  mechanical  adjostment  which  limited  the  cotineotion  of  any 
intermediate  instrument  to  one  part  of  the  line,  placed  its  bell  in  the 
circuit  of  the  other  part,  ThuB  if,  while  intelligenco  was  being  trans- 
mitted in  one  direction  from  an  intermediate  station,  some  message  of 
importance  were  required  to  be  sent  from  the  tmnlnua,  or  any  oUier 
station  on  the  excluded  ride,  the  ringing  of  the  bell  at  uie  communi- 
cating station  would  warn  the  attendant  to  restore  his  instrument  to 
its  intermediate  position,  and  thus  leave  the  line  dear  tiiroiighout. 

In  the  same  patent  were  included  some  improvements  on  the  mode 
of  protecting  and  inBulating  the  wires,  which  were  to  be  laid  beneath 
the  earth,  in  tubes  or  troughs  of  wood,  iron,  earthenware,  or  other 
material ;  and  also  in  the  ezpedienis  for  detectmg  the  exact  poaititm 
of  any  accident  or  derangement,  witiiout  the  necessity  of  uneoveriog 
the  whole  length.  Two  needles  were  aJso  shown  to  be  sutBotent  for 
carrying  on  a  complete  communication  with  ease  aud  rapidity. 

In  the  course  of  the  ensuing  year  (18S9)  Heaais.  Cooke  and  Wheat- 
atone's  telegraph  was  brought  into  actual  operation  upon  the  Omt 
Weatern  fioUway,  where  its  oapabUities  were  tested.  The  results  of 
this  trial  demonstrated  that  the  undertaking  was  thua  far  successful, 
and  that  the  queetaon  of  the  pracfkability  of  the  eleotiio  tet^;raph,  ao 
long  at  issue  among  acientiSc  men,  was  set  at  rest. 

We  rnubt  here  go  back  a  little,  to  notice  Dr.  Steinheil's  telegraph, 
which  was  erected  between  Munich  and  Bogeuhausen  in  18S7.  In 
thia  instrument,  two  needles  or  magnetic  bora  were  placed  within  on 
dongated  coll  of  fine  wire.  These  ham  were  suspended  on  axes  passing 
transversely  acroaa  the  coil,  and  in  their  quiMcent  position  lay  parallel 
to  one  another  and  to  the  sides  of  ti^  coiL  They  had  their  poles 
placed  4he  some  way,  so  that  when  a  current  was  transmitted  along 
the  wire,  they  had  a  tendency  to  move  in  the  same  direction,  remain- 
ing still  parallel  to  each  other.  Against  the  outer  end  of  each  needle 
or  bar  a  stop  was  placed,  which  checked  its  motion  on  one  side,  but 
left  it  free  to  turn  to  the  other.  The  opposite  polea  of  the  two  ban 
were  therefore  prevented  from  moving  out  from  the  coil,  under  the 
influence  of  the  deflecting  current ;  and  the  effect  of  this  arrangement 
was,  that  the  two  bars  could  not  move  simultaneously,  but  only  lUter- 
nately.  Both  were  acted  upon  alike,  but  when  the  inner  end  of  one 
was  free  to  move  outward,  the  other  bar  remained  pressed  against  its 
atop,  and  was  fixed ;  and  on  reversing  the  current,  the  effects  upon 
the  two  needles  wore  also  reversed;  that  which  waa  before  stationary, 
now  moved  forward,  while  the  other  waa  fixed.  In  order  to  Mng 
back  the  needles  to  tiielr  ordinary  position,  a  permanent  magnet  was 
fixed  near  to  each  at  the  back  of  the  coU,  by  the  attraction  of  which 
the  needles  were  agam  rendered  rnrallel  after  the  ceamti(»i  of  the 
deflecting  power  of  the  current  The  inner  ends  of  tiieee  bora  oarried 
eaoh  a  light  brass  arm,  terminating  in  a  cup  furnished  with  a  small  per- 
forated beak  or  spout.  These  oujm  yren  filled  with  printing-ink,  whioh 
oozed  through  the  beak,  and  formed  a  minute  bead  or  drop  at  ita  point, 
whidi,  from  its  viscid  eonsiflteuce,  did  not  drop  o£  These  beaks  were 
arranged  so  as  to  be  in  the  same  horizontal  lin^  and  at  a  diataoce  from 
each  other  a  little  less  than  the  width  cd!  a  strip  of  p^per,  which  was 
placed  before  them.  If  then  a  galvanic  current  were  pasMd  through 
the  coil,  BO  that  the  ngbt-hand  needle  tended  to  pass,  with  the  end 
bearing  the  cup,  out  from  the  coil  towards  the  paper  (the  cup  on  the 
other  needle  receding  aa  fiu-  as  the  atop  would  allow,  and  then  re- 
maining fixed),  the  litUe  beak  would  just  touch  the  paper,  and  leave  a 


minute  dot  of  ink  on  its  sur&ce.  By  reversing  the  current  the  other 
needle  would  approach  and  leave  a  pomt  of  ink  on  the  oppoaite  edge  of 
tha  abip  of  paper.  By  the  varied  munber  and  arrangement  of  tnaBa 
dotBj  on  one  fX  both  edges  oi  the  psfwr)  Ilis  vaiious  letters  of  any 
communication  were  doDoted.  The  paper  used  In  this  appambus, 
being  obtained  in  a  long  strip  or  ribbon,  and  coiled  upon  a  roUer,  waa 
made  to  paaa  dowly  len^wiae  before  the  printing  point*  by  a  simple 
application  of  a  weight  aod  cord,  which  aa  the  printing  was  effisctod 
gradually  wound  the  ribbon  upon  a  aeoond  drum  or  reel  This  Instnt- 
ment  waa  abo  adapted  to  give  audfUe  aignali,  by  the  aubstitutbn  of 
mall  knoba  for  (lie  ink-oaps,  and  (rf  two  bells  of  d^brMit  tones  for  the 
ribtxm  of  pa|»er.  One  bell  being  so  i^aced  as  to  be  sounded  by  the 
first  needle,  and  the  other  by  the  second,  tiie  pre-oobcerted  combina- 
tions of  their  soiuds  might  indicate  various  letters  to  a  listener. 

In  the  oonstruotion  of  his  telegraph,  Dr.  Steinhell  nude  a  capital 
discovery.  Be  found  that  the  conduct^  power  <a  the  tertit  might  be 
made  to  oooapy  the  tdaoe  (rf  Q»  return  wire.  All  that  is  neonaary  is, 
that  the  win  which  oouneets  tite  two  enda  of  the  mstaOio  oondoctor 
with  the  earth,  shall  be  oarried  to  «  auffieient  depth  below  iiie  aurfaee 
eo  as  to  be  always  in  contact  with  moist  earth  or  with  water ;  and  that 
it  ahall  be  at  this  pdoit  attached  to  a  plate  or  other  piece  of  metal,  of 
about  two  or  three  feet  superficiaL  For  the  ordinal^  Voltue  battery, 
Dr.  Steinheil  substituted  the  magneto-deotcio  madibie;  in  whidi, 
according  to  Faraday's  great  disoovery,  the  eleohio  oiurrent  was  derived 
by  IndoCTon  from  a  pennaneat  faugnet. 

The  electric  telc^ph  invented  by  Prof.  Motae,  of  America,  has  led 
to  a  large  amount  of  controvert,  a  claim  having  been  put  in  for  Mm 
se  the  first  actual  inventor  of  a  practical  electric  telegraph  in  1832, 
while  oh  boaM  the  packet-boat  Sully.  The  AbbS  Hoigno  states  that  a 
Ur.  Jackson  wrote  to  the  Academic  FVan^aiee,  affirming  that  he  had, 
in  188^  communicated  thia  plan  to  Ur.  Hwae,  while  returning  together 
from  Europe  to  America,  on  board  the  Sully.  Even  admitting,  however, 
the  chdraa  of  either  tvty,  it  would  only  show  that  th^  did  not  think 
sufflciently  well  of  tnelr  aobeme  to  enter  upon  it  until  nearly  three 
months  after  the  first  English  patent  for  an  eleciric  tel^raph  hod  been 
sealed,  and  the  ptaotieabiUty  of  such  an  apparatus  demonstrated  In 
England.  The  first  really  official  letter  on  uie  subject  from  Frofeeeor 
Horae,  is  dated  B^temlw  27,  1887.  Coidu  and  Whe^atonA  first 
patent  for  an  electrui  td^pa^  was  sealed  three  months  before  this, 
namely,  on  June  12,  18S7.  The  difference  between  this  tel^M^  and 
the  preceding  suggeetiona  and  contrivances  waa  very  great.  Tht  ex- 
periments of  these  genUemen  hod  been  |nt>ceeding  for  a  long  time 
previously,  so  that  when  in  Jube,  1837,  their  patent  was  obtained.  It  was 
not  tot  an  arrangement  of  doubtful  practicability,  or  of  a  foim  to  be 
pezlBeted  only  rweried  trial  Ou  the  contranr  it  waa,  within  a 
lew  months  after  the  date  of  the  patent,  put  up  and  brought  into  actual 
and  dailpr  use.  Some  of  ita  details  have  since  been  simplified,  and  the 
modes  in  which  the  electric  current  is  made  to  give  the  required 
Indications  have  becoi  greatly  varied ;  but  the  great  features  and  prin- 
ciples of  their  first  invention  remain  unchanged,  and  not  only  so,  but 
they  form  on  eeaential  part  of  nearly  if  not  quite  all  the  later  tele- 
graphs of  other  inventors. 

The  tel^raph  exhibited  by  Morse  hi  September,  1837,  vras  easoi- 
tially  a  registering  instrument,  the  various  atgnala  being  traced  on  a 
strip  of  paper.  The  plan  appears  to  have  been  the  following : — an 
eIecti?o-magnet  waa  eo  placed  as  to  be  within  attracting  distance  of  on 
armature  fixed  to  the  shorter  arm  of  a  lever,  of  which  the  longer  end 
carried  a  pencil  projMting  sideways  from  it,  and  pressed  lightly  agunat 
a  sheet  of  paper.  This  paper,  by  a  contrivance  analogous  to  that  of 
Dr.  Steinheil,  was  made  to  travel  alowly  beneath  the  praciL  So  long 
aa  no  attractive  power  waa  exerted  by  the  electro-magnet,  the  pencil 
would  oontinue  to  trace  a  straight  line  as  the  paper  moved  oawarda ; 
but  on  momentarily  making  the  circuit  with  the  battery,  the  armature 
was  drawn  to  the  eleotro-magnet,  and  the  penoil,  carried  by  tiie  arm  of 
the  lever  upwards,  made  an  angular  mark,  like  tiie  letter  V  reversed, 
on  the  paper.  These  angles  might  either  be  joined  in  groupa,  by 
rapidly  succeeding  completions  of  the  circuit,  or  they  might  be  se^ 
rated  by  longer  or  shorter  spaces  of  straight  line.  The  nine  digits 
Were  represented  hj  coFToapobdlng  numbers  of  angles,  abd  these  were 
combined  so  aa  to  form  all  poaaible  numbers.  A  diort  space  inter- 
vening between  t*o  or  more  ailcceasive  groilps,  denoted  that  they  must 
be  taken  together  to  form  a  total  of  two  or  more  places  of  digits ;  while 
a  longer  space  showed  the  actual  completion  of  one  numb^  and  the 
commencement  of  the  next  All  the  necessary  words  were  represented 
by  various  numbers,  as  arbitral^  signs,  a  previously  arranged  dicti<H)a>7 
being  used  for  their  interpretation.  Thia  plan  had  aJao  been  proposed 
by  Mr.  Ronalds,  to  amplify  the  woiklng  of  his  tel^raph. 

In  the  telegraph  erected  by  Professor  Morse,  in  1844,  between 
Baltimore  and  Washington,  a  m&reot  mode  of  recording  Uie  signals 
was  adopted.  The  use  of  the  pencil  waa  found  objectionable,  from  ita 
BO  frequently  requiring  freah  pointing,  and  from  uie  liak  of  breakage. 
Tha  some  arrangementa  were  retained  in  regard  to  the  paper,  but  it 
was  made  in  Its  course  to  pass  over  a  roller  having  a  ^oove  around  it. 
The  long  arm  of  the  lever  carried  a  blunt  steel  point,  standing  over 
the  groove  in  the  roller.  When  therefore  the  arm  of  the  lever  waa 
depressed,  by  the  attraction  of  the  magnet  upon  the  armature,  tha 
steel  point  pressed  the  paper  into  the  groove^  and  produced  an  indenta^ 
tion.   If  the  attraction  were  momentary,  a  depreased  point  waa  pro< 
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duoed ;  but  if  tha  •otion  were  conUnued  for  » longar  time,  » leagtfaenad 
dapniHDii  «M  tbe  roBult,  m  the  papw  wm  drawn  on.  The  combiiM- 
tionfl  of  tiiese  two  kinds  of  luftrks  denoted  the  various  letters  and 
figuna.  Tbui,  dot  and  duh  ■  —  is  taken  to  ngnify  a;  —  ...  to 
agnify  hi  — .  —  .fore;  —  ..d;  .  fore;  and  so  on.  ThU  is  called 
tliB  dnfe  wd  ilwih  oode.  ilunn  the  smiigMniat  ol  vbitt  Is 


called  tiie  symbol-printing  telwraph :  a  is  the  armature  aU^fld  to 
the  lever  whicli  carries  the  steel  point.  The  ribbon  of  paper  is  drawn 
slowly  off  from  its  roller  r,  by  a  train  of  olockwork  in  the  box  0,  which 
drirea  two  gripping  rollers  jr.  In  its  passage  the  paper  goes  over  a 
brass  roller  b,  oontsuiing  the  groove.  If  whue  the  paper  is  thus  being 
drawn  over  die  roller  6,  oEark  at  the  oommunicaung  station  were  by 
means  M  a  common  telegraph  key  or  handle  to  transmit  Uie  current  for 
an  instaot,  the  armature  would  be  momentarily  drawn  down,  and  the 
steel  point  would  mark  the  paper  with  a  depressed  dot.  The  spring  « 
would  raise  the  arm  the  moment  the  magnet  had  ceased  to  act.  But 
if,  instead  of  tnusmitting  only  a  momentaiy  ouirent  the  conununica- 
ting  cletk  7«re  to  continue  the  tmnsmiBsitHi'lQr  a  short  time,  the  arm 
would  be  pulled  down  during  that  time,  and  the  point  would  Indent  a 
Hne  in  tiie  papw. 

In  July,  1838,  Mr.  Edward  Davy  obtained  a  patent  for  improve- 
ments in  apparatus  for  making  telej^phio  signals  by  means  of  electric 
currents.  The  principal  feature  in  this  patent  is  a  ckemieallg  marking 
telegraph,  in  which  a  local  circuit  (completed  by  galvanometer  needles 
aotait  on  the  line  drcuit,  and  forming  the  basts  <^  what  is  called  the 
relajf^/tteak)  marks  ohemiodly  prepared  paper,  whidi  is  moved  forward 
by  aockworic  released  by  an  electno  magnet.  Two  line  wires  ve  used 
to  convey  the  electric  current  and  one  return  wire,  with  a  battery  and 
two  gatvanometers  (defleoUng  opposite  ways)  to  each  wire ;  the  battery 
to  the  return  wire  giving  a  preponderance  to  currents  through  that 
wire,  twdve  difibrent  signals  can  thus  be  produced.  The  action  is  as 
follows  :  on  one  or  more  of  six  k^  being  pressed  down,  dther  two  or 
three  ol  the  galvanometers  act ;  and  aa  the  three  wires  admit  of  the 
enmot  prooaading  in  either  direction  through  them,  it  can  complete 
dtbartwo  or  three  out  of  the  six  circuits  of  the  local  battery;  thus 
marking  longitudinally  properly  prepared  paper  at  two  or  three 
oat  of  six  places.  The  clock-work  escapement  for  moving  the  paper 
a  sufficient  distance  between  the  signals,  consists  of  two  levers,  one 
d  which  carries  tlie  armature,  and  wwks  on  a  horlsontal  axis 
oanied  hj  the  other  lever.  When  the  armature  is  attracted,  it  releasee 
a  pin  from  a  notched  fly  vane,  and  enables  it  to  move  half  a  revolu- 
tkm ;  and  when  the  current  ceases,  the  pin  is  again  removed,  and 
nplaoed  by  lateral  motion  given  to  the  second  lever  by  a  wheel  pressing 
agaimt  a  projection  on  it.  Calico  "  impregnated  with  bvdriodate  of 
pnNsh  and  muriate  of  lime,"  is  preferably  used  to  receive  the  marks  or 

We  may  hers  state  in  more  predse  terms  the  principle  of  the  cAflMCol 
frimtinff  tdc^c^pb.  A  txaln  of  clockwork  is  used  to  keep  a  ribbon 
of  pi^iflr  constantly  unwinding  from  a  drum,  and  passing  over  a  metal 
ndler  b,Jlff.Q.  A  small  steel  wire  e,  connected  with  the  wire  from  the 


Une,  presses  lidktiy  on  the  paper  on  tals  metal  roUer,  so  that  any  current 
MBit  throned  toe  wire  shall,  in  ito  way  to  the  earth,  pass  through  the 


steel  wire  c,  tiirough  the  paper  strip,  to  the  roller  b.  This  paper  being 
chemically  prepared  with  a  colourlese  solution,  is  coloured  when  de- 
composed by  the  passage  of  an  eleofcrio  current  through  it.  In  this 
way,  b^  regulating  the  duratiuu  of  the  currant,  the  paper  can  be 
stained  in  ^ts  and  lines,  as  in  the  symbol-printing  arrangement. 

An  ingenious  modification  of  the  chemical  printing  telegraph  was 
made  in  the  writing  telegraph.  It  is  evident  that  if,  instead  of  employing 
a  long  ribbon  of  paper,  enough  of  it  were  token  to  pass  once  round  the 
roller  (,  and  if  this  roller  not  only  rotated  on  its  axis,  but  was  dso  by 
means  of  a  screw  made  to  advance  slowly  from  side  to  side  as  it 
rotated,  the  steel  wire  would  tnice  on  the  paper  a  «piral  lina  If  also, 
instead  of  communicating  by  a  key,  there  were  at  the  other  end 
another  roller,  exactly  like  b,  and  wluch  by  means  of  clockwork  coiUd 
be  turned  at  precisely  the  same  speed  aa  o,  and  with  the  same  rate  of 
shift  endwise,  then  a  tracer,  resting  on  this  second  roller  would,  if  the 
current  ven  kept  continu^y  passing,  trace  precisely  the  same  spiral 
as  the  wire  on  the  first  roller  b.  But  suppo^ng  the  current  only  to  be 
puuntained  by  the  pressure  of  this  tracer  against  the  metal  roller,  and 
if  the  surface  of  tiie  roller  were  partly  covered  with  a  non-conducting 
material,  suoh  as  shell-lac  or  resin,  the  traco- in  passing  over  this  as  tiie 
roller  tujned  round,  would  cease  to  make  its  stamed  mark,  but  it  would 
begin  to  mark  again  as  soon  as  the  tracer  had  come  upon  the  metal. 
In  using  this  machine  the  words  of  the  message  are  written  on  a  slip  of 
tin-foil  m  a  non-conducting  varnish.  As  soon  aa  this  is  dry,  the  tin-foil 
is  wrapped  round  the  tracer  roller,  and  the  tracer  being  made  to  bear 

rfx  it,  the  two  roUera,  one  at  the  communicating  and  the  oth^  at 
reonving  station,  are  started  at  the  nme  moment  Then,  while 
the  tracer  rests  on  the  tin-foil,  the  irire  on  the  roller  b  will  con- 
tinue to  make  its  stained  spiral  line  on  the  prepared  paper;  but 
whenever  in  its  paaaage  the  tracer  rests  on  a  piece  of  the  vomtshed 
writing,  the  current  will  be  broken,  and  the  spiraiB  traoed  by  the  steel 
wire  will  be  interrupted ;  which  interruptions  will  evidently  coincide 
with  the  vriting  wMdt  has  passed  under  tiie  tracer :  so  that  on  taking 
the  paper  off  the  roller,  there  will  pea  fac-simile  of  theorieinal  writing 
in  etear  spaces  left  free  from  the  parallel  lines  traoed  dose  together 
over  every  other  part  of  the  paper.   This  tac-simile  will  appear  like 

Fiff.  7. 
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Iq  January,  1840,  and  in  July,  1811,  Professor  Wheatstono  obtained 
two  important  patents,  tite  first  of  which  was  in  connection  with 
Mr.  Cooke.  The  tieetnhm<^etic  telegraph  may  be  regarded  as  a 
vifriation  of  the  alarum ;  but  mstead  of  the  detent,  there  are  two  light 
spring  pieces,  shown  in  Jig.  8,  one  with  a  hook-shaped  end,  and  the  other 
an  obtuse  wedge  or  pudiing  piece  (known  as  a  dawiir  and  driver), 
and  instead  of  the  catch-wheel  of  Uie  alarum,  thm  is  a  light  esoape- 


ment  wheeL  Under  this  arrangement  each  movement  of  the  armature 
towards-the  magnet  will  pull  the  wheel  round  one  tooth,  and  the 
motion  of  the  armature  from  the  magnet  by  means  of  a  light  spring, 
will  push  the  wheel  round  another  tooth.  The  axis  of  the  wheel 
oarries  a  Ug^t  index  hand,  which  points  as  the  whed  turns  round  to 
the  various  letters  arranged  near  the  edge  of  a  disc.  The  currents 
which  work  this  telegraph  are  sent  by  means  of  a  eommvnieator, 
Jig.  9,  coumsting  of  a  brass  disc  turning  fireely  on  its  centre,  and 
marked  vrith  letter*,  as  in  the  disc,  ^r-  8.  Opposite  each  alternate 
letter,  the  brass  is  cut  away,  and  a  small  notch  of  ivory  inserted,  so 
that  on  turning  round  the  disc  a  metal  spring,  which  beara  against 
its  edge,  rests  alternately  on  the  conducting  brass  «id  the  non- 
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oonducting  ivory,  whewby  the  current  is  alternately  trananutted  and 
interrupted.  A  ndiating  arm  proceeds  from  each  letter  for  the  con- 
venience o£  turning  the  diao.  I£  the  disc  stand  bo  that  its  stop-mark  + 
be  opposite  to  a  fixed  mark,  the  spring  is  resting  oa  an  ivory  piece,  and 
if  at  Uie  aains  moment  the  index  of  the  distwit telegraph  in  connection 
with  it  be  also  pointing  to  the  + ,  then  on  moving  the  oommumcator 
one  atep  forwaid,  so  that  the  letter  A.  cornea  to  tha  fixed  maA, 
the  current  will  be  tranomitted  along  the  wire,  the  electro-magnet, 
fig.  8,  will  draw  down  its  armature  so  aa  to  puU  the  wheel  one  tooth 
forwwd,  and  make  its  index  also  point  to  tiie  letter  a.  On  again 
moving  the  communicator  so  that  the  index  points  to  b,  the  current  is 
interrupted,  the  armature  of  the  distant  telegraph  falls  back,  pushing 
the  wheel  round  another  tooth,  and  bringing  its  index  also  to  B.  In 
this  way  the  index  may  be  moved  step  by  step  to  different  letters  so  as 
to  Bpdl  out  a  word  or  meaaage,  which  word  or  message  will  be  repeated 
on  tte  disc  of  Uie  distant  telegraph.  A  alight  pauae  is  made  after  each 
letter  of  the  meaeage,  to  insure  certainty ;  numerous  modifications  have 
been  made  in  this  machine,  for  increasing  the  rapidity  of  its  action.  An 
addition  of  printing  mechanism  to  this  instrument  forms  the  (jfpe- 
printing  telegraph.  In  this  the  eacapement  axis,  instead  of  carrying  a 
fixed  disc,  has  light  radiating  arms  of  steel,  at  the  ends  of  wh&h  are 
printing-types  a,  fujs.  10, 11.   In  front  of  the  types  is  a  small  roller  or 
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plate  6,  for  receiving  the  blow  of  a  printing-hammer  c,  which  staiids 
behind  the  type  disc.  Thep^rwhich  receiveatheim|ireBrion  t8[daced 
between  the  roller  and  ^  type  disc,  which  paper  is  coiled  on  the 
roller  d,  and  is  drawn  off  by  paaring  between  two  other  rollers  t,  which 
hold  the  paper  tightiy  and  turn  a  £ttle  way  round  after  each  blow 
of  the  hammer. 

The  action  is  as  followa ; — The  type-disc  is  turned  round  by  alter- 
nately transmitting  and  interrupting  the  current  until  the  proper 
letter  is  brought  into  the  proper  position  to  be  struck,  whui,  the 
hammer  being  released,  it  presses  the  type  on  the  paper.  The  drawtag- 
rollers  immediately  jerk  the  papers  forward  through  a  space  equal  to 
that  of  one  letter,  when  the  type-disc  is  again  moved  onward  to  the 
next  letter  required,  which  is  struck  in  like  manner,  and  so  with  all 
the  rest  of  the  letters  in  the  message.  Tho  hammer  usually  strikes 
by  the  force  of  a  spring,  which  is  released  by  the  train  which  acta  upon 
Uie  drawing-rollera.  The  mechanism  is  so  conbived  that  tiie  haouner 
cannot  str^e  while  the  type-disc  is  in  motion,  but  falls  as  soon  as  a 
pause  is  made,  that  is,  when  the  ri^t  letter  is  brought  into  position. 
The  typea  are  inked  by  means  of  a  small  roller  smearmi  with  printing- 
ink,  which,  as  the  type-disc  revolves,  presses  lightly  against  Uieir  sur- 
faces. Or  a  ribbon  of  carbonic  ink  transfer-paper  may  be  drawn 
round  between  the  type-disc  and  the  white  paper  ribbon.  Numerous 
variations  have  be^n  made  in  the  type-printing  teI^;Taph,  the  best 
known  of  which  is  by  Mr.  Bain.  In  this  machine  the  types  were 
arranged  on  the  edge  of  the  disc  or  whoel,  radiating  from  its  centre; 
and  uie  printing  oi  any  one  upon  the  cylinder  was  effected  by  the 
movement  forward  of  the  entire  type-wheel  and  its  axis,  by  a  crank 
and  connecting  gear  in  the  printing  train,  instead  of  one  punch  or  type 
only  being  struck  down  by  the  printing-hammer,  in  impreaaing  a  signal. 
It  was  also  proposed  to  use  two  clocks  at  the  two  communicatinK  sta- 
tions, to  rotate  the  type-wheels  with  a  uniform  motion.  These  clocks, 
having  been  adjusted  to  exactly  t^e  same  rate,  and  being  started  from 
the  same  signal,  would  bring  continually,  at  each  station,  similar  type 
opposite  to  the  paper  cylindeta  at  the  same  moment.  The  action  of 
this  part  of  the  apparatus  is  exactly  analogous  to  that  of  Mr.  Ronalds', 
already  described.  A  luind  or  index  revolving  on  a  dial  in  front  of  the 
machine,  at  the  same  rate  as  the  type-wheel,  indicates  to  the  operator 
the  signals  which  are  successively  in  a  position  ready  for  printing  in 
his  own  instrument,  and  therefore,  if  the  clocks  go  accurately  togetbcTj 
in  a  ^milar  poution  in  his  correspondent's  instrument.  At  tiie  same 
time  this  hand,  by  coming  in  contact  in  its  revolution  with  a  pin, 
placed  by  the  operator  opposite  to  any  signal  that  he  wishes  to 
print,  completes  the  electric  circuit  at  this  moment,  and  by  so  doing 
stops  the  type-wheel,  and  releases  the  printing-train  at  eadi  station. 
A  similar  figure  having  thus  been  impressed  on  the  cylinder  at  the 
two  ends  of  the  line,  the  operattn*  removes  the  pin,  and  repUces  it 
opposite  Uio  next  signal  he  requires  to  send.  The  moment  the  pin  is 
removed,  and  the  circuit  therefore  broken,  the  hands  and  type-wheels 
at  each  station  resume  their  ev^utions  vhic^  are  igain  dkecked  1^ 


the  contact  of  tho  hand  and  pin  as  baf<a%  It  should  be  stated  that 
the  idea  of  the  two  clocks,  as  well  aa  that  of  the  printiog-telegmph,  wu 

borrowed  from  Wheatatone. 

Bain's  tinyle-wdex  teleigrapfa,  which  was  the  instrument  proposed  by 
him  for  practical  use,  consisted  of  two  hollow  cylindrical  coils  of  wire, 
plaoed  horiBMttally  a  short  diststnoe  ^>art,  with  their  axes  iu  the  same 
line.  Between  them  a  small  bar-magnet  wss  fixed  across  a  ddioate 
spring,  which  in  fnmt  passed  through  the  dial-plate  of  the  instrumoit, 
and  was  turned  up  to  form  an  index.  The  two  coils  were  connected, 
so  that  an  eleotnc  current  entering  from  the  line  wire  would  pass 
through  both.  When  this  was  the  case,  the  bar-magnet  would  be 
attracted  towards  one  coil,  while  at  the  same  time  it  would  be  repelled 
by  the  other.  These  actions  tended  to  carry  the  magnet  to  the  ssme 
side,  as  far  as  the  spring  to  which  it  wss  attached  and  a  fixed  stop 
would  allow  of  its  moving.  The  reversal  of  the  current  inverted  tha 
effects  of  the  coils,  and  the  magnet  would  then  pass  to  the  other  nde. 
The  combinations  of  these  two  movements  represented  the  various 
letters  and  signals,  they  being  denoted  to  the  observer  by  the  index  on 
the  dial  of  the  instrument.  The  movement  of  the  index  to  the  left 
denoting  the  letter  i,  and  to  the  right  the  letter  t,  this  instrument 
obtained  the  name  of  '  i  and  T  Telegraph.' 

In  1842,  Ur.  Boiu  patented  his  proposed  plan  for  working  an  electric 
telegraph  by  means  of  an  earth  battery.  At  one  end  of  the  line  he 
buried  in  moist  earth  a  large  plate  of  zinc,  and  at  the  other  end  a 
plate  of  copper,  iron,  |or  other  substance  such  as  coke  or  charcoal, 
which  might  act  the  part  of  a  negative  pUte  to  the  zinc.  Then,  on 
oonnectiog  these  distant  plates  with  a  wire  insulated  frtnn  tha  earth,  a 
current  of  electric!^  would  coostuitly  pass  from  the  one  plate  to  the 
other.  Indeed,  the  disttmt  plates  connected  with  the  wire,  as  above 
described,  may  be  regarded  merely  aa  a  battery  of  one  pair  of  plates, 
separated  by  a  very  wide  interval  of  exciting  material,  represented  by 
the  earth.  It  waa  at  first  supposed  by  Mr.  Bain  that  this  current 
would  be  applicable  to  all  telegraphic  purposes,  but  subsequent  experi- 
ments showed  that  it  waa  available  onl^  for  a  few  miles  of  distance ; 
its  intensity  not  being  sufficient  to  enable  it  to  bavel  through  any  great 
length  of  wire.  In  some  cases,  where  a  constant  current  of  low  in  ten- 
[  sity  is  required,  this  earth  battery  might  be  of  use. 
'  In  1848,  Mr.  Cooke  introduced  the  mode  of  extending  the  wires 
between  dUtaut  places,  so  that  their  insulation  from  one  another,  and 
from  the  earth,  might  be  maintained  without  the  expense  and  difficulty 
hitherto  IncuiTed ;  before  this  period  the  wires  having  been  covered 
with  cotton,  and  insulated  by  coating  them  with  ^dl-lac,  reein,  or 
pitch,  had  been  laid  down  in  pipes  of  wood  or  iron,  dt  was  now 
proposed  to  insulate  the  wirea  by  suspending  them  in  the  air  upon  posts 
or  standards  of  wood  or  iron,  the  wires  not  coming  in  actud  contact 
with  any  part  of  the  standard,  but  passing  through  rings  of  porcelain 
or  earthenware.  [Glass  was  afterwards  found  to  be  the  best  insulator.} 
The  standards  were  usually  fixed  at  from  forty  to  sixty  yards  asunder, 
and  at  each  quarter  of  a  mile  a  stouter  post  waa  placwl,  to  bear  the 
winding  or  straining  apparatus.  This  was  a  simple  winding-reel,  c<»i- 
nected  with  a  ratchet-wheel  and  click  to  prevent  its  recoil,  after  VbB 
wire  had  been  strained  up  by  its  meaus.  The  intermediate  posta 
within  each  quarter  of  a  mile  only  supported  the  wire,  without  refer- 
ence to  its  tension,  which  depended  solely  on  the  winding  posts. 
Instead  of  the  copper  wires  hitherto  employed,  iron  wires  of  a  larger 
size  were  now  used,  By  the  adoption  of  Uiia  method  of  extending  uie 
conducting  wires,  the  cost  of  construction  of  an  electric  telegraph  was 
reduced  nearly  one-half,  and  at  the  same  time  the  risk  of  imperfect 
insulation  waa  diminished.  So  long  as  the  wires  were  buried  in  tul>eR 
beneath  the  ground,  it  was  always  deemed  prudent  to  odd  a  return 
wire,  extending  from  one  end  of  the  line  to  the  other ;  as  it  was  found 
very  difficult  to  render  the  insulation  sufficiently  good  to  enable  the 
earth  itself  to  be  used  as  half  of  the  circuit.  The  tendency  of  the 
electric  fiuid  to  escape  from  the  wires  in  the  tubes  to  the  earth,  was 
much  greater  than  to  another  wire  lying  in  the  same  tube,  so  that  the 
latter  plan  was  always  adopted.  But  when  the  suspended  conductors 
came  into  operation,  the  insulation  was  rendered  so  complete,  that  the 
^  earth  was  subsequently  in  all  cases  used  to  return  the  current,  by 
'  which  means  an  economy  of  one  wire  throughout  the  whole  line  was 
'  effected.  In  addition  to  this,  another  advantage  was  gained  by  tiie 
i  suspen^on  of  the  wires,  in  the  facility  with  which  accidental  errors  or 
I  injuries  ware  discovered  and  rectified.  While  the  tubes  were  in  use, 
it  was  necessary  to  supply,  at  about  each  quarter  of  a  mile  along  the 
line,  a  proving  or  testing  post,  within  which  the  wires  were  brought 
up  to  a  box,  so  as  to  afford  the  meana  of  examining  any  of  them  as  to 
their  insulation  and  conducting  power.  For  this  purpose,  Mr.  Cooke 
had  invented  ao  instnimest  ci^ed  the  detector,  b^  which  the  perfect 
state  of  each  wire  oould  be  tested,  and  the  position  of  any  error  or 
^  bult  discovered  with  considerable  .accurat^.  Still,  with  all  theee 
'  appliances,  the  detection  and  repair  of  any  derangement  of  the  wires 
demanded  considerable  skill,  and  led  to  no  small  expense.  But  when 
the  wires  were  in  sight  throughout,  any  contact  or  fracture  waa  at  ones 
visible,  and  was  easily  and  quickly  repaired. 

We  must  here  pause  in  the  attempt  to  trace  the  history  of  this 
purest  invention  through  the  medium  of  its  patents.  The  xvaAer  who 
IS  desirous  of  pursuing  the  subject  in  Hob  way,  is  referred  to  one  of 
the  valuable  volumes  printed  by  order  of  the  Commissioners  of 
Patents,  entitled  '  Abridgments  <^  Specificationa  relating  to  Electddty 
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u>d  lUgnetiun,  their  Genemtion  and  Applicfttioiu'  (1859).  This 
ToIuniA  oontuiu  an  introductioD  of  zoiii.  pages,  and  on  aibetnct  of  patente 
extending  to  728  pagee,  ezcluaiTe  of  a  copious  index.  A  single  speci- 
men of  tluB  index  will  abow  the  extent  of  patent  influence  that  has 
been  exerted  down  to  the  year  1657.  For  example :  under  '  Tele- 
graphs '  (Electric),  we  have  for  aoouetio  telegraphs,  1 4  patente ;  copying 
tel^raph^  8 ;  dial  telegraph*,  68 ;  emboaidng,  1 ;  gold  leaf,  2 ;  mag- 
neto-electric, 28 ;  marking,  S3 ;  needle,  S9 ;  pointer,  82 ;  portable,  7 ; 
printing,  44 ;  and  recording  tel^rapha,  S  petite;  while  the  compo- 
nent perta  of  electrio  tdegrapha  are  the  subjeots  of  eepaiate  patents 
under  diatanct  heade,  ■uoh  as  alanmu,  tdegr^phio,  78  patente ;  insula- 
tors, 42  patents ;  gBlTanio  battoriei,  neariy  thna  <«>lnmiMi  of  names. 

It  is  not,  howerer,  too  much  to  wa^,  that  omidat  this  formidable 
list  of  patentees  in  our  own  country,  without  ref^ring  to  claimants  in 
£urope  and  America,  there  are  but  a  very  few  names — perhaps  only 
one  name— that  posterity  will  care  to  remember  in  connection  witli 
the  piaotical  working  of  the  electric  telegraph.  Althou^  the  principal 
i&cts  necesaaiy  to  the  oonstruotion  of  an  elecbic  telegraph  had  been 
ktMwn,  as  we  have  seen,  ever  aiooe  1821,  yet  it  was  not  until  the  gene- 
iml  estaUishment  of  nulways  Uiot  telegraphio  wires  oould  be  eafely 
carried  to  any  great  distance.  Moreover,  the  importanoe  of  the  Inven- 
tion was  by  no  means  understood.  The  ^vemment  was  satdafied  with 
the  working  of  the  semaphore ;  nulwa^  directors  looked  upon  Uie  elec- 
tric telegraph  ae  a  new-fangled  invention,  and  the  public  was  not  yet 
alive  to  its  iimumerable  advantages^  One  faot,  however,  must  be 
imdsted  on,  namelT,  that  to  this  country  bekofli  the  honotir  of  tiiis 
peat  invention ;  that  in  the  yaw  1887  a  needle  teU^raph  had  been 
mvented,  so  complete,  and  at  tbs  same  time  so  umple  in  its  operation, 
that  it  could  be  worked  by  any  one  who  knew  how  to  read ;  that  in 
June  of  that  year  the  patent  for  Uiie  telegraph  had  be«l  sealed,  and,  a 
month  later,  uie  wires  were  laid  down  between  the  Euston  Square  and 
Camden  Town  Stations  of  the  Kcoth-Westem  Railway,  a  distance  of  a 
mile  and  a  quarter,  and  that  on  tiiie  S5th  of  Julymeessges  were  aotn- 
ally  sent  between  theae  two  stations.  Professor  Wheatatone  bung  in 
the  Euston  Square  Station,  and  Mr.  Cooke  in  that  at  Camden  Town, 
the  witziesses  being  engineers,  Measrs.  Fox  and  Stephenson.  Kow, 
it  is  quite  true  thi^  M.  Aiwo  cb^ed,  befmre  the  Frnioh  Academy  of 
S<aencefl,  for  M,  Steiiiheiil  the  precedence  in  this  matter,  inaamneh  as 
he  had  his  telcxraph  in  operation  on  the  19th  of  July,  1837 ;  but  it 
must  be  remembered  Uiat  Wheatstone's  patent  was  ti^en  out  in  the 
Juno  ot  that  year,  and  was  based  on  numerous  previous  auooeeaful 
experimenta  ;*wherea8  Steinheil  published  no  description  of  his  instru- 
ment until  August,  1838,  and  it  is  admitted  that  in  the  interval  he 
had  altered  and  amended  his  instrument,  and  soon  afterwards  aban- 
doned it  ior  a  modification  of  one  by  Morse.  The  claim  of  the  laet- 
named  gentleman  we  have  alrwdy  disposed  ot  hi  September,  18S7, 
he  ezbilated  an  impetfeob  instrununt,  although  ha  afterwards  rao- 
ceeded  in  i«odaefaig  one  fltst-rate  excellaao^  which  isitiU  largely 
used  in  the  United  States  of  North  America. 

But  to  return  to  Cooke  and  Wheatsttme's  tel^nmh :  it  received 
notice  to  quit  the  London  and  Birminghwn  line,  but  Mr.  Brunei  gave 
the  patentees  permission  in  1839  to  lay  it  down  on  the  Great  Western 
Railway.  This  was  first  done  as  far  as  Wwt  Dn^ton  (IS  miles),  and 
it  was  afterwards  extended  to  Slough  (18  miles),  the  wires  in  both 
these  in«Uminary  trials  bdng  inclosed  in  iron  tubes  laid  oa  the  ground. 
On  proposinK  to  extend  ^is  line  to  Bristol,  mudi  oi^Kisition  was 
offered  by  l£e  directors,  and  the  telegraph  again  had  notice  to  quit. 
But  on  tlie  propoeal  of  iir,  Cooke  to  retain  the  une  of  wires  at  his  own 
expense,  he  was  permitted  to  do  so,  on  condition  of  transmitting  the 
railway  ngnals  free  of  charge,  and  of  extending  Uie  line  to  Slough.  In 
return  fbr_  this  favour,  he  was  allowed  to  transmit  messages  for  the 
pnUit^  which  was  aoeordingly  done,  one  nhinjug  being  charged  for  a 
message ;  but  the  public  did  not  avail  themselves  muw  of  the  new 
instrument,  and  its  value  was  scarcely  appreciated  until  the  Srd  of 
January,  1845,  whoi  it  was  used  to  convey  i  message  to  the  London 
police,  directing  them  to  arrest  Tawell  on  a  charge  of  murder,  the 
message  flashing  past  the  criminal  wlidle  be  was  travelling  express  to 
escape  the  consequences  of  his  crime.  By  the  end  of  1845  upwards  ot 
fiOO  miles  of  tdegrsph  were  in  operation  in  this  com^.  In  1846  the 
Electric  Telegraph  Company  commenced  thnr  <^>erations  mth  a  con- 
nderable  capital,  a  lai^  portion  of  which  was  expeoded  in  the  purchase 
of  Wheatstone  and  Cooke's  patents,  and  the  system  which  they  had 
introduced  became  rapidly  extended.  In  due  time  other  telegraph 
compaoies  were  competing  with  the  original  company,  the  ^^stem 
wpnad  over  Europe,  and  soon  no  railway  was  deemed  complete  without 
its  telegraphio  wfree.  In  the  United  States  of  Ameiioa  the  teknaphio 
system  is  far  more  complete  and  extensive  than  in  the  Old  World; 
but  the  tel^raph  wires  are  for  ^e  most  part  independent  of  the  r^- 
ways,  and  hence,  it  is  said,  arises  the  larger  number  of  railway  aod- 
dents  in  that  country.  But  the  telegraphic  system  oould  not  he 
r^arded  as  complete  while  nations  separated  from  each  other  seas 
and  oceans  remamed  unconnected  by  the  dsotria  wire.  So  long  back 
as  1840,  Hr.  Wheatstone  stated  to  a  parliamentuy  o(nnmittee  hii 
eonviction  of  the  practicabtlify  ot  uniting  Dover  to  CUaia  means  ot 
a  telegraphic  wire,  and  two  .years  later  he  had  made  arrangements  for  a 
bne  acroea  PortsmouUi  Harbour,  although  eircumstanoee  over  which 
ha  hod  no  control  prevented  its  being  carried  out  About  this  time 
the  introduction  of  gutta  percha  o^ed  itself  as  an  excellent  insu- 
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lating  material  for  the  wire,  and  its  first  application  was  made  in  1847, 
by  Lieut.  Siemens,  of  the  Prussian  artillery,  for  a  line  across  tiie  Rhine 
at  Cologne.  The  first  submsrine  wire  was  laid  down  in  August,  1850, 
by  the  "  Sulnuarine  Telegraph  Company,"  between  Dover  and  Cape 
Grisnes,  near  Oalida.  It  was  a  coppw  wire  inclosed  in  gutta  pnehjk 
About  27  mika  of  it  were  convened  on  board  the  Ooliath  steam-tug, 
and  wound  round  a  large  iron  drum  to  bcllitate  the  paying  out  The 
end  of  the  wjre  attached  to  the  land  was  conveyed  to  tiie  South-Eastem 
Railway  Terminus,  and  the  vessd  started  from  Dover,  paying  out  the 
wire,  fuid  attaching  pieces  of  -lead  to  it  at  intervals  to  anist  it  in 
sinking.  Electric  communioation  vas  kept  up  hourfy.  At  length  the 
vevel  came  io  an  aachor  off  O^ps  Grisnea,  and  the  end  of  the  wire  was 
seat  ashore  in  a  boat  Several  msMages  were  passed  between  the  two 
shores  duiing  the  day ;  but  on  attemptdog  to  resume  the  oorreepond- 
enoe  next  morning,  no  answer  could  be  obtained.  It  was  asoertained 
that  the  wire  had  snapped  asunder;  but  the  experiment  proved  the 
possibility  ot  oonneotiug  England  with  the  Continent  by  means  of  a 
Bubmuine  electrio  cabl&  In  the  following  year  a  stronger  cable  was 
laid  snooeastully,  and  has  ocotinued  to  work  down  to  the  {nxsent  time, 
notwithstandii^  occaaional  injuries  from  the  anchors  of  ships  and  boats. 
In  1861  and  1853  lines  wera  laid  between  Enghmd  and  Ireland  and 
England  and  Belgium.  In  1858  a  line  was  laid  &om  Orfordnees  to 
Sohevening  in  Holland ;  in  fact  fotu'  separate  cables  were  laid,  each 
containing  one  conducting  wire,  so  that  the  injuiy  to  one  line  might 
not  interfere  with  the  woiking  of  the  others.  In  the  same  year  a  line 
was  laid  aofOH  the  Solent,  frmn  Hunt  Castle  to  Yarmouth,  in  the  Lde 
otWij^t  Hie  fiirt  line  of  oonaiderable  length,  however,  was  that  laid 
in  1855  between  Balaklava  and  Varna,  during  the  Crimean  war.  This 
line  was  310  miles  in  Imgth,  and  consisted  of  a  copper  wire  oovered  with 
gutta  percha,  exc^  at  the  i^ore  ends,  wh^  were  protected  by  inm  wire. 
This  me  was  laid  hj  Messrs.  Kewall,  and  it  remained  in  good  order  for 
some  tmrnths,  until  tiie  end  of  the  war,  when  it  was  broken.  This  tem* 
pvary  succees  of  the  Black  Sea  Telc^n^  led  to  the  formation  of  the 
Atlantic  Tel^raph  Company.  The  attempt  made  b7  this  company  to  lay 
a  Une  to  America  in  1857  failed  &om  the  breiUung  of  the  cable  after  about 
885  mileshad  been  payed  out  Another  attem^  in  1858  was  appamit^ 
suoceasful,  and  uMsssges  were  exchanged  durmg  three  weeks  between 
Valencia,  in  Ireland,  arid  Newfoundland ;  but  the  signals  beoame  variable 
and  feeble,  and  at  length  ceased  altog^her.  And  thus  was  lost  8000 
miles  of  oabla^  and  875,000^  aterling,  lor  the  value  of  the  cable  can 
scarcely  exceed  the  expense  of  liftmg  it,  and  thereCcm  its  recovery  will 
not  probably  be  attempted.  It  is  now  proposed  to  alter  the  route  for 
this  line,  and  to  carry  a  cable  by  way  of  Greenland  to  America.  In 
1854  the  Mediterranean  T^egnqih  Company  laid  down  wires  betweui 
Speazia  and  Ccosioa,  and  between  Bonifacio  and  Sardinia,  and  £rom 
thence  in  1855  to  Algeria.  TMa  last  cable  seems  to  have  failed.  In 
1857  the  Br^^  government  agreed  to  andst  the  company  in  the  cum- 
struotion  cf  a  line  from  Cagliari  to  Malta,  and  thence  to  Corfu.  This 
line  has  been  unfortunate.  Another  line  from  Portland  to  the  Chaimel 
Islands  has  met  with  several  accidents,  and  the  experience  with  it,  as 
well  as  with  the  Red  Sea  and  India  telegraph  cable,  show  the  wisdom 
of  the  Report  made  by  the  Board  of  Trade,  tiiat  our  knowledge  in  1859 
was  not  such  as  to  justify  the  submerging  of  another  deep  sea  cable, 
without  further  KqMriments  bemg  made ;  and  they  reoommended  the 
appointment  of  a  iwmiiiiillee  to  investigate  the  subject  A  committee 
was  acoordinj^  appohated,  and  from  the  ctmnection  with  it  of  sueh 
men  as  Fntfeiaor  Whei^AoiM,  Mr.  E.  L.  Clarke,  and  Mr.  Varley.  we 
should  hope  for  a  great  increase  of  our  knowledge  on  the  subject 
While  we  are  writing,  a  case  is  under  investigation  which  shows  the 
necessity  for  this  inquiry,  A  cable  manufactured  for  the  government 
for  the  purpoee  M  conneoting  Falmouth  with  Gibraltar,  had  ita  desti- 
nation <uuu^;ed  in  the  qning  of  1860  to  a  projected  line  from  Rangoon 
to  Singapore.  In  order  to  preaerve  the  oable,  it  was  placed  in  water- 
tanks,  but  when  transferred  on  board  the  ship  which  was  to  convey  it 
to  India,  it  was  coiled  dry,  and  the  moisturo  imlnbed  by  the  hemp, 
being  gi«dually  squeesed  out,  caused  the  iron  oovering  to  rust ;  and  as 
this  process  of  rusting  generate*  heat  enough  to  soften  the  gutta  percha, 
the  of  the  cable  beoanae  endangered,  k  that  it  had  to  be  again 
taken  out  of  the  ship  and  deposited  hi  tanks. 

The  practical  woiicing  of  a  tdegcaph  involves  such  a  multiplicity  of 
details,  that  we  cannot  attempt  in  an  article  of  this  kind  to  convey 
much  minute  information.  Stul,  however,  there  are  certain  prominent 
features  which  a  reader  moderately  acquainted  with  eleotiioal  science 
will  readily  undentand.  An  electric  telegraph,  whether  for  land  or 
sea,  consists  ot  three  asHiitial  parts :  Ist,  the  trcmfimttHv  appanUta, 
for  generating  electric  actiw  at  one  end,  known  as  tiie  amoer  ;  2ndly, 
an  deotrode  or  insulated  path  along  which  the  electricity  may  travel, 
and  tamiliarly  known  as  the  Une  or  the  we,  or,  in  the  submarine  tele- 
graph, the  cable  ;  BrUly,  the  apparatus  used  at  the  other  end  of  the 
toe  to  render  evident  the  signiJa  forwarded  by  the  transmitting  appa- 
ntus:  this  is  called  the  »eai>tii9(^i>ani<tu  or  tMtn^^ 
tHttmMtntm 

And  flzst  as  to  the  tnmamitting  apparatus.  This  is  usually  a  voltaic 
battery,  conusting  of  alternate  pairs  of  copper  and  amalgamated  sino 
plates,  arrangedin  troughs  of  some  compact  wood  made  tight  with 
marine  glue,  subdivided  into  compartments  by  means  of  slate,  at 
the  troughs  are  of  glazed  gutta  percha.  Each  compartment  contains 
the  copper  of  one  pair  and  the  sine  of  the  next  [GalvaMIO  Baxunr.} 
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Ait«r  the  plfttM  hftve  been  introduoed,  the  oomwttiwDti  are  filled 
vith  ewod,  which  ia  moiitaned  with  diluU  sulphuric  Msd  (1  strong  urid 
to  Iff  water).  This  artftDgemeot  diminiahai  the  riak  of  leakaga,  and 
laMeoa  the  amount  of  eraporataon.  The  add  haa  to  be  renewed  onoe 
ia  ten  or  fourteen  daya,  according  to  the  amount  of  work  performed  by 
the  telegraph.  In  the  Electric  Telegraph  Company's  oestral  office  at 
Lothbuiy  the  batteriea  are  contained  in  two  long  namiw  ohambera  in 
the  haaenunt  o£  the  >wiiMing  There  are  apwarda  of  sixty  Darnell's 
batteries  at  work :  ther  take  rank  as  lizei,  twelves,  and  twantgr-foun, 
aocording  to  the  number  of  their  elements  tx  platea,  the  twen^-foure 
working  the  longo-  linee,  and  the  smaller  bitteries  the  shorter  oiroaitB. 
A  twenty-four,  when  in  full  work,  requires  only  a  gill  of  dilate  sul- 
phuric add  per  mon^,  and  its  sino  platea  last  three  months.  Other 
batteries  require  1  lb.  of  sulphate  of  oopper  per  month,  with  a  little 
sulph^  of  aino  or  salt  and  water.  'The  entire  amount  of  eledario 
power  employed  by  this  oompany  throu^ut  the  oountry  ia  aaid,  on 
the  authority  of  an  article  in  the  '  Quarterly  Review '  (1854),  to  be  pro- 
duced 1^  8000  twelvfr-plate  batteries,  or  96,000  cells,  which  are  lined 
with  1,600,000  aquare  inches  of  copper,  and  about  the  same  of  alno. 
To  work  these  batteries,  6  tons  oi  add  and  55  tons  of  sand  are 
required  every  year.  When  a  distant  atatttm-deriE  finds  hv  the  weak 
action  of  hia  neeoki  HaA  tiie  battuy  la  not  up  to  its  wtnfc,  he  aanda 
word  that  it  requirea  "  r^redunent/  and  it-is  aooordin^  aorved  with 
ita  gill  of  sulphuric  add. 

Mother  form  of  battery  which  cODtinuea  in  action  tor  a  conddar* 
able  time  consista  of  platea  of  amalgmated  line  and  gas  soke  exdted 
by  Bolid  sulphate  of  mercuiymoiat^ed  with  water)  tht^  are  arraoged 
in  oompartments  as  in  the  sand  batteir. 

Some  lines  are  worked  bymeana  oi  the  magneio^leotrio  machine. 
plAonTO-ELECTBioiTT.]  The  Atlantic  cable  during  a  portion  of  its 
torUf  aistenoa  was  worked  a  secondary  current.  An  dectrio  cable 
sunk  in  water  ia  apt  to  become  charged  with  eleotridty  after  the 
manner  of  a  Leyden  jar,  and  so  to  reaist  the  passage  of  the  current 
along  ita  central  conducting  wire.  The  idea  was,  that  by  uaing  a 
•eoondary  current  it  would  by  its  pulaations  diaplaoe  the  charge,  and 
alkiw  tihe  ourrenfr  to  be  tnusimtted.  Mr.  Whitehouse  fed  hia  doable 
takduotion  coils  by  means  of  what  he  calls  a  "  perpetual  nuuntonanoe 
battery-"  Tliia  batteiy  oonsiBts  of  large  platea  oE  pUtiniaed  silver, 
and  amalgamated  dnc,  mounted  in  cells  of  gutta  peroha.  There  are 
isveral  j^tes,  both  of  aUver  and  aino,  in  eaoh  cell ;  but  all  the 
lino  iwes  rest  uixai  a  longitudinal  bar  of  metal  at  the  bottom 
of  the  cell,  and  all  the  aUver  pUtes  hang  upon  a  similar  bar  at 
the  top  of  the  cell,  ao  that  thua  there  is  Tirtualfy  but  a  single 
Btretoh  of  alver,  and  a  dngle  stiatoh  of  dnc  in  operation.  This 
'arrangement  is  made  because  it  enables  any  portion  of  either  silTer 
or  due  to  be  removed  for  repair  or  renewal  without  stopping  for  a 
moment  the  operation  of  the  batteiy.  As  any  me  lamina  beoomea 
imperfect,  it  can  be  taken  out  from  ite  groove,  and  replaoed.  Bach 
cell  contains  two  tbouaand  square  inches  of  acting  surfaoe,  and  la 
'  charged  widi  the  usual  mixture  of  add  and  water,  and  there  are  ten 
'■nch  oella  in  the  battery.  Tliis  ctnnbination  is  so  powoful  that  when 
|the  broad  stripe  of  copper  plate  whidi  torm  the  polar  eztendons  Mre 
brou^t  into  contact  or  separated,  brilliant  flaahea  are  prodiwed, 
'  accompanied  by  a  loud  crauling  aound.  The  points  of  large  pliers 
are  made  red-hot  in  five  aeoonds  when  placed  between  them,  and  iron 
screws  bum  with  vivid  scintillation.  These  brilliant  effects  are,  how- 
ever, produced  at  the  expense  of  the  apparatus ;  the  metallic  aarboea 
from  which  tiiey  are  «nitted  ra^dly  burning  away  during  their  con- 
tinuanoa.  In  order  to  aUaviate  this  imuriona  efieot,  contaotta  made 
and  bn^en,  daring  the  trananuHios  of  euebicd  aignala,  by  means  of  a 
key  jmeenting  a  vety  large  surEaoe  of  metal.  A  horisontal  bar, 
flattened  at  ^e  t<^,  turns  backwards  and  forwards  pivot-ways,  and 
tilts  ita  edges  against  twenty  flat  bnus  springe  resembling  in  form  the 
k^B  of  a  piano-forte,  ten  being  on  each  side.  A  constant  ali^t  leak 
'  of  the  current  ia  also  eontinuoudy  maintuned  tiirough  a  cdl  of 
ll^atinum  wire  jdaeed  in  water.  Br  thiaoontrlvanoe  the  Injurionaiaroe 
jof  the  qiark  is  [o-ettyweU  absorbed  and  deatrmd.  Theooatof  main- 
tdning  thia  magnificent  battery  at  work  is  said  not  to  exceed  a  ■htiiitig 
per  hour. 

Bat  for  the  reason  above  stated  the  voltaic  ounuit  is  by  no  means  a 
fleet  meesen^ier  compared  with  other  agentawhich  are  at  tiie  command 
of  the  deotndan.  Ctmsequenthr  it  ia  not  the  electric  stream  generaited 
in  this  powerful  faattesy  whiia  waa  dadgned  to  be  aotaudly  aent 
across  the  Atlantic  on  the  performance  of  telegraph  service.  This 
primal?  power  is  only  used  to  call  up  and  stimalate  the  energy  of  a 
more  speedy  travellw.  The  voHdc  current,  generated  in  the  battery, 
is  transmitted  to  induction  coils,  arranged  In  pairs,  etch  ooU  being 
arranged  as  in  RohmkorfTs  apparatus,  a  figure  of  which  la  given  under 
HAOHiTO-BLKCTBicn'T,  ooL  428.  It  ia  the  seoraidary  current  induced 
fay  this  appantoa  which  it  waijiropoaed  dunild  perform  tiie  work  of 
rushing  acroaa  the  Atlantin.  This  independent  aeoonds^  currait  was 
therefore  the  timumittum  cwrent,  and  the  coil  in  which  it  waa  pn>duoed 
was  properly  the  tmumiiuMeoil.  The  coils  were  used  in  pairs,  because 
each  one  indactivdy  increases  the  power  of  its  neighbour,  end  in 
return  has  ita  own  energy  inductivdy  increased  as  welL  "The  great 
heating  power  of  the  battery-current  ia  rendered  harmless  by  the  siae 
and  extent  of  the  primary  coil  thnnigh  whidi  it  is  paawd.  If  at  any 
time,  by  aoddsnt,  the  current  should  finds  short  coarse  for  itself  in 


oonseqoenoe  ti  the  dlk  eovering of  tha  win  bdnghijured,  the  aoddent 
is  imme^iAely  indicated  by  Um  rapid  rise  the  temperature  of  the 
coil.  The  tnnsmisdtm-eurrent  neoesaarily  geta  considerably  weakened 
when  it  haa  paased  through  a  distance  of  1800  or  1900  inilea.  Con- 
sequently this  wei^ened  current  was  not  to  be  Immedlatdy  employed 
to  print  or  reoord  the  signds  transmitted.  The  weakened  tranwniwoiw 
ourroit  waa  merdy  caused  to  4^>en  and  doae  the  outlet  of  a  treah  battery 
destined  to  do  we  printing  or  raoording  laboor.  The  ittmnd  of  the 
AtlantioeablewasooiitiinHa  into  a  odl  of  fine  wire, wound  abouta 
bar  of  soft  iron.  Whan  the  tranamisrion-oarrent  flowed  through  the 
odl,  the  bar  beoatne  a  temporary  magnet,  which  bad  the  direction  of 
its  polarity  determined  bj  the  nature  of  the  current  (podtive  or 
negative)  sent  throu^  the  oolL  The  pole  whidi  is  nort^  when  tiie 
tranamisdon-ourrent  iajpodtiTe,  beoomea  sout^  when  the  tnuumiadon* 
current  ia  negative,  STear  to  the  temporary  na^Mt  a  permanent 
magnet  was  so  placed  that  it  oould  traverse  baekwarda  and  forwarda 
upm  a  pivot  as  it  was  aotuated  by  tlie  temporary  magnet  The  north 
pole  of  the  permanent  magnet  waa  attracted  by  the  south  pole  of  the 
tempcraiy  one,  and  vitev&»A;  ao  that  as  the  polarity  of  the  temporary 
magnet  was  reversed,  the  permanent  magnet  was  made  to  traverse. 
Vfhm  it  toavefMd  one  way,  it  opened  the  outlet  of  tiie  local  batt«y  by 
dboting  a  eontaotk  sad  OHied  ftto  printf  iriun  it  toaveraad  thff  other 
wayibahoiitf  theouirant  of  fba  looal  battery,  ao  tiutt  it  ceased  to 
tnint. 

It  was  the  peouliar  advantage  of  UlIb  rday-insteument  (as  it  Is  called) 
that  the  temporary  magnet  had  no  other  work  to  do  than  to  turn  the 
permanent  magnet  upon  its  afanoet  friotionleae  pivot.  It  had  no  spring 
to  overcome,  audi  as  is  more  commonly  employed  In  this  olaas  of 
instruments.  The  arrai^ement  was  to  aandtlTB  that  the  apparatua 
could  be  pat  In  aeti«t  by  a  fragment  of  dnc  and  a  aUpenoe  pressed 
munst  the  tongue.  These  relays  might  indeed  be  ordinarilv  heard 
oUcking  backwards  and  forwarda,  and  working  automatically  when  the 
large  induction-coila  were  in  operation  wUEitt  a  few  feet  of  them, 
adnially  doing  a  little  basuiess  on  their  own  aooount,  dt^ou^  not  In 
oommunioadon  with  any  current,  and  transmitting  the  same  aignala 
and  messages  as  those  whidi  were  being  forwarded  toroogh  the  agencfy 
of  the  induction-coils.  As  the  poles  of  the  induction-coil  magnets  were 
reversed,  the  polee  of  the  rdqr-magneta  were  actuated  different  wan, 
Kr.  Whitehouse  made  the  indnunents  even  more  delicate  by  imply- 
ing a  seoond  permanent  magnet,  so  that  it  could  be  made  by  a  screw- 
adjustment  to  Inoreaae  or  diminish  the  attraction  acting^  tiie  working 
magnet,  d^er  war.  When  the  printing  battery  was  broariit  into 
operation  by  the  relay,  it  delivered  ita  message  by  the  agency  oi  tma  of 
pKMteasor  Morse's  jaittttng  instruments  already  described. 

Professor  W.  Thomsim,  in  oommeating  on  the  above  arrangement 
('Bncye.Brii,'art.'Bleotrio  Tel^i^h*),  joFefera  the  Tdtalebattny 
to  any  other  souroe  of  dectridty  "for  all  great  tdegnphlc  work,-" 
and  he  axpreeaea  his  oonviotlon— somewhat  budly,  vre  think, — ^that  "if 
no  induction  coila  and  no  battery  power,  dther  podtive  or  exceeding 
20  cells  of  Daniell's  negative,  had  ever  been  apjuied  to  the  cable  slnoe 
die  landing  of  its  ends,  imperfeet  aa  it  then  was,  it  would  be  now  in 
fall  work  day  iud  night,  with  no  pfoqieat  or  pmbaUlity  fdlnre." 

Beeondly,  aa  to  l£e  (jM->In  most  parts  of  England  the  wires,  as 
from  the  commencement  of  the  system  in  this  eoontry,  are  supported 
on  poles  at  a  height  of  several  feet  from  the  ground ;  but  in  a  few 
cases,  such  as  doog  the  mdl-eoaeh  road  from  London  to  Dover,  a  sub- 
toTsnean  arrangement  has  been  adopted :  the  wires  being  encased  in  a 
wooden  trough,  and  depodted  a  foot  or  two  beneath  the  sur&ce  of  the 
ground.  TMs  artangement  ia  also  adinded  in  the  streets  of  London, 
and  <rf  other  large  towns.  It  has  also  been  adopted  the  Engliah 
and  Irish  Magnetic  Company,  on  a  great  extent  of  their  Imea  j  and  it  is 
that  adopted  in  Prussia.  The  wires  from  the  centrd  station  in  London 
are  insulated  by  being  wrapped  with  cotton  thread,  and  coated  with  a 
mixture  of  tar,  redn,  and  grease,  or  gutta  perdia  is  used  in  preference. 
Nine  such  wires  are  packed  in  a  half-inch  leaden  dpcb  and  four  or  flva 
■udi  pipea  are  padud  in  an  Iron  pipe  about  Sindui  In  diametei^ 
which  fttpee  are  Idd  under  the  foot-pavements,  and  are  thus  Conducted 
to  the  termind  stations  of  various  railways.  Testing^posts  are  placed 
at  intervals  along  the  streets,  which  any  failure  con  be  detected  and 
the  locality  of  the  defective  wire  ;asoertained  at  least  within  the  dia- 
tanoe  of  two  poets.  The  London  District  Telegraph  Company  do  not 
bnrythdrwirea,  but  are  now  engaged  in  weaving  a  metallioweb  over 
the  tops  of  onr  hooses. 

The  eoposed  oonduofing  wires  which  run  along  the  side  of  a 
railvray  are  d  gdvanised  iron,  about  the  dxth  of  aa  inch  in  diameter. 
The  lugfaer  price  of  copper  prevents  it  from  being  employed,  dthough 
thia  metd  is  a  mudh  better  conductor  of  eleotridty  than  iron.  When 
a  great  length  of  wire  is  to  Im  stretched  between  two  distantpointe, 
withoot  immediate  support,  sted  wire  is  sometimes  used.  The  gal- 
vanised iron  wire,  in  the  neighboariiood  of  la^  manofictnrfng  towns, 
is  liable  to  be  attacked  by  the  sulphur  adds  of  tiie  smoke,  and  tiio 
dnc  bdng  converted  into  a  solable  sulphate  is  wadied  off  by  the  rain, 
and  the  iron  wire  bec(»nes  quickly  corroded.  We  have  already 
spoken  of  the  earthenware  or  glass  msulatora  attached  to  the  posts, 
for  supporting  the  wire.  An  insulator  should  not  only  be  a  non- 
conductor, but  it  should  throw  off  the  rain  quickly  and  completely^ 
otherwise  the  moisture  will  form  a  conductor  to  the  earth ;  indeed, 
the  drip^ng  of  wet  from  one  line  to  another  below  it^  will  sometimea 
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tam  Mny  tite  etnruit  finmi  its  work.  Wat  and  loggy  weather  alwaja 
bu  th«  efbcfc  of  dlmlnlthing  the  euimit  and  requiriuK  gmter 
battery  power;  nnlaes,  indeed,  ue  plan  ahould  be  adopted  of  witcAtn^ 
the  line,  that  ia,  inatead  of  aending  a  meaeaf^  aioug  a  direct  line, 
where  the  wirea  are  enveloped  in  rain  or  damp  fog,  or  are  otherwiae 
"  sick"  aa  it  ia  amed,  the  Ime  ia  awitched  on  to  another  and  more  cir- 
coitoua  nmta,  whm  the  wirea  are  in  good  working  order.  Spidera' 
threada  eonnd  with  dew  aomatimea  divert  the  oomnt,  as  doea  alao 
atmoaphario  dleotrioily.  Indeed,  a  thundn^atorm  waa  fbrmerlT  a 
source  of  danger  to  the  tdegrsph  olerka.  Profeaaor  Loomis  aaja  that 
the  telegrapbio  wires  are  Terv  aanntiTe  to  an  approaohing  atonn,  and 
otiaa  boeoma  liighly  ohorgad,  eren  whaa  the  storm  is  ao  distant  that 
the  thunder  oaonot  be  heard  nor  the  lightning  seen.  Under  suoh  cir- 
onmatanoaa,  if  one  stand  in  the  room  of  a  telegr^ihio  station,  and 
plaoe  one  hand  upon  a  telegraphio  wire,  and  riat  tha  other  oa  the  win 
whidi  oommunicatfls  with  the  earth,  a  sharp  shook  is  felt  in  the  arms, 
and  sometimes  aoroaa  the  breaat.  This  shook  Is  Tery  painful ;  although 
when  the  two  wires  are  brou^t  within  striking  diatanoB  of  eaoh  other, 
only  a  £slnt  spaik  is  to  be  aean.  But  when  the  tikunder«loud  is  near, 
■ooh  axperimenta  are  dangeroua.  In  aooh  case,  a  thunder-aloud  pass- 
ing oTsr  th«  wlras  may  charge  them  to  auob  ui  extent  that  the 
aleotricity  may  fuse  the  thin  wire  of  the  (eleotro-magnet,  and  render 
th«  magnet  itaelf  unserrioeable.  On  some  oooaaiona  an  e^oaion 
takea  pJaoe  In  the  tdegnqth'TOom  aoffldant  to  foaa  thick  wins,  and 
to  expose  the  deika  to  oonaidarabla  danger.  A  weak  obaiga  of 
atmoapherio  eleotrioity  has  the  same  offeot  on  the  wires  aa  the  our- 
reot  o(  a  volta^  battery ;  it  makes  a  point  in  the  telegraphio 
register.  If,  however,  a  etonn  pass  OT«r  the  wires,  these  points 
beoome  numerous ;  and  aa  they  ahow  themselves  betwent  the  pointa 
of  a  tel^i^ihio  measage,  they  make  the  writing  iudiatinot,  and  often 
fUaglble,  ao  that  on  aoch  oooaauna  the  ola^  nanallj  auapand  their 
labonra.  Various  oontriTanoes  ham  been  made  lor  drawing  off 
dflotridty  from  the  wirea,  without  disturbing  the  current,  advan^ 
tage  being  taken  of.the  tension  of  the  former,  which'gives  it  a  striking 
distanoe  not  pooaeaaad  by  the  latter.  In  addition  to  atmospherio 
eleotrioity  the  line  is  liable  to  be  disturbed  by  what  are  called  **  earth 
currents."  If  both  ends  of  a  long  wire  be  connected  with  the  euth, 
eoiiauU  will  naai  through  the  mie  amamit^  in  oonsoquence  of 
TBiiationa  In  Uu  daetiioil  oondftion  of  the  earth  in  difhrant  plaoea, 
Mr.  Verify  haa  obaenred  that  thaae  ourrenta  are  oontinnalfy  flowing 
•boat  the  earth  in  one  direction  or  another  throuj^urat  the  day,  and 
reach  a  maximum  about  2*40  p.ic  During  magnetio  storms  or  the 
avon  boreaUs,  curreots  are  sofBoiently  strong  to  interrupt  the  woiling 
of  the  lines :  Uiey  flow  sometimes  in  one  diraotioi^  sometimes  in 
another,  uid  often  bhange  their  direobion  in  a  few  aeoonda. 

But  If  in  land  Unea  tha  insulation  of  the  wires  ia  attended  with 
diffioutty,  the  Insulation  is  very  much  more  diffloolt  and  unoertaln  in 
aarrying  a  cable  throi^h  great  lengtha  of  ocean.  In  transmitting  a 
current  along  an  insulated  land  line  conneoted  with  the  earth  at  one 
end,  and  with  a  battery  oommunioating  with  the  earth  at  the  other, 
the  strength  of  the  oumnt  in  an  inverae  ratio  to  tha 

lan(|th  of  the  wirsi  Whoi,  howaver,  tiu  oooducting  wire  is  wrapped 
up  m  an  in^i^tjifg  material  and  immeraed  in  water,  we  have  the  three 
parte  of  a  Ley  den  jar,  namely,  the  wire  takes  tiie  place  of  the  inner 
metallic  coating,  the  gutta  percha  that  of  the  insulating  glaas,  and  the 
iron  wire  covering  or  the  water  that  of  the  outer  coating,  so  that  not 
only  does  the  strength  of  the  current  diminish  invmely  aa  tibe 
lei^th,  but  the  arraagsnunt  must  be  disohargsd  before  a  message 
eaa  be  sent,  and  tha  rate  of  aignaUIng  must  depand  ultimately  tai 
the  rapidity  with  which  the  oharse  and  diaoharga  can  be  effboted. 

But  there  are  medhanioal  difficulties  arWng  from  the  materials 
amplt^ad.  The  copper  oonduoting  wire  ia  defloent  in  strength,  and  a 
moderate  strain  put  upon  it  may  produce  a  perm&nent  elongation :  while 
the  nuterials  which  envelope  It,  being  more  elastic,  return  to  their 
original  bulk  when  the  strain  is  removed,  the  elongated  copper  does  not 
do  so,  but  will  thus  cut  its  way  Uirough  the  gutta  percha  cover.  The 
copper  wire  ia  usually  made  into  a  s^nd  for  the  suce  of  strength,  and 
it  has  even  been  proposed  to  cover  the  copper  with  fine  steel  wires 
before  putting  on  the  gutta  percha,  so  that  the  chief  strength  of  the 
cable  might  be  in  its  core.  Copper  wire  is  preferred  on  account  of  its 
anperior  conducting  power  for  electricity,  which  ia  seven  times  greater 
than  that  of  iron.  But  this  superiority  ia  greatly  dependent  on  the 
purity  of  the  copper.  No  aubatanoe  added  to  copper  increases  its  oon- 
docthig  power ;  but  tiie  presence  of  other  metals  may  reduce  ita  con- 
ducting power  below  that  of  iron.  The- conducting  power  of  copper 
also  varies  with  the  temperature. 

Qutta  pendia  is  also  subject  to  various  changes  which  interfere  with 
its  tnsulrting  power ;  {^though  usually  considwed  as  a  good  insulator 
it  ia  by  no  means  perfect,  espeoiiJly  when  it  is  exposed  to  a  tolerably 
hig^  temperature.  At  32"  there  is  a  very  small  leakage  of  elecMcity 
through  it;  at  62°  the  leakage  ia  three  timea  as  gr^;  at  72°  it  is 
nea]^dztimea;andat9a*tentimeaaan«Btaaab82°.  Whilelaying 
the  Red  Sea  cable,  tha  tanperatuie  in  t£e  bold  of  tiie  ship  waa  92", 
and  the  insulation  was  ao  bad  that  ^e  en^eeia  eould  not  n^petk 
through  the  cable ;  but  when  in  the  water  at  the  depth  of  SOO  &thoms 
and  the  temperature  78°,  the  insulation  became  much  better.  Gutta 
percha  also  varies  greatly  in  ita  quality  :  it  may  contain  foreign  matto*, 
or  bo  porous,  or  air  bubbles  may  beocnne  entan^ed  with  it  during  the 


Wing  on,  all  of  which  may  tend  to  destroy  lbs  Ineulating  power. 
There  may  be  bad  jointa  or  small  punctures,  or  a  strong  battery 
power  may  produoe  a  ohemioal  action  injurious  to  its  atd^^.  Its 
durability  is  alao  aerioualy  affsoted  by  exposure  to  light  and  air,  so 
that  in  shallow  water  India  rubber  may  be  a  preferable  coating.  Gotta 
pwoha  ia  also  liable  to  injury  from  friction  or  from  pressure,  and  both 
it  and  the  hempen  packing  are  liabla  to  the  attadka  marine  animals, 
a  speoies  of  Teredo  derouiing  tha  hemp^  and  another  Teredo  penelnt- 
ingthe  gutta  percha. 

Hence  it  vrill  be  seen  that  tiie  great  problem  of  ocean  tdamplw 
eannot  by  any  means  be  regarded  as  solved.  Tha  best  form  ^oaUe 
remains  to  be  invented !  it  should  be  light  and  flexible  for  deep  waters, 
and  su£Bxuentiy  strong  in  shallow  ones  to  resist  the  rude  grip  of  sa 
anchor.  Some  cables  wd^  8  or  4  tons  per  .mile;  others  8  or  9  or 
even  more,  while  li^^t  cables  weight  about  1  ^  or  2  tone  per  mile.  The 
method  of  stowing  them  on  board  a  ship,  and  the  macminoy  for  pay 
ing  them  out  require  to  be  reeonsidered ;  but,  abora  all,  the  many 
ocNitiy  blunders  which  have  bean  perpetrated  vrith  various  oablea 
ought  not  to  be  again  poaaible,  suoh  aa  ttw  heating  of  the  Rangoon 
cable,  and  the  error  in  reckoning  in  paying  out  the  Cttgliari  and 
Algeria  cable,  so  that  there  was  not  enough  oable  to  reach  the  land : 
the  ship  held  oo  during  five  days  to  the  cable  and  then  broke  off 
in  the  midst  of  a  storm.  Itisnotourbusinessheretodomorethanallnde 
to  the  failures  of  telegnudiic  cables  eoiueqaeni-on  the  plan  adopted  1^ 
our  government  of  granmig  [aemluma  to  talegraphic  oonnwniesi. 

This  part  of  our  aubject  will  not  be  comidete  without  a  few 
details  as  to  the  mode  of  preparing  the  Atlantic  cable.  A  strand 
of  seven  wirea  of  pure  oopper  of  uie  No.  22  gauge,  was  first  pre- 
pared, it  being  the  sixteenth  of  an  Inoh  in  diameter  when  twirted. 
The  strand  of  seven  wires  waa  adopted  in  jnefarenoe  to  a  single 
wire  (rf  the  same  pnctioal  oapaoity,  because  the  probaUllty  at  » 
deitmetion  of  continuity  was  In  thia  way  greatly  diminished.  In 
oaaa  of  anv  accident  occurring  it  was  vwy  un!&ety  that  all  the  seven 
wires  would  be  broken  in  ezacUy  the  same  plaoe,  and  eo  long  as  only 
one  of  tiiem  remained  sound,  the  eleotricsl  transmission  could  be  carried 
on.  The  strand  itself  waa  subject  to  a  strain  which  stretched  it 
twen^  per  cent,  without  any  ^nreciable  Injury  to  its  oonduotiiu; 
power  bemg  discovered.  To  show  ttiat  no  amount  of  attenuation  which 
oould  be  produced  by  aoddent,  could  interfne  to  important  ertrat 
with  its  utilify  as  a  telegraphio  conductor,  one  mile  of  wire  eleven 
times  smaller  than  the  strand,  was  introduced  into  a  gap  made  in  a 
SOO-miles  length  of  the  cable,  and  the  effect  produced  on  the  trans- 
mitting powOT  of  the  cable  by  the  interpolation  was  tested.  It  proved 
that  the  tnuumitting  oapacity  of  the  cable  was  only  diminished  by 
one  thirfy-aamnth  part 

Aa  the  oopper  staand  vraa  prepared,  it  was  rolled  upon  drums,  and 
then  taken  m>m  the  dmma  to  have  three  a^wrate  coatings  of  gutta 
percha  applied,  until  the  aggregate  diameter  waa  thus  brought  up  to 
about  three-eighths  of  an  inoh.  The  gutta  peroba  need  for  these 
coatings  was  prepared  with  great  oare.  It  waa  first  rasped  into  shreds, 
sod  washed,  and  next  pressed  through  several  layers  of  fine  vrire  gaua^ 
and  kneaded  lot  hours  in  the  interior  of  iron  cylinders  by  steam 
madhinery.  It  waa  then  squeezed  by  powerful  screws,  throu^  dies, 
as  the  strand  of  copper  was  gradually  4^wn  along  between  them,  and 
so  made  to  adapt  itself  as  a  compact  aheath  to  the  strand.  Three 
several  and  euoceeaive  ooatinge  were  given  to  the  strand  in  order  that 
any  imperfection  left  in  the  first  mig^t  be  compensated  and  remedied 
by  the  next  coat  apjdied.  The  completed  core  was  subjected  to  a 
pressure  of  five  tons  upon  the  square  inch,  by  the  use  of  hydrauli; 
power,  without  the  innusting  material  being  at  all  injured  by  the  force 
aj^lled. 

During  the  process  of  the  manufacture  of  this  core  it  was  submitted 
to  oonstant  examination  to  prove  botii  that  the  oontinuity  of  the 
oopper  strand  continued  unimptured,  and  also  that  the  insidating 
power  of  the  gutta  percha  aheath  was  as  complete  as  it  was  required  to 
be.  The  continuity  was  proved  \sj  passing  a  voltuo  current  of  low 
inieitmty  from  a  baitery  m  a  dng^e  pair  of  plates,  throu^  the  stiand, 
and  then  causing  it  to  record  a  siffnal  after  issuing  m>m  the  wire. 
A  battery  of  low  inteifidty  was  emjui^ed  for  this  purpose,  because  it 
made  the  test  so  much  tiie  more  severe.  A  strong  oatteiy  might  have 
thrown  the  current  through  a  slight  imperfection,  which  a  weak 
battery  might  not  be  able  to  overcome.  The  due  perfection  of  the 
insulation  was  tried  by  turning  up  into  the  air  the  end  of  the  length  of 
core  about  to  be  examined,  and  by  tiiiea  eooneoting  one  pole  of  a 
voltaic  battery  of  five  hundred  pairs  of  plates  with  the  nearer  end  of 
the  length  of  wire,  and  the  other  pole  with  the  earth,  a  magnetio 
galvanometer  being  suspended  within  a  coil  continuous  vrith  the  stiud. 
So  long  aa  the  insulation  of  the  strand  vraa  fairly  perfect,  the  copper 
wires  became  charged  with  the  electricity  of  which  but  very  Uttie 
could  escape,  and  so  no  current  was  produced  through  the  strand,  and 
no  defiecticn  of  any  consequence  appeared  in  the  magnetic  needle; 
When  the  insulating  aheath,  on  the  other  hand,  waa  Lnperfect»  the 
eleofcrical  charge  leaded  titrough  the  imperfections  to  the  euth,  and  so 
got  back  to  the  opposite  pole  of  the  battery.  In  this  way  a  current 
was  set  up  in  the  wire  to  supply  the  leakage,  and  the  magnetio  needle 
was  deflected  from  Its  position  of  equilibrium,  the  defiectitm  being  In 

Eroportion  to  the  amount  of  the  current.  A  strong  battecy  of  five 
uiidred  paira  of  platea  waa  employed  In  detecting  imperfect  inaulsp 
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ikni,  in  praferenoa  to  a  vealc  one,  becMua  a  afcrong  omrent  would 
ftvee  a  paaaage  through  an  impeifeetion  which  might  be  too  dight  to 
allow  a  weak  current  to  make  its  way.  Ditring  the  progress  of  the 
worh,  a  plan  was  devised  which  enabled  the  testing  for  both  con- 
tinuity of  the  strand  and  insulation  of  the  sheath  to  be  carried  on 
nmultaaeously.  A  voltaic  current  can  pass  through  a  charged  Leyden 
jar  without  either  the  ouitent  or  the  charge  being  in  any  practical 
way  interfered  with.  Therefore  the  entire  length  of  cable  under 
examinatitm  wu  joined  np  into  a  loop  or  endless  ring,  and  a  voltaio 
battery  of  five  hun^^  pairs  of  plates  had  one  of  its  poles  connected 
with  the  conducting  stmad  of  tlus  ring,  and  the  other  pole  placed  in 
communication  with  the  earth.  A  small  intwlaUd  battery  of  low 
tension  was  also  introduced  into  the  circuit  of  the  ring,  bo  thalt  its 
current  flowed  round  oontinually,  from  pole  to  pole,  throu^  the 
stnnd.  An  <i«"i*t»H  bell  was  also  so  placed  in  the  oiRiait,  that  woy^ 
Ineak  of  omtinuilrr  dropped  »  needle,  before  hdd  magoetiasJly  fait, 
and  caused  the  bell  to  sound.  .Another  bell  instrument  was  ao 
arranged  UtaX  it  was  rung  whenever  the  current  from  the  five  hundred 
cell  ^tteTy  began  to  run,  in  conaequenofl  of  electrical  leakage,  with 
undesirable  sposd.  The  feeble  battery  in  the  circuit  rung  its  bell 
whenever  the  circuit  was  broken.  The  strong  battery  out  of  tiie 
cdnutt  rung  Its  bell  whsnerer  an  outfiowing  oturent  was  set  up 
tiirough  tiie  atrond,  in  consequence  of  the  inanUting  sheath  benig 
unable  to  retain  the  charge. 

During  the  prosecution  of  these  experiments  the  discovery  was  made, 
tiiat  the  insulating  power  of  gutta  percha  is  very  materially  affected  by 
temperature.  A  high  temp«aature  seems  greatly  to  impair  its  insula- 
ting capacity,  and  the  recurrence  ttf  a  lew  temperature  speedily  restores 
it  to  its  ori^ul  excellence.  An  opportunity  was  token,  when  a  ungle 
flake  or  tier  of  the  completed  cable  was  lying  at  the  bottom  of  tht 
receptacle  in  the  yard  of  the  manufactory  at  Qreenwich,  to  watch  the 
ohangea  which  the  natural  variation  of  temperature  during  forty-eight 
hours  {woduced  in  its  conducting  capability.  Whan  the  thermometer 
stood  at  42',  the  deflection  of  the  galvanometer  needle  was  barely  8° ; 
but  when  the  thermometer  rose  to  5d°,  the  deflection  of  the  magnetia 
needle  became  64'.  Even  paiaing  sunshine  and  cloud  made  the  tell- 
tale needle  traverse  out  and  in  with  surprising  rapidity.  There  was 
reason  to  conclude,  from  the  soundinga  taken  by  Lieutenant  Dayman 
of  the  Cyclops,  that  the  bottom  of  the  Atlantic  would  supply  the  low 
temperature  essential  to  the  good  performance  of  the  insulating 
material. 

The  separate  lengths  of  manufactored  core  were  joined  into  longer 
extents  in  tiie  following  manner.  The  gutta  pcrdka  was  amapei  from 
the  uids  for  a  short  distanoe,  and  theae  ware  idaosd  in  ocmtact  A 
piece  of  copper  wire  was  then  attached  by  firm  braEing  to  one  ride  of 
the  joint,  and  vound  round  the  strand  until  it  reached  as  far  on  the 
other  side,  being  there  brazed  again,  A  second  binding  was  then 
effected  outside  we  first  in  precisely  the  same  way,  and  several  layers 
of  gutta  peroha  {daoed  over  the  whole  Inr  the  aid  of  hot  irons.  In  case 
of  the  core  on  eadi  side  of  the  joint  bnng  at  any  time  so  dragged  that 
the  ends  of  the  strand  were  broken  asunder,  this  outer  InveBtanent  of 
wire  would  unroll  spiralfy  without  being  detached  from  the  strand. 
Thus  the  electric  continuity  of  tiio  atruid  would  be  preserved  even 
when  the  strand  itself  was  severed. 

Every  two  miles  of  the  completed  core  were  wound  upon  chaimelled 
drums  witii  deep  flanges,  inm  shod  at  the  rim,  so  that  they  could  be 
rolled  about  and  made  to  perform  their  own  locomotion.  When  the 
oontenti  oi  these  drums  were  used  in  supplying  the  caUe  with  mor« 
core,  one  of  the  ends  was  attached  to  the  outgoing  core  of  the  com- 
pressed  cable,  and  so  the  ctmtenta  were  unrdled  from  the  drum  as  the 
external  metallic  wires  were  spun  round  the  core.  During  the  uivol- 
lingj  a  serving  of  hemp,  saturated  with  a  mixture  of  pitch  and  tar,  was 
compactiy  wound  round  the  oore  to  act  as  a  bed  for  the  external  me- 
tallic sheath.  Hien  eighteen  strands,  each  of  seven  wires  of  oharooal 
iron,  were  twisted  flrml^  ronnd  the  com.  The  sfzands  and  the  eaUe 
were  made  by  precisdy  analogous  machinery.  A  large  horizontal 
table,  containing  seven  bobbina  on  the  circumference  in  the  case  of  the 
strand  machine,  and  eighteen  in  the  case  of  the  closing  or  finishing 
machine,  was  whirled  round  by  steam-power  with  great  rapidi^!  A 
central  wire,  or  tiie  core,  was  drawn  up  through  a  hole  in  the  middle 
of  the  table,  and  so  invested  with  a  tvdsted  whcri  ot  wires  or  strands, 
given  off  from  the  bobbins  as  the  taUe  revolved.  The  strands  were 
used  in  completing  the  oable,  instead  of  solid  wires,  because  by  ttds 
means  greater  flexibility  and  strength,  for  the  material  used,  were 
obtained.  The  external  investment  of  iron  was  solely  designed  to  pro- 
tect the  coated  core  from  mechanical  violence  during  the  act  of  sub- 
mergence, and  to  confer  upon  it  a  oonveni«it  amount  of  weight  for 
effecting  its  rinking  In  the  sea. 

Each  strand-maiohine,  during  the  manufacture  of  the  cable,  was 
worked  day  and  ni^t,  and  in  twenty-four  hours  spun  ninety-eight 
miles  of  wire  into  fourtemi  miles  of  strand.  The  sevenu  strand-machines 
at  work  simultaneously  every  twenty-four  hours  transformed  2058 
miles  of  wire  into  2E>4  miles  of  strand.  As  much  as  thirty  miles  of 
cable  have  been  made  within  twenty-four  hours.  At  one  time  all  the 
wire-drawers  in  England  proved  to  be  nnabLe  to  lu^ly  the  exacting 
demands  of  the  machinery,  and  the  works  hod  to  pause  lor  a  Amt 
space.  The  entire  length  of  wire,  iron  and  copper,  spun  into  this 
wonderful  structure,  amounted  to  888,500  milte ;  a  lengu  tufficdent  to 


engirdle  the  earth  thirteen  times  I  The  completed  cable  weighed  from 
nineteen  hundredwright  to  one  ton  per  mile,  and  proved  to  be  able  to 
bev  with  impunity  a  direct  strain  of  five  tons.  In  the  salt-water  the 
weight  of  tiie  oable  would,  however,  not  exceed  fourteen  hundredweight 

Er  mile ;  and  as  the  greatest  depth  of  tiie  Atlantic  In  which  it  would 
ve  to  be  laid  is  only  a  littie  more  than  two  miles,  and  a  oetiain  por- 
tion of  the  weight  would  neoesaaiily  be  borne  by  friction  against  tiie 
particles  of  the  watra-  as  tiie  rope  sBnk,it  was  anticipated  that  the  o^a 
would  never,  \mdet  any  cireumstanoea,  ba  required  to  meet  •  strain  of 
more  than  one  ton  and  a  half. 

The  failure  of  the  Atlantic  caUe  was  due,  in  some  respects,  to  the 
haste  with  which  it  was  manufactured.  The  oompaiqr  had  obtained, 
in  lSfi4,  the  exclusive  ri^t,  for  fifty  years,  of  landing  cables  on  the 
diOTCs  of  Newfoundland  and  Labrador,  and  in  1 856  the  Britirii  as  well 
as  the  American  government  made  a  grant  of  14,000/.  a  year,  oon- 
dit^Hial  on  success,  the  company  pledging  themselves  to  make  the  first 
attempt  to  lay  the  oaUe  in  1867.  It  ia  now  admitted  that  the  oon- 
struction  of  the  cable  was  hastily  commenced,  before  the  experiments 
necessary  to  ascertain  the  proper  form  and  other  conditions  had  been 
completed.  "  The  manufacture  was,  however,  not  fairly  oonunenoed 
till  Febniaiy,  1857,  and  2600  miles  were  completed  in  June,  1657. 
Half  waa  made  at  Measra.  Kawall'a  woiks  at  Birkenhead,  and  half  at 
Hessra.  Ghws  and  ElUot'a  works  at  Greenwich.  The  manufseture  was 
very  much  hurried.  The  portion  made  by  Meesrs.  Qhus  and  Elliot, 
not  being  under  cover,  suffered  from  exposure  to  heat.  The  testing  of 
rach  coat  of  gutta  peroha  in  water  was  recommended  by  Mr.  WMte- 
house,  but  this  could  not  be  performed  on  account  of  the  speed  at 
which  the  cable  was  required  to  be  made.  In  tiie  manufacture  of  the 
byrt  400  mUea  a  system  of  tasting  the  copper  wire  fur  its  conducting 
power  was  introduced,  by  whldi  an  improraoient  tA  from  20  to  26  per 
cent,  in  the  conductivity  of  the  cable  was  obtained.  Umata.  Newall's 
half  of  the  cable  was  put  on  board  the  United  States'  ship  Niagara, 
and  Messrs.  Olass  and  Elliot's  half  wasput  on  board  the  Agamenmon; 
bnt  so  backward  were  the  preparations,  that  the  machinery  for  laying 
the  cable  was  being  put  together  as  the  ships  went  round  to  Valentia. 
The  break  madiinflrr  was  nord  and  eumfaarouL*  ('  Edinborfj^  Beview/ 
1861.) 

The  object  for  which  all  these  complicated  amngements  are  made 
is  for  the  purpose  of  indicating  at  the  distant  station  certain  electric 
signals  by  visible  motions  or  by  sounds,  or  by  marks  on  a  ribbon  of 
paper.  In  all  these  cases  there  must  be  a  contrivance  for  connecting 
the  Toltaio  battoy  or  other  eleotro-motor  with  the  line,  in  such  a  way 
as  to  beaU[ato8eiidalongitapaaitiveoraneg«tiTeeniTanbatwill,BO 
as  to  be  able  to  produce  varietr  in  the  aignsla  at  the  distant  strtioa, 
uid  having  performed  lia  work  there,  the  current  returns  back  to  the 
battery  by  way  of  the  eaxiii.  In  tiiis  way,  as  already  explained,  the 
drouit  is  completed  without  the  necessity  of  a  return  wire.  Although 
a  line  of  eartii,  as  a  conductor  of  electricity,  is  many  thousand  times  infe- 
rior in  power  to  a  line  of  metal  of  the  same  diameter,  yet  as  the  conduct- 
ing power  of  bodies  inoreaaas  in  pn^wrtion  to  thearaa  of  the  aaotion  of 
the  conductor,  and  the  area  ot  the  conducting  portion  of  the  earth 
between  the  two  stations  may  be  ind^nitely  extended,  we  thus  have 
a  return  line  offering  lees  resistance  than  the  wire  which  conveys  the 
current.  All  that  is  necessary,  therefore,  instead  of  the  return  wire,  is 
to  bury  a  large  copper  plate  in  the  earth,  and  to  connect  with  it  a  wire 
fnnn  uie  tel«graphio  apparatus  at  the  end  of  tlw  line.  Instead  of  this 
ct^ipar  plate,  or  earlh  as  It  ia  called,  the  aHipea  and  wateavplpea  ot 
towns  are  used  as  earths.  In  the  Electric  Telegraph  Company's  Cen- 
tral Station  at  Lothbnry,  an  earth  was  formed  by  digging  a  hole  in  the 
foundations  until  moist  ground  was  arrived  at,  and  into  this  a  cylinder 
of  coi^>er,  40  lbs.  in  wei^t,  was  sunk,  and  this  was  covered  up  with 
crystals  of  sulphate  of  copper.  All  the  earth-wires  of  the  establL^iment 
are  connected  with  this  earth-plate.  The  general  arrangement  will  be 
madfl  olaarer  by  nHiDS  of  Jt{f,  12,  in  iduoh  T  and  ii  rapraaant  two 
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tel^raidiic  instruments,  one  stationed  in  York,  another  in  London, 
connected  bv  an  inaubrfnd  air-line,  f  q  are  two  earth-ptates,  connected 
by  means  of  wires  to  each  inatrnment.  A  message,  we  wUl  suppoae, 
is  being  transmitted  from  London  to  York.  If  c  z  represent  the  bat- 
tery at  the  London  Station,  the  current  will  pass  from  o,  to  a  wire 
cormected  with  the  earth-pIato  Q,  thence  through  200  miles  of  earth  ; 
when  at  the  York  earth-plate,  f,  the  current  will  be  taken  up  Wun, 
and,  by  means  of  the  wire,  will  act  upMi  the  instrument  T,  from  mtioh 
it  will  psH  to  the  Ime,  return  tiack  to  London,  pass  through  the  oml  of 
the  instmmanl^  defleirting  the  needle,  and  so  back  to  the  end  z  of  the 
battsiy,  where  the  cuixent  irill  ba  con^eted. 
Now,  in  tadec  that  tiie  olerit  may  have  It  In  hia  power  to  aand  tha 
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current  in  eitber  direction,  w  as  to  deflect  the  distant  needle  either  to 
the  right  or  to  the  left  at  pleanire,  aome  each  unuagement  aa  the 
fi^wmg  is  neeesaary.  There  are  many  untngement^  mote  or  Mi 
tin^e,  having  the  same  object  in  Tiew,  but  we  give  this  one  for  the 
nke  tA  Qlnatating  the  i»ina^e  -.—Fig.  18  rei^eaents  the  gidTanometer 
emi,  irith  its  needle,  ni,  at  rest,  or  in  »  position  to  reetive  a  mesaaKe, 
Kow.  BOppoee  the  oormit  from  the  distant  battoy  to  ento'  the  coil  o 
1^  the  wire  l.  It  will  pass  through  the  oc^  and  come  out  by  the 
loft-hand  wire  connected  with  a  mertallic  spring,  T.  It  will  then  paw 
along  the  brass  crosB-pieoa  <<  to  the  mataUio  nring  (,  and  complete  the 
oircutt  1^  means  of  the  wire  attached  to  wa  earth-plate  f,  and  the 
earth,  which  it  returns  to  the  distant  statitHL  The  batta?  oz, 
st  the  reoeiTiDK  station,  renuuns  inaotive,  its  extreme  wires  being 
aUached  to  insi^tedpieeea  of  brass  at  tHher  end  of  the  verliGal  ;fooa 
fffnniwtfli  with  d.   Hence  no  current  can  pus,  rinoo  the  wire  from  o 


>lf.ll. 


is  insalated.  If,  however,  a  signal  has  to  be  transmitted  from  this 
fautranunt  to  the  distant  ataticai,  the  dork  works  the  handle  in  front 
of  the  fawtnnnent,  and  presses  d  against  the  ming  I,  Jig.  14,  whereby 
the  lower  «acti«mity  of  the  brass  jneoe  is  brought  into  contact  with  the 
other  spring;  t,  and  the  current  now  pesBee  in  the  direction  of  the 
arrows,  that  is,  from  o  to  v,  through  the  wire  attached  to  p,  into 
the  earth  through  the  distant  station,  where  the  instrument  is  arranged 
for  receiving  the  atgoal,  asin^.  13,  where  it  prodvioes  a  deflection  of 
the  needle;  theoumnt  then  returns  by  l  to  the  gtlvmometer  ooil  q, 
defleeta  the  needle,  and  returns  by  the  wire  attached  to  the  sfning  t, 
and  ao  by  the  metallic  piece  d,  through  the  wire  attached  to  z,  and  thus 
Oompletes  the  circuit.  By  revermng  the  motion  of  the  l^ndle,  the 
direction  of  the  current,  and  the  motion  of  the  needles  in  the  coil,  vriU 
be  reversed,  both  in  the  near  and  in  the  distant  instrument,  aa  in  J^.  16. 
When  the  clerk  has  finiahed  m^ing  his  signals,  the  springs  t  and  t 
restive  the  croes-ideee  d  to  the  jKNdti<Bi  shown  In  JSc^  18,  aa  that  the 
instniinent  a^uste  itsdf  for  receiving  signals  from  Uie  distant  station, 
the  battery  0  s  is  thrown  out  of  action,  uid  the  conducting  oommuni- 
estion  wilh  the  line  is  restored  by  means  the  cross-piece  d.  In  this 
way  tiie  nme  motion  of  the  needle  is  ptodoced  at  the  same  instant  at 
both  stations,  ao  that  the  sender  and  ttte  reoeivar  of  the  nmssge  each 
peroeivea  the  signals. 

Thwe  fa  in  general  but  one  needle  in  connection  witii  eadi  galvano- 
jneter  ooU.  The  astatic  airangemeut  finrraerly  adopted  is  not  now  in 
use ;  the  oat^de  needle,  by  which  the  clerk  knows  how  the  signals  are 
proceeding,  being  formed  of  ivoiy,  or  some  inert  substance,  attached  to 
the  ssme  axis  which  carries  the  magnetic  needle  within  the  coiL  The 
needles  are  limited  in  tiieir  motions  by  means  of  small  ivory  studs  fixed 
in  the  dial,  and  they  are  thus  prevented  from  swinging  too  far  over, 
while  their  motions  are  made  [owdse  and  dear.  It  was  fenueriy  the 
inaetioe  to  give  a  preparatory  notiee  of  a  message  to  the  distant  station 
1^  ringing  tiie  electric  alarum,  but  this  was  found  to  be  ao  intolerable 
to  the  persons  in  waiting  that  it  has  been  abandoned,  and  the  clicking 
sound  of  the  needle  agodnst  the  ivory  studs  is  sufficient  to  draw  the 
attention  of  the  derk  to  the  arrival  or  passing  of  a  message.  When  a 
message  is  sent  from  London  to  Toric,  for  example,  all  the  needles  of 
the  intermediate  stations  are  idmUarly  deflected;  but  each  clok  knows, 
by  a  qMdal  rignal,  when  he  is  reqnind  to  be  spoken  with.  There  are, 
however,  contrivances  called  "  oonunutaton,"  by  which  a  massage  is 
made  to  ^«ss  sny  one  or  more  stations  witiiout  entering  them.  In 
this  way  mtermediate  stations  may  communicate  with  each  other; 
otherwise,  they  would  have  to  remain  idle  while  two  exterior  stations 
vera  cMnmunieating  with  aaoh  other.   Of  ooutse,  the  kiger  the 


number  of  stations  which  can  eommunicate  with  each  other  shmdp 
taneously,  the  larger  must  be  the  nombw  of  the  wires. 

When  the  instrument  consists  of  two  needles  and  two  ooila  tiie 
alphabet  may  be  made  out  somewhat  in  the  following  manner.  Calling 
the  left-band  needle  Ko.  1,  and  the  right-hand  No.  2,  and  indicating 
one  movement  of  eitiier  needle  to  the  left  by  I,  and  one  movement  to 
the  ri|^t  by  r,  the  combinations  of  movements  whidi  stand  for  the 
various  letters  of  the  alphabet  are  the  following ; — 


No.  1 
Needle. 

No.  S 
Needle. 

No.  I 
Needle. 
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NeedU. 
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Of  00  arse  it  is  possible  to  form  an  alphabet  with  one  needle  and  one 
wire  onb*;  the  oommunioation  is  not  so  rapid  as  wtth  two  wires  and 
two  needle^  but  IhA  ouutnietion  of  the  line  is  more  economical,  and 
the  system  is  adapted  for  use  between  placea  of  second-rate  importance. 
Various  sli^iabets  and  modes  of  ngnalling  have  been  contrived  with  a 
view  to  celerity,  and  some  of  these  are  ingeniouB.  We  select  one  by 
the  Rev.  H.Aghton,  as  tkacribed  by  ICr.  E.  Hilton :  a  small  slip  of 
gold  leaf  inserted  in  &  ^mmb  tube  is  nude  to  perform  part  of  the  eleotrla 
oircmt  ci  the  line  wire,  and  near  it  is  a  permanent  magnet  When  a 
current  of  electridfy  Is  passed  along  the  line  wire,  the  gold  leaf  is 
iostanUy  deflected  to  the  right  or  to  the  left  according  to  the  direction 
of  the  current.  Now  supposing  tho  deflection  of  the  gold  leaf  to  the 
left  Mgnified  the  &gare  1,  and  the  deflection  to  the  right  the  figure  8, 
we  have  the  alphabet  mode  up  in  the  following  manner :  twice  to  the 
right,  or  88,  si^iifiee  A ;  twice  to  the  left,  oooe  to  the  right,  and  onoe 
totheleft,orlISl=B;  S11  =  C;  ISS^D;  asingte  signal  to  the  left, 
or  1  =3  E ;  thus  acting  on  the  ooneot  prindple  of  representing  the 
letters  of  most  frequent  occurrence  by  the  most  rapidly  ezeouted 
aignala;  F  SIS,  Q  1183,  H  118, 1  31,  J  8188,  E  13S1,  L  831,  M  1118, 
N  18, 0 11,  P 1111,  Q  1318,  R  388,  S  111,  T  8,  U  181,  V  1811,  W 1888, 
X  8113,  Y  8111,  Z  S18L  A  motion  to  tiie  left  sigiafles  "  Do  undar- 
Btend,"  and  one  to  the  ri^t  "Not  imdenrtand."  "Repeat"  is  ex- 
pressed by  8831,  and  "  Wa»  "  by  S388. 

Steinfadl  suggested  the  plan  oi  receiving  telegraphic  cdgnala  by  means 
of  two  bells,  one  muffled  uid  the  other  free,  to  be  struck  by  the  needle 
or  needles  when  deflected  by  two  currents.  This  plan  haa  been  adopted 
by  Sir  Charles  Bright  on  the  relay  syBtem,  with  &  local  battery  to 
supply  the  mechanical  power  required  to  strike  the  bells.  This  is 
used  at  the  principal  stations  oX  the  Britidi  and  Irish  Magnetie  Tele- 
graph Company.  Ihe  transmitting  instrument  is  a  key  Invented  by 
Highton,  oonslstii^  of  a  couple  m  sfHings,  one  marked  +  and  the 

!  other  — ,  connected  one  witii  the  earth  and  the  other  with  the  line. 

!  When  these  springs  are  at  rest,  or  pressing  upwards,  the  line  and  the 

'  earth  are  in  connection  with  one  another,  and  with  the  positive  pole  of 
the  battery,  the  negative  pole  being  insulated.  When  uie  earth-spring 
mailed  +1  ^  pieaBed  down  by  the  finger,  the  earth  ooniMctitHi  k 
thrown  on  the  negative  pole,  and  the  positive  pole  is  left  on  the  tele- 

'  graph  line,  which  thus  receives  a  positive  current.  When  the  line- 
S|^mg  ma«ed  —  is  pressed  down,  the  positive  pole  of  the  battery  ia 
left  in  connection  with  the  earth,  and  the  line  is  thrown  Into  connec- 
tion vrith  the  negative  pole  of  the  battery,  and  will  thus  receive  a 
negative  current.  Now  it  is  perfectly  easy  to  make  tiie  two  bells  take 
the  place  of  the  gold  strip,  and  calUns  the  left-hand  bell  1,  and  the 
right-hand  bell  3,  Highton^  nomendatore  becomes  applicable.  The 
receiving-derk  ia  seated  between  ^e  two  bells,  and  his  ear  being  alone 
engaged  in  receiving  the  signals,  he  can  write  down  the  letters  which 
they  represent  aa  Msily  as  when  one  derk  ia  employed  to  watch  the 
needle,  and  dictate  the  message  to  another  who  writes  it  down. 
Whether  this  system  may  not  induce  an  increased  amount  of  nervous- 
ness in  the  denes  employed,  we  are  not  able  to  say,  but  it  is  stated 
that  the  use  of  the  ordiuiy  needle  telegraph  is  apt  to  produce  nervous 
irritability  ki  the  deika  who  are  long  employed  upon  it. 

A  considerable  advance  has  recentiy  been  made  in  telegtapha  in  con- 
sequence  of  Professor  Wheatstone's  copious  list  of  im|»OTementa  in 
the  whole  of  the  tdegraphio  system,  embodied  in  two  patents  dated 
3nd  of  June,  1858,  and  numbered  respectively  1239,  1241.  We  give 
Uiese  numbers  in  order  that  persona  intereeted  in  the  subject  may  the 
more  readily  procure  the  printed  copies  of  the  spedflcations,  whidi  are 
aocompanied  the  one  by  six  and  the  other  by  ten  sheets  of  illustrative 
engravings.  The  basis  of  this  invention  is  the  Letter  Telcf^ph  of  1839, 
now  called  the  Univertal  7^<graph;  and  it  ia  so  simple  in  ita  action 
that  no  training  is  reqoired  to  use  it ;  for  the  message  may  either  be 
^idt  oat  on  a  wal  by  bringing  oommon  letters  opposite  a  fixed  pointy 
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the  nsceaaary  electrical  currflnts  being  developed  hj  an  ordinuy  roltaio 
battery,  or,  atill  better,  hj  inducdon  from  a  peniaaiMnt  nugiwU  This 
telegraph  is  being  npidlj  ftdopted  in  London,  whan  H  fonu  the 
London  Diatriot  Telegraph  ;  and  alao  throu^iliout  the  oountry  mer- 
chant* and  manufacturen,  m  a  meaoa  of  oommunicatioa  at  weir  officea 
and  eetabliahmentB  at  a  dirtooco;  alao  from  one  portion  of  a  large 
warehouse  to  another,  between  the  several  heada  of  depsrtmenta  and 
the  manjiger'H  room,  through  milla  and  public  works,  or  whererer  the 
constant  transmission  and  receipt  of  intelligence  is  of  imp<ntsnce. 
This  ^stem  has  been  in  use  at  the  London  DotAM  during  the  last  few 
years,  and  also  serrea  to  oommnnicate  between  the  Housea  of  IWlia- 
ment  and  her  Majesty's  printers  in  Shoe  Lane.  All  we  can  pretend  to 
do  in  this  place  is  to  give  a  brief  outline  of  the  more  important  fea- 
ture of  this  lavention.  It  ia  deacribed  as  Wheatstone's  AuUmuOic 
Printing  Telegraph,  and  is  capable  of  printing  500  letters  per  minuta 
The  order  and  suooeesion  of  the  electrio  cuirenta  are  determined  by 
perforated  bands  of  paper,  aomawhat  after  the  manner  ot  the  cards  in 
a  Jocquard  loom.  The  different  letters  are  represented  by  gjoups  of 
pointi^;^.  16,  and  these,  when  arranged  for  a  moamge,  are  separated 
ng.  16. 
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by  amalira  pointa,  jiff.  17,  ao  aa  to  prevent  any  mistake  bom  tiie 
coalescence  of  adjacent  letters,  and  the  charaotars  are  printed  without 
adding  to  the  weight  or  caufdng  any  resistance  in  tiie  moving  parta  of 
the  eloctro-ougueta.  The  invention  conaiata  of  »  new  ooi^nation  of 
Fig.  17. 
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medianism,  for  the  purpose  ot  tranamittlng  meaaagea  previoualy  pre- 
pared through  a  tdegnqdiic  circuit,  and  oauaing  them  to  be  printed  at 
a  diatant  station.  Long  eferipi  of  paper  are  perforated  by  a  madiine, 
provided  with  apertures  so  grouped  aa  to  represent  the  letters  of  the 
alphabet  and  other  signs  {fig.  17) :  a  strip  thus  prepared  Is  placed  In  an 
inatniment  aaaooiated  with  a  source  of  ^eotrio  power,  which  on  being 
set  in  motion  moves  it  along,  and  oausea  it  to  act  on  two  pins,  in  such 
a  manner  that  when  one  of  them  is  elevated  the  current  ia  ttwismitted 
to  the  telegr^hio  circuit  in  one  direction,  and  whan  the  other  la 
elevated  it  is  transmitted  in  the  reverae  dkaetion  :  the  devationa  and 
depressions  of  theae  pins  are  governed  by  the  aperttires  and  intervening 
intervals.  Theae  cuirenta  following  each  other  indifferently  in  theae 
two  oppoflite  directions  act  upon  a  writing  instrument  at  a  distant 
station  m  such  a  manner  as  to  produce  corresponding  uarki  n  a  alip 
of  paper  {fy.  IS)  moved  by  appropriate  meohanism. 

ng.  IB. 


WHKATmOH^         INVBNTO  R 

Each  part  of  thia  tel^7«phic  system  is  stated  by  the  inventor  to 
have  its  independent  originality  and  to  be  capable  of  oasociatlon 
with  other  forms  of  apparatus  already  known.  The  fint  of  these 
Inventions  is  an  instrument  colled  a  Per/oralor  for  piercing  tiie  slips  of 
paper  in  the^  order  required  to  form  the  message.  The  slip  paasea 
Ihrough  a  guiding  groove,  at  the  bottom  of  which  ia  an  opening  large 
enough  to  admit  of  the  to-and-fro  motion  of  the  upper  end  of  the 
frame  containing  three  punches  on  a  level.  Each  of  these  punches, 
however,  may  bo  separately  elevated  by  the  pressure  of  a  finger-key, 
and  at  the  moment  of  its  elevation  two  different  movements  are 
aoccessivelj  produced.  Ist^  a  dip  is  raised,  which  holds  the  paper 
'firmly  in  ita  pontion ;  2ni^  the  frame  oontaming  the  three  puncuea 
advances,  by  which  tlu  punch  which  ia  raiaed  carries  the  ribbon  of 
paper  forward  the  proper  distance;  during  tiie  reaction  of  the  key 
consequent  on  the  removal  of  the  pressure,  the  clip  first  foateos  the 
paper  and  then  the  frame  falls  bat^  to  its  normal  position.  The  two 
erteraal  keys  and  punches  are  employed  to  make  the  holes,  which 
grouped  together  repreaent  letters  and  other  characters,  and  the  middle 
punch  makes  the  holes  which  marie  the  intervals  between  the  letten. 
A  simple  addition  to  the  perforator  enables  a  printed  mesnge  which 
has  been  received  to  be  retransmitted  to  a  more  distant  station, 
without  any  translation  or  knowledge  o£  the  meaning  of  the  mwaoge. 
The  printed  band  passes  between  two  rollers,  one  o£  which>  moveable 
by  a  finger-screw,  so  aa  to  cause  the  characters  to  pass  successively 
before  the  eyes  of  the  operator.  The  keys  of  the  perforator  are  acted 
won  with  the  right-hand  and  the  finger-screw  wiUi  the  left;  as  the 
wartctera  succeasirely  appear  the  keys  are  pressed  down  in  the  oixier 

the  points  of  which  the  letters  consist,  an  operation  whudi  aoaroely 
■equires  any  skill  to  perform,  and  which  needs  no  ^lange  in  the 
^phabet  usually  employed,  the  poinU  at  one  aide  r^taaenting  the 
Bboi  t  dashes,  and  those  at  the  other  side  the  long  daahea,  the  onler 
usually  observed  remaining  the  some. 

'I  he  second  apparatus  is  the  Tranttnitter,  which  receives  the  stripe  of 
paper  oa  prepared  by  the  perforator  and  traosmita  the  currants  pro- 


duced by  the  edeotro-motor  in  the  order  and  direction  corresponding  to 
the  holes  periorated  in  the  alip.  Thia  it  efieota  by  meohaniam  aome- 
iriiat  dmilar  to  that  of  the  perforate.  An  eooeutric  producea  and 
regulatea  three  diatinct  movements,  lat,  th*)  to-and-fro  movement  of 
a  amall  frame  which  oontaina  a  groove  to  iweive  the  strip  of  paper, 
and  carry  it  forirard ;  2nd,  the  rising  and  falling  of  a  spring-clip, 
which  heads  the  paper  firmly  during  the  receding  motion,  but  allows 
it  to  move  fretdy  during  the  advancing  motion ;  Srdly,  the  umultaneoua 
elevation  of  three  wirea  placed  parallel  to  each  other,  reating  at  one  of 
their  ends  over  the  aria  of  the  ecoentrio,  and  their  free  enoa  entering 
oorreaponding  holea  in  the  grooved  frame.  Thaae  three  wirea  are  not 
fixed  to  the  axis  of  the  eccentric,  but  each  ot  them  resta  against  it  b^ 
the  upward  pressure  of  a  apring,  so  that  when  a  light  pressure  u 
exerted  on  the  free  ends  of  either  of  them  it  is  capable  of  being 
aeparately  dapressed.  When  the  slip  of  paper  is  not  inserted,  and  the 
eccentric  is  in  action,  a  pin  attached  to  each  of  the  external  wirea 
touches,  during  the  advancing  and  receding  moticma  of  the  irame,  a 
different  spring,  and  an  arrangement  is  adopted  by  meana  ot  inaulation 
and  contacts  properly  applied,  by  which,  while  one  of  the  wires  is 
elevated  and  the  other  remains  depressed,  the  eoixent  paaaea  from  the 
voltaic  battery  to  the  telegraphic  circuit  iu  one  direction,  and  posses 
in  the  other  direction  when  the  wire  b^ore  elevated  is  depressed,  and 
viee  vertd  ;  but  while  both  wirea  are  elevated  or  depressed  the  passing 
of  the  current  ia  interrupted.  When  the  prepared  alip  oi  paper  is 
inserted  in  the  groove  and  moved  forward,  wheoever  the  end  of  one  ot 
the  wires  enters  an  aperture  in  ita  oorreaponding  row,  the  current 
passes  in  one  direction,  and  when  the  end  of  the  otiier  wire  enters  an 
aperture  in  the  other  row  it  passes  in  the  other  direction.  By  this 
means  the  currents  are  made  to  succeed  each  other  automatically  in 
their  proper  order  and  direction,  to  give  the  requisite  variety  of  signals. 
The  middle  wire  eaij  acts  as  a  guide  during  the  operation  of  the  cur- 
rent. The  wheel  which  drivea  the  eooeotrio  may  be  moved  by  the 
hand  or  by  any  motive  power.  Were  the  movementa  of  the  trans- 
mitter effected  by  machinery,  then  any  number  might  be  attended  to 
by  one  or  two  assistants.  Instead  of  a  voltaic  battery,  a  niagneto- 
olectric,  or  an  electro-magnetic  machine  may  be  used  as  the  source  of 
electric  power,  in  which  case  the  transmitter  and  the  magneto-electric, 
or  electro-magnetic  machine  form  a  aingla  apparatus,  moved  by  the 
same  power,  and  so  adapted  to  eaoh  other  that  the  ourranta  are  pro- 
duced at  the  momenta  when  the  pina  ot  Ihe  tranamittar  enter  the 
apertures  of  the  perforated  p^ter.  The  transmitter  requirea  only  a 
single  telegraphic  wire. 

The  Uiiid  apparatus  is  the  Recording  or  Printing  apparatvt,  which 
prints  or  impresses  le^ble  marks  on  a  strip  of  paper  corresponding  in 
their  arrangement  witii  the  apertures  in  the  perforated  paper.  The  pens 
or  stylea  are  elevated  and  depressed  by  their  oonneotion  with  the  mov- 
ing parts  of  electro-magnets.  The  pena  are  entirely  independent  of 
eaoh  other  in  their  action,  and  are  so  ananged  tibat  when  the  current 
passes  through  the  coils  of  the  electro-magnet  in  one  direction,  one  of 
the  pens  is  depressed,  and  when  it  passes  in  the  contrary  direotim  the 
other  pen  is  de|ireesed ;  when  the  ciurents  oeaae,  light  springe  reatore 
the  pens  to  their  uaual  elevated  poaitions.  The  method  of  supplying 
the  pens  with  ink  depends  on  the  principle  tiiat  a  liquid  will  not  flow 
from  a  capillary  opening  unless  it  be  electi-ified.  Aooordin|^  a  shallow 
reservoir  is  made  in  a  piece  of  metal,  gilt  within,  and  at  the  bottom  fA 
this  reservoir  are  two  capillary  holea ;  the  ends  of  the  pens  are  placed 
immediately  above  these  small  holes,  which  they  enter  whwi  the 
electro-magnets  act  upon  tliem,  carrying  with  them  a  sufficient  chai^ 
of  ink  to  make  a  legible  mark  on  the  atrip  of  paper  which  posses 
beneath  them.  The  motion  of  the  strip  is  produced  and  regulated  by 
appatatus  similar  to  that  emi^oyed  in  other  register  or  printing  tele* 
graphs.  Among  the  auxiliary  improvements  is  a  Traiuiatar,  for 
converting  the  pointa  or  marks  into  the  ordinary  alphabetic  cbaraotera. 
In  thia  instrument  there  are  nine  finger-stops  in  two  parallel  rows  of 
four  eaoh  and  the  remaining  one  is  placed  separately.  There  is  also  a 
wheel  on  the  circumference  of  which  are  pUced  at  equal  distances 
thirty  types,  representing  the  letters  of  the  alphabet  and  other 
charKtnfl.  Other  mechanism  ia  so  diapoaed  and  oonneoted  thereto, 
that  when  the  k^sof  the  upper  row  aredepressed  the  wheelismadd  to 
advance  one,  two,  four,  or  ei^t  steps  or  letters,  and  when  the  keys  of 
the  lower  row  are  depressed  the  wheel  advanoes  two,  four,  eight,  or 
sixteen  steps  respectively.  By  this  arrangement,  when  the  stops  are 
touched  suooeasively  in  the  order  in  which  the  points  are  printed  on 
the  paper,  touching  the  first  stop  for  one  point,  the  first  and  second 
for  two  poinb^  &e.,  and  selecting  tiie  atopa  of  the  upper  or  lower  row, 
aocording  aa  tiie  pomt  ia  In  the  upper  or  lower  row  of  the  printed 
ribbon,  the  type  wheel  will  be  brought  into  the  proper  puaition  for 
placing  the  letter  corresponding  to  the  succession  of  pointa  over  a 
ribbon  of  paper.  The  ninth  stop,  when  it  ia  pressed  down,  acts  ao  aa 
to  impress  the  type  on  the  paper,  to  cause  the  advance  of  the  paper,  in 
order  to  bring  a  fresh  place  beneath  the  type  wheel,  and  labaequentiy 
to  restore  the  type  wheel  to  ita  initial  poaition, 

Profeaaor  Wheatatone  remarka,  that  for  the  profitable  working  of  a 
telegraphic  line,  the  operator  should  manipulate  as  rapidly  aa  ia  oon- 
sistent  with  the  correct  traQsmisaion  uf  the  message ;  but  thia  requirea 
skill,  even  when  the  language  of  the  despatch  is  known,  but  in  a 
language  unknown  to  the  operator,  or  in  cipher,  he  must  proceed  with 
oaution  and  abwneaa.   Uimer  the  new  system  the  prepared  mvsaagea 
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can  bfl  tnnamitted  vnth  equal  rafodity  in  whftterflr  language  or  cipher 
they  may  be,  Mid  the  pwforated  bands  may  be  prepared  at  leUure,  and 
•Ten  be  aubjooted  to  tix6  reriaion  of  a  oorreotor. 

Although  thia  ayatem  ia  being  eztenalTely  introduced  in  the  metrO' 
polia  and  elaewhere,  it  doea  not  interfere  vitii  the  working  of  other 
companiee,  inch  as  Qie  Electric  and  latemstional  Tel^^ph  Company, 
■a  it  ia  now  called,  which  tranamita  meesogea  not  only  to  all  pvte  of 
the  United  Kingdom  and  Ireland  and  the  CoDtinmt,  but  also  by  street 
lines  between  Tarioua  parts  of  the  metropolis,  its  cenlxal  atation  in 
Lothbury  gathering  up  the  meaaages  from  its  branch  offices,  and  bnnB- 
netting  them  to  distant  atatioss,  An&ngknenta  are  made  for  sending 
mesBagflB  at  Bmall  cart  between  ai^  of  the  metropolitan  atatiooa,  of 
^riiich  at  the  time  we  are  writing  there  are  aboat  38.  In  addition 
to  tliese  stations  there  are  wires  between  the  Octagon  Hall  in  the 
Houses  of  I^liament,  and  tiie  St.  James's  Street  Commercial  Station,  so 
that  during  the  sitting  of  Parliammt  an  abstract  of  the  busineas  of  the 
two  booaea  is  made  every  half  hour  as  it  proceeds,  and  ia  posted  up  at 
the  Tarioua  clab-housea,  and  also  at  the  Italian  Opwa  House.  Members 
flan  thoa  know  whether  their  pnaonoe  la  required  in  the  Honse  or  not. 
The  Opera  Hottie  wile  oommunicatea  with  the  Strand  offiee,  ao  that 
messages  may  be  sent  thence  to  all  parts  of  the  kingdom.  The 
government  wires  proceed  from  Somerset  House  to  the  Admiralty,  and 
thence  to  Portsmouth  and  Plymouth  by  the  South-Western  and  Qreat 
Western  railways. 

The  Portsmouth  and  Plymouth  Dockyards  also  oomnnuuoate 
means  of  subterranean  tinea  with  the  naval  estiUiahmenta  atDe^lord, 
Woolwidi,  .Chatham,  SheerneBS,  and  with  the  Cinque  Porta  trf  Deal 
and  Dover.  These  wires  are  worked  independently  of  the  Telegiaph 
Company,  and  the  measagea  are  sent  In  cipher,  the  meaning  of  wmcdi  ia 
not  known  to  the  elerks  who  tnuismit  the  aignals.  There  are  also 
wires  running  from  Buckingham  Palace,  and  the  chief  Pollee  Office  iu 
Scotland  Ti^,  to  the  atation  at  Charing  Cross,  and  thenoe  on  to 
liOthbmj,  whUat  the  Poet-OfSoe,  UtijSa,  the  Sfeook  Ezohaagej  and 
the  Com  Ezdiange,  communicate  direotly  with  Uie  Central  Offloe. 

At  the  present  time  almost  every  important  town  in  Qreat  Britain 
ia  fumiahed  with  means  of  telegraphic  communication  to  other 
towns.  As  fast  as  any  new  railways,  whether  trunk  or  branch  lines, 
are  opened,  bo  surely  is  the  telegraph  laid  down;  insomuch  that 
the  length  of  telegraph  ia  nearly  coincident  with  the  iMigth  of  rail 
The  exceptions  to  this  rule  are  lo  few  aa  scaraely  to  aisturb  the 
aimpUcity  of  tiie  rale  itself.  Front  tmmo^nu  places  In  the  metropolis, 
measagea  are  every  day  being  quickly  flashed  to  Aberdeen  in  one 
direction,  to  Liverpool  in  another,  to  Dover  in  a  third,  to  Southampton 
in  a  fourth,  to  Pl^outh,  to  Milford  Haven,  to  Holyhead — indeed,  to 
almost  all  our  outports,  and  to  nearly  every  inland  town  of  any  com- 
mercial preteonona.  A  system  is  eveiywhere  acted  on,  tiiat  the 
^inc^wl  railway  stations  shall  at  the  same  time  be  telegiaph  statiooa, 
Bome  of  the  wires  being  for  public  use,  and  the  othera  for  railway  use. 
The  charges  have  been  and  are  being  gradually  lowered,  to  the  great 
advantage  of  all  parties;  and  the  measagea  now  sent  are  of  oountlMS 
variety — the  price  of  funds,  the  state  of  the  markets,  orden  to  pnrdiase, 
the  vrival  tn  ships,  what  ships  have  just  hove  in  sight,  Wnat  ships 
have  foundered,  the  reoeipt  of  important  news,  the  Queen's  speeohi 
the  result  of  elections,  the  divisions  in  a  debate,  the  running  of  a  race, 
the  progress  of  the  Court  while  travelling,  the  state  of  the  weather,  the 
direction  in  which  a  great  storm  U  travelling,  the  verdict  of  an 
important  trial,  the  sending  for  a  doctor,  the  detection  of  a  thief  or 
murderer,  inquiries  after  h«ilth,  announcements  of  illness  or  of  death, 
inquiriea  after  lost  luggage — these  are  only  some  of  the  open  or 
confidential  communications  intrusted  to  the  wires.  Nor  must  we 
forget  the  various  aubmarine  cablee,  which  although  all  have  had 
occasional  mishaps,  yet  taken  collectively  afford  a  remarkably  complete 
aariea  of  channels  tluough  which  messagea  may  be  exnhanged  between 
Great  Britoin  and  all  the  neighbouring  countries ;  and  now  the  English 
publio  hear  with  as  litUe  surprise  of  measagea  or  tdtgrami  (to  use  a 
new  word,  concerning  which  Greek  scholars  for  a  time  carried  on  a 
fierce  botUe)  brought  tmder  irater  as  if  brought  on  dr^  land. 

On  the  continent  of  Europe  we  find  telegraphic  inrea  ramifying  in 
all  directdona.  Nations  were  never  more  atruck  with  the  wonders  of 
the  electric  telegraph  than  on  the  occasion  of  the  death  of  the  Czar 
Kicholaa  in  1 855.  On  the  2nd  of  March  the  Earl  of  Clarendon  announced 
in  the  House  of  Lords  that  the  Czar  had  died  at  St.  Petersburg  at  one 
o'clodi  on  that  same  day.  Two  distinct  messages  had  been  received,  one 
nd  Berlin  and  the  Hague,  the  other  vid  Berlin  and  Ostend,  both  com- 
niunicating  a  message  telegraphed  to  Berlin  from  St.  Pet^burg,  and 
all  in  four  houn  after  the  actual  death.  Not  only  have  the  dreary 
wortsa  of  Ronia  been  bronf^t  within  tin  dvUiaing  Inflnenee  of  the 
dectrio  wire,  but  Unas  in  all  directions  have  been  laid,  wit^  or  without 
regard  to  railways.  Nearlyall  the  chief  dtiea  in  Europe  are  now  linked 
tcgetiier.  Circuitous  as  is  the  route  from  London  to  Trieste,  going 
through  Belgium,  Prussia,  several  minor  German  States,  Saxony, 
Bohemia,  Ausbia,  and  Istria,  the  oonnection  is  nevertheless  complete ; 
and  tel^nuns  are  twice  a-month  transmitted  to  us  relating  to  Indbo 
aflUnt,  l^nght  to  Trieste  from  Alexandria.  Italy,  in  rsilwi^  and  in 
telegrapha,  ia  in  arrsar  of  Austria;  and  Spain  la  lower  on  the  list  than 
Italy.  Turkey,  to  the  great  aotoniriunent  of  many  of  the  Osmuilis, 
hue  been  mode  a  sharer  in  the  fast-going,  high-preaaure  operations  of 
the  age :  she  posaoawia  an  electric  telegraph,  extending  from  the 


Austrian  frontier  to  Constantinople;  and  massages  can  now  be  flashed 
from  London  to  the  seat  of  the  Ottoman  empire.  We  have  already 
gluioed  at  other  submarine  lines,  and  must  now  conclude. 

In  sanding  measagea  in  the  United  Kingdom  by  teisgnph,  either 
cipher  may  be  used,  or  the  ordinaiy  signals  known  at  the  Telegiaphio 
Office;  but  such  is  the  jealousy  of  despotiBm,  that  on  the  continent  of 
Europe  cipher  is  never  permitted,  except  by  the  govemmenta  for  their 
own  use. 

An  intereeting  use  of  the  sub-way  telegraph  may  be  here  noticed. 
In  proportion  as  the  use  of  Greenwidi  time  has  become  familiar  an  all 
t^e  English  railways,  so  has  it  become  important  to  ascertain  this  time 
with  precidon,  in  ouch  a  my  as  to  enable  all  tlie  station-clocks  to  be 
T^uloted  theret^.  Thia  ia  one  purpose  of  the  time-ball  in  the  Strand. 
The  Electric  Tele^fraph  Company,  the  South-Eastem  Itailway  Com- 
pany, and  the  Astronomer  Royal,  have  acted  in  conjunction  in  the 
establishment  of  this  plan.  A  subterranean  wire  has  been  carried  from 
the  Observatoiy,  through  Greenwich  Park,  and  across  Blackheath  to  the 
Lewlsham  station  cd  the  North  Kent  Railway ;  thence  to  the  London 
Bridge  station ;  and  thence  to  the  Telegraph  office  in  the  Strand.  At 
the  top  of  thia  ofBce  has  been  ereoted  a  tumow  ahaft,  up  the  Interior  of 
which  the  electric  wire  ia  carried,  and  a  large  light  b^,  capable  of 
moving  eight  or  ten  feet  vertically,  sUdee  easily  up  and  down  near  the 
top  of  the  shaft.  At  ten  minutes  before  one  o'clock  each  day  the  ball 
ia  raised  nearly  to  the  top  of  Ite  shaft  or  spindle;  and  at  five  minutes 
before  one  it  is  raised  aulto  to  the  top.  At  one  o'clock  precisely, 
exact  to  ft  linglfl  Bfloond,  the  great  or  master-clock  at  Greenwich 
Observatoiy  puts  In  action  a  raoaU  piece  of  mechanism  which  sends  an 
electric  shock  through  the  wire  to  the  Strand ;  the  wire  at  thia  end  ia 
connected  with  another  piece  of  mechanism,  which  releasee  the  ball 
and  allows  it  to  fall  suddenly.  The  ball  falls  upon  a  Icind  of  piston  in 
an  air-cylinder,  so  as  to  breai  the  force  of  lie  concuaaiou.  As  this 
baU  is  ISO  feet  above  the  level  of  the  Thames ;  as  it  ia  six  feet  in 
diameter,  ezhibita  bright  colours,  and  falls  through  a  considerable 
space,  ita  descent  can  be  seen  for  a  great  distance  on  all  aides;  and  all 
who  dioose  to  regulate  their  clocks  and  wattles  hr  this  standard  can 
do  ao.  An  electric  clock  with  four  dials,  illuminated  at  night,  has  been 
put  up  on  a  piUar  in  front  of  the  office ;  it  indicates  Greenwich  time 
at  all  nours.  The  various  rulway  stations  receive  their  time  from  the 
Strand  office,  which  is  the  medium  of  communication  from  the 
Greenwich  Observatorjr.  There  can  be  littie  doubt  that  these  arrange- 
ments will  contribute  powerfully  to  the  adoption  of  Greenwich  time 
in  church  clocks  and  other  pubUc  docks.  So  useful  is  this  conriiknd 
to  be,  that  a  plan  has  been  under  consideration  for  nwiting  an  electric 
time-ball  on  the  summit  of  the  South  Foreland ;  the  deecent  of  such 
a  time-ball  at  one  o'clock  each  day,  could  be  witnessed  by  the  captains 
of  ships  many  miles  out  in  the  Channel,  who  could  regulate  their 
chronometers  bv  this  means,  aa  the  time-ball  would  show  Greenwich 
time.  It  was  alao  proposed  that  the  electric  current  should  fire  off  a 
gun  at  the  same  time  and  place,  so  that  the  Bound  might  be  heard  U 
the  descent  of  the  ball  could  not  be  seen.  This  proposal  has  actuallr 
been  adopted  at  Edinbui^h  and  elsewhere. 

TELERYTHRIN.   [LiOHEBt  Coloueuto  Mattebb  oi-.l 

TELESCOPE  (from  the  Greek  teUieopot,  -tiiXwkAwoj,  "  &r-seeing"), 
an  optical  instrument  oonnating  of  a  tube  which  contiuna  a  system  of 
glass  lenses  having  all  their  centres  in  one  common  axis,  or  a  tube 
containing  a  metdlic  speculum  in  combination  with  such  lenses  :  "by 
either  kind  of  instrument  distant  objects  are  oaiued  to  appear  magnifleti, 
and  more  distinct  than  when  viewed  the  naked  eye.  Those  which 
are  constructed  with  glaaa  lenses  only  are  called  dioptric,  or  n/racting, 
and  the  others  eatoptrie,  or  r^fieeting  telesoopes.  In  the  former  ki^ 
the  rays  in  the  pendls  of  light  which  come  from  every  part  of  the 
object  viewed  are,  by  the  first  lens  on  which  they  ^re  incident,  m%At, 
to  converge  so  as  to  form  an  image  at  the  focus  of  the  lens.  In  some 
coses  the  rays  in  each  pencil  ue  intwoepted  by  a  second  lens,  and,  by 
its  refractive  power,  are  mode  to  enter  vhb  eye  in  parallel  directions : 
in  other  cases,  the  rays,  after  having  crossed  each  other  at  the  place 
where  the  image  is  formed,  fall  in  a  divergent  state  upon  a  seoond  lens, 
and  by  it  are  refracted  so  as  to  emerge  mim  it  in  parallel  directions. 
liVequentiy,  however,  the  parallelism  of  the  rays  is  effected  by  two  or 
mora  lenses  in  addition  to  tha^  c^ed  the  object-glan,  by  wnkh  the 
image  was  fanned.  In  reflecting  telesoopes  an  image  \b  formed  by  the 
refieotionof  the  rays  in  the  pencua  of  light  coming  from  the  object,  after 
having  iminnged  upon  the  concave  surface  of  the  speculum ;  in  some 
oases  this  image  is  viewed  through  one  glass  lens  or  more,  but  frequently 
the  rays,  before  or  after  forming  the  image,  are  reflected  from  a  secud 
mirror,  and  are  subeequently  transmitted  to  the  eya  through  leasee. 

By  these  insbumoita  objeets  eren  in  the  remotert  depths  of  apace 
are  rendered  aoooosibla  to  human  vision;  and  terrestrial  objeota  &mtiy 
viable  in  the  distance  are  Intnight,  as  it  wwe,  dose  to  tite  ^a.  In  tiie 
hands  of  astronomers  they  were  the  means,  almost  immediatdy  on 
being  invented,  of  making  more  discoveries  in  the  heavena  than  had 
been  made  during  £000  years  preriously ;  they  form  a  valnable  addi- 
tion to  the  instouments  emi^yed  by  the  mariner  and  tiie  aurreyor, 
and  th^y  will  ever  eonstitute  the  most  agreeable  omnMalou  of  the 
traveller,  ly  eoahling  him  to  distinguish,  in  eveiy  direobon  from  him, 
objecte  which  it  might  be  difficult  or  impossiUe  for  him  to  approach. 

In  exhibiting  the  principles  on  which  a  teleaoope  is  oonsbiioted,  it 
will  be  proper  to  commence  with  an  explanation  of  the  means  tgr 
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which  the  imago  of  an  object  ia  fonoed  lA  the  focus  of  &  tena  ot  of  a 
reflecting  mirror.  With  respect  to  a  letia,  if  it  be  of  the  kind  csllod 
etmvex  [Lens],  the  rays  in  the  pencils  of  lif^t  which  ]^^>oeed  from  eveiy 
part  otan  ob]«Njt,  as  ApBjjS^.  1,  in  passing  throu^  th«  lens,  suppoaing 
«f.I. 

A 


the  latter  to  hare  a  proper  degree  of  eorvatore;  are  made  to  otm- 
verge  by  the  nfractiiu  power  of  the  glass  at  pointa,  as  a,  r,  and  6,  and 
die  assemblage  of  socC  points  coostitutee  an  image  of  the  object :  if  a 
screen  were  placed  at  r  per^tendicularly  to  the  axis  r  r,  the  object  would 
be  represoDtad  on  it,  in  an  inverted  position. 

If  the  lens  were  of  a  concave  fonn,  the  rnvs  in  the  several  pencils, 
after  paaaing  throu^  it,  would  be  mada  to  wnrgi  from  one  another^ 
and  consequently  no  image  could  be  formed :  yet  If  the  diroetlona  of 
^e  lays,  after  refnusticn,  were  produced  backwards,  they  would  unite 
between  the  lens  and  the  object,  in  points  corresponding  to  those 
which  constitute  the  image  fonned  by  the  convex  lens. 

If  the  rays  in  the  pencils  of  light  proceeding  from  diBTerent  points, 
A,  P,  B,^.  2,  in  an  object  are  reflected  from  the  surface  of  a  concave 


mirror,  supposing  the  latter  to  have  a  oertain  degres  of  curvature,  those 
rays  will  unite  in  ae  many  points,  a,  r,  and  h,  and  form  an  image  of  the 
object.  If  a  screen  were  placed  at  P  the  object  would  be  represented 
on  it,  in  an  inverted  position.  The  rays  in  each  pencil  reflected  from 
the  surface  of  a  convex  mirror  are  made  to  diverge  from  each  other  ; 
«kd  in  that  case  no  image  is  fonned. 

Now,  if  the  object  A  B  be  so  remote  that,  In  each  pencil,  the  rays 
incident  upon  a  lens  may  be  considered  as  parallel  to  one  another,  the 
point  J  is  called  the  prineipal  foau  ;  and  in  Uie  article  Lens,  there  will 
be  found  a  collection  of  fonuuita  f<n-  the  redprocala  of  the  local  lengths 
of  lensee  all  the  diflbreat  Unda;  it  being  understood  that  the 
diameter  of  the  lens  is  small,  which  Is  generally  the  case  with  tdescopes, 
and  that  the  light  is  homogeneous.  But,  since  all  lig^t  is  not  of  one 
kind,  and  a  lens  acts  like  a  prism  in  causing  in  each  pencil  the  rays  of 
tiie  diS*erently  cdoured  li^t  to  diverge  from  one  another,  it  foUowa 
that  each  of  the  coloured  ughts  will  form  its  own  image  at  its  proper 
foous ;  and  the  image  formed  by  light  of  one  kind  bdng  seen  by  the 
eye  a^mg  with  Uie'imn^  formed  by  liriit  of  the  otiier  kinds,  the 
representation  of  an  object  when  fonned  by  a  single  lens  appears 
to  be  indistinct  and  surrounded  by  a  ctdoured  fringe.  [Aohroutio  ; 
IdOHT ;  DiSFSBSioiT.]  It  may  be  observed  that  the  principal  foons  of 
any  lens,  with  respect  to  each  colour,  may  be  obtained  from  the 
formula  in  Lens^  b^  substituting  in  than  the  value  of  ft  {Qm  indez  of 
refraction)  for  the  given  kind  of  light. 

Thus,  in  an  optical  instrument.  In  addition  to  the  dlshntion  tA  the 
image  arising  from  the  sphericity  of  the  lens,  there  is  on  indistinobiesB 
caused  by  the  dispeiaifm  of  the  different  oolour-making  rays ;  and,  in  a 
good  telescope,  it  is  requisite  that  both  of  these  imperfections  should 
as  far  as  possible  be  removed.  The  chromatic  aiaratiim,  as  the  dis- 
persiou  of  the  colour  is  called,  constitutes  by  far  tiie  grMter  evil  of 
the  two,  for  Newton  has  shown  that  it  exceeds  the  former  nearly  in 
the  ratio  of  6449  to  1 ;  but  fotunatdy  it  is  that  whidi,  to  an  extent 
sufficient  tor  practical  porpoees,  admits  of  being  eanfy  omtecied. 

Since  different  kinds  of  glass  have  different  degreea  of  dispersive 
power,  it  is  evident  that  the  chromatic  aberration  may  be  diminished, 
if  not  wholly  removed,  by  causing  the  light  to  pass  through  two  lenses 
of  different  kinds  of  gloss,  and  of  such  forms  that  they  may  refract  the 
rays  in  each  pencil  in  opposite  directions.  The  object-glass  of  a  tele- 
scope when  Bo  ftmned  ia  said  so  be  adromatie,  and  Uie  maimer  in 
which  the  effect  ia  produced  may  be  understood  from  the  following 
description.  Let  fq  be  the  direction  of  a  pencil  of  compound  light 
incident  on  the  first  surface  of  the  convex  lens  a  b.  Jig.  8,  In  a  direction 
parallel  to  the  common  axis,  z  T,  of  the  two  lensee.  By  the  refractive 
poyrer  of  this  Imis  (emm  c^ass)  the  red  I'ays  in  the  pencil  would,  if  no 
object  were  interpoeed,  proceed  in  the  direction  q  o,  meeting  x  T  in  r, 
and  the  violet  in  the  pencil  would  proceed  in  the  direoticm  q  c, 
meeting  the  axis  in  V.  Bui  the  refractive  power  of  the  concave  lens 
oDOKnlg^ass)  acta,  from  ita  f«m,in  a  direction  eontrarr  to  that  of 
tha  ocnmK  lens,  eaaabg Nm  rsya  either  to  dirvge  frau  Um  axis  zt. 


or  to  meet  it  in  pointa  beyond  v  and  r,  towards  t  :  suppose  the  cur- 
vature of  this  lens  to  be  such  that  the  red  rays  in  the  pencil  f  <i  would, 
after  lefraotion  in  both  knees,  meet  the  axis  in  v  (toe      Q&r  taking 


B  D 

the  direction  hr);  then  the  dispersive  power  of  this  kind  of  glass 
exceeding  that  of  Ute  other  kind,  the  violrt  rays  in  the  refracted  pencil 
will  tend  farther  away  from  the  axia  than  uie  red  rqrs  do,  and  thus 
will  tend  towards  the  latter;  the  ny  qcp,  t<x  exami^,  taking  the 
dirocttoner.  It  is  omMeirable,  thaanxe,  that  the  oorratiires  of  ttie 
enrfseee  the  Immss  may  be  audi  that,  in  eadk  InoldBat  peodl,  the 
red  and  violet  rays  (the  extreme  rays  the  ipeotaimi)  uallj  after 
refrooticm,  unite  at  the  place  of  the  image;  and  tnni  the  frioge  dna  to 
these  two  colours  may  be  destroyed. 

If  the  two  kinds  of  glass  dispersed  tiie  different  colour-making  rays 
in  the  same  proportions,  their  contrary  refractions  would  cause  lUl  the 
colours  to  be  united  on  the  image  fonned  at  v  :  no  two  kinds  of  glass 
have,  however,  been  as  yet  discovered  which  possess  this  property; 
and  therefoTO  the  red  and  violet  images  only  are  united  :  fortunatefy, 
in  uniting  the  extreme  rays  of  the  spectrum,  the  others  are  brought  so 
near  together,  that  for  ordinary  purposes  the  image  is  as  free  from 
colour  as  can  be  desired. 

From  the  deecription  just  given  it  will  be  evident  that  the  place  r, 
of  an  image  in  which  the  dispersion  of  the  red  and  violet  roya  ia 
oorrected,  may  be  determined  on  obtaining,  from  the  common  Uieorona 
of  optics,  algebraic  expressions  iot  the  tooii  lengths  of  the  ctonpound 
lens  for  each  of  those  Idnds  of  light,  and  making  the  e^neeuons  equal 
to  one  a&other.  Thus,  supposing  s  and  s  to  be  the  radii  of  the  curve 
surfaces  a  double  convex  lena  of  crown  glan,  and  ^  the  index  of 
refraction  for  light  of  one  kind  (red,  for  example);  supposing  again 
that  the  rays  in  the  pencOs  of  incident  light  are  plu^dl^  to  one  another 
and  pass  tm-ough  the  Ims  verv  near  the  axis ;  then,  by  a  fundamuital 
theorem  in  optics  wb  have,  r  rang  the  distaooe  from  the  fooua  to  the 
lens,  which  ia  moreover  without  wiokneaf^ 

E.B  1 

11  +  8  '  /I— 1* 

but  dnoa,  in  the  presant  oaae,  the  lena  may  be  Buppossd  to  be  iaososles 

B 

(E=a),  wehsveF-  2{^ZT\' 

In  like  manner  the  focal  length  F*,  of  a  double  concave  lens  of  flint 
gLus,  r'  being  the  radius  of  eaah  anr&ce,  and  ft'  the  index  of  refraction 

for  red  nya,  ia  equal  to  —  2(fi'—iy  ^  ^>*^  incident  near  the 
axis. 

Heaoef  1^  a  fundamentsl  theorem  in  opUcs, 

_a_       b'  b   of  

~  ft-l  ■  /jf-l  '•  '■  2(^-1)  •  2{b'(m-1)— b(m'-1)} 
and  this  last  term  is  the  f  ooal  length  of  the  compound  leus  for  red 

rays.   Its  redpncal  la  equal  to  — '  -  -~, — ,  whidi,  in  tite 

algebraic  sense,  is  the  sum  of  the  rediffooals  of  the  focal  lengths 
the  separate  le&HB. 

On  writing  n  +  S/i,  and  ff+9id,  in  tdaee  of  n  and  ^i*  In  the  last 
expression,  we  have  for  ttw  rein[n<ooal  ol  the  focal  length  of  tiie  com- 
pound tens  for  violet  nys, 

2(m  +  V-1)  _  20»'  +  V-l) 

B  e' 

In  an  aduomatio  tdesoope  the  fooal  lengths  of  the  oompouod  lena 
for  led  and  videt  nys  are  to  be  equal  to  one  another;  and  it  is 

evident  that  this  condition  will  be  fulfilled  when  ~  —  ~  =  0.  From 

tiiis  equation  we  have  e  ;  e'  : :  V  :  '^/t' ;  then,  dividing  the  antecedents 
by  ft— I  and  the  consequent*  by  1,  we  have  (1>ufbB8I0B}  tlw 
ratio  of  the  focal  lengths  of  the  two  lenses  equal  to  that  of  the  dia- 
persive  powen  of  tiie  two  kinds  of  glass ;  utd  hence,  the  focal  length 
of  tiie  compound  lens  bwng  assumed  at  pleasure,  those  of  the  separate 
lenses,  consequently  the  radii  of  tiieir  sur&oes,  may  be  obtained. 

In  order  to  tUminish  the  spherical  aberration,  uie  object-glasses  of 
adiromatio  tdescopes  frequently  oonaist  of  three  lenses,  of  which  the 
first  and  third  are  of  the  kind  ouled  double  oonvex,  and  ore  formed  of 
crown  glass,  while  the  second  is  double  concave,  and  made  of  flint 
fdass.  In  thia  case,  aiuee  the  indez  of  retraotiw  ia  the  same  for  the 
third  lena  as  for  the  first,  if  the  radius  of  each  surface  of  the  third  lens 
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be  a.',  the  nciprocaJ  o£  the  principal  focal  IflDgUu  of  the  Mparate 
Inm  tar  nd  nys  will  be 

2(m-1)  2V-1)  2fy-l) 
B~'  "  ■  »'  '™  ^ 
th«n  bong  added  together,  th^  sum  wiU  be  the  reciprocal  of  Uie 
fonl  lengta  o(  the  oompotmd  lemi  for  one  kind  of  light  On  sub- 
stituUng  in  the  above  terms,  n  +  Sn  for  and  m'  +  tar  /i^,  in  order 
to  obtain  the  reciprocala  of  the  focal  length  for  violet  nyw,  we  dull 
have,  vb«i  the  chromatio  aberration  is  corrected. 


Bat  ^  ia  known  ftom  tabl«s  of  I2w  refraetiva  indioBa  for  di£bre&t 

kinds  of  glass :  therefore  if  any  convenient  relation  between  the  radii 
tA  two  of  the  lenses  be  assumed,  the  values  of  all  the  radii,  and  con- 
sequently the  fooal  lengths  of  the  several  lenses,  may  be  found. 

The  investigation  of  formuUe  for  the  correction  of  the  spherical 
aberration  is  a  process  of  some  labour,  and  ia  soorcely  a  fit  subject 
except  for  a  mathematical  work :  it  ia  b«ated  with  great  perepioui^  in 
Kobiara's  '  Mechanical  Philosophy,'  vol.  iii.,  from  miich  the  subjoined 
theorem  is  borrowed,  the  notation  only  being  changed  for  that  which 
has  been  adopted  above;  and  also  in  tiie  articles  Lenb  and  SrxcuLUH. 
If  ^  oompouttd  object-glass  consists  of  one  double  oonvex  lens  of  crown 
^aas  and  a  double  concave  lens  of  flint  glass,  and  a  ray  of  light  be 
mddenfc  upon  the  anterior  sur&ce  of  the  former  in  a  direction  panllel 
to  the  axis,  at  a  distance  from  tlienoe,  which  is  expressed  by  e  /  the 
distance  from  the  lens,  of  the  point  at  which  the  ray  after  refraction 
will  meet  the  axis,  ia  /—/^({  + 9'),  where  /  is  the  focus  for  parallel 
rays  infinitely  near  the  axis,  and  may  be  found  as  above,  and  f*(q  -t-  q') 
ia  the  abenation.  Here,  a^Ieotii^  the  thictow  ol  the  lensea  and  the 
interval  between  them, 

(b  and  8  being  the  radii  of  ttie  two  siirfaoea  of  the  convex  lens),  and 

B'n'a    *  bTV  ■*■    v.tfl~  ~   f.B'd'  h  - 

bV 

where  t  is  the  principal  focua  of  the  convex  lens,  and  ii'=  —  - ,  — , ; 

(b'  and  s'  being  the  radii  of  the  sur&cee  of  the  concave  lens.) 

It  ia  evident  that,  in  order  to  correct  the  spherical  aberration,  the 
values  of  the  radii  of  the  surfaoea  muat  be  determined  from  the 
•qnationg  +  {'sO.  ^niis  equation  is  howevo-  indetenninate,  because 
it  contains  aevetal  unknown  quantitiea;'  but  it  ma^  bo  made  aubject 
to  certain  oonditiona  by  which  there  will  remam  only  one ;  for 
nample,  the  difTerent  radii  of  the  lenses  may  be  made  to  have  any 
given  relation  to  one  another,  so  that  the  values  of  all,  in  terms  of  any 
one,  may  be  suhstitutod  for  them.  In  the  values  of  q  and  ^  the 
terms  reprceented  by  a  and  n'  are  respectively  equal  to  half  the  imdii 
of  eqoivalaat  iaoaodes  lensei ;  and  ft  has  been  shown,  in  the  investi- 
gatifm  oonoaming  the  cbronutie  abemtion,  that  tluaa  are  to  <me 

another  aa  ^  to         eoueqaently  »'=»       and  therefore  »'  is 

fcaown  in  terms  of  It.  If  again  it  be  supposed  that  R'=g,or  that  the 
nsarest  surfaces  of  the  convex  and  concave  lenses  have  equal  cur- 
vatures, Ute  value  of  r  may  be  found  from  the  equation  q  +  ^=0,  in 
terms  of  »,  by  a  quadratic  equation. 

Sir  John  HenKAel,  in  a  paper  on  the  aberration  of  compound  lenses 
and  objeet-risesM  ('Pha  Tnuia.,'  1681),  hai  tlm>  invaatagated  formuhs 
for  the  values  of  the  ohromatie  and  spherical  abotmtions;  and 
IC.  Littrow,  of  Vienna,  setting  out  with  Euler's  formula  for  spherieal 
aberration  ('Dioptrica,'  torn.  iiL,  1769),  and  introducing  in  it  the 
values  of  the  focal  lengths  of  two  lenses  so  that  the  former  aberration 
may  be  corrected,  has  obtained  two  equations  from  which  the  radii  of 
the  four  BUT&oes  may  be  determined  by  such  o(mditions  aa  may  be 
thourikt  oonvenient  ('  Memoirs  (rf  tiie  Astron.  Soe./  voL  iU.,  part  2). 
In  aiMving  the  problem  rdating  to  the  determinatim  of  the  fotir  radii, 
IVofeHor  Idttoow  usee  a  method  whioh  posMnes  loma  boUitiai  for 
computation,  and  on  that  aocoont  it  has  been  adopted  in  the  following 
process. 

The  radii  of  the  surfocee  of  the  first  lens  may  be  determined  on  the 
8Ui^NMiti<Hi  that  tlu  whole  refraotion  of  li^t  in  passing  through  the 


Ism  is  a  minimum ;  that  is,  that  the  inoidfent  and  emergent  nya  make 
eqml  angles  with  the  surfooeB,  or  with  those  radii   Tlius  let  a  ray  fq. 
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jb.  4,  be  ineident  on  the  first  sur&oe  in  a  direction  pazallel  to  the  axis  z  T 
ra  the  lens,  and  infinitely  near  it;  and  bqi  being  the  xadiua  («b} 

produced,  of  that  surface  let  the  angle  pqt  of  incidence  be  repre- 
d 

sented  by  a;  then  ^:l::a:^<  =  BqT,  the  angle  of  refraction  at 

that  surface).  But  if  b'qt'  be  the  radius  (=a)  produced,  of  the 
second  surface;  then,  in  tiie  triangle  B'qa, neglectmg  the  thkkness 

of  the  lens  and  substituting  area  for  their  sines,  s  :  B  :  :  a  :  —  a  ;  and 
B  a 

-  a-t-a-~  ~  (=T'Qr)  is  the  angle  of  incidence  on  the  second  surface : 
and,  by  optics,  1  ia  to  m  m  this  last  angle  is  to        ■i-a(tt—l),  tiie 

B 

ang^td  refraction  (sa^QF^i^ the  MOondsQifKe^  Butbyl^pothen^ 

B  3—^ 

this  an^e  is  to  be  equal  to  aj  therefore     »  —j^.    Again,  by  cities 

BS  1 

.         is  equal  to  the  focal  leqgth  of  the  lens ;  and  nq^OiiDg 

B        B— u+l 

this  to  be  equal  to  unity,  we  obtain  -  "  :  equating  this  last 

term  with         above,  we  get  b  —  — —  iriienoe  B  =  . 

Therefore  the  two  radii  are  found  on  the  supposition  that  the  fooal 
distanoe  of  the  lens  is  unity. 
Now  rqT  being  the  angM  <A  iwddenoe  aa  above,  and  qt  the  dirsoticni 

lau  FQT 

of  the  raj  after  one  refraction,  we  have  by  optioSf  on  BQr»  — ~ —  ; 
and  by  tdgoQome      in  the  trion^e  itqr, 

sin  BQV  /sin  Rqr 

also,  represmting  the  thickness  MM  of  the  lens  by  t, 
sin  BQT 


/sm  BQT  \ 


..sinp'QT 

Then,  by  trigonometry,  in  the  triangle  b'qv, 

wegrt  — ' —  linrQF— nnr^F; 


consequent^  optics, 


BF-ha-< 


/isin  p'QF=sin  1*9?' or  the  sine  of 


the  angle  of  refraction  at  the  second  surface. 

l?ow  t'qt'— T'qr-i-7'QF  =  QF'M,  or  the  angle  which  the  second 
redacted  ray  makes  with  the  azla  ol  the  lens  :  but  trigonometry, 
in  the  triangle  b'qv',  we  have 


B'F'=8 


shlF'q 


'qf  /aiuT'QF  \ 

j^;  whence  HF-r a  (^^^^  -ij. 


Suppose  next  a  douUe  oonoave  lena,  the  oentovt  of  whose  lurbosa 

are  at  b"  and  b*^,  and  whose  radii  are  b'  and  s',  to  be  apjdied  to  the 
convex  lens  on  the  aide  v  :  tiien,  n^leoting  the  thickness  of  the  con- 
cave lens  and  the  diatunoe  between  the  two,  uid  su^nKKdng  qt",  Qf'" 
to  be  tiie  directions  of  the  ray  of  lij^t  after  the  third  and  fourth 
refractions  reflectively,  we  haye  in  the  triangle  al'^f,  by  trigo- 
ncnnetiTf 

B'+aV  .  ... 
— —  Bmp  QF^smT  QF, 

or  the  Bine  of  incidence  on  the  first  surface  of  the  Mcmd  lens;  and 

b'  +  8'f' 

■Inp'QF'-Smi'QF'. 

But  f'qf'— (T'qt'-t^QiO^x'Qr";  and  in  the  triangle  B'qr*,  by 
trigmunnetry,  we  have 

sin  t"qf" 


'wn  t"qf" 


am  F  QF" 


(Bin  r'QF  \ 
sinp'QF^  — 1  );  and  conridering  kb"  to  be 

equal  to  a',  b"'f"  will  be  equal  to  Hr'-a'. 
Again,  in  the  triangle  vtl'^qr",  we  have  by  trigonometry. 


sm  TL"'qr" 


an  QF"i( 


for  the  atne  of  incidence  on  the  fourth  sur&oe ;  therefore,  by  optics, 


n'  nn  (jF"H-Bn  b"'qf"'. 


the  sine  of  refraction  at  the  fourth  surface;  then 
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ud  br  trigonomstry,  in  tha  triaogle  iiw"'B'",  we  have 

»     -  »  Bin  (jf"'m  '  -  *  ^  tin  «jf '"m  +  V' 

Uie  foeal  diitance  of  the  oompou&d  Irai. 

These  values  being  reduced  to  what  the^  become  when  (he  incideot 
my  pq  is  inflnhely  iie.tr  the  axis  of  the  lenses ;  that  is,  when  tbe  SiQ^M 
wra  Ribfltitoted  for  tlieir  unes,  then  may  be  obtohied 


By  meoDi  of  thera  eqiu(i<aw,  eliminitting  the  quanUtiH  Mr»  Hr',  md 
vt",  and  neglectaiig  powers  of  t  above  the  first,  there  may  be  obtained  a 

value  of        :  then  difTeroniiating  this  value  with  respect  to  to  /i,  ^(', 

and  irr'",  and  making  the  resoHIng  value  of  the  dURsrential  of  st'" 
equal  to  zero  (which  ia  a  condition  necessary  in  order  that  the  chro- 
natio  di^nion  nay  be  oorreeted  for  i^a  near  Uu  azia).  there  may  be 
1       1     .    .         .    20t-l) 


obtained  a  value      ^      ^-   ''^S^  on  aubatdtuting 


for  B, 


2(n  - 1) 

and  '  '"^ *' ** *^>*>^ found,  tiisrs  wUl  reiuU 

"Scm  Uka  value  of  sw'"  may  be  direotly  oomputed  &om  the  formula) 
fiiat  inveetigatfld ;  afterwards  assuming  difieroit  values  of  n',  and  sub- 
stituting them  in  the  last  equation,  let  the  corresponding  values  d 
B'  be  found.   With  these  values  of  a'  find  corresponding  values  of 
,  /sin  ii"'<iF"'  \ 

*  V  rin  qf'''k~     ^  /  '         ^'  °'  proceeding  according  to  the 

usual  methods  of  trial  and  error,  thwe  will  at  length  be  found  a  value 
of  K  If"'  agreeing  with  that  which'  was  computed  by  the  direct  process  : 
the  four  radii  will  then,  ocosequently,  be  determined. 

ImestigatioDB  relating  to  the  dispersion  of  light,  and  rules  for  com- 
puting the  radii  of  curvature  for  aohronu^o  object-glasses,  will  also  be 
found  in  an  sMay  by  Mr.  P.  Barlow  of  Woolwich,  printed  In  Hbo '  Philo- 
sophical Transactions '  for  1827. 

Though  on  thus  uniting  the  red  and  violet  light  lenses  of  crown 
■md  flint  glass  the  obromatic  dispersion  it  in  a  great  measure  oorrectod, 
yet  when  the  imi^e  is  examined,  it  ia  foimd  to  be  surrounded  by  a 
green-coloured  frmge.  The  difficulty  of  procuring  flint  glass  of  suffi- 
cient purify  is  also  a  mious  impediment  to  the  perfeotwui  of  achro- 
matic lenses  for  tdesoDpes.  The  steps  that  have  from  time  to  time 
been  taken  to  remedy  this  evil  are  noticed  in  the  following  article  oti 
the  history  of  the  telesoope,  [Tblmoopb,  Hibtort  of,]  but  we  may 
here  menuon  that  in  the '  Tranmotions'  of  the  Royal  Booiety  of  Edin- 
burgh, 1761,  there  is  given  an  account  of  some  experiments  made  by 
Dr.  Blair,  from  which  he  was  led  to  the  discovery  of  the  fluid  medium, 
which,  bung  applied  between  lansee  of  crown  glass,  rendeta  the  oom- 
pound  lens  com^etely  aehromatio.  By  adding  liquid  muriatie  add  to 
chloride  of  antimony,  or  sal  ammouiac  to  chloride  of  mercury,  he 
succeeded  in  obtaining  a  spectrum  in  which  the  coloured  rays  in  each 
pencil  followed  the  game  law  of  dispersion  as  takes  place  in  crown 
glass.  Therefore,  confining  a  small  quantity  of  either  of  these  liquids 
between  the  convex  aurfacee  of  two  plano-otrnvex  lenses,  or  between 
those  of  a  piano  and  a  convex  meniscus  lens,  al  crown  ^ass,  Dr.  Blair 
obtained  an  object-glass  in  which  the  chromatic  abmtation  was  entirely 
destroyed ;  and  he  is  eaid  to  Lave  thus  constructed  one  of  9  inches 
focal  length,  and  as  much  as  3  inches  in  diameter  or  aperture.  Ohject- 
daaeea  so  made  were  for  some  yeara  on  sale  in  London ;  but  either 
from  the  crystallisation  of  the  fluids,  or  the  negligence  of  the  artists  In 
compounding  them,  the  teleecopsa  became  imperfect,  and  gn«iaallT 
fell  mto  disuse.  " 

Dr.  (Sir  David)  Brewstw,  in  his  *  Treatise  on  New  Philosofdiioal 
Instruments,"  recommends  the  employment  of  sulphuric  acid  and  oil  of 
cassia  for  the  compodtion  of  fluid  lenses,  by  which  the  secoudary 

Ectrum  may  be  destroyed ;  the  add  being,  of  all  known  subatances, 
t  which  exerts  the  greatest,  and  the  oil  that  which  exerts  the  least, 
action  on  the  green-coloured  rays.  The  correction  of  the  chromaiao 
dispersion  by  means  of  fluids  was  also  attempted  by  Mr.  Batlow,  U 
noUced  in  the  following  article.  But  probably  from  impwfections  in 
the  forms  of  the  glasses,  the  images  of  objects  were  found  to  be  not  well 
defined ;  and  the  conitructioa,  in  consequence,  has  not  been  adopted. 

The  image  fonne<l  by  the  great  speculum  of  a  reflecting  telescope  is 
frw  from  the  inconveniences  attending  the  chromatic  aberration  of 
light ;  for  the  angles  of  incidence  being  equal  to  those  of  reflection,  in 
any  pencil  coming  from  a  point  in  an  objed^  all  the  rays  will  cx>nverge 
to  one  point  at  the  place  where  the  image  is  formed.  If  the  anrhoe  of 
the  speculum  were  that  which  i«  formed  1^  the  revolution  of  a  parabola 


about  Its  uds,  then  dl  tiw  rays  to  any  pencil  [»ooeedlng  itoni  a  vtarf 
remote  object)  as  one  of  the  celestial  bodus,  and  being  inflidant  on  the 
speculum  in  a  direetioD  parallel  to  the  axis,  would,  oy  the  nature  of 
tiie  parabola,  converge  accurately  In  the  focus  of  the  curve;  and  on 
this  account,  an  effort  is  always  made  to  give  to  the  reflecting  surface 
of  the  apeculum  a  panboloidal  figure.  The  advanta^  does  not.  how- 
ever, hold  good  with  the  pencils  which  fall  on  the  mirror  In  directions 
oblique  to  the  axis ;  sad  therefor*  that  figure  is  of  less  importuioe, 
when  the  ideaeope  is  to  be  used  for  viewing  terrestrial  objects,  than 
when  it  is  to  be  entplt^ed  for  ssb<0D(»niaU  purposes;  for  thm,  on 
account  of  the  great  dutanoe  of  the  objects,  the  several  pencils  of  light 
&11  on  the  minor  with  a  very  small  obliqutfy  to  its  axis. 

The  telescope  invented  by  Galileo  CDoaisted  of  one  convex  lens,  a  b, 
j^.5,andof  aooDcave  lens,  on;  the  distance  between  them  behig  equal 
to  the  difference  between  the  focal  lengths  of  the  two  lenses.  In  tfaiii 
instrument^  H  the  object  9 1  were  so  remote  that  the  rays  In  ead^ 


pencil  of  light  might  be  coniddered  as  parallel  to  one  another,  there 
would  be  formed  at  its  principal  focus  an  inverted  image  (op)  of  that 
object  by  the  union  of  uie  rays  in  each  pencil  in  one  poiut ;  then  the 
concave  lens  btting  placed  between  AB  and  that  image,  in  such  a 
aituatioq  that  its  prindp^  focus  may  coincide  with  the  place  of  that 
image,  the  rays  in  each  pencil  will,  by  the  rafractiiu  power  of  the 
lens,  be  made  to  emerge  parallel  to  one  anotiier ;  ana  in  this  case,  by 
the  optical  properties  of  me  eye,  dietiabt  vision  is  obtained. 

The  line  o  X  o  is  the  axis  of  the  pencil  of  lig^t  from  o ;  and,  as  this 
passes  through  the  centre  x  of  Uie  lens  A  b  without  refraction,  the 
angle  ZXo  ja  equal  to  half  the  angle  under  which  OP  would  be  observed 
by  an  ^e  at  z  when  no  telescope  la  interpoeed,  while  (m  n  pantUel  to 
y  0  being  the  direction  of  a  ray  in  that  axis  after  re&acUon  in  oo)  zto 
is  half  the  angle  undw  which  o  p  is  seen  in  the  telescope :  the  ratio 
between  these  an^ei  is  therefore  the  measure  (rf  the  magu^ring  power 
of  tile  telescope;  and  since  the  angles  are  to  one  another  as  yz  ia  to 

X  a,  nearly,  it  foUows  that  ~  nearly  expresses  the  magnifying  power. 

This  is  the  oonstruotion  of  what  ia  called  an  opera  ^au  ;  and  the 
QalUean  telasoope  is  bow  used  chiefly  for  viewing  objects  within  a 
theatre,  or  an  apartment,  since  if  considerable  magnifying  power  were 
given  to  it  the  extent  of  the  field  of  view  would  be  very  small. 

A  simple  telescope  may  also  be  constructed  by  means  of  two  convex 
lenses,^.  6,  which  are  plaoed  at  a  distuioe  from  one  another  equsl  to 
Uie  sum  of  thdr  focal  len^cths.  For  the  image  being  formed  at  the  focus 
z,  of  the  lens  ab,  which  is  uearpst  to  the  object,  a«  In  the  Galilean 
teleeoop«,and  bobig  iuppoiw4  to  bq  a  plww  surface,  the  Ught  also  bflin| 


Fig.  6. 


supposed  to  be  homog^oous,  the  rays  of  each  ^eadl,  after  crossing  at 
the  focus  and  proceeding  from  thcuce  in  a  divergent  state,  on  bemg 
allowed  to  fall  upon  tbe  surface  of  the  necosd  lens,  cii,  may  be  rufnuituil 
in  the  latter  so  as  to  pass  out  from  thence  in  parolld  dircctious ;  uud 
consequently  distinct  vision  of  the  object  may  be  obtained  by  an  eyo 
situated  so  as  to  receive  the  pencils. 

If  xo  be  the  direction  of  the  axis  of  a  pencil  of  light  coming  from 
o,  one  extremity  of  the  object  op,  which  is  supposed  to  be  so  remoto 
that  all  the  rays  in  each  pencil  may  be  considered  as  par^ld  to  one 
another;  then  the  angle  zxo  ia  half  the  angle  under  which  the  object 
o  p  would  be  sem  by  an  eye  at  z  without  a  tulaacope,  while  the  rays  uf 
tliat  pencil  entering  the  eye  at  B  in  tlie  direction  d  e,  which  is  pandlel 
to  0  Y,  the  angle  z  T  o  is  half  the  angle  under  which  the  same  object  U 
seen  when  viewed  through  the  telescope.   Now  these  angles  are  to  one 

another  nearly  as  z  T  to  z  X ;  therefore  —  will  express  nearly  thu 

Z  T 

magnifying  power  of  the  instrument.  An  the  pencils  of  light  from  o 
and  p  cross  the  axis  of  the  eye  at  E  before  they  are  united  on  the 
retina,  tlie  image  of  the  object  o  p  is  foiTued  in  tbe  eye  in  a  position 
fM)ntraty  to  that  which  is  formed  when  the  object  id  viewed  .without 
the  telescope ;  therefore,  on  looking  Uirough  tbe  Litter,  the  object  o  p 
appears  to  be  inverted. 

But  the  image  formed  at  ej),  instead  of  being  a  plane,  is  nearly  on  a 
portion  of  a  ^unical  lur^oe  whose  centre  ia  at  x ;  and,  on  the  other 


Digitized  by 


Google 


101 


TELESCOPa 


TELESCOPE. 


in 


band,  is  order  that  the  ra^s  In  each  penril  may  after  refraotion  in  od 
be  jArdllel  to  one  another,  they  oaght  to  diverge  from  a  point  nearly 
in  the  eiirface  of  a  sphere  wboeo  centre  ie  at  T,  tbe  two  apherieiu 
Bur&ces  being  in  contact  at  z  :  consequently  when  the  distance 
betirent  Hbe  lemies  ia  nich  that  the  eroasing  of  the  raip*  in  *  pencil 
inralld  to  the  axis  takra  place  siac^at  E,  the  oroedng  b  in  one  of  Uie 
oblique  pencils  will  be  at  a  certain  distance  from  the  point  /,  at  which 
it  ought  to  be  to  permit  the  raya  in  it  to  go  out  of  c  d  parallel  to  one 
another ;  the  rays  of  the  p^tcils  which  proceed  from  the  mai^gii)  of  the 
object  will  Dot  then  emerge  parallel  to  one  anothw,  and  doneequentiy 
that  margin  will  dot  bo  distinctly  seen.  Moreoro-,  from  the  unequal 
rehttn^pMlity  of  tiw  di^rent  kinds  of  light,  the  raye  in  each  pencil 
wiU  be  deoompOMd  In  paaaing  throng  Ute  koa  OD,  so  ihafc  tfaon^  tbe 
chromatio  abemtlon  van  perfectly  corrected  in  the  imags  at  p9,  it 
would  exist  In  tiw  Image  whidi  »  formed  in  the  eye  by  the  rays 
etnerf^ng  from  o  d. 

Tlw  spherical  aberration  can  only  be  diminished  by  diminidiing  the 
inclination  at  whioh  Uie  raya  in  the  marginal  pencils  fall  upon  the 
surface  of  the  lena  after  having  crossed  at  the  focoa  of  the  objeot- 
gbse ;  that  la,  by  using  a  lens  erf  MB  oonvezi^  or  of  greater  foeal  length ; 
adding  a  aeetma  eye-j^ais  in  ordev  flu^y  to  render  tbe  raya  in  eaidi 
poneO  putdkH  to  one  another.  l%ui,  if  w  be  required  to  {maenre  the 


HUD 


same  ratifying  power  and  field  of  view  as  mi^t  be  dbtohied  with  any 
aiDgle  eye-glass ;  let,  an  before,  n.Jlff.  7,  ba  tiie  plaoe  of  the  object-gliifls, 
op  the  image  formed  by  it,  and  let  0  D  be  the  pdace  of  the  Htngle  eye- 
ghiSB  :  then  draw  a  line  o  q  ao  as  to  bteeot  the  angle  oeT,  n^iich  may 
be  oonsidered  aa  the  whole  refracUon  produced  by  the  lens  OD :  let  a, 
on  the  right  or  left  of  op,  be  the  assumed  place  of  what  ia  called  the 
JMd-fflaM,  and  draw  o  h  perpendicular  to  X  T,  the  axis  of  the  toloecope, 
meeting  xD  ln  B  j  through  a  draw  MRS  parallel  to  oQ,oattuig 
0  9,  or  o  0  produced,  in  H  :  again  draw  m  m  perpendioalar  to  the  axis  of 
the  telescope,  and  u  R  parallel  to  o  t  ;  alao  draw  R  B  perpendionlar  to 
the  axis.  lastly,  draw  parallel  to  oq  to  meet  xo  in  u,  and  d  t 
perpendicular  to  the  axis.  Than,  from  the  principles  of  optics,  if  a 
lens  be  placed  at  a,  having  its  focnl  length  equal  to  a  T,  and  another  at 
R,  whose  focal  iCTgth  is  bm  ;  the  ray  xon  will  by  refraction  in  the 
Snt  lens  lake  the  £reoUon  H  i;  and  by  refraction  in  the  seeiAd  tena  it 
wOl  take  the  direction  bt  parallel  to  or  or  db;  thus  the  present 
visual  angle  B  T  R  will  be  eqim  to  D>T,  which  was  obtained  with  the 
single  eye-glass. 

This  is  called  the  ffu^hefiian  eye-pieee,  and  it  is  that  whioh  la  gene- 
rally used  for  aetroDomi<^  telescopes  :  the  objeot  Been  tivougfr  it  ts 
inverted,  as  in  the  last-mentioned  telescope. 

If  the  plaoea  a  aad  n  of  the  two  eye-glaasea  are  given  (o  H  bdng  very 
near  op ;  Ita  focal  length  being  also  knownh  aod  it  be  required  to  find 
the  focal  length  of  r  B  so  that  the  red  and  violet  rays  is  each  pencil 
may  emeige  from  It  panllsl  to  one  another,  that  lengtti  might  be 
det«nniiHd  in  tte  following  nttnner.  In  a  pendl  of  rays  onasing  each 
«tbsratH,j^8,letaflibstibe  dtreetlan  of moan  n7j«iidar,»tboee 

S. 


of  a  red  and  a  violet  ray ;  these  last  will  make  iriA  one  anothw  an  angle 
equal  to  about    of  the  angle  D  am,  which  may  be  supposed  to  be  known. 
Vow,  by  op%ifM  prindples,  if  these  T«ys  are  to  emerge  fnnn  R  s  in 
diretdion*  parallel  to  one  another,  the  focal  lengths  of  the  lens  for  red 
and  violet  rays,  namely,  B  v  and  Tif  must  be  to  one  another  as  28  to 
27,  and  the  fo^  r  and /must  be  in  places  determined  Inr  perpendi- 
culars drawn  to  the  axis  from  pmnta  w  and  w,  in  which  ^e  line  R  w 
supposed  to  be  drawn  parallel  to  rr'  or  vv',  meets  or  and  H«  ;  that  is, 
by  hndiug  the  position  of  a  line  to  be  drawn  from  b  to  out  tine  given 
Unas  or,  Ht>,  so  that  R  w  may  be  to  rw  as  28  to  37.   For  this  putpoee, 
having  drawn  the  straight  lioe  an,  the  angles  rhw,  bbw  will  be  . 
known;  let  them  be  represented  by  a  and  b}  alao  let  the  ang^  hr  w  ' 
be  repreeented  by  6 :  then  by  trigonometry  we  shall  luve,  after  a  few  ' 
reductions,  27  cotoo.  a— 28  ootao.  d=cotan.  9. 

In  order  to  afibrd  a  view  of  objects  in  the  same  position  as  th^ 
appear  to  have  when  seen  by  the  naked  eye,  a  telescope  may  be  formed 
wUh  three  lenses  besides  the  objeot-glass.   In  the  oonstniction  of  tiiis 


instrument,  if  attention  is  pud  only  to  the  rays  which  suffer  a  mean 
refraction,  the  6tei  eye-giass,  or  that  which  is  new««t  to  the  object-end 
of  the  teleseme,  may  be  plaoed  between  the  im^  formed  by  the 
object  lens  and  the  eye,  with  the  foci  of  the  two  leoaes  in  ooiacidence ; 
by  this  means  the  rays  in  each  pencil  Will  emerge  from  ib»  first  eye- 
g^ias  in  directiona  pon^el  to  one  another,  thtm  of  the  pencils  which 
are  oblique  to  the  axis  of  tiie  telescope  crossing  each  other  at  aome 
point  in  Uie  latter  axis.  A  eecund  ey»gla8S  is  then  plaoed  at  any 
oonreoiunt  distance  from  the  former,  beyond  the  {daoe  where  the 
oUiqua  peOfiils  erusa  each  other  j  and  by  this  lens  a  second  image  is 
fonned  in  a  position  oontraiy  to  tiat  which  is  formed  by  the  object 
lens.  LasUy,  the  third  leoa  being  fdaced  between  this  image  and  the 
efO  at  a  distance  from  the  former  equal  to  ite  focal  length,  the  rays  in 
me  several  pencils  will  emerge  parallel  to  one  another,  and  an  ««ct 
image  of  the  object  will  thus  bo  formed  in  the  eye. 

The  ratio  between  the  angles  under  which  au  object  would  be  seen 
by  the  naked  tnre,  and  that  by  whioh  it  is  seen  in  tlie  telescope,  ia  com- 
pounded of  tba  ratios  of  the  focal  loigths  of  the  sevml  lenses; 
thus,  if  r  be  the  focal  lengtii  of  the  object-lens,  /'^  those  of 

the  iTfeJenses,  reckoned  In  order  towards  the  ejt,  iba  expression 

»-/" 

p~''p^      denote  the  magnifying  power. 

But  both  the  spherical  aberration  and  the  chromatic  dispersion  in 
such  a  telescope  ore  very  considerable ;  and  before  tha  invention  of  the 
achromatic  object-gtass,  Ur.  Dollond  endeavoured  to  diminish  the 
former  by  an  eTe-tube  consiBting  of  five  laues  dispMed  so  ss  to  divide 
the  bendings  of  the  pencils  nearly  equally  between  them.  Such 
teleacopes  ore  not  now  used ;  and  Kt,  Dollond  suoceeded  at  length  in 
constructing  telescopea  with  four  qre-glaases,  from  whidi  both  die- 
tortion  and  oolour  are  removed  as  muoh  petlii^  oa  a  removal  is 
possible.  - 

This  is  oceomplished  by  plseing  the  fliat  egr»|^aaB  beyond  the  image 
formed  by  the  object-glass,  and  at  a  distance  from  It  less  than  the 

focal  length  of  that  eye-glass:  by  thia  dispontion  ^e  rays  of  mean 
refrangiUlity  in  each  pencil  which  diverges  from  the  image  ore  not, 
after  refraction,  parallel  to  one  another,  but  go  on  with  diminished 
diveigeocy.  A.  uttle  way  beyond  the  place  where  the  axes  of  t)ie 
oblique  pencils  cross  the  axis  of  the  telescope  there  is  placed  the 
second  ^e-glaaa.  which  is  of  such  food  length  tnat  the  mean  refrangi- 
ble rays  in  each  pencil,  after  passing  through  it,  meet  in  a  point,  and 
thus  a  second  image  of  the  object  ia  formed  near  the  eye :  the  lise  of 
these  two  lenses,  therefore,  is  to  cause  the  second  image  to  be  formed 
by  a  gradual  convergence  of  the  ravs  in  each  penoil.  But  the  several 
pencils  of  rnye  are  iubercepted  by  the  third  eye-glass  (commonly  called 
the  field-glass),  and  the  second  image  ia  thereby  formed  rather  nearer 
to  the  first  ^n  it  would  be  without  such  fleld-lms :  from  this  image 
the  rays  in  each  pencil  diverge,  and  the  refraetlve  power  of  the 
fourth  eye-glosa  Uiey  are  mode  to  enter  the  eye  in  parallel  directions ; 
thus  distinct  vision  of  the  external  object  is  obtained.  The  field-glass ' 
might  have  been  placed  between  the  eye  and  the  second  image,  as  in 
the  Huyghenian  eya-pieoe  before  described ;  but  the  aberration  arising 
from  the  sphoical  form  of  the  glasses  is  a  littio  less  by  the  construc- 
tion just  mentioned.  • 

Now,  in  each  pendl,  the  red  and  violet  rays  which  had  been  united 
at  the  image  formed  by  the  object-glass,  and  which  there  crossed  each 
other,  go  on  from  thenoe  diverging  from  each  other  till,  on  the  oppo- 
rite  aide  of  the  axis  of  the  telescope,  they  fall  upon  the  surface  of  the 
second  ^e-gjasa  :  after  passing  through  tiiis  lens,  the  violet  ray,  whioh 
b  always  more  refracted  than  the  red  ray,  gradually  converges  towards 
Uie  latter,  and  at  length  meets  it  in  aome  place  »ort  <rf  that  at  whieh 
the  rays  of  mean  refraction  unite  to  form  the  eeomd  image.  The 
practice  is  to  fix  the  third  or  field-glaas  exactly  or  nearly  at  the  [dace 
where  th«  red  and  violet  rays  so  unite  in  ^1  the  peneila ;  ior  the 
different  oidoured  rays  orossing  each  o^er  in  that  pUce,  they  are 
finally,  by  the  refntctive  power  of  the  fourth  eye-glass,  made  to  enter 
the  eye  in  parallel  directions,  and  thus  afford  a  view  of  the  object 
Marly  or  wholly  free  from  oulour. 

In  forming  the  eye-^osaes  of  tdesoopee  It  may  be  observed  that 
they  should  be  such  as  will  allow  the  incident  Mid  emergent  pencils  of 
rays  to  be  nearly  equally  inclined  to  their  surfaces  :  on  this  account 
the  first  and  fourth  eye-glasses  are  of  the  plano-convex  form;  the 
flat  aide  of  Uiat  which  is  nearest  to  the  object^ass  being  towards  the 
latter,  and  that  of  the  other  towards  tiie  qre. 

Bei^dea  the  power  of  magnifying  ohjeota,  that  of  affording  distinat 
vi^on  with  given  quantitiaa  of  l^t  is  often  an  essential  requisite  in  a 
telescope,  i«rticularly  to  naval  men,  who  have  occasion  during  the 
obscuhty  of  the  night  to  keep  in  view  a  riiip  of  whioh  they  may  be  in 
chase.  Thia  subject  was  investigated  by  the  late  Sir  William  Heraohel, 
and  an  account  of  his  resasrches  on  what  he  calla  the  "  apace-pene- 
trating power  of  teleacopes  "  was  printed  ia  the  '  PhiloBof^cal  Traoaao- 
tions' for  1800. 

Hnsohel  states  ^t  he  was  aware  of  tiiis  property  of  tdesoopee  as 
early  as  the  year  1777,  when  he  had  constructed  a  Newtonian  telescope 
with  a  speculum  whose  focal  length  was  20  feet :  for,  on  directing  we 
instrument  to  a  churoh-eteeple  at  a  considerable  distonce,  he  could 
distinguish  the  hour  by  the  clock,  though  with  the  naked  eye  he  could 
not  see  the  steeple  ibelf.   In  order  to  obtain  a  formula  for  the  Bpaeo- 
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penetrating  power,  he  obflerres  that  the  quantity  of  light  received  by 
the  natural  eye  varies  directly  with  the  aperture  of  the  papil,  or  with 
the  square  of  its  radiua,  and  inTersely  with  the  square  of  the  distance 
of  the  object :  also  that  the  quantity  of  light  transmitted  by  s  tele- 
scope, supposing  none  to  be  lost  in  the  reflections  from  the  mirrors,  or 
in  rehoction  through  the  lenses,  will  vary  directly  with  the  square  of 
the  radius  of  the  aperture  and  inversely  viith  the  square  of  the  distance 
of  the  object.  But,  from  esperiments  on  the  measure  of  light,  it 
appears  tlut  the  whole  quantity  incident  upon  a  plate  of  glass  is  to 
the  quantiiy  transmitted  through  it  as  1  is  to  *9881,  or  to  the  quantity 
iost  as  I  is  to  -0619 ;  and  from  this,  the  whole  quantity  of  moident 
light  being  unity,  an  estimate  may  be  made  of  the  quantity  of  light 
transmitted  through  all  ^e  lenses  of  a  telescope  ;  with  respect  to  the 
quantity  lost  in  reflection  from  mirrors  Sir  W.  Hersohel  found  that 
out  of  100,000  incident  lays,  only  iB,2i2  reached  the  eye  after  two 
rflflectione. 

I  Let  the  quantity  of  incident  light  be  to  that  which  arrives  at  the 
^  as  1  to  m;  then  r  being  the  radius  of  the  pupil,  and  b  that  of 

' 

the  ^ertnre  of  a  tdMOope,  -p-  will  exjMW  the  ratio  between  tlie 

quantity  of  li^t  tamsmttted  to  the  naked  eye,  and  throrig^  a  dioptric 
telescope :  therefore  the  spaoe-penetratiiig  power  varying  with  the 

!  s 

square  root  of  the  quantity  of  light,  -  y/m  expresses  the  penetrating 

power.  With  respect  to  reflecting  telescopes,  if  b'  be  the  radius  of 
the  small  qwaulam,  the  penetrating  power  will  be  expressed  "by 

~  V{         B**) }.  It  is  neoeBBSiy  to  observe  that,  in  these  eqiresaions, 

it  is  supposed  that  the  penal  of  light  transmitted  1^  the  telescope  is 
not  greater  than  the  pupil  of  the  eye. 

I  It  has  been  said  above  that,  in  reflecting  tdescopesj  a  speculum  at 
Mie  extremity  of  the  tube  serves  the  purpose  of  tiie  object-g^ass  in 
refracting  telescopes  by  forming  an  image  at  its  foeus ;  and  the  manner 
in  whfeb,  in  Ihe  former  instrumeDts,  the  image  is  transmitted  to  the 
eye  remains  novr  to  be  explained. 
The  following  diagram  represents  a  longitadinal  seetioD  tiirongh  the 


nr.  fl. 


axis  X  T  of  the  instrument,  which  is  supposed  to  be  of  the  Gregorian 
Und.  A  B  is  the  tube  wliich  conttuns  the  specula,  and  is  open  at  the 
end  0  B ;  and  at  the  extremity  nearest  to  the  eye  of  the  obaorver  is  a 
tube  E  F  contMnii%  two  lenses,  h  n  is  the  anterior  surlsoe  id  ihe 
^eat  speculum,  which  has  a  circuhir  perforation,  mA,  at  its  centre :  o 
IB  a  small  speculum,  concave  like  the  former,  its  surface  being  either 
^herical  or  parabolicaL  It  is  connected  with  the  aide  of  the  tube  a  b 
try  the  arm  h  k,  and  is  capable  of  being  moved  in  the  direction  of  the 
axis  XT  by  means  of  the  rod  PS  :  the  hitter  passes  through  a  knob  Q, 
which  is  fixed  to  the  side  of  the  tube,  and  works  in  the  knob  b,  which 
passes  through  an  oblong  perforation  in  the  ^e  of  the  tube,  and  is 
attached  to  the  part  k  of  the  arm  hk.  This  movement  is  given  to  the 
small  mirror  in  order  that  its  focus  may  be  made  to  coincide  with  the 
place  of  the  image  formed  by  the  great  speculum;  that  image  being 
at  difierent  distances  from  the  latter  acconling  to  the  distance  of  the 
olriect  from  the  observer. 

%et  o  be  the  upper  rart  of  an  object,  and  let  o  H  be  the  direction  of 
the  rays  in  a  pencil  of  light  diverging  from  o ;  the  rays  of  this  pencil 
will,  after  being  reflected  at  N,  converge  to  o,  which  will  be  the  lower 
part  of  the  image  oi.  From  o  the  rays  in  the  pendl  diverge,  apd  having 
fallen  upon  tiie  small  mirror  at  «,  they  are  reflected  from  thence 
towards  the  eye-piece  X  F :  having  passed  through  the  orifice  m  h,  they 
fall  on  the  lens  at  f,  by  which  they  are  made  to  unite  at  p,  where  an 
image,  pq,  of  the  object  is  formed.  From  p  the  tays  in  the  same 
pencU  again  diverge,  and,  falling  on  the  lens  at  i,  they  are  made  to 
emerge  in  parallel  directions,  so  tnat  the  eye  is  enabled  to  obtain  dis- 
tinct vision  of  the  object  in  the  same  position  as  if  the  latter  were 
viewed  by  the  naked  eye.  The  rays,  after  bring  reflected  at  i»,  might 
with  a  due  concavity  of  the  smaller  mirror  have  united,  as  at  p',  in 
front  of  the  great  mirror,  and  the  second  image  might  have  been 
formed  at  p'q' ;  in  this  case  the  rays  in  each  pencil,  after  croesiDg  one 
another,  would  have  fallen  in  a  diveigent  state  on  the  lens  at  v,  and 
then,  by  the  refractive  powers  of  both  lenses,  they  muld  have  entered 
the  eye  in  parallel  directions  as  before.  The  positions  of  the  lenses  at 
x  and  F,  and  the  curvatures  of  their  surfaces,  are  determined  aocording 
to  the  method  of  Huyg^ens ;  and  the^xnis^ction  differs  in  no  reqiect 
from  that  which  has  been  described  in  Bpeaking  of  the  eye-pfaMes  of 
dioptric  teleeoopee. 


The  magnifjring  power  of  a  reflecting  toleecope  of  this  kind  is  ex- 
pressed by      formula  l?~y;  in  which  ti  is  the  focal  length  of  the 
xy.o« 

great  speculum,  is  the  distance  of  the  small  nMOolum  from  the 
image  pq,  xy  is  the  focal  length  of  the  second  eye-gUM,  and  as  is  ^e 
focal  length  of  the  small  speculum  for  parallel  rays. 

In  the  Cassegrainian  telescope  the  small  mirror  o  is  made  convex, 
and  it  is  placed  so  as  to  intercept  the  rays  from  the  great  speculum  us 
before  the  inuge  ot  is  formed;  tiie  rays  of  each  pencil  conseqawitly 
fall  in  a  convergent  state  on  the  small  mirror,  and,  after  r^eotion  from 
thence,  imite  to  form  the  image  either  at  p'q'  or  siter  ref ractitm  In  the 
first  eye-glass  f.  It  is  obvious  that  these  telescopes,  with  equal  mag- 
nifying power,  will  be  shorter  than  the  Gr^rian  telescopes  by  more 
thui  twice  the  focal  length  of  the  small  speculum ;  and  it  may  be  added 
that,  in  some  degree,  the  spherical  aberntion  is  corrected  by  the  ooo- 
truT  curvatures  of  Uie  two  mirrors. 

The  Newtonian  reflecting  telescopes  have  one  concave  speculum  at 
Uie  bothnn  of  the  tube ;  and,  in  each  pendl  of  light,  the  rays  reflected 
from  it  fall  in  a  convergent  state  upon  a  small  pume  mirror  placed  so 
as  to  make  an  angle  of  45'  with  the  axis  x  t  of  the  telesoo^  :  after 
the  second  reflection  the  rays  unite  and  form  an  image  which  is  viewed 
through  a  Huyghenian  eye-pieoe  fixed  in  the  side  of  the  tube  a  b  ,oppo- 
aite  the  plane  mirror ;  that  is  near  the  open  end  of  the  tube. 

The  great  telescope  constructed  by  Herschel  differs  from  the  Kew- 
tonian  telescope  on^  In  having  no  small  mirror.  The  surfrtoe  of  the 
great  speculum,  which  is  4  feet  in  diameter,  has  a  small  obliquity  to 
Uie  axis  XT,  so  that  the  image  formed  by  reflection  from  it  fuls  near 
the  lower  side  of  the  tube  at  its  open  end :  at  this  place  there  is  a 
sliding  apparatus  which  carries  a  tube  containing  the  eye-glasses.  The 
observer  in  viewing,  is  situated  at  the  open  end  of  the  tube,  with  his 
back  to  the  object,  and  he  looks  directly  towards  tha  centre  of  the 
speoolum,  iba  magnitude  of  which  is  such  that  the  ny*  intercepted 
by  his  head,  In  coming  from  the  object,  do  not  in  aar  sensible  degree 
diminish  the  bri^tness  of  Vhe  image. 

Formerly  the  great  speculum  of  a  reflecting  telescope  was  pressed 
into  its  ceU  by  means  of  springs  attached  to  the  intmor  side  of  the 
brass  plate  at  a  ;  but  the  ribrations  of  Uie  springs  were  found  to  cause 
tremtuous  motions  in  the  image  at  the  focus  of  the  mirror ;  and  this 
efiect  was  so  great  as  to  render  reflecting  tdeseopes  inferior  to  those  of 
the  dioptric  kind.  The  Rev.  Mr.  Edwms,  who  drteeted  the  cause  of 
the  tremors,  at  once  removed  it  1^  taking  away  the  springs  ('  Naut 
Aim,,'  1787);  and  the  same  gentleman  further  improved  the  distinct- 
ness of  the  miage  hj  enlarging  the  aperture  to  which  the  eye  is  applied. 
It  has  been  observed  also  that  when  the  great  speculum  is  nearly  in  a 
vertical  position,  and  consequently  rests  on  its  lower  extremity,  its 
weij^t  bends  it,  and  thus  causes  a  change  in  the  figure  of  its  poushed 
surfoce :  on  this  sccount  it  is  recommended  that  the  speculum  should 
be  made  to  rest  on  two  small  wedges,  placed  one  on  eacn  side,  at  about 
45°  from  the  lowest  point. 

Since  specula  have  been  enlarged  in  their  proportions  the  difficulties 
in  the  way  of  atttuning  distinct  vision  have  increased.  Sir  W. 
Herschel's  48-incb  reflector  weighed  25  owt.,  but  the  6-feet  roeculum 
of  Lord  Rosse  wei^is  no  less  than  4  tons.  This,  as  Sir  John  Herschel 
remarks,  requires  toe  use  of  very  powerful  and  oosUy  machineiy  in  the 
construction  of  such  specula  and  also  in  theur  management  when  con- 
structed. Speculum  met^,  though  highly  elastic  and  rigid  is,  as  above 
noticed,  liable  to  bend,  and  thus  lose  its  figure.  Herschel  notices  the 
case  of  a  speculum  of  18  inches  aperture,  20  feet  focus,  and  2  inches  in 
thickness  which  was  found  to  be  totally  spoilt,  by  being  supported  on 
three  points  at  its  circumference,  and  when  reclined  against  a  flat  and 
strong  wooden  back,  vrith  a  ringle  thin  packthread  interposed  down  the 
middle,  all  trace  of  figure  was  destroyed,  and  the  surf^  was  divided 
into  two  lobes,  each  producing  an  imperfect  image  of  a  star,  connected 
with  an  irrcffulor  burr  of  Ught.  Lord  Rosse  found  that  a'  strong 
pressure  of  tbe  hand  at  the  back  of  his  6-feet  speculum,  which  is 
nearly  6  inches  in  thickness,  produced  sufficient  flexure  to  distort  the 
image  of  a  star ;  and  in  one  of  Foueaulfs  silverglaaa  mirrors  the 
excess  of  central  pressure  of  a  somewhat  over-inSated  lur  cushion 
destroyed  distinct  vision.  The  speculum,  therefore,  requires  to  be 
uniformly  supported  over  every  part  of  the  back.  Where  the  weight 
does  not  exceed  200  or  300  lbs.  a  bed  of  several  layers  of  even 
textured  woollen  blanket  is  sufficient,  provided,  as  Herschel  remarks 
"  the  whole  be  supported  on  a  back  so  strong  as  not  to  yield  under  the 
pressure  in  uiyput  more  than  a  small  aliqiwt  of  the  total  compression 
of  the  cushion?*  For  small  mirrors  or  for  light  glass  ones  an  air- 
cushion  is  a  good  contrivance.  For  a  very  heavy  one,  su^  as  Lord 
RoBse's  six-feet  speculum,  an  ingenious  plan  was  adopted  on  the  idea 
of  the  common  "  splinter  bar,"  by  which  tite  pull  of  two,  four,  or  eight 
horses  drawing  at  once  is  equalised  so  as  to  distribute  the  work 
equally  among  them.  The  Iwck  of  the  mirror,  supposed  to  be  of 
uniform  thickness,  is  divided  into  three  sectors  of  120*.  Let  the 
centre  of  gravity  of  each  of  these  sectors  be  sastaioed  by  a  projecting 
knob,  at  one  of  the  angular  points  of  a  ^b  of  iron  in  the  form  of  an 
equilateral  triangle,  which  is  itself  sustained  by  a  point  under  its  centre 
of  gravity.  In  tills  way  each  sector  being  separately  supported  would 
produce  no  stnin  on  the  others,  and  the  whole  weight  would  be 
equally  distribated  among  the  three  points  of  support.   But  to  invent 
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the  fiaxare  of  each  sector  it  may  be  divided  into  three  portions  of 
equal  vreight,  and  the  centre  of  gravit;  of  each  portion  being  found, 
it  in  turn  is  supported  on  a  pin  or  knob  on  one  angle  of  a  smaller  or 
secondaiy  iron  slab,  which  in  its  turn  is  supported  on  its  centre  of 
mmty  by  resting  on  one  of  tiie  points  of  the  primary  ttiaogle.  In 
UM  caM  of  a  liz-feet  speculum  each  of  these  secondary  areas  may  be 
nibiUvided  into  three  equal  tertiary  areas  -  mmilarly  supported  on 
tertiary  triangular  slabs  oaoh  BU^^rted  at  its  centre  of  gravity  <m  one 
angle  of  a  secondary  onei  In  this  way  the  mirror  may  be  conceived  as 
being  subdivided  into  twenty-seven  equal  areas,  each  separately  sup- 
ported at  its  centre  of  gravity,  and  thus  not  liable  to  bend  by  its  own 
weight.  In  practice,  however,  certain  levers  are  introduced,  the 
action  of  which  does  not  interfere  vrith  the  principle  of  the  contrivance. 
This  clever  azraogement,  however,  was  defeatMl  by  ike  adhesion  or 
stickage,  as  it  i*  owed,  of  the  m^al  to  its  oushion,  uad  this  stioluge 
amounted  to  two  tons  when  the  speculum  was  reating  on  the  bottom 
of  the  tube.  Henoe  it  has  been  found  neoasBsry  to  au^tend  the 
speculum  from  above,  by  meau  of  bandi  of  steel  or  some  other 
support. 

A  reflecting  telescope  is  liable  to  irregular  action  from  currents  of 
noequally  heated  air  in  the  tube,  which  cause  remarkable  distortions 
and  movements  in  the  images  of  objeots.  Sir  John  Hwachel  ('  Rasi^ 
of  Cape  Observations ')  describee  a  method  of  substituting  for  the  tube 
an  open  frame-work  of  iron  which  gets  rid  of  the  objectiim  from 
counter  coirents  of  air. 

Under  Sfbccluh  some  details  are  ^ven  respecting  the  composition, 
the  grinding,  and  the  polishing  of  specula.   As  similar  information 
respecting  gUss  lenses  is  not  given  under  tiie  article  Lehs,  the  deficient^ 
may  to  some  extent  be  supplied  in  tJiis  jdace ;  the  reader  dsnroua  m 
more  ample  inzbrmation  is  referred  to  the 
third  volume  of  Holtopffd's '  Uechanical  Mani- 
/""^^  pulation,'  1860.    The  spherioU  surfaces  of 

N     1^  lensee  are  formed  by  grinding  the  glass  in 

H  rj  oounterpart  metal  tools  (^.  10),  prepared  to 


J     1    the  proper  curvatures  with  the  asmrtance  of 

^  grinding  and  polishing  powden.    The  toc^ 

V""""^        ^"""^  are  in  pairs,  concave  and  oonvsz,  and  these  are 


fint  made  to  correct  each  othei's  errors,  which 
they  do  on  the  principle  which  applies  also  to 
the  lensM  themselves  "  of  the  natural  tendency 
two  sorfaces  which  grind  each  other  by 
equable  mbbing  over  every  part  to  work  each  other  into  a  spherical 
nmcavity  and  convexity  exactly  fitting."  (HeraoheL)  Hence  it  is 
co^aratively  easy  to  form  lenses  into  truly  spherical  surfaoea. 

Tne  etmoave  and  the  convex  tools  grind  each  othei  Ime  with  the 
aadstance  of  emery  and  water,  although  Mr.  Roes  thinks  greater 
accuracy  is  attamed  by  using  the  emery  dry.  The  glass  fci  the  lens 
is  brought  to  the  circular  form  by  means  of  lihankt  or  flat  pliers  of 
soft  iron,  or  to  save  the  material  (since  good  optical  glass  is  more 
precious  than  gold)  selected  fragments  of  glass  bLocES  are  sof  fcenea  oy 
Iwating  to  redness,  moulded  to  nearly  the  required  form,  and  then 
oan^n^  annealed.  Each  lens  is  th«i  coated  on  one  side  with  a  layer  of 
cement,  which  is  run  into  a  bemiaphoical  mass  sufficiently  thick  to  be 
grasped,  so  as  to  form  a  handle ;  but  if  the  lens  is  of  large  size  it  is 
cemented  to  a  metal  handle,  aa  a  wooden  one  would  swell.  The 
cement  is  made  bv  mixing  wood-ashes  with  melted  pitch.  The  g^asa  is 
fint  rong^  ground  within  the  metal  shell  or  basin  {fig.  11),  either  with 
river-sand  and  water,  or  coarse  emery  and 
Flff.  11.  watOT,  until  the  surface  is  brought  nemy  to 

r'*'-*-.«_  the  curve  of  the  shelL   The  glua^is  rubbed 

I  I  with  large  circular  strokes,  and  when  the 

grinding  has  been  carried  far  enough,  the 
glass  is  warmed,  the  cemont  handle  is  shifted  to  the  other  aide,  and 
the  grinding  is  continued  on  the  second  surface  of  the  lens.  The 
parallelism  5l  the  two  sides  is  obtained,  by  obsoYing  that  tiie  edge  of 
the  glass  is  of  equal  tiuokneas  all  round.  The  grindiiw  is  then  con- 
tinued  with  waabed  emery,  six  sizes  being  used,  the  last  size  bdng 
the  fine  powder  collected  after  one  hour's  subudence,  and  which  leaves 
BO  smooth  a  surface  that  when  the  lens  is  held  between  the  eye  and 
the  lig^t  it  shows  a  seml-poliah.  Grinding  the  lens  to  the  true  figure 
or  tnuingihe  lens,  as  it  is  called,  is  generally  done  upon  a  post  with 
the  concave  brass  tool,  much  in  the  same  manner  as  the  concave  and 
the  0(aivex  brass  tools  are  made  to  correct  each  other.  The  grinding  is 
continued  with  etoh  irise  at  emery,  until  the  mariu  made  mth  the 
previous  size  are  removed ;  everything  being  carefully  washed 
between  the  changea  of  siaea ;  for  should  a  speck  of  a  larger  size  get 
into  the  work  it  might  make  a  scratch  which  would  render  it  necessary 
to  re-commence  the  grinding.  The  polishing  is  performed  with  the 
asristance  of  putty  powder,  sifted  through  lawn  and  enclosed  in  a  box 
with  »  lid  perfonted  witii  small  holes;  or  still  better,  mixed  vrith 
water  in  a  omked  bottle,  which  is  shaken  up  every  time  the  powder  is 
to  be  applied,  sod  dUowed  to  subside  for  a  few  seconds.  A  small 
qtiantity  of  the  water  ia  then  taken  out  with  a  dean  stick,  and  thrown 
upon  the  polisher,  so  that  only  the  suspended  portions  of  the  putty 
powder  are  used.  The  powder  is  put  upon  a  [nece  of  thick  silk  (lute 
string),  cut  to  the  widtii  of  about  seven -eighths  the  diameter  of  the 
lens,  and  sinitehed  acrosB  the  middle  of  t£e  brass  tooL  The  lens  is 
rnbbed  biokwardi  and  forwards  in  straight  lines  along  the  silk,  while 
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at  the  same  time  it  is  twisted  round  In  the  hand,  and  also  ttaverved 
gradually  sideways,  until  the  centre  of  the  lens  is  brought  to  the  edga 
of  the  sflk,  when  the  direction  of  the  tzavcvae  is  reversed.  For  l£e 
most  carefully  finished  lenses,  however,  a  pitch  tool  is  inwaied  as 
described  under  Speodldh. 

Mr.  C.  Varley  has  described  {'  Trans.  Society  of  Arts/  vol.  xUx.)  a 
lathe  for  grinding  and  polishing  leases  in  which  instead  of  the  lower 
tools  being  mounted  on  a  fixed  post  they  are  mounted  on  a  revolving 
axis  placed  vertically.  Mr.  Orubb,  of  Dablm,  has  an  apparatus  for  figur- 
ing and  polishmg  lenses,  which  is  said  to  be  very  successful.  For  very 
accurate  work,  the  arrangement  shown  in  fig.  1 2 
may  be  adopted.  After  grinding  in  the  metal 
basin(%ll),thelensLBattachedtothe  lower  end 
of  a  vertical  rod,  of  which  the  upper  end  tenui- 
nates  in  a  sted  ball,  working  in  a  oiu)  and  fitting 
aoeuratdy,  so  that  every  point  of  the  surface  of 
the  lens  may  move  in  a  spneri^  surface  concen- 
tric with  ^e  steel  ball  The  rod  is  grasped  by  a 
woollen  holder,  to  prevent  the  heat  of  tiie  hand 
from  elongating  the  rod.  Below  the  lena  is  a 
small  poliaher  of  ^tch,  spread  on  Itvass  and 
covered  with  a  fine  pcdishii^  powder  mixed 
witii  water.  The  poliaher  admits  of  nice 
adjustment  hv  means  of  a  screw.  The  rod  is 
worked  to  and  fro  as  well  as  circularly,  and  the 
lens  gradually  acquires  a  perfectly  spherical 
and  polished  surhice,  the  radius  of  which  can 
be  adjusted  by  lengthening  or  shortening  the 
rod.  In  manuhctraies  where  latge  quantities 
of  common  lenses  are  ground  and  polished,  a 
number  are  arranged  on  a  oonva  tool,  such  as 
7,  IS,  or  21  around  a  central  lens,  forming 
what  is  called  a  Uodc  of  lenses.  Lmses  of 
medium  quality  and  size  are  generally  ground 
true  and  polished  seven  at  a  time. 

la  forming  the  object  glasses  of  achromatic 
telescopes,  it  is  necessary  to  measore  aoenntely 
the  radii  of  curvature  of  the  lenses,  which  are 
first  tried  experimentally,  and  are  afterwards 
made  as  nearly  as  possible  to  the  radii  obtained 
\(j  calculation.  In  order  to  measure  the  cur- 
vature of  the  grinding  tooli^  Vx,  Boss  invented 
an  Inatrament  called  a  «pjUr(meter,  a  desorip- 
tion  of  which  will  be  foimd  in  the  '  Tians. 
Sodety  of  Arts,'  (vol.  liii.) 

The  edges  of  leuaea  are  made  tma  grind- 
ing in  a  lathe  by  means  of  a  piece  of  brass 
supplied  with  emery  and  water ;  but  in  setting 
the  lenses  in  tiie  lathe  for  tiiis  purpose,  it  is 
cemented  upon  a  chuck,  and  before  the  cement 
bos  set,  the  lat^e  is  set  spinning,  and  the 
reflection  of  a  fixed  object,  suoh  as  a  candle 
flame  or  a  vrindow  bar  ia  watohed,  and  the 
lens  is  adjusted  until  the  image  appears  to  be 
quite  stationary,  notwithstanding  tiie  revolution  of  the  lena.  This 
idiows  that  the  axis  of  the  lens  and  that  of  the  mandril  of  the  lathe 
coincide  and  oonsequcntiy  that  the  lens,  when  its  edge  is  ground  cir- 
eular,  and  put  in  toe  tube  of  the  instrument^  will  coincide  with  the 
axis  of  such  tube. 

The  emtering  of  the  lenses  of  an  sohrconatie  tdesoc^,  so  that  all 
the  centres  of  curvature  of  their  surfaces  shall  lie  in  one  stnught  line, 
and  that  coincide  with  the  common  axis  of  the  telescinw  and  its  eye- 
piece, is  an  adjustment  of  considerable  delicacy,  Wollaston's  method 
of  doing  this  is  described  in  the  '  Philosophical  Transactions'  for 
1822,  and  depends  upon  the  drcunurtanoe  that  the  various  images  of  a 
candle,  ci  whidi  tiiere  are  fifteen  toe  a  tripU  object  g^ass,  are,  if  the 
lenses  be  exaotiy  centered,  all  in  a  right  line  directed  from  the  candle. 

T£LE8C0PE,  HISTORT  OF  THE.  It  has  been  the  fate  of 
almost  every  instrument  by  which  science  has  been  extended,  or  the 
well-being  of  man  promoted,  that  the  precise  epoch  of  its  invention, 
and  even  the  name  of  the  individual  to  whom  the  world  is  indebted  for 
it,  are  alike  unknown.  This  is  particularly  the  case  with  the  teleeoope, 
fA  which  the  earliest  notiAes  are  that  it  existed  in  Knglsnd  and  in 
Holland  near  the  end  of  the  16tlt  or  in  the  beginning  of  Uie  17th 
century. 

There  is  in  Strabo  a  passage  (iii.,  p,  180,  Falooner's  ed. ;  p.  188, 
'  Casaub.')  in  which,  speaking  of  the  enlargement  of  the  sun's  diso  at 
bis  rising  and  setting  in  tiie  sea,  it  is  stated  that  the  rays  (of  light) 
in  passing  through  the  vapours  which  rise  from  the  water,  as  through 
tubee,  are  dilated,  and  thus  cause  the  apparent  to  be  greater  than  tibe 
real  magnitude  (of  the  object) ;  and  from  this  it  has  been  Inferred 
(Dutens,  'Bedierohes,'  &o.),  thou^  the  inference  ia  probably  witiiout 
foundation,  that  there  then  existed  tubes  furnished  with  lenses  for 
magoi^g  objects  refracting  the  light.  It  would  be  needless  to 
make  any  observationa  on  an  inference  founded  upon  an  hypothesiB  so 
obscuredy  eq>reesed :  tiie  words  in  Strabo  probably  signi^  only  that 
the  rays  of  light  mig^t  become  dlvergoit  In  pasting  along  tue  iotarvals 
between  the  particles  of  vapour. 
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Omitting  then  all  noUce  of  thia,  and  of  the  ilkmderrtood  pasflUes 
111  Aristophanes  ('  Clouds ')  aud  Tlin;  (lib.  uxri.,  o.  67)  oooceraftur 
tnnsparant  sf^eres,  or  lenses  for  conoentraUDS  the  rays'  of  light,  it 
tnusb  be  acknowledged  U>at  before  tiie  end  of  uie  ISth  century  teiues 
of  glass  were  in  constant  use  for  the  purpose  of  assisting  the  eye  in 
obtaining  distinctness  of  vision.  Vitello,a  native  of  Poland,  in  that 
century,  gave  some  obncure  indications  of  tiie  apparent  magnitudes 
of  objecte  whan  viewed  through  a  segnwDt  of  a  sphere  of  glass; 
a&d  lloger  Bacon,  in  his  '  Opus  Majus,'  both  mentionB  the  like  fact, 
and  expresses  himself  in  such  a  manner  as  to  indicate  that  in  his 
time  (he  died  in  1292)  specUdes  were  ^reody  in  use.  He  may  not 
have  autiuJly  mode  coinbiuations  of  lauees  in  one  instrutnent,  but  there 
is  no  doubl  of  hiB  being  aware  of  the  tact  that  lenses  might  be  arranged 
BO  that  objecte  Keen  tlm>ugh  them  would  ap^)eu'  to  be  magnified. 

The  idea  being  known  to  tiie  learned^  it  is  soaroely  possible  to 
doubt  that  the  combination  of  two  lenses,  or  of  a  concave  or  convex 
mirror  and  a  lens,  must  have  been  often  mode  during  the  three 
centuries  which  elapsed  between  the  time  of  Bacon  and  that  which  is 
geucrally  considered  oa  the  ei>och  of  the  invention  of  telescopes.  Dr. 
Dee,  in  his  preface  to  Euclid's  '  Elements,' (1570)  having  mentioned 
that  some  skill  is  required  to  ascertain  tiie  numerical  atreogth  of 
an  enemy's  force  when  at  a  distance,  observes  that  the  "  oapt^,  or 
whosoever  is  can^ul  to  come  near  truth  heraio,  besides  the  judg- 
ment of  his  eye,  the  help  of  his  geometrical  instrument,  ring,  or 
staffe  astronomical  [probably  for  determining  the  measure  of  distances] 
may  wonderfully  hdp  himself  by  pergpectice  yUtsies."  These  lost  can 
only  signify  some  kiud  of  telescope,  which  therefore  must  have  been 
then  in  general  use.  And  in  the  '  Fontomatria'  of  Digges  (1571)  It  it 
stated  that "  by  concave  and  convex  mimm  of  droolar  (spheiteal)  and 
parabolic  forms,  or  by  fiames  of  them  placed  at  due  angles,  and  uung 
the  (ud  of  transparent  glasses  which  may  break,  or  unite,  the  images 
produced  by  the  reflections  of  the  mirrors,  there  may  be  represented 
a  whole  r^on ;  also  any  part  of  it  may  be  augmented,  so  that  a  small 
object  may  be  discerned  as  plainly  as  if  it  Were  close  to  the  observer, 
though  it  may  be  as  far  distant  as  the  eye  cau  descrie."  In  the  pre- 
face  to  the  second  editioD  [1691}  the  editor,  who  was  tibe  autiior's  son, 
afltrms  that  "  by  pruportiotud  mirrors  placed  at  oonvmient  angles,  his 
father  could  discover  things  far  uBj  that  he  could  know  a  Bum  at  the 
distance  of  three  miles,  and  could  read  the  superscriptions  on  coins 
deposited  in  the  open  fields."  There  is  iwobably  some  exo^ration 
in  this  account,  but  it  is  sufflciently  momfest  from  it  that  rellectitig 
telescopes,  or  optical  insUiiments  containiiig  ODmbinatioiiB  of  mirrors 
aad  lenses,  were  known  in  Engbbd  before  l£e  end  of  the  Ifitii  century. 
The  claim  of  Baptista  Porta  (between  lfi4fi  and  1610)  to  ihe  inveoUon 
of  the  telescope  appears  to  have  no  other  foandatioii  than  the  oircum- 
BtAQoe  that  he  perceived  a  small  object  to  be  m4gniSed  wbtA  viewed 
through  a  convex  lens. 

It  is  highly  probable  that  the  telescope  had  been  invented  long 
before  the  value  of  -  such  an  instrument  was  duly  appreciated ;  imd  it 
may  have  been  owing  to  the  very  gradnal  discovery  of  ita  importance 
that  the  name  of  the  inventor  bum  Into  oblivion :  about  tiie  middle 
of  tiie  17th  century,  however,  an  effort  was  made  to  disoover  the 
traces  of  the  invention,  and  Peter  Borellus,  in  his  work  entitled '  De 
vero  Telescopii  Inventore,'  which  was  published  in  1665  at  the 
Hague,  has  given  testimonials  in  favour  of  two  persons;  the  first  of 
these  ia  Zachariah  Juu,  or  Jansen,  and  the  other,  Hans  I<apprev,  or 
Lippcrsbeim,  both  of  whom  are  said  to  have  been  opticiaaB,  or 
spectacde-makers,  residing  at  Hiddlebul^,  lo  a  letter  written  by  a 
son  of  Jons,  it  is  stated  that  the  epoch  of  the  discovery  is  the  year 
1590 ;  but  by  another  account,  the  year  1610.  The  same  author  lias 
also  given  a  letter  from  M.  William  Boreel  (envoy  from  the  States  of 
Holland  to  the  British  Court)  which  Beums  to  throw  soma  light  on  the 
acts.  The  writer  of  the  letter  asserts  Uiat  he  was  acquainted  with 
the  yowiger  Zaduriah  Jans,  when  both  of  them  ware  children,  and 
had  often  heard  that  the  elder  was  the  invents-  of  Uie  microtcupe :  he 
adds  (hat,  about  the  yev  1610,  the  two  opticians  Jons  andLapprey  first 
ooDstruoted  teleecopes,  and  that  they  presented  one  to  Priuoe  Maurice 
of  Nafuau,  who  deeired  that  the  invention  might  be  kept  SCO  rot  as 
(the  United  Provinces  being  then  at  war  with  France)  he  expected 
to  obtain  in  the  field,  by  means  of  the  instrument,  some  advantages 
over  the  enemy.  The  writer  further  states  that  the  invention  be- 
came known,  and  tiiat  soon  aftern-arda  Adrian  Hetlus  aud  Cornelius 
]>rebbel  went  to  Middleburgh  and  pKhihaeed  telescopes  at  the 
house  of  Jbds.  This  account  difTers  from  that  which  la  given  by 
Descartea,  (' Dioptrics,'  cap.  1)  who,  writing  in  Holland,  states  that 
about  thirty  yeim  previously,  Metius  (who  was,  he  observes,  a  nati^-e 
nf  Alckmatr),  having  always  token  pleasure  in  forming  burning- 
tnirrors  and  lenses  of  glass  and  of  ice,  by  chance  placed  at  the 
extremities  of  a  tube  two  lenses,  one  thicker  in  the  middle,  and  the 
other  thinner,  than  about  the  edge  (convex  and  ooncave) ;  and  thus, 


that  at  which,  according  to  Borellus,  it  was  mode  by  Jans.  From 
the  papers  of  Harriot,  it  appears  that  this  mathematician  observed 
qKts  on  the  sun,  in  1610,  with  teleso^tes  magnifying  from  ten  t» 
thirty  times ;  but  it  is  uacflrtain  whether  he  got  them  from  Holland, 
or  wbeUiPr  they  were  made  in  this  countiy;  and  tiw  oolf  eonclualone 


at  which  It  is  possible  now  to  arrive,  are,  that  telescopes  were  known 
in  Etfiland  and  Holland  about  ihe  end  of  the  19th  century,  and  that 
in  both  countries  they  were  then  in  a  form  which  rendered  them  prac- 
Ucally  useful. 

The  two  Jansens,  father  and  son,  appear  to  have  used  tlieir  tele- 
scopes in  observing  ^e  heavens ;  and  the  latter  is  said  to  have 
remaiked  four  Bmoll  stars  near  Jupiter:  it  has  been  CMOoluded  from 
^enoe,  that  lie  was  the  first  discoverer  <d  the  satellites  of  that  planet ; 
but  though  this  may  be,  he  probably  diil  not  continue  his  obsemtioaia 
long  enough  to  enable  him  to  determine  their  distances  from  it,-  or  the 
times  of  tueir  revolutions. 

The  use  of  the  tolesoope,  and,  probably,  even  the  knowledge  of  the 
fact  that  it  had  been  invented,  must  have  been  for  many  years  cxm- 
flned  to  the  north  of  Europe ;  for  it  appears  that  it  was  not  till  the 
year  1609  that  Galileo,  who  thA  happeneil  to  be  at  Venice,  beard  from 
a  German  a  rumour  of  ^e  discovery  which  was  said  to  have  been  made 
in  Holland.  The  Italian  philosopher  states,  in  the  '  Sidereus  Nuncius,' 
that  he  had  then  no  knowledge  of  the  nature  of  the  instmmrat,  and 
that  he  requested  a  friend  at  Paris  to  send  him  some  information  con- 
cerning it.  On  being  informed,  merely,  that  it  was  a  tube  containing 
glass  lenses,  his  acquaintance  with  the  n^ure  of  the  refraction  of  light 
enabled  him,  it  ia  Boid,  to  discover  that  one  of  the  lenses  must  have 
been  convex  Mid  the  other  concave,  aad  also  to  detomiina  the  distance 
at  which  they  should  be  placed  from  one  another  in  ordm*  that  the 
objects  Been  through  them  might  appear  magnified  and  distincb. 
Without  however  eupposing  that  Galileo  was  here  guided  by  theotxiti- 
o.iI  considerations  merely,  it  is  easy  to  conceive  that  as  lenses  ol  diirurent 
forms  were  then  in  use  for  spectodes,  he  might  have  obtained  from  an 
optician  some  which  were  of  diffbrent  degrees  of  eouTaxity  and  con- 
cavity ;  and  aftor  a  few  trials  he  must  have  found  such  as  would 
oonstituto  an  instrument  possessing  magnifying  power. 

The  telescopes  wUch  he  constructed  consisted  of  one  convex  object- 
glass  aud  one  concave  eye-glass,  which  were  placed  at  the  extremitlcd 
of  a  leaden  tulie ;  and  the  first  of  them  magnified  the  heights  aud 
breadths  of  objects  three  times  o&ly.  Soou  afterwards  he  made  one 
which  nuignifled  eight  times ;  and  subsequently  he  succcedted  in  form- 
ing a  tdoscope  with  a  magnifying  powerwhicb  oauBed  obj(.<cte  to  appear 
about  thirty  times  as  great  as  they  appear  to  the  unasaistcd  eye. 

The  knowledge  which  man  had  acquired  of  the  virfilile  heavens 
received  many  important  accessions  from  the  discoveries  that  Galileo 
Was  enabled  to  make  by  means  of  the  telescope.  Except  the  sun  and 
moon,  not  one  of  the  odestial  bodies  had  hitJierto  been  observed  to 
have  any  visible  form  or  magnitude,  and  it  was  to  the  ^e  of  reason 
done  that  those  appeared  to  be  anything  but  plane  surfaces.  The 
fixed  stars  and  the  plaueto  were  alike  known  only  as  luminous  and 
ill-defined  points ;  but  when  seen  through  a  teleeoopu,  tlio  planets  were 
found  to  have  certain  magnitudes,  and  some  of  them  to  undergo  varia- 
tions of  form ;  while  the  fixed  stan  appeared  unchanged,  or  only 
divested  of  the  radiance  with  which  they  seem  to  be  surrounded  when 
seen  1^  the  naked  eye ;  and  hence  it  became  obvious  that  the  former 
must  constitute  a  distinct  group  of  bodies  infinitely  nearer  the  earth 
than  Uie  o^ers.  The  sun,  from  the  spote  observed  On  his  surfaoe,  was 
found  to  revolve  on  ite  axis,  and  consequently  was  asoertained  to  be 
globular ;  and  the  light  and  dork  spaces  on  tiie  moon  were  distinctly 
perceived  to  be  mountains  and  valleys,  nearly  resembling  those  features 
on  the  surface  of  the  eartii.  Qidileo  relates,  in  tiie  work  above  men- 
tioned, tiiat  in  the  year  16L0  he  discovered  the  four  satellites  of  Jupi- 
ter, and  obaerred  that  they  revolved  about  that  phinet  as  our  moon 
revolves  about  the  earth.  Kearly  at  the  same  time  he  obBerve<l  that 
Saturn  presented  a  remarkable  ftpposrance :  at  first  he  thought  it  was 
accompanied  by  two  smaller  planeta ;  but  on  using  a  telescope  of  supe- 
rior magnifying  power,  three  were  found  to  be  portions  of  a  vast  anuu- 
lus  which  surrounds  Saturn  without  touoliing  liis  surface ;  aud  soou 
aftorwards  he  asoertained  the  fact  that  Venus  exlulnted  phases  similar 
to  thoee  of  the  moon. 

The  specses  of  telescope  which  vi-aa  used  by  Galileo  continued  fur 
several  yeus  unchanged ;  yet  it  is  ei^mely  defective,  on  accotint  of 
the  small  extent  of  the  field  of  view  which  it  affords  when  ite  magni- 
fying power  is  considerable ;  and  the  Buteviau  or  Galilean  telescope,  as 
it  was  called,  is  now  chiefly  used  in  the  form  of  an  opera-gLus.  It  is 
due  to  the  memory  of  Kepler  to  state  that  he  |)ointed  out  (in  his 
'  Dioptrics ')  the  possibiUty  of  forming  telescopes  with  two  lenses,  both 
of  which  are  convex ;  but  he  did  nut  reduce  his  ideas  to  practice  by 
the  construction  of  such  an  instrument,  and  the  houour  of  having  been 
the  first  to  do  so  19  to  be  attributed  to  tlie  Jesuit  Scheiner,  who,  in  hin 
'  Kosa  Uraina  '  (16C0),  gives  a  descrii>tion  of  telescopes  with  one  convex 
eye-glass.  He  observes  that  they  cause  the  images  of  objecte  to  appear 
in  inverted  positions ;  and  odds,  that  thirteen  yeata  previously  he  had 
used  such  a  telescope  in  the  presence  of  the  Archduke  Maximilian. 

Telescopes  with  a  single  convex  eye-glass  have  been  since  designated 
attronomical,  from  the  circumstence  that  they  were  long  employed  for 
celestial  obEervations ;  the  greater  extent  of  their  field  of  view  having 
caused  them,  notwithstanding  tbe  inversion  of  the  image,  to  superw^de 
fur  that  purpose  the  telescopes  of  Galileo.  It  ought  to  be  remarked, 
however,  that  telescopes  with  two  e^egkueea,  which  the  object 
might  be  seen  in  a  direct  position,  as  it  appears  to  the  naked  eye,  were 
ilewaibed  by  Kepler,  and  constructed  by  Scheiner ;  but  as  tlwy  caused 
the  olneot  to  appear  much  distorted  and  cohmred  about  the  margin  ff 
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ilM  flald,  thi^  van  not  esteemed,  l^n  da  RbeUa,  about  the  aBine 
time,  conetraeted  for  teleflO(^)es  eve-tubee  otntuoiitg  tbree  lenses, 
vbidi,  ha  obMTves,  aflbrd  a  better  image  than  those  with  two.  The 
aaine  penon  was  the  inventor  of  what  ib  called  a  binocular  ieleteope, 
that  ia,  an  instrument  which  conabts  of  two  telescopes  having  equal 
magnii^ng  powers,  and  plaoed  near  eauh  other  in  such  poaitioDS  that 
an  objsot  might  be  observed  wi^  both  tnu  at  the  aama  time. 
Attempts  have  been  since  made  to  revive  thiB  invantitmi  bat  the 
advtDtif^,  it  taj  there  be,  are  man  Qnm  aompMuated  by  like  tvoable 
oi  divMUog  the  two  tubas  to  the  objeot.  Bjr  oombining,  however,  the 
stMeoeoopic  prisoiple,  some  advantagae  an  Ukd/  to  arias,  m  in  tk* 
case  of  tibe  buiooular  microscope. 

The  mami^ring  power  of  a  dioptrical  telescope  ino?eaBlng  with  the 
ratio  whi<£  the  focal  length  of  the  objectclaaB  bears  to  tiiat  of  the  eye- 
^Ims,  and  nooe,  inereasing  the  focal  length  ot  the  former  wltiioat 
mcreaang  ita  diaoieter,  the  oolourad  bordw  round  tha  image  la  dimi' 
niahad  ao  that  viaioD  ia  rendered  more  distinct,  tJie  optioians  of  the 
17tii  oentury  ware  induoed  to  form,  for  objeot-glassea,  lenses  whioh 
wara  aegmenta  of  very  great  spheres — that  ia,  leuaeq  of  great  fooal 
Imgtba.  Camponi,  at  Bologna,  by  order  of  Louis  XIV.,  made  tele- 
scopes having  object-glasses  whose  focal  lengths  were  as  great  as  136 
feet ;  and  vith  nioh^  Caariid,  in  1471,  diiooverad  tbe  aatdUtes  of 
Batuni. 

Huyghena,  who  waa  an  ingenious  mechanic,  as  well  as  a  good 
pfailoauphar,  ccniirived  to  use  an  object-glass  of  long  focus  for  astrono- 
mical puipoaaa  without  placing  the  system  of  lenses  In  a  tube.  On 
the  top  of  a  lon^  pole  which  was  phmted  vertically  in  the  ground,  he 
mouniad  the  object-glass.  Having  fixed  it  in  a  frame  with  joints  so  that 
its  axia  could  be  moved  in  any  direction  by  means  of  a  string  whioh 
was  held  in  the  hand  of  the  observer ;  and  the  axis  being  in  a  line 
paofog  through  tiie  oelestial  body,  a  abort  tabe  oontaining  the  eya- 
glaflBes  was  fixed  to  a  stand  near  the  ground  with  its  axis  in  the  same 
direction.  An  aSrial  refractor  (as  this  kind  of  instrument  was  called), 
having  an  objeot-glass  12S  feet  focal  length,  was  piada  by  Huyghens 
and  presented  to  the  Royal  Society;  and  with  it  Dr.  Bradley  made 
some  of  his  astronomioal  observations.  Pound  used  it  to  furnish  the 
diametera  of  Jupiter  and  Satum,  and  the  elongations  of  their  satellites, 
caloulatod  on  by  Newton  Jn  his  '  Piindpia.'  It  la  described  1^  Huv- 
fl^eiw  in  his  '  Aairoaoo|da  CiHnpendtaria,*  which  was  printed  at  tiie 
Hague  in  1884.  If.  Auxout  ia  sud  to  have  executed  an  atrial  refractor 
at  Paria  of  600  feet  fooal  length  i  but  this  proved  unmanageable.  But 
the  chief  merit  of  Huyghens  as  an  improver  of  astronomical  telescopes 
consista  is  bis  oonatruction  of  au  eye-piece  with  two  lenaea  so  combined 
as  both  to  enlarge  the  field  of  view  and  diminiah  the  aberrations 
pndnead  hf  their  mharicol  fonna. 

There  is  aome  probability  that  the  alder  Digges  had  oontrived  an 
instrument  whioh  constituted  a  speolee  of  catoptric  or  refiectiug  tele- 
BOope ;  but,  on  account  of  the  obaoure  manner  in  which  the  instrument 
is  deaaribed,  it  will  be  scarcely  neoeasary  to  notice  further  iiia  claim  to 
the  honour  of  the  invention.  It  appears  that  Meraenoe,  in  his 
oorreapoodaooa  with  Deecarte8,and  in  bis  'Catoptrics'  (1651 suggested 
the  idak  of  a  oonoava  spharioal  mirror  to  be  used,  lika  Uia  principal 
lens  of  a  diop(»io  tebsoope,  t<x  forming  in  ita  focns  an  image  of  an 
object ;  and  that  this  image  being  viewed  through  a  convex  eye-glass 
of  proper  curvature,  the  original  objeot  would  appear  to  be  magnified. 
Deacartea,  in  his  reply  to  Meraenne,  which  is  said  to  have  been  written 
in  168B,  makes  several  objections  to  the  sobeme,  and  so  ^ort  waa  then 
made  to  pot  it  in  practice.  But  the  great  length  of  the  dioptric  tel»- 
soopee  wbudi  ware  then  in  use  rendering  the  management  of  them  very 
inconraident,  iogenious  men  were  Induead  to  attempt  a  oonstnution 
in  which,  with  equal  magnifying  power,  much  smaller  dimensiona 
mi^t  be  unployed.  If  r.  James  Qre^ry  of  Edinbur^,  in  his  '  OpUca 
Promota' (1063),  published  a  Eu^;estion  for  forming  a  telescope  by 
means  of  tiie  image  at  the  focus  of  a  concave  speculum.  The  mirror 
waa  to  be  of  poliehed  metal  with  a  panboloidal  surface,  whioh  by  the 
pn^wrtiaa  of  that  curve  would  oauaa  all  rays  incident  upon  it  in 
directions  parallel  to  the  axis  to  converge  aeouiately  at  one  point. 
It  iu  unoertain  whether  Gregory  had  any  knowledge  of  Merseuue'a 
treatise,  or  whether  the  idea  originated  with  himself;  but  thia  ia  of 
httle  ccHisaqaeooe,  for  not  being  able  to  find  an  artist  who  could  exe- 
cute such  a  speculum,  though  he  came  to  London  for  the  purpose,  the 
su^eation  was  abandoned,  and  men  of  scieaca  continued  to  direot 
their  inquiriea  to  the  means  of  improving  dioutrio  telesoopea. 

When,  however,  Newton  had  duoovned  the  unequal  refrangibility 
of  light,  and  bad  ascertained  that  the  aberration  produced  by  th^ 
cause  about  the  focus  of  a  lena  was  many  hundnd  times  greater 
than  Uiat  which  was  caused  by  the  apherioal  ftom  of  the  gtau,  he 
gave  up  the  hope  of  being  able  to  construct  refracting  telescopes 
which  should  be  free  from  thia  defect,  and  applied  himself  to 
tho  fbmiatiain  of  specula  for  those  of  the  oatoptiio  lind  :  the  image 
foruiad  by  reflection  from  a  mirror  being  free  mm  what  ia  ciUted  the 
rhroaatte  aberratioH,  and  oonaequently  incomparably  more  distinct 
than  one  wiiich  is  formed  by  tiie  refraction  of  light  in  a  Imu  of  any 
trannperent  medium. 

In  the  beginning  of  1668,  Newton  having  obtained  a  aumposition  of 
meUls  wbiuh  appnred  likely  to  serve  for  a  mirrw,  began  with  hia  own 
hands  to  grind  its  surface  to  a  spherical  form;  and  early  in  the  year 
1673h0oom|^etedtwotclesoaipes;  of  tiw  construction  and  psrtbmiaooa 


of  tiissa  instruments  ha  sent  ttf  tiie  Jtofal  Sodety  an  aocount  whidi 
was  read  in  tho  January  of  that  jiax.  The  radhis  of  the  conoeve  metal 
ia  one  of  them  was  18  inches,  and  the  telescope  magnified  about  88 
times.  The  rays,  before  forming  an  image  In  the  focus  of  the  ^culum, 
were  interoepted  by  a  glass  pnsm,  or  a  plane  mirror,  and  the  image 
formed  after  thia  second  reflection  waa  viewed  by  a  convex  eye-glaas 
whioh  was  fixed  tor  the  purpose  in  the  side  of  the  tube.  In  the 
tdeeeope  ^opOBSd  by  Gr^;ory,  the  rays  in  each  pencil  of  light,  after 
crossing  tk  tha  fooue  of  the  great  speculum,  were  to  fall  upon  the 
sur&ce  of  a  small  concave  mirror;  and  by  this  being  t^nfal  reflected, 
they  were  (o  form  a  second  image  near  the  anterior  surface  of  the  flnt 
speculum :  throng  a  perflation  in  the  latter  the  image  waa  to  be 
viewed ;  a  convex  Imu  being  interoosed  between  the  image  and  the  eye 
of  the  observer.  This  has  been  always  called  the  Orcgorian  telescope; 
and  in  1672,  the  year  in  which  Newton  completed  his  refiectmg 
telesoi^MS,  H.  Casaegrain,  In  France,  proposed  one  whioh  differed  from 
that  of  Oregoiy  only  in  the  rays  reflected  tfom  tiie  great  speculum 
being  intaroepted  by  a  small  o<wvex  mirror;  from  this  the  rays  of  each 
penoii  were  again  reSeoted,  and  they  were  made  to  form  an  image  near 
the  anterior  surface  of  the  great  speculum ;  this  image  was  to  be 
viewed  tiirou^  a  convex  lens  behind  an  aperture  in  the  latter  specu- 
lum, as  in  ue  telescope  of  Gregory.  It  does  not  appear  that  H. 
CasMgrain  constructed  such  a  teleeeope,  but  it  may  be  observed  that 
the  image  formed  after  reflection  from  the  convex  speculum  would  be 
more  free  from  the  abarratioB  eaused  by  tiie  surfaces  of  the  mirrors, 
and  would  also  be  rathw  greater,  than  that  which  is  obtained  tttaa 
the  concave  speoohun  of  Gregmy,  or  the  dsne  one  whuh  was  used  by 
Newton. 

The  first  reflecting  teleeeope,  in  which  the  great  speculum  was 
perforated  so  that  objects  oould  be  viewed  by  looking  directiv  at  tiiem, 
was  executed  by  Br.  Hooke,  and  produced  before  the  Boyi^Bocia^  la 
February,  1674.  But  tiie  difficulty  of  obtaining  metal  proper  for  the 
purpose,  and  <^  giving  it  a  perfectiy  spherical  form,  for  a  long  time 
prevented  reflecting  telescopes  from  attaining  the  desired  degree  of 
parfeotion.  In  1718  Mr,  Hadley  succeeded  iu  executing  two  telus- 
eopes,  each  about  five  feet  long,  which  were  conBidered  good ;  and  be 
gave,  in  the  '  Philosophical  Transactitms'  (1723),  a  description  of  the 
methods  employed  in  th^  ooBstouotion,  Bj  his  advice  l)r.  Bradlm, 
who  was  then  profeesw  of  aatrooomy  at  Oxford,  in  conjunction  with 
Mr,  Uolyneux  at  Kew,  applied  themselves  to  the  construction  of  these 
instrumoite  ;  haviug  executed  one  which  was  satisfactory,  they  in 
1738  instructed  Scarlet  and  HoEune,  two  London  opticians,  in  the 
processes  which  tliey  used,  and  these  artists  prosimtfy  succeeded  in 
making  good  reflecting  telescopes  for  general  sole.  Mr.  James  Sh^rt 
of  Edinbur^,  also  aoon  aftarwards  distius;u}ahed  himself  by  his  skill 
in  forming  such  telescopes :  Iieattempted  atfirst  to  ijoake  the  principal 
speculum  of  glass,  but  finding  tiiat  tiiis  mateiial  had  not  sufQcient 
steadiness  to  preserve  the  form  of  Its  surface,  he  devoted  himself  to 
the  improvement  of  metallic  specula,  and  succeeded  in  giving  them, 
it  is  supposed,  a  oorreot  purabolie  figure,  by  which  means  his 
telescopes  admitted  of  larger  apertures  than  any  that  bad  before  beep 
made. 

The  proosssas  adopted  by  Ur.  Uudge  in  grinding  and  polishing  the 
mirrors  for  reflecting  teleset^ies,  and  in  giving  them  uie  parabolic 
figure,  may  bo  seen  in  the  '  Philoeophioal  Transactions '  for  I777.  Bee 

also  Sfbouldm, 

But  the  reflecting  telescope  was  carried  to  a  hig^  degree  of  excellence 
by  Dr.  (aftwwards  Sir  William)  HwecheL  This  distinguished  astro- 
nomer, while  residing  at  Bath,  em^<^red  his  leisure  lioura  in  grinding 
and  polishing  specula,  with  which  ne  formed  telesoopes,  both  of  Vbo 
Newtonian  and  Oregorion  kinds;  and  about  the  end  of  178S,  that  Is 
subsequentiy  to  the  discovery  of  the  planet  which  is  sometimes  called 
by  hU  name,  being  oidod  by  the  liberality  of  the  king  (Oeorge  III.),  he 
b^;an  the  formation  of  a  speculum  four  feet  in  diameter  and  forty  feet 
in  focal  length :  the  telescope  to  which  it  appertains  is  of  the  Newtonian 
kind,  the  observer  being  placed  in  a  seat  near  the  open  end  of  tiie  tube, 
and  viewing  the  image  through  a  system  of  eye-glasses.  With  this 
talesoope,  which  was  completed  in  1789,  objects  are  magiified  about 
6500  tunes ;  and  on  the  night  aftw  it  was  tinished.  Dr.  Hersoliel  dis- 
covered the  sixth  satellite  of  Saturn.  Tho  attempts  tiiat  have  bean 
made  to  form  a  reflecting  telescope  possessing  a  higher  degree  of 
perfection  than  that  of  Herschel  will  be  noticed  presenUy. 

While  the  improvement  of  reflecting  telescopes  was  in  prepress,  the 
efforts  to  oomblna  glass  leases  in  order  to  dimimsh  the  coloured  fringes 
by  wliioh  tiie  images  in  dioptrical  telescopes  are  surrounded  were  nut 
entirely  neglected;  and  aa  early  as  1729,  a  private  gentleman,  Mr, 
Chestar  llore  Hidl,  of  Essex,  influenced,  it  appears,  by  an  opinion  that 
the  humours  of  the  eye  are  combined  so  as  to  correct  tho  disuert>iuna 
whiut  eaob  alone  would  produce  in  the  diSbrent  kinds  of  light,  con- 
trived to  combine  two  l«nses  of  diflbrent  kinds  of  glaaa  In  auw  a  way 
as  to  form  an  image  which  was  free  trom  colours;  it  is  added  that 
telescopes  with  such  object-gtasaea  wen  in  the  posseBuon  of  several 
individuals  many  years  afterwuds.  ('Oent.  Hag.*,  October,  1790; 
'  Phil.  Mag.',  November,  1798.) 

In  1747,  Euler,  guided  also  by  the  constitution  of  the  eye,  conceirc<I 
tiie  posaibility  of  forming  a  lens  compounded  of  two  hollow  spherical 
segmrats  of  ghus,  inclosing  water  between  their  concave  aides,  wbidt 
should  be  free  hma  the  duomatioal  and  sfdieriesl  abemtions ;  and  in 
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iQveetigatiiig  the  curraturefl,  he  aaBumed  that  the  logarithnu)  of  the 
terms  ezpressiiig  the  rati^  of  the  refraction  of  a  mean  ta^  in  passing 
from  air  into  gUas,  and  from  air  into  water,  were  proportional  to  the 
logarithms  of  the  teams  ezpreesing  the  ratio  of  the  refractitHU  of  red 
raya  in  the  same  media.  He  was  not  able  to  obtain  from  any  artist  a 
lens  of  this  nature,  in  which  the  proposed  end  was  acoompliahed,  and 
Mr.  Dollond,  in  a  short  paper  which  is  printed  in  the  '  Pailoflophioal 
TransactionB'  (1752),  o(mt«sted  the  jtutnen  of  Euler'a  priudple  on  the 
ground  that  it  was  contrary  to  one  which  he  ooncelTed  to  be  founded 
on  the  experimenta  of  Newton. 

But  H.  Klingenstiema,  a  Swedish  mathematician,  having  soon 
afterwards,  in  a  U^moire  which  waa  sent  to  the  Acad^mie  des  Sciences, 
pointed  out  that  the  priooiple  which  had  bean  adopted  hj  Dollond  was 
not  oonformabla  to  the  acknowledged  laws  <d  refraction,  the  latter 
determined  Immediately  on  having  recourse  to  experiment.  Either 
guided  by  the  object-glasBes  constructed  under  the  direction  of  Mr. 
Hall,  or  from  a  seriee  of  experiments  made  by  himself  on  the  refrac- 
tion of  light  in  wedges  of  crown  and  flint  glass,  he  discovered  that  by 
employing  a  convex  lens  of  the  former,  in  combination  with  a  concave 
lens  of  the  latter  kind,  the  of  the  di£^r«nt  colours  in  each  pencil 
of  light,  after  refraction  through  both,  might  be  made  to  unite  at  the 
focus,  and  thus  produce  an  image  of  the  object  nearly  free  from  colour, 
For  this  important  discovery  Mr,  Dollond  received  from  the  Royal 
Society  the  Copleian  medal.  In  1765  hia  son,  Mr.  Peter  Dollond, 
diminished  the  aberration  of  light  on  account  of  the  spherical  forms  of 
the  lenses  hy  combining  together  two  convex  tenses  <si  crown  ^ase  with 
a  concave  kna  of"  flint  ^aas  between  them :  this  eoiutrDOti<ni  it 
particularly  advaatageonsioy  the  inraeased  aperture  which  it  allows 
when  the  focal  length  of  the  compoimd  lens  is  short 

For  several  years  aftw  the  telescopes  thus  improved  by  Dollond  had 
been  in  general  use,  Euler  continued  to  believe  that  all  kinds  of  glass 
differed  but  little  from  each  other  with  respect  to  their  dispersive 
power,  and  he  asmbed  the  sucoess  of  the  English  artast  mere^  to  a 
fortunate  detenninatioii  of  the  curvature  of  hia  lenses;  but  having,  in 
the  year  1764,  received  inf<»matioii  tiiat,  by  the  addition  of  lead,  glass 
had  Dean  obt^ed  whose  dispersive  power  was  four  times  as  great  as 
that  of  the  oommon  kind,  he  immediately  renounced  his  former 
opinion ;  and  from  that  time  the  merit  of  t^e  achromatic  object- 
glasses,  aa  they  were  called,  haa  been  firmly  established.  'Iho  most 
'taninoit  mathematicians,  both  on  the  CmtineDt  and  in  this  counby, 
have  subsequently  investigated,  on  sdentiflo  prinoiplss,  the  curvatures 
whidh  should  be  given  to  the  suifitcss  of  lenses,  so  that,  the  focal 
length  of  tin  o<unpound  lens  being  assumed,  the  cbromatical  and  sphe- 
rioal  aberratunu  may  be  corrected. 

The  arrangement  of  lenses  for  the  eye-pieces  of  telescopes  is  of  no 
lees  importance  than  l^e  formation  of  the  object-glass ;  and  Huyg^ens 
pn^Kwed  CDioptrics,'  prop,  fil),  in  order  to  Himinjifh  the  refracUon  of 
ught  at  the  sur&css,  to  subrtitnto  for  the  single  eye-glaas  of  the 
common  astronomical  telescope  two  convex  leases,  of  such  curvatures 
that  the  whole  refraotionf  cn>  the  aog^  between  the  inddent  and 
emergent  ray  in  the  former  construction,  shoold  be  divided  between 
the  two  lenses. 

One  mode  of  efiectdng  this  purpose  is  to  place  the  first  eye-glass,  or 
that  which  is  nearest  to  the  object,  so  aa  to  intercept  the  pencils 
coming  from  the  object-glasB  before  the  rsys  are  united,  and  thus  the 
image  is  formed  aner  the  refraction  of  uie  light  in  this  lens :  the 
second  eye-glass  u  then  placed  so  that  the  rays  falling  on  it,  after 
having  crossed  at  the  place  of  the  image,  are  made  to  enter  the  eye 
parallel  to  one  another.  A  micrometer  cannot  be  applied  to  such  an 
eye-piece,  since  any  change  in  the  place  of  the  lens  which  is  nearest  to 
the  eye  would  derange  its  adjustment :  these  eye-pieces  can  however 
be  rendered  achromatio,  and  they  have  the  greatest  ponible  field  of 
view  ^  they  have  therefore  been  constructed  for  the  purpose  of  merely 
viewing  the  celestial  bodies  by  Dollond,  Ramed^,  and  Frauenhofer. 
Mr.  Ramsden  was  the  first  who  constructed  eye-pieces  with  two  looses 
which  were  capable  of  being  used  with  a  micrometer :  this  he  accom- 
plished by  placing  the  tube  containing  those  lenses  so  that  the  rays  in 
the  pnu^,  after  crossing  at  the  focus  of  the  object-gjbss,  fell  in  a 
diverging  state  upon  the  first  eye-glass,  and,  sfter  rafnction  in  both, 
Ipntend  the  eye  in  parallel  directions. 

With  both  these  kinds  of  eye-pieoes  the  object  appears  to  be  invMted ; 
Ibut  eye-pieces  with  three  lenses,  by  which  the  object  is  made  to  uipear 
in  the  erect  position,  had  been  proposed  by  Rheita :  these  being  Kiund 
defective,  Mr.  Dollond  endeavourt^  to  improve  upon  Uie  constniction 
by  dividing  the  refraction  at  the  first  and  third  eye-glasses  between 
two  lenses,  scoording  to  the  method  recommended  by  Huyghens;  and 
thus  he  framed  eye-tubea  with  five  lenses.  But  some  light  ia  always 
■lort  by^  reflection  when  it  falls  upon  glass ;  and  in  order  to  diminiiih 
this  evil,  Dollond  subsequently,  retaining  the  Huyghenian  constmotitm 
in  the  two  lenras  nearest  to  the  eye,  used  bat  one  lens  to  perform  the 
office  of  the  second  and  third  (in  the  eye-piece  with  five  glaBses),  in 
rendering  the  rays  of  each  pencil  convergent  after  the  first  had  dimi- 
nished the  divo-genoy  caused  by  the  crossing  at  the  focus  of  the 
obj«ot-^ass :  he  thus  succeeded  in  producing  an  eyo-pieoe  of  four 
lenses  which  was  nearly  aplanatic,  or  free  both  from  the  cbromatical 
and  spherical  aberrations ;  and  suoh  are  the  telescopes  now  in  oommcm 
use  for  viewing  terrestrial  objects. 

The  chief  improvements,  if  they  m^  be  so  called,  which  have  sines 


been  made  in  dioptric  toleecopes,  conaist  in  the  means  which  have  been 
adopted  to  remove  those  abenations  more  completely ;  and  the  natures 
of  the  different  media  which  have  been  used  for  this  purpose  by 
Dr.  Blur,  Sir  David  Brewsttt',  and  Mr.  Barlow,  axe  mentiooea  under 
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We  must,  however,  briefly  notice  the  attempts  that  have  been  made 
of  lato  years  to  improve  what  is  called  optical  glass,  Flint  glass  is  subject 
to  numerous  defects  resulting  from  a'  want  of  uniform  densi^,  which 
defects  are  so  common  as  to  have  obtuned  ^liniaTigiiiabmg  names,  such 
as  stria,  or  wrtath,  ktiott,  ihreadt,  and  teart.  The  sbries  are  undulating 
appearances  in  the  glass,  whereby  the  li^t  in  passing  through  it  is 
refracted  and  dispeisiBd  in  different  directions,  producing  a  wavy  effect, 
not  alwi^  apparent  until  the  gjaas  enters  into  the  constniction  of  an 
optical  instrument.  Knots  are  opaque  particles  derived  from  the  glass- 
TOt,  or  particles  of  glass-gall,  or  imperfectly  vitarified  grains  of  sand. 
Threads  and  tevia  also  consist  of  partially  vitrified  matter.  The  glitsa 
may  also  want  clearness  from  the  presence  of  minute  bubbles  or  ued, 
as  it  is  called,  diffused  through  tiie  glass  in  oonsequence  of  its  not 
having  been  kept  suffioently  fluid.  It  is  said  that  good  results  have 
been  obtained  by  horisontal  sections  of  the  whole  omtuits  of  a  pot  of 
glass. 

Our  spao»  will  not  allow  us  to  do  more  than  indicate  the  various 
attempts  that  have  been  made  to  improve  optical  glass.  After  the 
discovery  of  the  achromatic  principle,  it  was  seen  how  important  it 
was  to  obtain  glass  of  imiform  density.  Dollond,  and  the  best  opticiuia 
abroad,  had  extreme  difficulty  in  obtaining  glass  adapted  to  their 
purpose.  The  Academy  of  Sdences  at  Fsxis  offered  prues  in  vain  for 
unobjectionable  optical  ^ass  :  some  of  the  best  chemists  devoted  their 
attention  to  the  subject,  but  they  did  not  suQoeed  in  obtaining  larger 
glasses  than  from  3  to  34  inches  in  diameter.  Manufacturers  also  made 
the  attempt  without  success.  M,  Quinand,  a  watoh-maker  of  Brenets, 
near  Neumh&tet,  in  Switzerland,  was  the  first  to  approach  the  solution 
of  the  dif&oulty.  He  is  said  to  have  ^t  rid  of  stties  diligently 
stirring  and  mudng  the  materials  while  in  •  state  ot  fusion.  His 
Buocess  was  sudi  as  to  induce  M.  Utgsdmdder,  of  Munich,  to  join 
him  and  M,  FrauenhotEbr  in  thttr  ei^tablishment  at  Bttiediotbaiiem  In 
Bavaria.  He  accepted  the  offer,  and  renuined  with  them  from  1806  to 
1811;  one  of  the  hu^est  glasses  resulting  from  their  experimente  (9 
inches  in  diameter)  is  now  in  the  Observatory  at  D<n^t  Quinand's 
presoice  greatly  imjnvved  this  manufactory,  and  achromatics  of  6,  7, 
8,  and  8  Mches  in  aperture  issued  from  the  estaUishmsut,  whi<^  oon- 
tinued  after  the  dnth  of  Frauenhofer  to  maintain  Its  reputatam  under 
the  management  of  Messrs.  Merz  and  Mahler,  Ouinand,  towards  tiie 
close  of  his  life,  had  some  communication  with  the  Astronomical 
Society  of  London,  A  disc  of  flint  glass,  6  inches  in  diameter,  was 
reported  on  favounbly  by  Messrs.  Dollond,  Herschel,  and  Pearson.  A 
comnusmon  was  also  appointed,  coousting  of  Measis.  HeiBofael,  Faniaj, 
Dollond,  and  Boget,  to  inquire  into  th«  manufacture  of  ^t  glaas. 
Mr.  Faraday  pursued  the  inquiry  for  some  time,  and  succeeded  in 
producing  a  borate  of  lead  of  remarkable  purity.  But  the  excise 
officers  were  foimd  to  be  so  obstructive  in  their  regulations,  as  to 
make  it  very  difficult  to  pursue  the  inquiry,  which  was,  thwefore, 
terminated.  Quinand  is  said  to  have  imparted  his  secret  to  his  aous 
before  he  died,  and  they  endeavoured  to  sell  it  oa  the  best  terms  in 
England  and  France.  H.  Bontempa  became  assooiatad  with  one  of  tiie 
sons,  and  in  1828  th^  succeeded  in  producing  good  flint  g^ass,  tiie 
largest  discs  bring  from  12  to  14  inches.  Ouinsnd's  widow  and  another 
son  eateblished  wotks  in  Switserland,  and  ware  succeeded  by  M, 
Daguet,  of  Soleure,  some  of  whose  producto  appeared  at  the  Oreat 
£]£ibition  of  1861.  The  Juiy  Report,  Class  XXIV.,  stetes  that  these 
discs  "  confirm  the  belief  that  there  are  even  more  impedimenta  in 
fabricating  crown  glaas  of  large  size,  than  in  makii^  good  crystal.  In 
order  to  render  it  free  from  imj>uril7,  it  becomes  more  ^fScult  of 
manufacture,  more  liable  to  tension,  snd  to  accidents.  It  requires  a 
hi^or  temperatura  By  inoearing  the  &dlity  of  fusion,  the  disposi- 
tion to  attract  humidity,  or  to  swea^  is  increased.  In  rendering  it  too 
hard,  the  ruik  of  crystamsal^  and  inqwrbot  Titrifioation  in  oooling,  ia 
incurred." 

Soon  after  1848,  M.  Bontempa  joined  the  house  of  Messrs.  Chance, 
Brothers,  and  Co.,  who  det^mined  to  devote  some  of  their  large 
means  to  the  manufacture  of  optical  glaas.  Thqr  succeeded  in  pro- 
ducing discs  of  extaraordinsiy  dlmensionB — ^in  flint  of  29  inches  in 
diameter,  weig^iii^  2  cwt.,  and  of  crown  glass  up  to  20  inches.  The 
large  flint  glass  was  ground  and  finished,  and  was  said  to  be  so  uniform 
in  density  and  otiierwise  satisfactory,  that  the  Jury  recommended  a 
council  medal  to  be  awarded  to  the  manufacturers. 

Mr.  Rosa  lias  called  attention  to  a  defect  in  optical  glass,  which  may 
bedebeoted  by  the  seardhing  agency  of  pcJarised  light  A  glass  of  not 
more  than  8  iadhes  in  dlsmeter,  undei;goe8  the  annealing  process  with 
difficult,  coding  more  rapidly  at  the  sur&ce  than  in  the  mteriw,  and 
as  this  t^duioy  increases  with  the  size,  the  production  of  a  disc  of 
29  inches  is  justly  regarded  as  a  very  remarkable  work. 

Sir  John  Hers^el,  in  a  recent  article  on  the  telescope  ('  Ency,  Brit.') 
Buggeste  tiiat  the  ultimate  perfection  of  the  achromatic  teJeecope  would 
be  obtained  were  it  posnble  to  manufacture  other  species  of  glass 
with  a  much  loww  dispernve  power  than  crown  or  plate  s^aas,  or  a 
different  action  on  the  rays  of  intnmediato  refraagibiwy.  The 
fluoric  compounds  have  rematkably  low  dispersive  power,  that  of 
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cijoUte  and  floifa  of  linw  U  tmly  two-tluriB  tlut  of  plate  glass,  holding 
neatly  the  nme  t^iiM  frith  respect  to  thia  glass  th&t  the  latter  does  to 
flint,  The  flconde  of  stroatium  is  also  suggested  as  a  promisiiig 
material.  It  ia  also  stated  that  M.  Jamm,  by  usiiig  oxi<^  of  sine 
instead  of  that  of  lead  in  flint  glass,  has  succeeded  in  forming  a  nno 
fliot  glass  of  exquisite  limpidity,  of  low  refractive  anddfipendTe  power, 
and  oapaUe  of  bong  wrought  into  diaca  of  soy  aize. 

Attempts  have  been  nude  by  If.  Cheralira-  to  l^in1itlUh  the  abeira- 
ttons  bf  mems  of  two  aohromattc  obj«ct«la8sea  placed  at  a  certain 
distanoe  from  each  other  in  the  tube ;  and  by  Mr.  Itogera  of  Leith,  by 
a  single  convax  lens  of  plate-glass,  in  combination  with  a  double  achro- 
matic lens,  the  oonrex  lena  bang  of  plate-gtass,  and  iha  concave  lens  of 
flint-glaas.  This  last  gentleman  proposes  to  unite  the  red  and  violet 
rays  at  the  image  d  the  object  )iy  a  proper  distance  between  tiie  single 
and  the  doable  lens,  and  to  eotreot  the  spherical  aberration  either  by 
giving  proper  emrvafeores  to  the  tnrbeaB  ai  the  compomid  lens,  or 
placing  the  two  leuns  at  a  small  distanoe  from  eaoh  other  in  the 
narrower  ^ai  of  the  ounrergjng  eone  of  rays.  ('HemdrsoftheAstron. 
Soc.,'  vcd.  liL) 

This  was  reduced  to  practice  in  1839  by  M.  Floeal,  of  Vienna, 
under  the  name  of  the  Dialytic  Telescope,  which  is  characterised  by 
Sir  John  Heraobel  as  a  vtrj  arUflciid  and  beautiful  invention,  highly 
deserring  furtiier  trisL"  Somewhat  resembling  tiiis  conbivanee  is 
U r.  Peter  Barlow's  plan  of  [^aoing  in  the  narrowing  cone  of  nya  from 
a  ^te^bn  objeofc-Iens  a  concave  lens  formed  of  two  plate-^iaBS  cap- 
solM  of  equal  tmckneBS,  indostng  between  tiiem  a  higUy  dispersive 
fluid,  namely,  tiie  bisulphide  of  carbon,  of  which  the  refractive  index 
is  1'678,  and  the  dispeisiTe  power  0'11£,  or  more  than  double  that  of 
flint-gbsa.  This  floid  lena  Is  eoncaTo^OQTex.  By  proper  curves  the 
spherical  absiTation  can  be  destroyed;  and  by  Tatying  the  distance 
between  the  two  lenses,  exact  achromaticity  can  be  produced.  The 
priodiple  was  tested  in  a  telescope  of  8  iuchea  aperture  and  12  feet 
focal  length,  with  aucceea :  as  Hr.  Barlow  remarks,  "  lees  than  an  ounce 
of  snlphuret  of  carbon,  value  three  shilliDgs,"  was  made  to  perform  the 
oflice  of  a  very  cosUy  flint  disc  of  8  inchee.  ('  PbiL  Trans.,'  1828, 1829, 
18S1.) 

Sir  D.  Brewster  has  suggested  ('  Treatise  on  New  Phil.  Inat.,'  p.  400) 
that  it  may  be  possible  to  remove,  or  at  least  very  much  diminiah,  the 
■uncorrected  colour  in  the  image  by  the  use  of  two  lenaea  of  the  same 
kind  of  glass  with  the  aame  or  diGTerent  dispersive  powers.  He  pro- 
poeee  that  the  exterior  lens  should  have  the  meniscus  form,  the  convex 
side  being  outwards,  in  order,  from  tiie  obliquity  of  the  incident  rays 
to  ths  snr&oe,  that  ths  diqMnion  produced  by  that  lens  may  increase 
in  a  lustier  rsOo  than  its  nfraotion,  so  that  the  dispersion  produced  by 
the  other  lens  may  be  corrected ;  while  in  each  pencil  the  raya,  after 
refraction  through  both,  may  be  convergent 

It  would  be  improper  to  omit  here  to  mention  that  V.  Amid,  at 
Hodena,  some  years  since,  invented  a  crpeciee  of  achromatic  telescope 
1^  a  oomfainatitm  ci  four  prisms,  all  of  the  same  kind  of  glass :  the 
nfimeting  edgM  of  one  pair  of  the  prisms  were  parallel  to  one  another, 
and  tiiose  <9  tiw  othor  pair  were  also  parallel  to  one  another, 
but  perpendicular  to  the  edges  of  the  first  pair ;  and  each  pair  formed 
an  achromatic  combination.  By  the  refraction  in  the  first  pair,  the 
breadth  of  the  object  is  magnified,  and  by  that  in  the  second  pair  tiie 
length  is  magnified  in  the  same  ratio :  thus  the  result  is  an  image 
nndUatorted  and  mfgwifi**^  Sir  John  Heiachel  states  that,  in  1826,  he 
saw  in  tlw  bands  of  its  inventor  one  of  these  telescopes,  which  mi^nified 
abont  four  times. 

The  success  which  Bir  W.  Herschel  obtained  in  the  construction  of 
reflecting  telescopes  was  unrivaled  during  many  years;  but  at  length 
has  been  surpassed  by  Ewl  Roese,  who  has  erected  in  the  grounds  of 
Birr  Castie,  Farsonstown,  Ireland,  two  telescopes,  in  the  lesser  of  which 
the  speculum  is  of  three  feet  aperture,  and  in  the  greatw  telescope 
0  feet,  or  a  rsSeotang  suifaoe  id  28*274  square  feet,  being  greater 
than  thai  of  Hersehd's  large  telescope  In  the  ratio  of  7  to  8.  Its  focal 
length  is  6S  feet  It  can  be  used  either  on  the  Newtonian  or  the 
Herscheliao  principle.  The  great  tube  is  of  wood  hooped  with  iron, 
and  is  7  feet  in  diameter  and  S2  feet  in  length.  It  is  suspended 
between  two  lofty  meridional  w^  of  solid  maeonry,  between  which 
its  uppn-  end  is  allowed  a  ooosidwable  amount  of  lateral  motion,  so  as 
to  THlfwft  <Nf  op  the  view  of  a  celestial  object  some  time  befOTe 

its  anival  on  the  mendian,  and  following  it  for  some  time  after,  with- 
out displacing  the  lower  end.  This  lower  end  is  supported  on  a  massive 
univernl  joint  of  cast  iron,  resting  on  a  stone  pier  btuied  in  the 
ground,  and  so  counterpoised  as  to  be  easily  moved  m  declination.  The 
preparation  of  the  speculum,  which  wei^  4  tons,  is  described  under 
SracDLim.  The  stairs  and  galleries  for  the  observen  are  supported 
by  the  waatam  jimr.  The  first  gallery  conunands  a  view  of  objects  at 
an  aMtode  of  It  oooriata  of  a  strong  li{^t  prismatic  framing 
riiding  between  two  fixed  ladders ;  it  is  counterpoised,  and  can  be 
raised  to  the  required  portion  by  means  of  a  windlass.  Thero  are 
three  other  galleries  at  the  summit  of  the  western  pier,  which  com- 
mand  the  heavens  to  five  degrees  below  the  pole.  I^ach  gallery  is 
Bu^torted  by  beams  which  run  brtween  grooved  wheels.  For  some  of 
the  addavenents  of  this  s^endid  insteunent  we  may  refer  to  a 
Memoir  by  Lord  Rosse, '  FUL  Trans.'  1860.   See  also  Nebula. 

]fr.  I^sseQs' reflector  has  a  clear  diameter  of  S  feet,  and  20  feet  foesl 
length ;  it  was  originally  erected  at  his  residence  near  Llverpool|  and  in 
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1852  was  removed  to  ICalta,  for  the  advantage  of  a  dearer  atmosphsrs 
and  a  lower  latitude.   By  means  of  thia  instramrat,  Hr.  Lasaells 

discovered  two  of  the  satellites  of  [Tranus,  one  of  Saturn,  and  one  of 
Neptune.  This  instrument  is  erected  under  a  ravolving  cupola  SO  feet 
in  diameter,  eanying  a  stage  for  the  observer.  The  image  may  be 
deflected  towards  the  eye-glass,  either  by  a  small  two-inch  roeoulum, 
or  by  a  prism.  To  prevent  dew  forming  on  the  latter,  a  small  pteoe  of 
heated  lead  is  placed  in  a  case  near  it  Uetal  does  not  oontnct  dewj 
but  glass  is  peculiarly  liable  to  deposit  it;  hence  achromstics  are 
genenUly  f  umished  with  a  daw-tube,  which  is  merely  a  brass  cylinder 
blackened  within. 

In  Mr.  Nasmyth's  reflector,  the  rays  from  the  great  speculum  are 
recMved  on  a  small  speculum  or  prism,  placed  in  the  axis  of  the  tube, 
between  the  focus  and  the  great  ^teculum,  by  which  they  ore  i^eeted 
at  right  aisles,  and  the  image  is  f<nmed  in  a  tube  inserted  in  one  of 
the  trunnions,  on  which  the  instrument  turns.  The  image  is  then 
riewed  in  the  usual  way  by  an  eye-piece ;  the  advantage  is,  that  wldle 
the  great  tube  is  moved  in  altitude,  the  side-tube  is  fixed,  and  the 
observer  can  survey  the  whole  meridian  or  any  other  vertical  circle 
without  changing  his  position.  The  inetrummt  is  moved  in  arimuth 
by  means  of  a  tum-taole,  on  whidi  is  the  frame  of  the  instrument  and 
the  seat  for  ths  observer,  who  con  thus  oommaod  svoy  required 
motion,  both  in  altitude  and  azimuth.  The  great  tube  has  a  length 
of  28  feet,  and  a  diameter  of  54  inches. 

Tdeeoopes  for  general  astronomical  purposes  ore  now  almost  always 
mounted  equatoriiuly,  and  great  imin^jvements  have  been  made  in  the 
mounting,  the  metood  of  the  Astronomer  Royal  being  particularly 
recommended  for  its  lightness,  combined  vrith  extreme  stiffiiees  to 
resist  both  flexure  and  twist 

The  histcoy  of  the  tdescope  may  be  asalsied  by  reference  to  the 
following  heads  :  EqnAToaiAL ;  Transit  ;  Specdlum  ;  Achrokatio  ; 
Light;  LKMa;  Aplanatio  Lens;  Aberhatiom;  Micrometer;  Eye- 
FiECK ;  Astrolabe  ;  Quadrant  ;  Theodolite  ;  Heliostat  ;  Helio- 
heter;  Oftoueter;  Rkpraction;  Dispersion. 

TELESCO'PIUM  (the  Tdesct^),  a  oonstellatiim  of  Locoille,  in  the 
southern  hemisphere,  surrounded  by  Ara,  Pavo,  S^gittsriu^  and 
Ophiuchua.   Its  pifndpal  star  Is  as  follows : — 
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TELLER-BISMUTH.  ■  [TELLCniiTU.] 

TELLERS  OF  THE  EXCHEQUER  (taiOer)  were  the  holders  of 
an  andsnt  office  in  the  Exchequer.  [Tally.]  They  were  four  in 
number;  thdr  duties  were  to  reoeivs  romey  payable  into  the 
Exchequer  on  behalf  of  the  king,  to  ffive  the  derk  of  the  pells  (skins 
or  rolls  of  parchment)  a  bill  of  receipt  for  the  money,  to  pay  all  money 
according  to  the  warrant  of  the  auditor  of  receipts,  and  to  make 
weekly  and  yearly  books  of  receipts  and  payments  for  the  lord 
treasurer.  <4  '  Inst*,  108 Com.  Dig.',  tit '  Court,' D.  4, 14, 15.)  The 
office  was  ab(didwd  by  aot  of  pariiamoit  (4  ft  S  Wm.  IV.,  &  IS), 
together  whh  that  of  the  clerk  of  the  pells  and  the  several  offices 
subordinate  thereto. 

TELLURETTED  hydrogen.  [Thllubioil] 

TELLURIC  ACID.  [Telluridii.] 

TELLURIUM  (Te)  is  a  rare  dement,  very  similar  to  Sslenich, 
and  dosely  allied  to  Sulfhdr.  It  is  sometunes  found  in  the  free 
state,  but  usually  ooonrs  in  combination  with  metals  forming  Idlurida., 
[TELLURtcic,  in  Nat.  Em.  Div.]  Vnm  tbe  Nagyag  ore,  wfaidi  con- 
tains about  thirteen  per  cent,  it  is  obtctined  by  dissoMng  in  nitric  add 
after  the  sulphides  of  lead  and  antimony  have  been  separated  by 
digestion  in  hydrodiloric  add.  The  nitric  acid  solution  ia  evapomted 
to  dryness,  the  residue  treated  with  hydrochloric  acid  and  filteml,  and 
tellurium  thrown  down  from  the  filtnvte  by  the  addition  of  sulphite  of 
soda.  > 

Tellurium  has  a  rilvsr-wfaite  lustre,  and  Is  very  brilliant :  is  etystal- 
line  and  brittie,  of  a  lamellar  fnuiture,  easily  pulverised,  and  a  worse 
conductor  of  electrid^  than  antimony  or  bismuth.  Its  specific 
grarity  is  8*66.  It  fa  nearly  as  funble  as  antimony,  and  at  a  hi(^h 
temperature  it  boils,  and  may  oe  distilled.  When  strongly  heated  m 
contact  wltii  ur,  it  bums  with  a  lively  blue  flame,  green  at  the  borders, 
and  f oms  a  white  viqwur,  whldi  has  an  add  odour. 

The  equivaleat  of  tellurium  is  94*6. 

Tdlurium  and  oxy{/m  form  two  oompounds  : — 


Tellnrooi  acid  TeO, 
TeUnrU  said       >      •      ■      ■       .  .  ToO. 


Their  constitution  is  obvunialy  similar  to  that  of  snlphnrons  md 
Bulphtuic  acids. 
TELLURIUM-AMYL.   [Oboano-Metallio  Bodies.] 
TELLURIUM-ETHYL.   [Orqaho-Metallio  BoDiEa] 
TELLURIUM-METHYL.   IOboako-Ustallio  Bodies.] 
TELLUROUS  ACID  (TeO,).   It  has  been  already  mentiraied  Hut 
when  tellurium  Is  heated  in  contact  with  ur,  it  bums,  and  a  white 
vapour  is  formed ;  this  is  oxide  of  tellurinm,  or  tellurous  add.  It 
m^also  be  obtained     tba  aciirai  of  nitrio  add  on  the  mstalj  by 
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adding  water  to  tbe  eulution,  part  of  tbo  oxide  ii  preofpMated,  and  the 
remainder  la  obtained  b;  erapotation  to  dryneso.  It  Is  a  white 
gnnalar  anhydrous  pow-der,  whieh  slowly  reddens  moist  Htmns-psper, 
and  is  insolable  in  water  and  acids.  It  is  dissolred  by  a  solution  of 
pqtash  or  soda,  and  by  fuaisg  with  their  oarbonatee  cryetallissble  salts 
are  formed :  when  these  are  daeomposed  adds,  hydrated  tellnrous 
aoid  is  predpitotad,  whioh>  if  washed  witii  toij  oold  water  aoid 
dried  at  a  temperatore  not  ^wve  58*  Fahr.,  may  be  prwwrred  without 
snffering  chaoge.  The  hydrate  Is  aoIdUe  in  water,  adda,  ammonia, 
and  the  alkaline  carbonates,  which  last  it  decompoeea ;  the  aqueous 
solution  reddens  litmus-paper :  when  zinc,  tin,  and  some  other  metals 
are  left  in  a.Boltttion  of  this  acid,  they  deoxidiBe  it,  and  nwtallio 
tellurium  is  prediatatod  in  the  etate  of  a  Uadt  powder.  Ita  aaUa  are 
called  ItUuriUa. 

TtUarie  A  eid  (TeO,).— Thif  otHnponnd  is  obtained  by  foaing  tdlarouB 
add  with  nitrBte  of  potash,  -whiA  oxidiam  H  eompletely,  and  ^e  result 
ia  idlnrate  of  potadL  When  chloride  of  barium  Is  added  to  the  last- 
named  a^t,  tellurate  of  baryta  is  preal|^tated,  which  being  decomposed 
hy  auli^uric  acid,  yields  a  solution  of  telluric  acid,  and  this  solution 
fumishen  hesagongJ  crystals  of  the  aoid.  It  acta  but  feebly  as  an  acid, 
the  dilute  aoluticm  reddening  litmua-paper  with  diffloulty,  aiHi  Its  taste 
ia  rather  metallic  than  soar :  the  oiystato  contain  inter,  two-tlihda  of 
which  they  lose  at  about  912''}  the  remainder  below  a  led  heat 
becoming  a  moss  of  a  fine  orange  colour,  which  is  completely  insoluble 
in  water,  either  cold  or  boiling,  or  hot  hydrochloric  or  nitric 
acids,  or  solution  of  potaah.  It  is  deeompoted  a  high  temperature, 
and  conrerted  into  a  white  powder,  which  is  teUorona  add.  Ita 
are  called  tellia-ata. 

JJydrogm  and  Tdherivm  form  tdluretUd  h]/^rogeit  {TtH), — tVTien 
teUnriom  ie  alleged  by  fusion  wiUi  tin  ot  sine,  and  the  compound  is 
acted  upon  by  hydrochlcnic  add,  the  hydrogen  of  the  decampoaed 
acid  diesolTes  tellurium,  and  telluretted  hydrogen  gas  ia  <ri}t<iined. 
This  gas  has  a  smell  resembling  that  of  hydrosulphurle  add :  It  la 
soluble  in  water,  forming  a  colourless  solution,  which  beeomea  brown 
by  exposure  owing  to  separation  of  tellurium.  As  it  possesses  acid 
properties,  though  to  a  Blight  extent  only,  it  has  been  called  hydro- 
teliurie  euid.  It  dec<nnposeB  many  metaltte  lalta,  yielding  an  aUoy  of 
tellurium  with  the  other  metal.  Chlorine,  nitric  add,  and  the  oxygen 
of  the  air,  all  take  the  hydrogen  from  the  tellurium. 

Chhritu  and  Tdluriuia  form  two  compounds.  When  a  feeble 
current  of  chlorine  gas  is  paased  over  tellurium  at  a  high  temperature, 
the  ehloridt  formed  posses  over  as  a  Tiolet^oloiired  vapour,  whidt  con- 
denses at  first  into  a  black  liquid,  and  eventual^  into  a  mJid  of  the 
same  colour.  It  is  decompaaed  by  the  acUon  water  into  met^e 
tellurium,  which  is  precipitated,  and  bichloride  of  tellurium,  which 
remauia  in  solution. 

It  is  composed  of  one  equivalent  of  chlorine,  and  one  equivalent  of 
tdlurium  (TeCl). 

The  Bichloride  of  Tellurium,  (TeCI,)  is  obtained,  aa  above  stated,  by 
the  action  of  water  on  the  biohlonde,  but  ia  batter  procured  by 
paa^g  a  larger  quantity  of  chlorine  over  tdlurium  at  a  lower 
temperature  than  in  forming  the  chloride.  It  ia  volatile,  and  attj 
excess  of  chlorine  being  separated  by  agitation  with  mercuty  ami 
rectification,  it  is  obtuned  as  a  white  crystalline  solid. 

Sidpkvr  and  TMurium  combine  in  two  proportions  :  the  hitulpkide 
(TeS,)  is  obtained  when  hydrosulphuric  acid  gas  is  passed  through  a 
solution  of  tellurouB  acid,  or  of  a  soluble  tdlurite.  It  ia  of  a  du^ 
brown  colour,  and  is  soluble  in  a  scdution  ot  potesb. 

Tertulphide  of  Tellurium  (TeSJ  is  obtained  by  mixing  a  solution  of 
persulphide  of  potassium  with  one  of  a  salt  of  telluric  add.  It  ia  of  a 
deep  yellow  colour;  but  it  is  a  veiy  unstable  oompound,  for  It 
Bpeeduy  becomes  black,  and  is  converted  into  bisulphide. 

TEMPERA  (Ital.  A  tempera),  tiut  metiiod  of  pointing  in  which  the 
vehicle  employed  is  composed  of  a  j^atauous  mattow  (usually  glue, 
white  of  egg,  or  gum),  diluted  (or  "  tempered")  with  watar ;  geaso,  or 
plaster  of  Paris,  being  added  to  the  colours  to  give  them  greater  con- 
sistency, or,  as  it  is  termed,  body.  This  was  the  method  employed  by 
the  ancient  Egyptians,  the  Greeks  prior  to  the  introduction  of  wax  as 
a  vehicle  [Encaustic  Painting],  and  by  the  early  Christian  pointers. 
[Faiktikq.]  Distemper-puntjng,  aa  now  practised  by  soene-paintera 
and  decorators,  is  only  a  leu  refined  form  of  tempera,  frcan  which  it 
has  indeed  denved  ita  designation.    [DlSTKMplR;  SoElfB-PAIirTlllo.] 

TEMPERAMENT  {temperamejUam,  tipaatj)  is  a  vague  and  unsatisuo- 
tory  term,'but  it  is  one  which  as  Mayo  observes  ('  Pathology  of  Uie  Human 
Mind')  has  been  long  and  generally  adopted  as  a  convenient  generalisa- 
tion.  Hie  word  means  literally  a  tempering,  or  mixing  together,  and 
may  be  defined  to  be  a  peculiar  state  of  the  ayatem  common  to  several 
individuals,  which  results  from  the  varioua  proportions  la  which  the 
elementary  piuts  of  the  human  body  are  mixed  up  together,  sdA  which 
gives  rise  to  a  tendency  to  certain  phenomena.  There  is,  besides,  in 
each  individual  a  further  peculiarity  of  combination,  which  serves  to 
distinguish  his  temperament  from  that  of  any  other  perron,  to  whom, 
however,  he  may  in  other  respects  bear  a  great  reeemblance.  This 
individual  temperunent  is  called  an  itftoayncnuy  (that  is,  a  peculiar 
mixing  together),  and,  as  the  two  words  are  sometimes  oonfonnded,  it 
may  be  useful  to  pomt  out  the  diitinetioQ  between  them.  All  the 
di&rent  mtems  of  organs  in  the  human  frame  ue  accurately  adjusted 
to  each  other,  so  aa  to  ^duca  one  faarmonfoiu  whole.   If  ttie  cUi^- 


portioQ  be  too  great,  disease  ensaes;  but  there  are  moay  gradations, 

compatible  wHh  neoHii,  where  yet  ttds  diipiroportic»  is  very  observable. 

The  predominanee  oi  any  particular  Bysfeem  of  wgans  modifies  the  whole 
economy,  Impreaaee  striking  differoncee  on  the  results  of  the  oigaoisa- 
tion,  and  has  peibaps  almost  as  great  an  influenoe  on  the  moral  and  intel- 
lectual as  on  the  physical  fooatties.  This  predominaooe  establiabea  the 
temperament :  it  ia  the  eanss  of  It,  and  eonsUtutea  its  eownoa.  The 
andents  paid  eoBolderabls  attSBtion  to  the  anbjeet  of  MapeiwaantB, 
and  pointed  ontvofioaapeonllarities  hi  the  eonslitatioo  and  actions  of 
the  human  body,  which  have  been  seen  so  fiv  to  eooadde  with  general 
obMration,  thitt  tildr  nomenelatore  has  continued  in  very  gen«al  use 
even  to  the  present  day^  idtbou^^  the  hypothesis  on  which  it  was 
founded  is  nnivemlly  discarded.  They  deaertbed  four  temperaments 
corresponding  to  tbe  four  qualitiea  of  Hippocratee — hot,  oold,  moist, 
and  dry.  It  was  BOppo«ed  ^at  then  ware  four  eorrespoBdlng  pruoaiy 
components  of  the  humim  body,  nomefy,  blood  («^),  juikgm  or  pituita 
{^*ytu>),  and  the  two  kinds  of  bile  <al  Sfo  Xo^>  jeUow  hOe  ({«t«4 
XoA^);  «id  black  bile,  or  otrabllls  OUfcaxra  xo^4) ;  and  tiie  preponder- 
ance of  one  or  other  of  these  components  in  different  persons  pitoduced 
tbe  different  temperaments.  These  four  primary  prindples  of  living 
bodiee  were  supposed  to  be  oompounded  oi  the  simple  denMDta  or 
qualities  of  nature  thua :  hot  and  tnoistivodMe  blood;  cold  and  moisty 
phlegm  or  pituita ;  hot  and  dry,  yellow  bile ;  abd  vM.  and  d^,  black 
bile.  Bodies  in  wbteh  blood  superabounds  are  of  ^e  aanguiae  tern- 
penunent;  if  phlegm  is  In  excess,  the  phlegmatia  temperament  is 
developed ;  if  yellow  Ule,  the  oholerio ;  and  if  blodk  Ule,  tbe  melan- 
cholic or  atrablDoba  t«nperamenL  A  minute  description  of  the 
<1i&erent  temperaments  is  given  by  FooIub  ^gineta, '  De  Be  Medica,' 
lib.  i.  cap.  6L  The  due  admixture  of  the  di&reot  qnalitisa  was 
8U]>posed  to  constitute  the  best  form  of  temperament  ot  ecmstitution 
(tUpaalik),  of  which  tiie  f(Jlowiiig  la  Faulus  ^gineta's  description 
"  That  man  ia  in  tiw  bent  tempeiamentof  body  when  it  is  in  a  medium 
between  all  extremes,  of  leanness  and  obesi^,  of  softnesa  and  hardnesa, 
of  heat  and  cold,  of  moisture  and  drynesB ;  and,  in  a  word,  who  has  all 
the  natural  and  vital  energies  in  a  faultless  state.  His  hair  alao  should 
be  ndthsr  thick  nor  thin,  ndther  \t\aA  nor  white.  When  a  bcqr,  his 
lodkm  diould  be  ra&er  tawny  than  Uock,  bat  when  an  adult,  the  eon- 
tjorywiso."   (Adam's  *  Tram.,*  i  «0.) 

Further  faitormation  respeettag  the  cfrfriions  of  the  andenti  on  the 
subject  of  the  temperaments  may  be  found  in  the  treatise  of  Hip- 
pooratee,  '  De  Nature  Hominis,'  tom.  i.,  ed.  Kilhn ;  in  Oalen'a  works, 
'  De  Elementis  ex  Hippoonte,'  tom.  L,  '  De  Tempmmsotis.'  tom.  1., 
'  De  Optima  Corporis  nosbrl  OmstitutioiM^'  torn.  Iv.,  '  De  Sanitate 
Tuenda,'  Ub.  v.,  tom.  vL,  and  his  <An  Medioa,'  tom.i.;  OribasLu^ 
'  Synopsis,'  lib.  v.,  cap.  48,  sq. ;  Aotius,  '  Librl  Hedidnales,'  liU  ir., 
cap.  53,  sq. ;  Haly  Abbas, '  Theor.,'  lib.a. ;  Averroee,  *  Collig:,'  lib.  vi ; 
Aleabaravius,  <  Theor.,'  tract  vl. ;  and  Avic«uia, '  Cantioa,' 

After  the  revival  of  letters,  this  fourfold  dividon  was  adopted  in  its 
most  essential  parte  by  all  the  most  eminent  pbyBi<dogists.  Stahl 
ingeniously  adapted  It  to  the  modem  doctrinsa  of  the  humoral  patho* 
logy  ;  and  tifm  Boerbaave,  althougfa  he  inoreased  the  number  ot  the 
tempetaments  to  d^^t,  and  relizuiuisbed  the  emmeous  opinions  of 
Hippocrates  and  Qalen  respecting  the  oonstituti<ni  of  the  blood,  yet  be 
still  derived  the  characters  of  his  temperaments  from  tbe  prindfdea  of 
the  humoral  patitology,  and  supposed  them  to  be  formed  merdy  by 
diderent  oo&iliinati<H)s  lA  the  four  cardinal  quolitieo.  Many  late  phy- 
^(^[isla  have  been  ineUned  to  doubt  whsther  the  extsmal  cdiaractwa 
associated  witti  the  four  temperaments  are  real  and  constant  aigna  of 
diversity  in  bodily  struotore,  and  enable  us  to  distinguidk  the  principal 
varieties  of  constitution  whidi  exist.  Several  attempts  have  accord- 
ingly been  made  to  define  in  a  man  Batishwtory  manner  the  peeuUari- 
ties  of  organisation  and  the  resultii^  varieties  of  predi^Kntion,  which 
are  chiefly  interesting  with  r<«ard  to  pathology.  Uoffinann  and  Culleo 
hove,  indeed,  retained  the  old  division,  sni^maing  that  tiis  theoiy  ot 
tbe  andents,  as  to  tiie  pecnliaritiss  of  eonstitution,  was  fotaided  origi- 
nally upon  foots,  though  subsequentiy  combined  with  an  erroneous 
theory.  HtUler  aeetna  to  "ti&wt  been  the  first  who  deddedly  Ofniosed 
the  ancient  doctrine,  not  only  by  diowing  tiiat  there  waa  do  foundation 
for  the  varieties  of  the  temperammts  in  tbe  peculiar  nature  vS.  the 
fluids,  but  by  subrtltutingin  thdr  pbcethevitalaetionaof  thesyatan. 
Darwin  proceeded  upon  the  prlnoaplo  tA  Haller ;  and,  in  ocmfuntitf 
wltii  the  hypotheslB  which  he  adopted  ot  reducing  these  aetiona  to  tbe 
four  heads  of  irritation,  sensation,  volition,  and  assodatifm,  he  formed 
four  temperaments  in  wbloh  theae  qualities  were  supposed  respcctivdy  to 
prevail  The  only  attempt,  however,  to  improve  upcm  the  Hippooratie 
theory  and  dividon  which  baa  been  attended  with  any  degree  of  suoceas, 
is  that  by  I^.  Oregoiy,  who,  to  tiie  four  temperaments  oE  the  anoienta 
added  a  fifth,  irtil<^  he  called  the  nsrsQiil^  and  beotowad  upon  three 
of  the  olbentlienewappellatioiiBOf  thefeiite,theKi>a9Ml,aBd«iiiieiifar 
tempwanlenta.  I^,  Prichard,  however,  restricts  the  numbv  to  four, 
and  designates  tiiem  by  their  original  names  I  remarking  that  only  four 
84»>ngly-niarl:ed  divernties  of  external  character  present  themselves 
to  observation  ;  that  the  nervous  temperament  is  not  so  distingoisbed  ; 
and  tiistt,  thereffm,  as  this  ia  an  essential  part  of  the  original  sdieois 
for  tiie  distribution  of  terapersmaits,  the  impiwamaiit  pn^iosed  far 
Dr.  Gregory  is  lame  and  defeotiva.  These  torn  varieties,  than,  of  ex* 
teraal  <diaracter  really  ludioat^  mora  ot  loao  oanstant^,  well-marked 
difibrences  of  constitation,  au^  likewise,  of  BMrbid  imdii^aritiaa. 
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Ther*  u  ma  douhi  that  ptMoiw  haTing  ilw  omglMifM  «nd  otiwr  iim 
of  tlis  HBCttiM  tempenniBDt,  ure  yior*  hhiAa  to  Mrtain  cImhm  of 
diaordan  ftbu  tiis  {ililegmfttis  or  maluiohoUs,  while  the  latter  bare 
thair  owa  peouliar  tcodaanea.  Tlia  sas«uiBe>  hariog  a  fvJIy-deT«loMd 
TMoohv  ■traoture,  and  ttwrefive  «  vig^iu  otrcalatioa  of  blooa,a 
mim  ikia,  aai  a  Ugk  d«f;re»  of  orgauia  atnaibility,  ara  mora  liaUa  to 
•ttddw  and  powerful  ioipreauionB  from  external  agents  tliac  Uu»a  of 
mora  kagiud  -wital  fiawtbtu.  They  are  aubjeot  in  a  peater  degree  to 
■erera  inlammaiory  diamdcra,  and  dLsoiden  of  tni*  olaw  are  in 
tham  more  aonta :  tli>^  bear,  however,  better  than  perB«ia  of  more 
hnguid  habit»  evaeuatione  of  blood  and  the  other  nwaaurea  which  are 
found  ta  be  the  proiwr  temediat  for  theaa  diaeaaea.  The  greater 
falncaa  of  bW-vaaaala,  of  thoaa  at  least  whleh  an  near  the  eur- 
twa,  Um  gmb»  wannth  of  the  skin,  and  the  florid  eomplexuHi  of 
tha  aa^wna,  afibfd  tsaam  to  believe  that  the  dengoation  given  to 
tlw  feampcnmeofc  not  wholly  unfounded.  We  Ukawiae  find  that 
■ngu'Wr  peiaoDB  ara  more  aubjeot  to  hemotrba^  (to  those  at  leaat 
which  are  twmed  aetm)  aa  ariaiug  from  exoeaa  in  the  tuxm  of  oiroula- 
tioD  through  tha  arteriaa.  Indindaab  of  the  pUegmafie  temperament 
ara  prediflpoaad  to  diacndera  ariaing  from,  or  eomwotad  witii,  a  low 
dagrMoCTrtalaneisr.  Local  oingeationa  of  blood  anriogiadependenUy 
of  gmtnl  mitamaub  oome  under  tbia  categtay.  Glandular  and  tubar- 
euur  iliaraaiin  take  [riaoa  in  hodiea  weak  in  the  etruoturee  aonnected 
with  tha  vital  func-tiona,  and  are  peihapa  more  frequent  in  the 
phlflipnatie  than  ia  other  tanyenanenta.  Inflammatory  oomplainta, 
when  thajr  attaek  the  phlcfn^tic,  are  leai  aouta  and  mora  diqxwed  to 
tanaiaate  in  ohronio  diaeaaea  than  are  thoeo  of  tha  aaDgume  oon- 
■tiiU^kiB,  whan  at  least  tha  latter  have  been  treated  by  appn^wiate 
rMDadiaa.  Tbe  rektiona  of  tha  dioleiic  to  the  mebnchoUc  tempera- 
meat  ara  aimUar  to  the  rdationa  wluoh  the  phlegmatic  bean  to  the 
sanguine;  the  former  diaplaya  greater  vigour,  both  in  health  and 
diiranfi  than  ttia  hUter.  The  oluNeric  and  sanguine,  when  afiscted  by 
liisitaitm  of  tha  aarroua  eyatem,  have  oomi^Mots  of  greater  violence  ai^ 
moiiUmim :  mania  or  raving  madneag  belongs  particularly  (oooording  to 
tha  obwrvatioDa  of  U.  Eaquind  and  n»ny  oth«B)  to  these  constatu- 
tions.  Tha  melanaholio  tempenoaeDt  ia  moat  proae  to  monomania, 
•tteaded  irith  daprearitm  and  melanchcdy  flluaiona.  Hypochonckiasia 
muoh  mora  frequently  aSecta  Uie  [dilegmatjc  and  mulaiuMiolic,  though 
it  is  oooaaioDally  obawved  in  pmcw  who  have  some  of  tha  ectwaal 
ohantctata  of  tito  aai«uine  temperament.  Tha  moat  aevare  oaaea  of 
hn>o^k>i>^^*"*j  PnohsnU  Mid  thoaa  whioh  appioatdied  moat 

Bcaily  to  the  dwracfair  ct  meWiAfjii^  ham  •actainW  ooounred  in 
tedindwbof  adaik  laadan  eomptexioB,  fixed  and  ■uUm«i9aek,aad 
lank  ooal-bUok  hair. 

But  it  ia  not  merely  on  the  body,  both  in  Its  healthy  and  morbid 
atate,  that  tha  tMnperament  Mcmta  an  important  influmea ;  tha  r^latioii 
of  tha  different  fonna  of  phyatoal  <»gaiuiation  to  the  inb^eotaal  and 
•van  to  tba  mccal  fbcultiea  is  aqually  marked  and  ^>pareDt.  Tha 
ralatioB  U  BHOtal  peeuliaritiea  to  the  atruoture  of  tha  body  has  been 
observed  by  medioa!  autbore  of  every  age,  and  it  has  been  stated  and 
«s^ained  in  different  ways.  Hippoorates  said  that  "  the  soul  is  the 
aama  in  all  men,  but  that  the  body  ii  difibrwat  in  different  individuala. 
Tha  aoul  is  ever  tike  itacif  both  ia  greater  and  in  lees,  for  it  undergoes 
dtange  neither  by  oat  ore  oor  necasnty  ;  but  the  body  is  aubjoct  to 
mntinnal  altara^ons.  The  afltootionB  of  the  mind  d^)«Dd  upon  the 
bo4y;  than  we  many  statea  of  tbe  lattar  which  shupen,  and  many 
wbiA  obtoad  it."  (Hinp.,  De  Viet4t  SaUone,  lib.  i.,  |  21,  torn,  i.,  p. 
460.)  DeBMMsitua,  in  a  utter  aaid  to  have  bMB  addrened  by  him  to 
HippoenteL  Mvated  that  "tha  intelligence  ot  tbe  mind  dqpwds 
gratly  oa  the  body,  tha  disoasaa  of  whioh  okaoure  the  mental  faeulties, 
and  dnaw  tha  latter  into  conaeni."  <H^:^-,  '  Eptst.',  torn,  iii.,  p. 
Among  the  wiitii^  <^  Qalan  there  ia  a  traatise  entilied '  Quod  Animi 
Mans  Cofporis  TeqmnineBtn  sequaotur '  (torn,  iv.,  «d.  KOhn),  wiittea 
frpraaaly  to  estaUidi  tho  eomwcuoo  between  the  passioas  and  denras 
<rf  tbe  mind  and  the  tempetameots,  wherein  he  has  hsndlad  the  aubjeot 
very  incenioualy  and  has  deliverod  many  profound  views  of  the  animal 
ecnoomy.  But  it  is  in  the  woiks  of  modism  writen  that  wa  find  this 
doctnie  most  fully  devel(^;>ed,  and  made  a  foundation  for  a  divison  of 
human  characters,  though  their  views  ate  minted  wiUi  many  faaoif ut 
■mi  ii^^hiloMi^iiiial  spafiii  Istwmsi 

Tlwioetriiie  o(  t«Bpenunenli  is  tnie  to  a  eartain  extant,  and  haa 
ever  been  eoidrmed  by  an  ^>peal  to  •xperieoee.  States  of  the 
mind  are  ao  connected  with  atiectuma  of  the  body,  that  it  it  im^ 
pceaiblo  for  any  person  who  cousiden  all  the  phyaiologiaal  fitota  that 
present  themaelvoa  in  connection  with  this  subject  to  doubt  that 
with  anoh  teanpenment  particular  ntental  qualitiea  most  be  assgeintad, 
altbough  it  is  msaifest  tnat  many  miters  hare  ^f^lg"^  their  faasy  en 
thie  subject,  and  have  gone  into  more  full  and  nunnte  detula  than 
euncrience  will  astablML 

miPKlAHENT  AND  TUKIKO.  TemperameDt  is  the  name 
ffwm  to  the  discussion  of  the  subject  of  which  tuning  is  the  appli- 
cation; and  tuning  is  the  art  of  adjusting  the  several  sounds  of  & 
inusicat  inBtrument  so  as  to  nuke  its  scde  approadi  to  correctness ; 
»3bo  that  of  potting  two  instruments,  each  of  whioi  haa  the  parts  of  its 
■oale  in  proper  relative  adjustment,  into  agreement  with  each  other. 

Some  musical  instruments  hiive  a  permanent  relative  scale,  all  the 
parts  of  which,  if  changed  at  all,  change  tcKcther.  Thus  a  horn  or  a 
flute  may  cAia^ge'its  pitch  fnan  the  heat  of  a  room,  but  all  the  ports 


cb«D09  together,  and  the  wlude  efiect  of  temperature  fs  corrected  at 
once  py  lengthening  the  pipe  of  which  the  instrument  coDmsta,  Other 
instruments  require  to  nave  the  ports  of  their  scales  compared  with 
each  other  from  tima  to  time,  owing  to  their  several  parts  being 
unconnected  and  sub^'aot  to  unequal  wear  or  to  aepantte  accident,  si^ 
as  the  wgan  and  piano-foite.  Others  again  are  so  lislde  to  these 
dsnrngamcQts  as  to  require  tuning  on  every  occasion  of  use,  as  thir 
violin  class,  the  harp,  the  drums,  ic.  it  is  not  our  intantioQ  to  enter 
into  the  mode  of  tuning  inatruments  in  detail,  but,  as  i^miaed  in  the 
article  8c ALB,  to  give  awne  account  of  the  difficulties  which  are  met 
with  in  the  actual  constouction  of  any  seals,  and  the  ordinary  nmdes  of 
meetiiig  them. 

In  the  article  jnit  refsned  to  we  ham  pcAited  ont  <he  meflMaataesl 

oommencement  of  this  subject,  and  have  made  it  evident,  from  Arwb 
principles,  that  a  perfect  *  tcaU  is  impossible  j  that  ia  to  my,  one  itt 
which  all  the  internls,  or  even  all  tha  princip^  intervals,  in  every  key, 
tdull  be  perfect  I^at  additional  notes  be  introduced  to  make  sxiatiiig 
keya  perfect,  and  those  additional  notes  would  thenwelveB  become  the 
key-notes  td  new  k^jrit  requiring  additionBl  notes  to  make  (&ait  psrfool* 
Again,  tha  oondititais  of  the  oi^Unary  nuudool  instrumeota  reqtnre  that 
the  octave  shall  constst  of  only  twdve  aemttonee  j  and  though  same 
OfgBos  have  been  conatructsd  with  more,  it  is  not  worth  while  to 
einbajTasB  the  subject  by  treotii^  of  any  other  aoale  th&n  that  of  the 
twelve  Bemitonea.  Wa  shall  uw  the  same  notation  as  bafor^  namelf, 
expressing  the  following  note  of  the  treble  seals, 

by  o,  we  sbMI  denote  the  succ^stfve  cs  in  ascent  by  c*,  &c.,  and 
those  (n  deeceiA  by  c„  c,,  ftc. :  thus,  o,  b  three  octaves  below  c>  and 
0*  is  four  octaves  above  ft. 

The  first  potst  is  to  fix  upon  some  one  note,  by  the  pitc^  of  which 
all  o^em  may  be  determined.  The  ouly  way  of  retaining  a  permanent 
pitch  for  use  is  by  having  an  tastruinent  which  time  will  not  alter.  It 
Is  true  that  the  intch  of  a  note  depends  only  upon  the  number  of 
vibrataons  in  a  second,  and  can,  by  the  description  of  this  number, 
always  be  recovered  by  acoustical  expeitoientB.  But  we  might  as  weQ 
expect  a  carpenter  to  ascertain  Us  own  foot-rule  for  himself  by  the 
[wndulum  aa  an  crdinaty  muaeian  to  appeal  to  the  theory  of  musical 
vibrations.  A  standard  |ntch  is  usually  obtained,  or  professed  to  be 
obtained,  by  the  tuning-fork,  an  instrument  coasting  of  two  steel 
prongs  growing  out  of  a  steel  handle.  When  these  prougs  ore  8har[dy 
struck  tney  vibrate ;  and  if  ^e  instrument  be  then  held  to  the  ear,  or 
placed  iiipm  the  flap  of  a  table  or  any  oOxer  sound-board,  »  low  and 
vety  pure  soand  is  heard,  if  the  prongs  be  perfectly  equal.  These 
tuwngforks  are  usually  made  to  sound  either  c*  ot  a,  and  they  would 
Miswer  Uhkt  purpose  exceedingly  well  if  there  really  were  in  existence 
any  standard  from  which  they  were  made.  But  this  there  is  not ;  and 
the  conaequcnce  is,  that  not  only  do  tha  tuning-foiks  of  different 
maherB  frequently  vary  a  HttJe  from  each  other,  but  the  new  forks  are 
asDsibly  higher  tfa&a  the  old  ones.  We  have  already  seen  how  much 
the  pitch  used  in  different  plactfi  varies  [Acoustics],  and  alao  how 
very  much  what  Is  now  called  concert-pitch  is  higher  than  it  was 
a  century  i^.  [I^pe.]  This  rise,  it  appears,  is  still  going  on,  and, 
unleas  measures  be  taken  to  stop  it,  will  not  finish  untu  all  the  com- 
positionB  of  the  old  masters  are  played  and  sung  two  or  three  notes 
higher  than  they  wore  really  written. 

Thwe  was,  ws  are  told,  a  few  yean  am,  a  standard,  so  callod,  eon- 
stTueted  vmier  the  direction  of  those  who  manage  the  Fbilharmonio 
Concerts ;  but  we  are  not  aware  that  any  account  was  given  of  the 
method  of  seleotion,  or  that  any  experiments  were  instituted  with  a 
view  to  its  perpetuation.  We  are  also  told  that  this  mysterious  stan- 
dard was  committed  to  the  charge  of  one  particular  tradesman,  and 
that  the  reet  of  the  craft  had  difficulty  in  obtaining  it.  We  have  seen 
another  promulga^on  of  a  standard  tuniag-ferk,  for  the  espccMal  use 
of  singjOg-dasBce.  The  prospetftus  of  tho  seller  states  that  careful 
experimwits  have  determined  that  the  Philharmonic  c  (tho  o'  of  our 
notatioa)  vibratea  leaa  than  512  times  in  a  second ;  how  much  less  is 
not  staAed.  These  new  tiining-fotks  ore  asserted  to  have  had  their 
pitch  raised  te  vitirabe  612  timee  in  a  second ;  avowedly  for  no  other 
reason  than  that  S12  is  a  good  nmnber  for  oalculatjcm,  and  inter- 
mediate between  those  of  toning-fcrka  now  in  use ;  and  it  is  stated 
that  every  fbih  is  toned  to  the  true  standard  by  a  "  stuentific  procoa." 
But  dfaeMors  of  eonoerta  and  publishers  of  music  should  be  aware  that 

•  TMamsaMt  of  eovrse,  tMpoMiM«  m  kmc  u  cmlj  twolTS  sounds  are  allowed 
in  Oa  oatafe.  Omsnl  Fsnmiat  Thmapsoa,  a  warn  advoeate  of  the  total 
aboUttOB  af  lM«smman^  has  emutreetei  an  aDharawiife  oTfaa,  wUoh  ia 
publicly  exhibited,  having  fifty-lbor  aonnis  In  the  oeUve,  aad  perfect  In  tveatj-- 
one  ker"*  AU  that  can  he  said  about  lbs  «id)jMt  la  exhauted  in  bit '  Priaeliilea 
and  Practice  of  firtt  IntoDntlai^*  «Ut  edition,  1860  (EOngfaaai  WiUon),  a 
shilling  tract  of  1 1 3  very  (tiU  pages.  We  thlak  that  he  ovwrratea  Ike  admitted 
Ineonrenlenoe;  and  we  deipelr  of  soring  a  plaaororta  with  tftj-foor  toumiM 
which  Bhall  stand  In'tnne,  ao  at  to  preserra  the  minute  difference*  of  nelghboar- 
ing  Mnmda,  Bnt  we  deddedlj-  approre  of  the  attempt :  and  we  can  only  aay 
that  if  then  ■hall  be  a  graeral  demand  for  the  abolition  of  tcmperamcDt,  wa 
hare  no  doubt  the  thing  la  pmeUeablo.  Bnt  a  change  of  musical  icale  requires 
great  eoaeertcd  aotioa :  want  of  instramenta  putd  dlfflcuUlea  in  the  way  of 
aoHMrt,  aad  want  «r  eoooart  puts  diflouUtes  in  the  way  of  gcttlag  tnatnnnenta. 
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no  attention  is  ever  paid  by  tbose  wlio  ondentand  such  matters  to 
■oientifiQ  seoretB;  and  that  until  a  full  aooount  is  pubUdied,  and 
aathentioated  o^daa  of  tite  Btandwd  ara  made  seoure  and  aooearible, 
the  science  of  th«  standard-makera  will  nuk  no  Idglier  than  that  of 
the  tailors  who  cut "  on  unerring  geometrical  principles. " 

Mr.  Woolhouse,  who  made  experiments  on  this  subject  ('  Essay  on 
Musical  InterralB,'  p.  64),  finds  the  "  common  pitch-note  a  "  to  make 
424  double  vibrationB  in  a  second,  from  whence  he  infers  that  c*  gives 
509  such  Tibrationa ;  but  whence  ha  got  this  latdi-note  he  does  not 
state,  nor  whether  he  was  aware  of  tlie  ezietence  of  a  ao-called  Philhar- 
mooio  standard.  As  matters  stand,  we  should  recommend  every  one 
not  to  be  led  into  the  belief  of  the  existence  of  a  standard-  without 
some  better  account  of  it  than  yet  exists,  and  also  in  the  mean  time  to 
do  what  he  can  to  ke^  down  etmcert-pUeh,  so  as  at  least  to  prevent  its 
rising  higher  than  it  now  generally  ia. 

Th«re  ia  another  matter  connected  with  the  tuning-forks  which 
requires  gome  attenlaon.  These  foriu  (in  Enj^and,  not  on  the  Conti- 
nent) are  difflarenth'  manufactured :  there  are  o  forks  and  a  forks — 
that  ia,  forks  which  sound  o'  and  a.  In  the  orchestra,  wMch  must 
follow  the  vioUns,  the  A  fork  is  always  used ;  while  in  tuning  a  piano- 
forte, harp,  tec,  the  c  fork  ia  used.  It  is  much  to  be  wished  that  only 
one,  the  a  foik,  should  be  used.  Even  if  the  scale  were  perfect,  it 
would  still  be  deuraUe  not  to  run  the  risk  of  ^ror  arising  £rom  the 
tue  of  difibrent  forka;  add  to  which,  thai,  without  extreme  care, — 
ancth  care  as  never  is  takm, — it  is  impossible  to  avoid  making  the 
temperament  depend  somewhat  upon  ue  note  which  ia  first  tuned, 
and  which  miut  be  that  sounded  by  the  fork.  We  do  not  certainly 
much  believe  in  the  temperament  of  an  orchestra ;  the  characters  of 
the  instruments  are  vsriovui,  and  the  die^>osition  of  most  of  the  wind 
instruments  to  be  a  little  out  of  tune,  each  in  one  or  more  particular 
parta  of  tJie  scale,  gives  Uiem  each  something  so  like  a  temperament 
(or  dia-temperament,  if  the  reader  please)  of  its  own,  that  the  united 
bo^  disobeys  temperament  to  a  degree  which  sets  tho  slight  differ- 
ences between  one  system  and  another  altogether  asides  In  the  full 
passages  there  ia  too  much  noise  for  the  ear  to  be  very  nice  on  this 
point,  and  in  the  solos  the  leading  instrument  marks  its  own  tempera- 
ment upon  the  whole  ordieetra.  But  when  a  few  instruments  come 
together,  some  of  wUoh  are  tuned  from  A  and  others  from  o,  the  dis- 
advantage of  dlflbrent  temperaments  may  be  sensibly  felt.  But  all 
this  must  be  said  with  much  deference,  for  oircumstanoM  oonneoted 
with  the  scale  or  Its  adjustment  may  produce  raj  different  eflbcte 
on  different  ears. 

We  leave  the  above  as  it  stood  in  the  '  Penny  Cydopsedia.'  In  1859 
the  French  minietiy  made  the  settlement  of  the  musical  pitch  a  govern- 
ment budnesB :  the  O*  was  aettled  at  623  vilnationa  per  second,  which, 
80  much  had  the  mtch  riaen  evm  in  very  recent  time,  was  a  conaider- 
able  abatement.  Also  in  1859,  the  Society  of  Arts  took  up  the  subject 
in  England,  and  a  committee  ascertained  t^t  'o*  had  actually  reacned 
646  vibrations  per  second.  Looking  at  the  love  of  singers  and  concerto- 
players  for  brilliancy, — which,  we  Should  explain  to  those  unversed  in 
music,  means  aqxeaJdiuu, — Hhen  was  much  reason  to  fear  that  ^e  rise 
was  not  near  its  end.  Since  1840  the  pitch  had  riaen  a  semiton& 
For  practical  reasons,  connected  with  the  state  of  musical  instruments 
and  the  want  of  power  to  enforce,  the  society  recommended  that  52S 
dkould  be  the  number  of  vibrations  in  a',  l^iis  pn^toaal  waa  generally 
approved  of^  and  tuning-forks  (a  and  o,  interval  being  that  of  equal 
temperament)  were  constructed  accordingly.  There  is  then  some  hope 
that  at  least  all  further  rise  will  be  stopped;  and  we  cordially  recom- 
mend the  proposal,  not  without  a  hope  that  in  course  of  timeaatill 
further  falTmay  be  found  practicaHe. 

The  leading  note  being  settled,  the  tuner  must  leam  to  tune  that 
note  in  perfect  unison  with  his  fork,  and  tiien  to  tune  the  octaves  of 
that  note  both  above  and  below.  This  seems  to  be  the  most  plain  and 
straightforward  part  of  the  whole  operation;  neverthelees,  easily  as 
;tun«re  take  it,  and  readily  as  they  refer  to  one  of  their  octaves  as  being 
^  good  an  authority  as  the  origiiuil  note  itself,  we  cannot  help  thinking 
that  moce  pains  than  is  usually  taken  might  be  well  bestowed.  A  note 
and  its  octave,  when  the  consonance  is  perfectly  well  tuuedj  should 
eoundlike  one  note:  now  ccnuidering  tiiatm  agntad  piano  there  are  six 
strings  to  be  timed  before  an  octave  is  ready,  three  unisons  with  the 
lower  note  and  threti  vrith  the  upper,  it  ia  not  so  very  easy  to  present 
that  perfectly  indiviuble  e&ct  which  a  good  arluat  ought  to  strive  for. 
There  is  a  method  (given  in  Jouase'a  work)  of  tuning  the  twelve  semi- 
tones of  one  octave-interval  first,  without  tuning  tiie  octave  of  any 
note,  proceeding  upwards  by  fifths  and  downwaids  by  fourths, 
until  the  whole  ia  completed,  and  this  purposely  to  avdd  depending 
upon  notes  in  the  adjacent  octaves.  This  mode,  howevor,  or  any  other, 
must  be  matter  of  individual  selection:  it  cannot  be  suppceedthat  any 
one  method  would  be  best  suited  to  all  ears. 

Those  who  are  acquunted  vrith  the  mathematical  tiieoiy  of  the 
scale  know  that  all  the  concords  cannot  be  made  perfect :  otheis  may 
leam  it  in  the  following  way SurnKwe  twelve  pturfeot  fifths  to  be 
timed  upwards  from  o,  and  give  the  reaulta  the  names  of  tiie  notes 
which  they  would  repraseut  in  the  scale  of  twelve  semitones,  and  in 
the  nomenclatore  of  ahsrpa,  if  the  scale  were  perfect  We  should  then 
Lave 

C,  O,  D',  A',  E*.  B«,  r»lf,  C*J,  G*3,  D*t,  E'Jt,  B*». 

Now  since  tlV  ia  the  sune  note  as  c%  it  appears  that  twelve  perfect 


fifths  should  be  the  same  as  seven  octaves;  and  if  we  paas  to  the 
octave  below,  as  soon  as  we  get  out  of  the  octave  beginning  with  o,  we 
should  have  o,  o,  D,  a,  i,  &&,  the  last  being  o*.  It  will  be  found,  how- 
ever, that  this  is  not  true,  but  that  the  note  obtained  from  twelve 
ascents  by  fifths  intermixed  vrith  six  descents  by  octaves  is  sharper 
than  c\  Again,  if  the  perfect  thirds  be  tuned  from  o,  we  should  have 
0,  E,  0$,  0^ ;  but  it  vrill  be  found  tiiat  o*  obtuned  in  this  way  is  too 
flat.  The  octave  derived  from  the  fift^  vilwatee  223  times  where  it 
should  vibrate  220 ;  and  that  derived  from  the  thirds  vibrates  125 
times  when  it  should  vibrate  128.  The  aligbt  altentUtnt  irtiudi  are 
made  in  order  that  any  one  of  the  twelve  note*  the  octave  be 
fit  to  be  used  as  a  k^-note,  without  any  shock  to  the  ear,  constitute 
the  temperament  of  a  scale ;  the  altered  consonances  ar^  said  to  be 
tempered.  Some  writers  call  tiie  interval  from  the  false  octave  obtained 
by  the  fifths  to  the  true  one,  by  the  name  of  the  ml/;  and  using 
the  word  in  sense.  Lord  Stanhope  contends  (and  justiy)  for  five 
wolva,  one  from  the  fifths,  and  one  from  each  of  the  sets  of  thirds 
be^niung  with  o,  aS,  d,  d][  ;  and  three  more  might  have  been  got  from 
the  minor  thirds.  But  by  the  term  mlf  other  writers  mean  the  bad 
fifth  whidi  exists  in  the  wiJrat  key,  -when  tiie  temperament  is  allowed 
to  favour  some  keys  at  the  expense  of  others.  Simple  as  this  little 
variation  in  the  meaning  of  a  term  may  be,  it  is  wortli  while  to  notice 
it.  A  writer  on  tuning  chanee  some  of  the  piaooftnte-makers  of  his 
time  with  utter  ignorance  of  the  scale,  in  stipulating  wit^  the  tuners 
whom  they  empltnred  tliat  there  should  be  no  wolf.  Jb  all  probability 
they  only  meant  that  no  key  should  be  worse  than  another,  or  that  the 
temperament  should  be  equaL  This  term  wo{f  is  said  to  be  derived 
from  the  jarring  of  a  badly-tuned  consonance,  supposed  to  resemble  the 
distant  howling  of  the  animal :  we  rather  suspect  it  was  ao  called 
because  it  waa  hunted  from  one  part  of  the  scale  to  another  like  a  wild 
beast,  in  hopes  of  getting  rid  of  it. 

Two  ^^Bteins  of  temperamott  suggest  themadves :  the  first,  equal, 
in  which  the  neceeaary  defects  of  ^e  scale  ore  distributed  equally 
throughout  it ;  the  second,  vneqiuU,  in  which  acme  mode  is  adopted 
of  distributing  the  imperfecti<m  ao  as  to  make  some  keys  feel  it  lees 
than  others.  The  most  comnton  practice  of  our  day  is  to  endeavour  at 
equal  temperament  The'  two  systems  have  their  advocates,  and  the 
arguments  for  one  and  the  other  are  as  follows.  In  favour  of  equal 
temperament  it  is  urged  tiiat  all  the  keys  are  made  equally  good,  and 
that  in  no  one  does  t£e  imperfection  amount  to  a  striking  duect :  also 
that  in  the  orchestra  there  is  little  chance  of  any  uniform  tempera- 
ment among  the  various  instruments,  if  it  be  not  this  one.  Against 
equal  temperament  it  is  utged  tiiat  it  takes  awa^  all  distinctive 
character  from  the  different  keys,  and  leaves  no  one  sm^e  key  perfect 
All  these  arguments  have  force,  both  for  and  a^uurt :  for  oiUMlvea, 
we  consider  Uiose  agaiust  equal  temperament  muw  the  stronger.  We 
have  often  felt  that  a  pianoforte  newly  tuned  has,  with  muim  correct- 
ness, a  certain  insipidity,  which  wears  off  as  the  effect  of  the  tuning 
gradually  disappeftrs ;  insomuch  that  the  best  phase  of  the  instrument 
to  our  eara,  ia  exhibited  dming  the  period  which  precedes  its  becoming 
ofbnsivdy  *  out  of  tune.  At  this  time  the  pn^^esa  towards  the  state 
of  being  out  of  tune  {tor  which  there  is  no  single  word,  maltmuUion 
would  do  very  well)  can  only  be  called  a  change  of  the  temperament ; 
and  the  aevem  keys  begin  to  exhibit  varieties  of  character  which,  until 
maltonation  arrives,  render  the  instrument  more  and  more  agreeable. 
But  it  must  be  remarked  with  respect  to  equal  temperament,  that  it 
cannot  be  obtained  in  the  ordinary  way  of  tuning.  The  only  way, 
unless  beats  be  uaed,  of  obtaining  a  given  tempraament,  equal  or 
unequal,  with  certainty,  ia  to  take  a  monocbord,  and  having  calmilatod 
the  proper  lengths  of  the  different  stringi^  to  form  the  successive  notes 
on  ute  monochord,  and  to  tune  the  several  notes  of  the  instrumrait  in 
unison  with  them.  No  tuner  can  get  an  equal  temperament  by  trial : 
so  that  the  question  lies  between  the  having  all  sorte  of  approximations 
to  equal  temperament,  according  to  the  propensities  of  different  ears, 
or  as  many  sorts  of  approximations  to  some  other  aystenu.  Had  the 
English  nation  been  as  musical  as  it  u  mechanical,  a  portable  mono- 
chord,  or  system  of  mooochords,  would  have  been  invented,  on  which 
any  given  system  of  temperament  could  have  been  readily  bud  down 
by  rule,  and  thence  transferred  to  the  instrument. 

The  mode  of  proceeding  by  i^proximation  to  equal  temperament  is 
simply  to  tune  the  fifths  a  little  too  flat,  and  the  following  order  of 
proceeding  is  the  most  usual,  and  has  often  been  given.  The  first 
letter  repreeenis  the  note  already  tuned,  the  aeoond  the  one  which  is 
to  be  tuned  from  it :  a  chord  interposed  in  parentheses  reiaesents  the 
trial  that  should  be  made  upon  notes  already  in  tune,  in  order  to  teat 
the  success  of  the  operation  as  far  as  it  has  gone.  The  fliat  step  is  to 
put     in  tune  by  the  tuning-fork : — 

Ci;C>C;  CGi  GO,  ;  0,D;  DA;  AA,  j  AjE;  (CEG) ;  EB ;  (CEO,  DGB) ; 
BB,;  B.FU;  (Dm);  RtF»tt;  FifCB;  (A>C«E)  ;  CJtGjti  (EGjB) ;  C'F; 
(FAC);  FA.tl;  (A.XDF) ;  A^tM;  MM;  (I«OA« ;  DItG.Iti  (a.UCDJ). 

We  have  written  all  the  semitones  as  sharps,  whether  tuned  from 
above  or  from  below.   Of  course  since  the  fifths  are  all  to  be  a  little 

*  A  miuieBl  oiltle  bai  ttBtsd  tlut  we  avowedly  preftr  an  Instnuneat  omt 
tune.    His  mlauke  probablf  orisca  from  his  confbuadiaff  tfual  temperammt 
vith  per/eel  tuae,  averaite  iln  with  perfect  holineu  :  petbaps  he  did  not  koow 
that  anr  scale  with  twelve  aouada  cannot  be  In  perfect  time  In  every  key. 
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too  BDuU  in  ibtar  intervaJs,  Om  upp«r  note  nuut  be  flattened  vhen 
tuned  from  below,  and  the  lower  note  aharpened  when  tuned  from 
aboreu  In  the  jmoediog,  the  octave  00^  ia  oom|detely  tuned,  and 
alto  the  adjacent  interval  tSc  The  rest  of  the  inatniment  ia  then 
to  be  tuned  by  ootavee.  TixB  thirds  should  all  come  out  a  little 
sharper  Uian  perfect,  as  the  aereni  trials  are  made  :  when  this  does 
not  hai^nn,  some  of  Uie  preceding  fifths  are  not  eqtuL  The  parts 
whidi  an  first  tuned  by  the  fifths,  and  from  which  all  the  others  are 
tuned  bv  ootavea,  are  called  bearmgt. 

We  Htall  now  show  how,  bj  means  of  the  tiheoiy  of  the  acale,  to 
examine  a  system  of  temperament :  the  rest  of  this  article  is  therefore 
only  for  tluiee  who  have  some  mathematical  knowledge  of  the  scale. 
Ereiything  will  be  eipreased  in  mean  semitonea,  and  the  following 
addititHw  will  be  convenient : — A  major  tone  is  2-0S91O0  mean  aemi- 
tonea;  a  minor  time,  1*821087;  a  diatonio  semitone,  1'1I7818;  a 
eommaf  'SUi068;  the  eio«aB'<tf  twelve  pnfeet  flftha  above  seven 
octavea,  '284600,  a  little  more  than  a  oomma,  frequen^  called  a 
comma;  the  excess  of  an  octave  above  three  perfect  thirds,  -410689. 
Various  modes  of  dividing  iha  octave  have  been  proposed — tiiat  is,  of 
ereatiog  imaginary  subdiviaions — hv  means  of  vniicn  to  ex|xree8  the 
various  intervals  required.  None  is  so  coavenient,  in  our  opinion,  as 
the  expression  by  means  of  mean  ae  mi  tones  and  their  fractims. 

We  prdler  to  show  a  complete  examinatiwi  of  one  system,  In  soeh  a 
numner  that  any  one  may  apply  it  to  another,  instead  of  brie^  noting 
the  pecnliaritiee  of  different  systems.  We  shall  take  as  an  example 
Dr.  Young's  flnt  qrateui,  which  ia  as  follows : — Tune  dovniwards,  from 
the  key-note,  six  perfect  fifths,  ascendhig  into  the  octave  intervd  oo^ 
when  neoeesaty  :  then  tune  upwards,  from  the  key-note,  six  equally 
inqterfect  fiftha,  throwing  the  whole  error  of  •S^iH  of  a  mean  semitone 
equally  among  them.  In  the  equal  temperament  the  wolf  is  made  to 
bear  twelve  cubs:  here  only  ^—tugar  ones  of  ooone.  Nowaperfect 
fifth,  beiog  two  major  tones,  a  minor  tcne^  and  4  distmio  aemitone,  is 
thus  oompoaed : — 

Two  major  tones    .      .  4-07S300  mean  semltonei 

Minor  toae      .      .   .  1-824037 
Diatonic  eemitone   .      .  1'117818 


Perfect  fifth 


7-01&55O 


The  imperfect  GlQi  of  this  temperament  is  to  be  flattened  by  the 
aixth  put  of -234600,  or  039100,  and  7-019560 -'089100  is  6-080460, 
the  imperfect  fifth  required.   We  are  then  to  piooeed  as  follows  :— 


Six  Uthfl'downirarda 

perfect. 

0»  12-00000 
7  01955 


fflz  llftlu  opvudi 
ImperfeoL 

0  0-00000. 
6-98045 


1,   V  4-08045 
16-98045 

7-019SS 


L  a 


6-98045 
Q-98049 


2.   AS  0-96090 
7*01955 


D>  18-96090 
D  1-96090 
6-9804S 


3. 


mt  2-94185 
14-94135 
7-01965 


4.  OH 


7-92180 

7-01965 


8.  A 
4.  B 


8-94IS5 
6-98045 

16-82180 
8-92180 

6-98045 


5.   ctt     0  90225 
Ot  12-90226 
7-01955 


5.   V  10-90226 
6-98045 


6.   n  6-88270 


T>]t  17  88270 
6.   n  6-88270 


There  ia  no  doubt,  at  least  in  this  worid,*  much  surplusage  in 
carrying  the  results  to  five  decimals,  or  the  hundred-thousandth  part 
of  a  mean  semitone ;  but  all  calculators  are  aurare  4^  the  desirableQess 
of  using  more  places  than  will  ultimately  be  wanted.  Collecting  the 
above  results,  we  have>  for  the  intMval  «  every  note  from  o,  aa  far  aa 
c*,  aa  foilowa 


C  0-00000 
C8  0-9033ft 
D  1-BS090 
Dt  S-M1S9 


£  S-931B0 
F  4-9SOJS 

O  8-9S015 


Ot  T  93180 
A  8-94135 
Alt  9-96090 
B  10-90239 


We  shall  now  examine  the  eflfbct  upon  the  several  keys.  We  have 
remarked  [Scalb],  that  the  effect  of  making  on  interval  too  small 
ia  to  render  the  consonance  of  a  more  plaintive  diaracter;  while 
we  may  suwose  that  too  large  an  interval  has  a  somewhat  contrary 
effect.   Aa  uie  most  important  dicrd  of  every  key  ia  that  of  the  key- 

*  Hr.  Uanb,  the  aether  of  a  treatise  on  tonliiff,  b  serionilj  of  opinion  that 
a  perfect  Mate  is  one  of  the  blMain^t  nscrted  for  a  fntora  aute.  In  vhieh  "  It 
will  be  part  of  the  cqtoyment  of  the  bleated  to  ohant  the  praUea  of  their  Ciaator 
la  »utie  baUdaJahn,  »hm  ^/ttm*  V  ttmiif  jAaU  m  httftr  ftrpltx  ua,  and 
ttmwtnmmt  iMt    m  swra;'* 


note,  its  third,  and  fifth,  we  must  fom  our  idea  of  the  effect  of  each 

key  from  obeoving  the  effect  of  the  temperament  upon  the  common 
chord  of  the  key-note,  judging  of  the  character  of  the  kepy  by  the 
amount  and  direcUon  of  the  temperament  of  the  third  ajid  fifth. 
Now  a  major  third  ia  made  of  a  major  and  minor  tone,  and  is  there- 
fore 8-86814  mean  semit<meB;  while  a  minor  third,  or  a  maj<ar  tone, 
and  a  diatonio  semitone,  is  3-15641  mean  semltcaiet.  Hence  the 
piincipat  chord  of  a  key,  according  as  it  is  major  or  miwff,  hai  the 
following  intervBla  from  the  key-note  : — 


Major  S-863I4, 
Uioor  3-13D41, 


I-0199S 
7-019H 


To  examine  any  particular  key,  take  out  th6  numbers  from  the  pre- 
ceding table  (^posite  to  the  notes  of  the  principal  chord  (adding  12  to 
make  the  octave  when  neoeaeatr) ;  subtract  the  number  of  the  key-note 
from  each  of  the  other  two,  and  tiie  remainders  will  give  the  tempored 
intomlsL  CtHimare  the  tempered  intervals  with  the  preeeding  oorrect 
intervals,  and  the  amount  and  direction  of  the  temper&xnent  will  be 
seen.   F»  inatsnoe : — 

Key  of  A  major. 
A  i-tiia  C^t  Il-903»        £1  19-93180 

S-94139  B-9tl85 


Tampered  IntarTals  . 
Perfect  intervals  . 

Temperaments  * 


.  S-96090 
.  S'SGSll 

.  + -09778 


6-9S045 


-•OSSIO 


0;D.0  (+'099, 

-■089) 

A,  B,  E 
Mt,  DS, 

(—098, 

ct,n,ot  (+-ai5. 

0) 

P  (--315, 

DJt  (+-170, 

0) 

C  (-'319, 

E  {-f'137, 

-  -039) 

F  (+-098, 

0) 

D  (-'187. 

A  (-I--098, 

-•039) 

rt  (—-098, 

At  (+-117, 

0) 

0  (-'176, 

B  (-t--176. 

-■039) 

Gil  (--176, 

and  +  means  sharper  than  perfect,  —  fiatter  than  perfect.  We  might 
describe  tUs  chord  {keeinng  three  decimals,  wnich  is  more  than 
sufficient)  aa  having  a  temperament  expressed  by  the  following  symbol 
{+  -098  — -039);  and  if  we  examine  all  the  keys  in  the  same  manuer, 
we  shall  have  {ha  following  account  of  this  system  of  temperameot. 
(A  peiBon  who  is  used  to  l^e  subject,  and  to  calculation,  might  proceed 
more  shortly  by  considering  the  law  of  the  system,  but  ue  bcfdnner 
bad  best  take  each  key  by  itself.  We  have  preeraved  the  use  ofuupi 
only,  for  the  sake  of  j^minetry.) 

UetwKay.  TvaperauoiL       UnorKey.  nnperamsiil. 

-•039) 

fl) 
--08B) 

0) 
-•019} 

01 
'  039) 
0) 

The  rulea  for  the  verification  of  evenr  such  process  are  six  in 
number,  and  as  they  ex[K^  relations  which  may  be  mode  of  signal 
use  in  eearching  for  ^tems  of  temperament,  we  give  them  at  length. 
In  all  these  nuas  it  ia  supposed  that  the  fifths  and  minor  thirds  are 
tenqtered  fiat,  tiw  major  tahds  sharp,  and  that  the  signs  are  lugteoted. 

1.  The  sum  of  the  temperaments  <u  all  the  fifths  in  the  twelve  km 
must  be  the  excess  of  twelve  fifths  above  seven  octavee,  or  -23460  of  a 
mean  semitone. 

2.  The  atmi  of  the  temperaments  of  all  the  thirds  io  Uie  twelve 
major  keys  must  be  the  exoees  of  the  octave  above  three  major  thirds 
taken  four  timee.  or  1-64236  mean  semitones ;  the  sum  of  ^e  tem- 
pcntnettts  of  the  thirds  in  any  three  kctys  whose  tonics  are  suoossaive 
thirds  b^ng  the  excess  above  mentiimed,  or  -41059  of  a  bum 
aemitone. 

8.  The  aum  of  the  temperaments  <tf  all  the  thirds  in  the  twelve 
minor  keys  ia  three  times  the  excess  of  four  minor  thirds  over  an 
octave,  or  1*87695  mean  semitones;  the  sum  ot  the  temperaments 
of  the  thirds  in  any  four  minor  keys  whoee  tonics  are  suooessive  minur 
thirds  being  the  exoesi  above  mentioned,  or  -62566  of  a  mean  semi- 
tone. 

4.  The  temperament  of  the  third  in  any  major  key,  increased  by 
the  temperaments  of  the  fifths  t»  Aat  Icey  and  the  three  suooeeding 
dominant  keys,  makes  a  comma,  or  '216063  of  a  mean  semitone.  The 
dominant  of  a  note  is  the  fifth  above  it ;  so  that  tiie  successive  domi- 
nant keys  of  o  major,  for  instance,  are  those  of  0,  D,  A.  Thus,  in  the 
above  nstem,  the  temperament  of  the  third  in  aQ  major  is  -137,  and 
thoseol  the  flflhain  AS,r,  o,  q,  are  0,  0,  039,  '039:  put  these  together, 
and  we  Iwve  -215,  a  cmnma,  as  asserted. 

5.  The  temperameut  of  the  minor  third  in  any  key,  together  with 
Uie  temperaments  of  the  fifths  in  the  thru  raeaseding  aubdominant 
keys,  make  a  comma,  or  -21606  of  a  mean  semitone.  The  subdominont 
of  a  note  is  the  fourUi  above  it ;  so  that  the  successive  subdominant 
keys  of  o,  for  instance,  are  those  of  r,  aS.  dIL  Thus,  in  the  above 
system,  the  temperAnent  of  the  third  in  aS  minor,  tot  instance,  ia 
'216,  and  the  ten^wraments  of  the  fifths  in  nt,  aO,  ct,  are  severally  0 : 
these  put  together  of  course  give  -216,  a  comma,  as  asserted. 

6.  The  temperament  of  the  flat  seventh  in  any  key  ia  the  difibrenoe 
of  thoee  of  the  fifth  in  that  key  and  the  minor  third  in  the  dominant 

^e  algebraist  may  easily  ise  how  then  rules  are  dednoed,  and  also 
tiiat  they  axe  all  wmoh  can  be  obtained.  They  amount  altcqgether  to 
26  equatiaia  of  condition ;  for  the  first,  fdurtb,  amt^fth  rules  contain 
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tliare  u«  elerea  notes  to  be  determined,  and  tber*  «n  8  x  12  or  86 
eqtwtiioiw  between  the  v^uei  of  tboee  noCeg  wd  the  temperuaenU  of 
toe  ma^iH'  tUids,  minor  thirds*  And  fifths.  But  tt  w^uB^&om  bstwesa 
ths  alsrea  viliiM  of  tlie  notes  diQuld  gi«e  SB  ^nmtuioa  bstmen  the 
T«lsfls  U  the  temperaments ;  snd  these  36  equstiuw  sie  oootAined  in 
our  in^  iouith,  sod  fifth  rules. 

Id  ereiy  apBtem  <rf  tempemment  wfaidi  deserres  tlw  dmm,  tlie  fiflke 
muBt  be  iUttened,  and  id^  the  minor  thirds ;  n^iiJe  the  major  thirds 
must  be  aharpened.  In  any  other  case,  the  algebraiflt  might  use  the . 
preoediog  rules  by  considering  as  negative  the  temperamoat  of  a: 
sharpeuM  fifth  or  minor  Uiird,  or  of  a  flvttenad  third.  In  this  sense, 
tiiese  rules  are  always  true,  from  the  uutant  when  the  strings  of  the 
instrument  are  put  on,  and  throughout  Its  existenoe  as  a  sounding 
body. 

It  18  now  easy  to  determine  the  ten^>eranieuta  of  the  thirds  major 
and  minor,  from  those  of  the  fifths.  From  a  comma  subtract  the  sum 
of  the  temperament*  of  the  fifths  in  any  one  key  and  the  three 
following  dtnninant  keys,  and  the  remainder  will  be  the  temperammt 
ot  major  third  in  that  key,  Agoing-  from  a  comma  subbact  the 
sum  of  the  temperaments  of  tlie  fifths  in  the  three  subdominant  kejn 
following  any  raven  key,  and  the  remainder  will  be  the  temperament 
of  the  minor  third  in  tbat  k^.  Hence  we  may.  without  any  trouble, 
lay  down  at  pleoaure  the  temperaments  of  the  fifths,  and  deduce  those 
of  the  thirds.  But  we  cannot,  from  the  temperaments  of  the  thirds, 
deduce  those  of  the  flftlia.  It  must  be  remembered  that  a  succession 
of  fifths,  setting  cut  from  a  given  note,  runs  through  every  note  of  the 
scale  before  it  reaches  that  note  again ;  while  the  major  thirds  are 
brought  up,  so  to  weak,  by  the  original  note,  in  three  sucoeasions,  aad 
the  minor  thirds  in  fouh  There  are  then  four  distinct  poroels  ot 
major  ^rda,  and  three  of  minor  ones,  so  that  it  is  impoasible  to  pass 
out  of  one  into  another  by  thirds  ^one.  It  would  be  posuble  to  tem- 
peroU  the  major  tliirds  equalW,  Mid  yet  to  retain  an  muimilad  number 
of  modes  of  tempering  the  Bfws,  depending  upon  tbo  manner  in  which 
one  sjwtem  of  tlurds  is  joined  on  to  the  otliers;  and  the  same  of  the 
minor  thirds. 

We  have,  from  the  scale, ahown  how  to  construct  the  temperaments: 
we  now  take  the  inrerBe  queetton,  namely,  from  the  temperaments  to 
construct  the  scale.  Let  the  sharps  be  denoted  by  acoents  placed 
aboye  the  letters:  thus  a' re{n«sentB  Alt,  and  so  on.  Lettiutwnpem- 
ments  of  the  fifUis,  in  the  several  kc^s,  be  denoted  by  the  small  letters: 
thus  a  r^resents  tlie  teanpenunent  of  the  fifth  in  the  key  of  a,  or  is 
the  portkffi  of  a  mean  semitone  by  which  the  interval  from  a  to  E  falls 
short  of  a  perfect  fifth.  And,  for  abbreviation,  let  simple  commas 
denote  addition  :  thus  a,  b  may  mean  a '+  b.  Also  let  the  notes  Uiem- 
selves  be  descriptive  of  their  intervals  from  c :  thus  o  means  0 ;  o' 
means  the  interval  betwem  at  and  c :  we  hare^  tikeOf  t  nrrn'-g  ^ 
number  of  mean  seudtones  in  a  perfect'  fifth, 

e 

■  24  —  c,  g,  d,  a 

-  24  —  c,  g,  d,  a,  e 

■  36  —  f,  rj,  d,  a,  t,  h 
■48-  e,!j,d,a,  e,h,f' 

-  48  -  e.g,d,a,  e,  b,f',  e 

-  W-e,y,rf,o,<,6,/', 
-W-  e,g,d,a,e,h,f',  <f,!f,^ 

-  T2  -  c,  g,  d,  a,  e,  b,  /',  <f,  g',  d',  a' 

ntat  is,  the  mtwval  fnan  c  to  a,  for  examido,  is  found  by  deducting 
fttnn  the  exoess  of  five  perfeot  fifths  above  two  octaves  the  sum  of  tlie 
temperameots  of  the  fifUis  in  the  keys  ot  o,  a,  d,  a,  and  B.  Towards 
the  and,  in  isolated  questions,  trouble  viH  be  saved  by  remembering 
that  the  sum  of  all  Uie  temperaments  of  the  fifths  is  '2346  of  n  mean 
■emttooe,  and  that  we  thus  iiaTe — 

«,  g,  d. «,  e,  i,  /',  e',  g',  d',  a\  «  ■fiS4«  -  / 

«.  a,  d,  a,  e,  b,  f,  c',  g'^  d',     =  '28*6  -  /,  ei,  ka. 

We  shall  now  take  an  example  of  this,  and  o«r  inatoace  abaU  be  the 
proposal  of  a  system  of  temperament  which  we  should  like  mudi  to 
see  tried.  We  are  for  variety  in  the  several  keys,  Uld  i^ninst  equal 
temperament ;  but  we  do  not  like  variety  witiiout  Uv.  We  do  not 
like^  for  example,  to  find  the  greatest  tempsnmmt  in  one  k^,  and 
the  least  in  an  adjacent  key,  as  that  of  the  dominant  or  subdominant. 
SuffMM^  then,  we  a«k  what  can  be  done  towards  ui  ascending  and 
deatwndmg  temperament,  which,  i4x>oe*ding,  say  from  the  key  of  o, 
shall  increase  through  the  keys  of  o,  o,  p,  a,  k,  b,  and  dinuniah  throng 
those  of  r*,  o',  q',  d*,  a',  T.  And,  as  a  first  st^,  let  the  increments 
and  decrements  of  the  temperaments  of  the  fifths  be  equal,  or  letc=«k, 
g—2nt,  (f=3m,a=4in,e=5m,  b  =  6m,f'=7m,  c'-6«(,  ^  =  6m,  cf  =  4m, 
a' =  3n,^=  2ffl.  Here,  as  far  as  the  fifths  are  ooncemed,  the  efleot  of 
modulation  Into  the  dominant  or  subdominant  keys  is  the  same  every- 
where, aa  much  as  in  equal  toniperament.  And,  from  the  Rret  rule, 
we  hare  48m- -2346,  or  m= -0048875,  and  the  greatest  temperament 
of  a  fifth  ia  seven  times  thin,  or  -034.   Now,  if  we  compute  the  tem- 


penmairii  el  tks  tUrda,  uMjor  and  nrinor,  from  the  iourth  And  fifUt 
rukiB,  we  may  axfaibi*  the  tMnperamasts  o4  all  the  keys,  as  follows 


c  = 

0 

0  = 

V 

D 

St 

A  ■> 

8t 

E  — 

4  V 

B  = 

5  V 

t'  = 

6v 

7  V 

«'- 

8v 

»'  = 

•  ▼ 

a'™ 

10  V 

11  v 

xar. 

tHOpetasBeat. 

Key. 

TmiperaincBt. 

+ 

+ 

0 

•186 

■1G8 

-00$ 

Ft 

■137 

■IDS 

•034 

0 

•IBl 

•aiD 

cit 

•US 

•117 

■029 

0 

•ia« 

■IJ7 

-019 

Ot 

■IJT 

•HT 

■on 

A 

•ITI 

•i«e 

•CM 

Dtt 

■US 

•168 

tllO 

B 

•15« 

•098 

■0S4 

AS 

•tM 

•IT6 

••16 

m 

>1« 

•MI 

■«M 

F 

•171 

•Hi 

••19 

Tlie  three  oolumm  oonfaun  the  temperaments  of  the  minor  third, 
major  third,  aud  fifth.  The  eflecta  of  modulation  into  adjacent  keys 
are  everywhnn  very  small,  nowhere  amounting  to  more  than  about 
the  tenth  of  a  comma*  in  oltemtion  of  tempemment  j  while  the  fifths 
are  in  diSerent  keya  so  difierently  tem^wed,  that  in  o  that  interval 
may  be  called  perfect;  while  in  Ft  there  u  nenrir  twioe  as  Bwdi  tem- 
pecament  tat  in  tit*  equal  semitone  system.  iWe  is  then  nuietj 
wUbottt  swlden  cbuigo.  In  the  agratam  nqial  scmitonss,  thn  tem* 
paranun^  ot  the  minor  thiid,  major  third,  and  Atik,  are  alw^ 
- -IM,  +  •187,  - -020. 

Kow.  to  form  the  scale  in  Uils  ^ystom.  Proceeding  by  (he  table 
given  anon^  of  vbidk  we  take  a  few  itepa  as  an  axnn^il^  wa  have—. 

o  =  0'00m»0 

7-018650 
«s«s-  -00^888 


A  =  7-014663 
V  =  r-019550 


2*034212" 
«  =  2»»  •009775 


D  »  S-024487,  to. 

Proceeding  in  this  way,  ve  find  for  the  intervals  of  the  several  semi- 
toiiee  from  the  key-note,  expressed  in  mean  semitones,  Uie  following 


c 

0000 

E 

4-PIO 

03 

T-HO 

c« 

i-ooo 

F 

4-BOO 

A 

D 

3-024 

n 

6013 

Ait 

9-083 

Ut 

S-W9 

G 

T-Olt 

11-0I4 

To  carry  this  or  any  other  system  strictly  into  practice  without 
comparisons  with  the  monochoid,  or  the  use  of  beats,  presently  de- 
scribed, would  be  impoesible ;  but  the  following  might  be  suggested  as 
an  i^proximation.  In  tuning  by  fifths,  let  the  intt^vals  o  o  uid  p  c  be 
made  perfeel)  or  all  but  perfect ;  let  there  be  peater  temperament  in 
aD,DA,uidD8At,A]tr;  and  most  of  all,  deiadedly,  in  the  mnuning 
intervals. 

The  system  of  temperament  is  sometimM  described  givit^  the 
number  of  vibrations  made  by  the  several  SMuitones,  or  numbers  pro- 
portional to  them.  It  is  easy  enough  to  deduce  the  number  of  mean 
semitones  in  each  fntervsl  from  such  data,  Mtber  by  the  common  tables 
of  logarithms,  or  bgr  that  given  in  Scale. 

Pint,  by  the  common  table  of  logarithms.  From  the  logarithm  of 
the  number  answering  to  the  higher  note,  subtract  that  answering  to 
the  lower ;  from  the  result  tnke  its  three-hundredth  part,  and  multipty 
the  remainder  by  40.  Tho  product  is  the  number  of  mean  semitonra 
in  the  interval,  n-ith  an  excess  of  very  little  more  than  the  thousandth 
of  a  mean  semitone  in  an  octave.  For  example,  to  tind  the  intervals, 
in  mean  semltoiMs,  of  afifthandof  acomma;  in  the  former  of  wUdi 
the  lower  no^  makes  two  vibntions  while  the  higgler  makes  three,  and 
in  the  latter  80,  while  the  higher  mokes  81 : — 


for  the  fiftb. 

log.  8  =  'm\i 

lag.  3  =  '30108 

800>  -17601 
•00059 


For  the  Cosms. 

log.  81  =  1-00840 
Ic^  80  =  1-90809 


800) 


■035*0 
■00002 

•00588 
40 


Eesult  7-02 
Mora  exactly  7-01955 

Ei-ror  0  00015 


Ilesult  -2152 
More  exactly  '21ol 

Error  "0001 


^ext,  by  the  table  in  Scals.  If  tho  numbora  be  in  tlie  tabl& 
Himply  Miotract  the  logarithm  of  the  lower  number  from  that  ot 
the  higher,  and  the  result  is  the  answer  required,  within  about  the 
hundredth  of  a  mean  semitone.  But  if  the  numbers  be  no^  in  the 
table,  divide  both  by  any  number  which  will  bring  thorn  within  the 
table,  accurately  or  approximately,  and  then  subtract  as  before  :  intsr. 


*  lltrow  OBt  the  twelves  aa  fiut  u  tbcy  arise. 
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pobtion  may  of  eouns  be  empk^ed,  but  It  th«  tUll  of  oomputo 
do  not  read  m  hr,  he  nost  ba  «MitMii  with  a  Imb  aMnnta  ntulfc, 
ot  must  TIM  tiie  eommoD  tabloj  Id  Um  nusmw  }u«b  MplahMd.  For 
instance,  one  noto  make*  4082  Tjbrationa,  while  another  mdtes  MAS ; 
required  the  laterral  between  them.  Divide  both  b^'  10,  whieb  glvee 
154*1  and  167-8 ;  if  without  faitertKdation,  mj  154  and  IflS.  Opposite 
to  188  if  88-70,  and  mtporite  to  154  ia  87  90.  dUfcrlDg  1'5,  or  a 
mean  aemitoae  and  a  hau.  The  Interpokted  logaritbma  are  88*M  and 
87*81.  diHMng  I7 1-47.  Th.9  nutt*  wonraU  nmtfe  of  the  lonaw  rale 
U  l-47fia 

The  tanlng  of  a  plano-forta  la  generally  done  by  eoTf  but  la  that  of 
an  organ  reeonrae  la  had,  ibongh  not  renr  <dieia,  to  tiie  beats  whieh 
imperm^  consonMicee  always  give.  In  th«  tempenment  of  thie  laat- 
named  king  of  inetrainenta,  kn  llber^  is  allowable  than  fai  that  of  the 
stringed  instramente;  for  not  only  do  the  beats  beonntf  nnpleassoUy 
frequent  when  a  oofwooanee  la  too  Imperfeot,  bot  the  Impartsotkn 
the  consonsDce  Hself  Is  more  peroepHb^  when  notes  are  h^d,  as  in  the 
oTgau,  thsn  when  they  die  rapidly  away,  as  In  ^e  idano-forte.  These 
beats  are  described  in  AooirsTics,  sod  when  the  lower  note  is  known, 
and  also  Its  number  of  Tibrations,  the  number  of  beat*  whloh  are  made 
in  a  given  time,  as  ten  seoonds,  a  minnte,  or  any  other  whieh  is  oon- 
Tflnient,  can  be  calcukited  fnan  the  kBom  imperfection  ol  the  eo» 
sonanoe,  and  tlie  number  of-vftmitkmi  of  th«  lower  notsi  niaoretieally 
speaking,  U  makes  some  UtUe  dlSbrenoe  irhetber  the  oonsonanee  he 
tempered  sharp  or  flat,  but  not  to  an  extent  whioh  it  Is  Worth  while  to 
con^der.  The  rule  for  determining  the  beats  is  as  follows  }  let  the 
lower  note  of  the  (perfect)  oonsonance  make  *  Ttbratjons,  while  the 
upper  note  makes  m,  Uie  fraction  m-i-n  being  in  its  lowest  tuma,  and 
let  w  and  x  be  the  aetoal  unmbra*  of  vlbnUons  in  the  lower  Ad  U^er 
notes,  per  second ;  thm  mE^niL  Let  n  be  the  fnotion  of  •  meao 
aemitone  which  the  eonsonaoce  Is  tempered ;  then  the  number  of 
beats  In  a  minute  is  found  by  taking  the  fiaotion  ft  of  the  production 
mn  or  nn,  multiplying  by  1 1 09  and  diTidlng  by  820^  or  by  4,  9,  and 
10.  The  tlfjebnloal  fommk  i» 


1108  llov        mw  _.„,\ 

-ga5  M»H  or -555 Vtsj  =  B-^flsaj 

For  example,  let  the  note  o'  make  512  vibntloos ;  It  ta  required  to 
find  ih£  number  of  beats  per  minute  in  the  eonscoumce  o*o>j  whrn  tem- 
pered as  in  the  system  of  mean  semitones.  Here  ir™51S,  fii=S, 
stx=1588.  The  perfect  fifth  is  7'01 955  mean  semitonea,  whence  the  frac- 
tion /i  is  '01955,  since  the  tempered  fifth  has  seven  semltonee  Mtaotiy. 
MuHipIy  -01055  hr  1590/  which  gives  80-0288 1  multif^  by  1109  and 
divide  by  820,  which  gives  104*07  (say  104)  beats  in  a  minute. 

Table*  for  facilitating  the  caleulationa  might  eanly  be  made,  but  it 
is  hardly  worth  while  to  insert  them  here.  These  beats  are  usually, 
we  believe,  simply  counted  with  a  watch,  but  it  would  be  both  oonve- 
ident  and  exact  to  have  some  such  machine  as  Dr.  Smith  reeommeUded, 
a  pendulum  which  oould  be  easi^  altered  Ita  vibration,  and  first  ad- 
j^ttted  to  move  •xsctiy  with  the  beats ;  the  pendulum  might  tiidn  be 
Bubaequentiy  compared  with  the  watch.  Without  suah  a  eontrivaaee 
it  is  vety  difflcult  to  tnne  the  piano-forte  by  beats,  tince  they  do  not 
last  long  enough  in  sufficient  intemdty ;  vrith  It  the  last-named  instru- 
ment might  easily  be  tnned  on  any  system  of  tempenunent ;  and  those 
who  practise  the  art  would  have  the  advantage  of  hearing  diftrent 
■ytema, knowing  at  the  SBmetimevhaft  tiMas nrfstsma are,  Atpi*- 
aent  the  lew  organ-buildera  who  use  iMsta  ara  the  tmly  taaen  who 
make  any  approach  to  science ;  aU  the  rest  judge  only  by  tiie  ear, 
which  may  vary  from  time  to  time,  or  even  with  the  state  of  the  body, 
or  the  weather.  We  have  many  reasons  for  thinking  that  tiie  ear 
alone  is  a  variable  judge  in  so  nice  a  matter  as  temperament. 

Persona  denroos  of  information  on  this  sabjeot  may  eonsult  Jousse 
'On  Temperament,'  London,  1882 ;  Hamilton,  '  Introduotion  to  tiie 
Art  of  Toning*  (no  date) ;  Stanhope,  ■  Principles  of  Tuning,'  1808 ; 
Kanb,  '  Theory  of  Harmonics,*  1809 ;  Woolhouse, '  On  Husioal  Inter- 
val*,' 1885;  Sir  J.  Heradiel,  'On  Sound'  {Snegdop.  ItOrepol)} 
Young's  '  Lectures,'  vol  i,  cap.  8S ;  Smith,  '  On  Harmonics,'  first 
edition,  1749 ;  second  edition,  1759.  This  work  of  Dr.  Smith  is  most 
difflcult  and  confused,  but  is  still  the  most  extensive  squirate  treatise 
on  the  sufajeel;  tiiat  of  IKt.  Woolhouae  ia  sufBetent,  and  much  more 
Intelligible.  On  the  subject  of  beats,  and  on  several  proposals  as  to 
temperament,  see  a  paper  by  ProfesBor  De  Moigan, '  On  tiie  Beats  of 
Imperfect  Consonances '  [Oxmb,  Phil.  Trant.,  vol.  x.,  part  i.). 

TKMPERATURE.   [ATHOSPaERE;  Oliuatb;  Ibothebhal  Luna.] 

TBHPBRAT0RE  OF  THE  SEA.  [Sea.] 

TEM PEBATUBE,  TERRESTRIAL,  DISTRIBUTIOK  OP.  [Teb* 

BttTBUL  TSMmtATDMEj 

TEMPBRINO  OF  STEEL.  [Stekl  MAirofACriTBS;  CdtLsbt.] 
TEMPLARS,  KNIGHTa  TEMPLARS,  or  KNIGHTS  OF  THE 
TEMPLE,  are  tiie  popular  deaignationa  for  tiie  Brethren  of  ^  Temple 
of  Solomon  at  Jerusalem,  also  called  the  Soldiety  of  tiie  Temple 
(MiliHtt  TVmpfi)  and  the  Soldiers  of  Christ  The  three  great  religioua 
military  Orders,  the  Knights  of  the  Haq>ital  of  St,  John  of  Jerusalem 
temnmonly  called  the  Knights  Hospitulers),  the  Tetn^aia,  and  tiie 
Teutonie  Knights  of  St.  Ma^  of  Jeruaalem  da  German  Enlghla  of  tiie 
Ctoaa),  all  originated  in  the  12th  century ;  the  two  former  towards  its 
commftnoeroent,  during  the  first  cnisade,  the  last  not  tSl  near  its  don 
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The  foooden  el  the  Order  of  the  Temidara^  whieh  ia  held  to  date  inm 
the  year  1118  or  1119,  were  nine  kiu|}ifei«  all  F^eooh,  et  whom  the  two 
chief  were  Hi^ea  de  Payema  (or  de  Paga&as)  and  GeoflKn  de  St  Omer 
(cr  at.  Ademar).  One  account  makes  all  the  nine  to  have  bem  pr»- 
viooaly  members  of  the  Order  of  St.  John ;  but  it  is  at  lust  doubtful 
if  titis  were  the  ease.  At  ah  evrats,  the  Hospitallera  were  not  yet  a 
mihtary  order)  their  dlstinguiahing  prpfeaaioii  was  to  entertam  pil* 
grins  and  to  attend  the  aiek  and  wounded :  tha  idea  of  adding  to  the 
three  Mmmon  vows  of  chastitf  ,  pimr^,  and  obecBeiMMv  w  csigageneat 
to  fig^  against  tiw  Infidels,  upeara  to  have  been  first  put  in  {wnotioo 
by  De  Paycns  and  his  brethren.  Up  to  titia  time,  wb^  a  knia^t 
.  entered  the  soeie^  of  the  Hospitallers,  he  seems  to  have  l^d  aaidema 
arms.  Hot  probably  did  the  nine  knii^te  forming  the  new  assooiaUon 
afr  first  contemplato  either  the  extaDaively  military  eliaanoter  whioh 
their  otdw  evcaitaallj  Mmmnd,  or  eves  tiw  eatablUunnit  <tf  an  coder 
which  ahetrfd  extend  and  perpetuate  itself.  Their  ori^al  vow  waa 
Bunply  to  maintain  free  pasMge  for  the  |dlgiims  who  should  visit  iHo 
H<^y  Land ;  and  tbey  did  not  proceed  to  add  to  their  number  till  tix 
or  seven  years  after  their  aesociation.  In  another  respect,  also,  their 
ewly  ctmdition  and  pretcnaiona  were  remarkably  contrasted  with  tiieir 
snbeaqueat  state ;  for  at  tiiis  time  they  made  the  g^test  show  of 
EMrratiy,  even  De  Payees,  who  waa  s^kd  Master,  and  his  friend 
Da  St.  Omer,  keeping  only  one  hoiae  between  tlwm,  a  ciroumBtanoe 
oommemorated  in  the  aesi  of  tiie  order,  which  repseaenta  two  aimed 
knights  mounted  one  l>riund  the  other  on  the  same  horse^  Indeed, 
the  name  which  they  took,  and  by  which  they  were  commonly  known, 
was  the  Pauper  Soldiera  {Pauptrea  Oommihtima)  of  the  Temple  of 
Salomon ;  ai^  they  profaased  to  have  no  aouroa  of  aubsistenee  but  the 
alma  at  tiie  faithful.  The  kii^  oi  Jemaaiem,  Baldwin  XL,  gave  them 
thrir  first  plaos  vi  nsidenea — a  paii  of  his  palace ;  to  whidi  the  abbot 
and  eanons  of  the  churdi  and  eoovent  irf  the  Temple,  which  stood 
adjoining,  added  another  building  for  keeping  their  arms,  whence  th«y 
aoquired  tiie  name  of  Templsra. 

The  new  principle  of  their  aaaooiation,  however,  immediately  drew 
gsnend  attention  ;  so  much  so,  that  in  1120  the  HospitaUera  got  their 
order  remodelled  by  Pope  Calixtus  II.  on  the  same  principle.  The 
first  regular  embodying  of  the  TompUrs  was  by  Honwius  II.,  who  in 
1138  eonfirmed  a  rule  for  tiiem  whi<m  had  been  drawn  up  and  decreed 
that  same  year  by  tiie  Coancil  of  Troyes,  on  the  requisition  of  Huguea 
de  Payena  and  several  of  bia  l»-ethren.  Honorius  at  the  same  time,  to 
distinguish  thorn  from  the  Hoq>itallera,  who  were  arrayed  in  a  black 
mantie,  aaaigned  the  brethren  of  tin  new  order  a  wbUe  mantie  iar 
their  peouUar  dreaa,  which  thej  won  plain  till  Eugeniua  III.,  in  1146, 
appointed  them  to  wear  a  red  croas  en  th«  left  breast,  in  imitation  of 
the  white  eross  worn  1^  the  Hospitallers.  This  bloody  aroas  was  also 
borne  upon  their  banner,  whieh  was  formed  of  ctoth  striped  black  and 
white ;  whenoe  it  waa  c^ed  £aiaea»t,  an  old  Fmcb  term  ^>plied  to 
a  horse  marhed  with  these  colours.  This  vrard  eanaequ«ntiy  baeamd 
the  famoua  waMiry  of  the  Temple  chivalry. 

The  neir  order  qieechly  mao  into  ooDaideration.  ICambars  of  thai 
noUeii  lamllia  In  every  natim  cd  Chriatendmn  cageriy  sought  to  be 
joined  to  it ;  legaiuea  and  donationa  In  lands  and  money  were  showered 
upon  it  by  persons  of  all  ranks ;  and  in  eonrse  of  time  it  acquired  ample 
poesessioaB  in  nearly  every  country  of  Europe.  At  the  head  of  tiie 
order  was  the  MMter,  or  Grand  Uaater  {MagHur,  or  iloffiua  Magitter), 
who  was,  however,  not  only  eleotad  by  the  Chi^iter,  or  general  body  of 
the  Knights,  but  vary  muoh  oantroUed  by  that  bo^y.  The  Grand 
Master  had  immediately  under  him  his  Seueaohal,  or  lieutenant,  and 
other  high  officem  were  the  Uarahal,  the  Treasurer,  ko,  Tha  several 
oountriea  In  Asia  and  Europe  in  which  the  onlv  hod  posseaaions  were 
denominated  Prorinoes ;  and  each  of  them  waa  [wesided  over  by  a 
resident  chief,  called,  indifierentiy,  a  Grand  Prior,  Grand  Preceptor,  or 
Provineial  Ibatw.  Under  the  provtudal  maetera  were  the  Priors, 
otherwias  oaUed  Baiilfb,  or  UaaterB,  who  had  charge  aacte  of  one  of  the 
distarieta  into  iridch  tiie  ivovinee  was  divided  j  and,  finally,  under  tiw 
prion  were  the  Preceptors,  each  of  whom  preelded  over  a  single  house 
of  tiie  order  (or  Sometimes  over  two  or  three  adjoining  houses  whi(di 
were  oonsideied  as  one  astabliahmoit),  hence  called  a  Preceptory.  The 
head  province  was  that  of  Jerusalem ;  the  affiurs  of  the  order,  in  fact, 
were  for  the  moat  part  directed  by  the  ebai>ter  of  tiiis  province,  whidi 
was  inveatsd  by  the  constitution  with  idl  the  powen  of  a  genml 
chapter  at  all  tuma  when  such  a  chapter  was  not  awnmblnd.  The 
Grand  Prior  of  Jmisalem  was  «c-offioio  treasnrw  of  the  order ;  and 
in  this  province  tiie  Grand  Master  resided  so  long  as  the  Christians 
retained  any  footing  in  the  eountry  j  and  on  the  fall  of  Acre,  and  the 
final  extinction  of  the  Latin  power  in  Palestine,  in  1193,  the  Kni^ts 
took  refuge  in  the  town  of  Limkso  (othnwise  called  Limasol)  in 
Oypms.  The  other  proviuoea  in  the  East  were  Tripolis  and  Antiooh ; 
to  which  Onrus,  till  then  Inoladed  ie  one  of  these,  waa  added  aAaf 
that  island  became  the  head-quarters  of  the  order.  The  western  pro- 
vinces were  Portugti,  Castile  and  Loon,  An«on,  Franoe  and  Auvemie, 
Kormsndy,  Aquitaina  or  Poitou,  Provenoe,  En^and  <in  which  Scotland 
and  Ireland  were  inbhide^,  Genoaiqrf  Upper  and  Central  Italy,  ApoUa, 
and  Sicily. 

For  some  time  after  its  institution,  the  Order  of  the  TtmpUn  con- 
alatad  aoladTtiy  of  laymen ;  but  In  the  year  1188,  the  iamoua  bull 
eotitied  '  Onme  Datum  Optimum,'  issued  by  Vape  Alexander  ItL, 
among  otiier  important  privileges  whioh  it  bestowed  upon  the  ordae 
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pennitted  it  to  reoeiTa  u  membcn  an^  aplritual  perBoiu  -who  were  not 
bound  by  preriotu  tows.  These  spiritual  memlwra  were  oalled  Chap- 
lains. Tfaey  did  not  flgtit,  nor  take  the  military  vow ;  but,  in  lieu  of 
tibat  duty,  uey  not  only  celebrated  mass  and  other  religious  offices  in 
the  houses  of  the  order,  but  usually  also  acted  as  secretariea  to  the 
chapter.  Alexander**  biill  also  allowed  tiie  order  to  haTe  its  own 
bunal-grounds ;  released  it  from  all  Hinritual  obedience,  except  only  to 
the  ho^  see ;  freed  it  firom  the  payment  of  tithes,  and  even  authorised 
it  to  receive  them  if  the  bishop  gave  his  consent ;  and  prohibited  any 
one  who  had  once  become  a  Templar  from  ever  leaving  tiie  order  unless 
to  enter  into  a  stricter  one. 

At  a  date  a  little  latea*  the  society  still  farther  extended  its  scheme 
and  ita  inflaenoe,  by  admitting  as  members  many  persons  who  were 
not  kni^tB  or  of  noble  birth,  but  who  were  deairouB  of  parUoi|«ting 
in  the  advantages  of  belonging  to  so  powerful  a  body,  on  condition  of 
acting  as  the  squires  and  servants  of  the  knights.  These  were  stjled 
Serving  Brethren ;  and  in  this  class  were  sometimes  found  individuals 
both  m  great  wealth  aud  eminent  station,  though  not  of  high  birth  or 
knij^tly  rank.  The  sernn|;-tn«thren,  however,  could  not  be  pre- 
eapbon,  or  hold  aaj  ol  the  higher  offloes  in  th«  otder.  I^tteriy,  uiey 
weredlvlded  into  two  oImbm  those  of  anna  and  those  of  b«des;  the 
former  attending  the  knights  to  the  field  as  esquires ;  the  latter  exer- 
cising various  handicrafts  in  the  houses  or  on  the  lands  belonging  to 
the  order.  The  order  also  aasodated  to  itself  many  persons  under  the 
name  of  Affiliated  Members,  who  took  no  vows,  assumed  no  peculiar 
dress,  nor  became  subject  to  any  duties  or  services ;  but,  continuing  to 
pursue  th«r  ordinaiy  Ncular  occupations,  mertly  purchMed  enrolment 
m  tiie  ranks  ot  tlu  powerful  and  hIghly-priTileged  sddiery  of  the 
Temple  for  the  sake  of  the  protection  and  other  advantages,  both  tem- 
poral and  spiritual,  which  even  suoh  a  mere  nominal  membership 
ensured.  The  affiliated  comprehended  women  as  vrell  as  men. 
finally,  there  were  the  Donati  and  the  Oblali,  consisting  of  children 
dediciAed  to  the  order  by  their  parents  or  other  relations ;  and  also 
of  persons  of  all  ranks,  both  laitjy  and  clergy,  who,  without  eiUering 
the  <n^er,  pledged  themeelveg  to  stand.  1^  it,  and  to  maintain  its 
righta. 

llie  history  of  the  Knights  Templars  would  embrace  the  history  of 
the  wars  of  the  Christians  against  the  Infidels  in  the  East  for  all  the 
t»me  they  lasted  after  the  establishment  of  the  order.  For  more  than 
8  hundred  and  seventy  years  the  soldiers  of  tite  Temple  formed  the 
most  renowned  portion  of  the  ChristiBD  tax^,  and  almost  every 
encounter  with  toe  enemy  bore  testimony  to  their  unequalled  prowesa 
and  daring.  But  it  may  severtbetess  be  questioned  whether  the 
establishment  of  this  and  the  other  religious  military  orders  proved 
advantageous  to  the  attempt  so  perseveringly  made  to  wrest  the  Holy 
Land  from  the  dominion  of  the  Infidels.  The  Templars  and  Hospi- 
tallers probably  damaged  and  weakened  the  cause  for  whieb  th^ 
fought,  as  much  hj  their  rivalry,  jealousiee,  and  frequently  open  con- 
tention, as  they  aided  it  fcrr  their  valour.  Then,  the  immense  wealth 
and  worldly  power  which  the  Templars  in  pertioular  speedily  acquired, 
altogether  changed  the  original  character  and  spirit  of  their  insbtution 
long  before  it  was  half  a  century  old.  Within  thirty  or  forty  years 
from  the  origin  of  the  order,  two  at  least  of  the  four  vows  which  the 
members  stiU  continued  to  take  bad  become  a  mockery  and  a  profona- 
tion ;  instead  of  poverty  and  chastity,  th«r  were  alreac^  djatfaigBished 
by  their  pomp  and  pride,  and  the  general  luxiity  and  lioentionaness  of 
their  Uvea.  But  the  vast  material  fcoves  of  the  asBociatiMi,  the  extent 
to  which  it  had  projected  its  ramifications  in  all  directions,  and  its 
other  elements  of  strength,  might  have  long  withstood  the  principle  of 
oormption  thus  at  work  within  it,  if  it  had  not  drawn  upon  itself  an 
assault  from  without  by  which  it  could  not  fail  to  be  overpowered. 

The  deetn^er  of  the  Templan  wu  the  zeeoliite  aiM  vin^etive 
Philip  IT.  of  Prance.  Philip,  who  oune  to  the  throne  in  1286,  at  the 
age  of  seventeen,  wae  the  enen^  of  the  church  by  education,  by 
temper,  and  by  circumstances.  He  bad  already  proceeded  to  exbemi- 
ties  in  a  quarrel  with  Pope  Boni&ce  VIII.,  which  was  terminated  only 
with  the  life  of  that  pontifT.  His  successor,  Benedict  XL,  is  supposed 
to  have  been  poisoned  at  the  instigaiion  of  Philip.  Baiedict  was  suc- 
ceeded hf  Clement  V,,  who  is  believed  to  have  pnrdiaMd  his  tlantA<m 
from  Plulip  on  condRioo,  among  other  oompliaBeei^  <rf  ooKmrating 
with  him  in  the  desfa^jction  of  the  Templars.  This  was  in  I30S.  In 
180d,Jaques  deMolay.the  Master  of  the  Temple,  was  dnwn  to  Europe 
by  a  summons  from  the  pope,  who  professed  a  desire  to  consult  with 
him  on  the  ejq^ediency  of  a  union  of  the  two  orders  of  the  Templan 
and  the  Ho^tallers.  The  following  year,  while  Mday  was  at  Paris, 
the  first  distinct  accusations  ag^nst  the  Tenqilan  were  made  1^  two 
individuals  lying  in  prison  under  sentaiee  of  death ;  Squin  de  Flexian, 
who  had  formerly  been  a  member  of  the  order  and  prior  of  Mont- 
&ucon,  but  had  been  ejected  for  heresy  and  other  offanoee,  and  a 
Florentine  called  Noflb  Dei,  alao,  according  to  one  account,  a  d<^;raded 
Templar,  by  general  admission  a  person  of  the  worst  character.  They 
made  their  revelations  to  Philip  himself,  and  were  immediately  libe- 
ratedfrom  priainL  Their  ohai^et,  imputing  to  the  order  the  systematic 
pnctice  and  encouragement  of  aU  sorts  of  secret  immoralities,  as  well 
as  the  strangest  confiision  of  heresy,  idolatry,  and  infidelity,  are  far  too 
absurd  for  examination.  Very  soon  after  this,  on  the  12th  of  Septem- 
ber, 1807,  royal  lettm  were  iasoed,  sealed,  to  all  the  govenuwe  of 
town  ■!»  other  offioen  «E  tiie  onnrn  in  ^111(0117  throng^toot  (bo 


kingdom,  and  baosmitted  along  with  orders  to  them  to  arm  themselves 
and  the  persons  under  their  oommand  on  that  day  month,  and  then  to 
open  the  letters  in  the  night,  and  to  act  as  they  should  find  themselves 
therein  directed.  The  result  was,  that  tiie  next  da^  (Oct.  IS)  nearly 
all  the  Templars  in  France,  De  UoUy  included,  were  m  custody.  Their 
houasB  and  Kooda  wen  ajao  eveiywhere  seiied ;  the  vast  stronghold 
of  the  Temple  at  Vtem,  the  chief  seat  of  the  order  in  tiiat  kingdom, 
was  entered  and  taken  possession  of  by  Philip  himselt 

An  act  of  accusation  was  f  (nihwiUi  published ;  and  Philip  at  the 
same  time  wrote  to  the  pope,  and  also  to  the  king  of  Kn^and,  inti- 
mating what  he  hod  done,  and  calling  upon  thooi  to  second  him. 
Edward  IL,  on  reeeiving  letters  frwa  Clement,  yielded,  and  the  En^isb 
Templars  were  aeiied  and  thrown  into  confinement  about  the  end  of 
December.  Meanwhile,  the  examinations  had  been  going  on  in  France 
under  the  direction  of  Uie  kinff s  oonfeesor,  Imbert,  a  Dominican  laiest, 
and,  as  such,  the  inveterate  enemy  of  the  order  of  the  Templars.  Con- 
fessions, in  many  cases  incredible  fnnn  their  inherent  absurdity,  were 
extnoted  from  many  of  the  knights  at  Paris  and  elsewhere  by  the 
most  savage  tortures.  This  went  on  for  many  months.  In  August, 
1808,  CleiniBnt,  whoH  psrsiBi  Plulv  had  now  oontrived  to  get  oom- 
pletdy  into  his  poww,  iaeued  a  hwl,'ealling  upon  all  CSuistian  princes 
and  prelates  to  aid  him  in  examiiring  into  the  guilt  of  the  order ;  and 
about  the  same  time  bis  holiness  appointed  a  commisaon,  consistii^  of 
the  arehUshop  of  Narbonne  and  oUier  prelates  and  dignitaries  of  the 
church,  to  meet  at  Paris  to  try  the  caae.  This  commission,  however, 
did  not  oommenoe  its  sittings  till  the  7th  of  August,  1309.  A  few 
months  later,  irrnitnatMnnB  ander  jodgw,  deputed  or  nominated  by  tho 
pope,  eommenoed  in  England  uid  other  oonntriea.  Altogether  many 
buo^^eds  ef  knights  were  examined  by  these  commissions  during  the 
years  1S09, 1310,  and  1311 ;  but  it  vras  only  in  France,  where  torture 
was  mode  use  of,  that  any  admissions  were  obtuned  of  the  crimes  laid 
to  the  charge  of  the  order,  except  eu^  as  were  manifestly  unworthy 
of  regard.  Even  the  Paris  oommisnon,  however,  did  not  satisfy^  the 
impatience  of  Philip :  on  ita  requisition  a  great  number  of  knights 
stood  fwward  to  dennd  the  order,  among  whom  were  several  of  thoae 
who  had  oonfessed  and  afterwards  retracted.  Philip,  having  forced 
the  pope  to  nominate  Philip  de  Morigni,  bishop  of  Cambray,  the 
brother  of  Enguerrand  de  Marigni,  his  prime  minister,  to  the  arch- 
bishopric of  S«is,  which  had  just  become  vacant,  and  then  included 
the  diocese  of  Paris,  got  the  new  archbishop  to  convoke  his  provincial 
oounoil  in  the  oafntu,  on  Sundajy,  the  10th  of  May,  1810 ;  and  this 
body,  on  the  Wedneaday  morning  following,  had  fifty-four  of  the 
defenders  of  the  order,  who  had  formerly  made  oonfesaion,  brought  out 
as  "  relapsed  heretics  "  to  a  field  behind  the  a^bey  of  St.  Antoine,  and 
there  committed  to  the  flames.  They  all  died  asserting  their  inno- 
cence and  that  of  the  order.  These  proceeding  and  others  of  a  like 
kind  in  the  provinces  of  Kheinu  and  Sens,  put  a  stop  to  the  attempt 
at  deftandiqg  ^  oder :  tiie  rest  of  the  kn^ts  who  had  undertaken 
this  task  now  all  declared  th^  renouncement  (rf  it.  Meanwhile,  » 
geneml  council  met  by  order  of  Clement  at  Vienne,  October  13, 1311, 
but  it  was  not  found  so  compliant  as  Philip  and  the  pope  had  expected ; 
and  Clement,  having  put  an  end  to  the  session,  assembled  the  cardinals 
and  a  few  other  prdbtes  upon  whom  he  could  depend,  in  a  secret  con- 
sistory, and  abolialied  the  order  by  his  own  autliori^,  on  the  i2ad  of 
March,  1312.  The  bull  of  aboUtioit  was  formally  published  on  the 
2nd  of  Hay  following.  On  the  18th  of  Mardi,  ISll,  Molay,  the  gAnd 
master,  and  Ouy,  commander  or  grand  prior  of  Normandy,  who  had 
all  this  while  remained  in  prison  at  Paris,  were  In^ught  before  the 
archUthop  of  Sens,  condemned  to  death,  and  burned  on  one  of  the 
small  islands  in  the  Seine,  about  the  spot  where  the  statue  of  Henry  XT' . 
is  now  eaected  on  the  Pont  Keuf. 

After  all,  dement  and  Philip,  the  former  of  whom  died  anddai^ 
about  a  mcmtb,  and  the  latter,  <d  a  fall  from  his  hors^  within  a  yeir 
after  the  martyrdom  of  De  Holay,  were  able  to  secure  to  themselves 
only  a  small  portion  of  the  plunder  which  they  had  probably  hoped  for. 
The  king  of  France  seized  and  kept,  or  divided  with  hie  confederate, 
the  moveable  property  of  the  Templars  in  that  country ;  but  there, 
and  also  in  Englukd,  and  throo^out  the  rest  of  Europe,  with  the 
exception  of  Spain  and  Portngu,  it  was  found  neoeasafy  to  transfer 
their  Unded  possessloni  to  the  Ho^ntoUan,  or  Kni^ts  of  St.  John 
(at  this  time  commonly  known,  from  the  place  where  they  had  fixed 
their  head  residence,  as  the  Knights  of  Rhodes).  In  Spain,  the  lands 
of  Uie  Templan  were  bestowed  upon  the  Knights  of  Our  Lady  of 
Hontesa,  a  new  order,  founded  in  1317;  and  in  Portugal  the  society 
merely  took  the  new  name  of  the  Order  of  Christ,  whidi  still  subsieto. 

It  has  been  calculated  that  the  entire  revenues  of  the  order  when  it 
was  diaeolved  did  not  fiUl  short  of  six  millitnu  steriing,  tbou^  It  seems 
impoauble  that  this  should  not  be  a  great  exaggeration.  Their  poa- 
sessions  in  England  were  even  at  a  comparatively  early  period  of  ^^eat 
extent  and  value,  as  may  be  seen  £rom  an  "  inquisitio,"  or  account  of 
their  luids,  t^kea  by  royal  authority  in  the  year  1185,  which  Dugdole 
has  printed  in  his  '  Monasticon '  (vol.  vi.,  pt.  ii).  They  are  supposed 
to  have  been  oattled  in  the  Old  Temple,  at  Londm,  which  stood  on  tho 
south  dde  of  Holbotn,  nsar  the  presoit  Southampton  Buildings, 
the  banning  of  the  reign  of  Stephen :  they  removed  to  their  new 
houae  at  the  western  extremity  of  Fleet  Street,  the  site  of  wluoh  still 
retaina  the  name  of  the  Temile,  in  11S5.  This  wu  the  chief  eeat  o( 
tin  ordar  in  Bn^Hod. 
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The  ooMtioD  of  ib«  guilt  or  ionooenoe  of  th«  TempUn  has  been 
much  mMuased  in  modem  times ;  and  although  it  nay  be  taid  to  be 
now  rim"fft  univeisally  admitted  that  the  particular  vbarges  upon 
vfaich  tlu^  mn  condamned  were  tor  the  moat  part  entir^  unfounded, 
■ome  attemptB  him  been  made  to  show  the  stability  that  the  order 
nenrthelflBi  wu  held  together  by  ooialn  secret  principles  or  doctrinea 
which  made  its  existenoe  dangerouB  to  society,  and  ctuled  for  its  Bup< 
preflsion.  Yon  Hammer,  for  Inataooe,  in  a  disquisition  printed  in  the 
sixth  volume  of  his  '  UinoB  de  1' Orient,'  has  attempted  to  convict  the 
order  of  a  partidpation  in  the  apostaojr,  idolatry,  and  impioty  of  the 
Gnostics  and  Oiudanitai.  Yon  Hammer's  Esny  was  answered  by 
|L  Raynouaid,  In  a  long  note  printed  in  the  fifOi  volume  of  Michaud*! 
'  Hisboire  des  Crtdsades,'  ftc, ;  and  also  in  two  articles  in  the '  Journal 
dss  ^vaos  *  for  Karch  and  April,  1819 ;  and  in  two  others  published 
In  the  *  Biblioth^tue  Univereelle/  torn.  x.  The  documents  relating  to 
the  condemnation  of  the  Templars  were  first  published  in  a  work 
entitled '  Traitez  conceroant  la  CondemnaUon  des  Templiers,'  par  M. 
Du  Puy,  8to,  Fari^  16S4 ;  reprinted,  with  additions,  under  tiie  title 
of  '  mstoirB  da  la  Condemnation  des  TempUars/  ix.,  par  Pierre  Du 
Pay,  3  vols;  8to,  Broxellea,  1718 ;  and  under  that  of  'Hishnre  de 
rOrare  Uilitaire  d«e  Templiers,  areo  les  Pi^es  JuBtifioatives,'  4tD, 
Bnixalles,  1761.  Other  works  on  the  subject  are — '  Nicolai  GUrtleri 
HiBt<nia  Templariorum/ 8vo,  Amst,  1691,  and,  wiUi  large  additions, 
1703;  'Christiani  Thomasii  Diesertatio  de  Templariorum  Equitum 
Ordine  Sublato/  ito,  Halae,  1705 ;  lUynooard, '  Hommens  Historiquea 
rdatifs  k  la  CoDdamnatioii  des  Temidiers,' 8vo,  Fwia,  1813;  Munter, 
'Statutenbnbh  des  Ordsns  der  Tampdhemn;*  WiUke,  'Oeaohichte 
des  TempeHurrenordens;*  and'The  AisUuT  of  the  Knights  Tsmphtn^ 
the  Temj^  C9iuich,  and  tiie  Tem^/  by  C.  O.  Addison,  4to«  London, 
1842. 

TEMPLE  (the  Latin  "  Templum")  a  buildinft  set  apart  for  religious 
uses.  What  is  known  of  the  columnar  architecture  of  the  nations 
of  antiquity  is  derived  chiefly  from  their  temples.  In  the  temples  of 
the  EgyptianB,  it  may  be  said  to  dis^^y  itself  exclusively,  and  like- 
wise much  more  exteomvely  than  in  the  temples  of  the  Greeks  or 
Romans,  with  this  further  difference  as  regards  the  general  design 
and  chuacter,  that  in  the  Erarptian  edi6cea  the  columns  are  placed 
internally,  that  is,  so  as  to  form  colonnades  along  the  aides  of  an 
endosed  fore-court,  and  the  portal  or  frontiniiece  of  the  tonple  itaelL 
Of  this  disposition  of  the  entire  i^an,  witii  a  waUed-iu  eortile  at 
cloister,  an  example  is  shown  in  Eoyptiah  Abcbitsctubk  To  that 
articU  and  the  articles  Gbbee  Abchitsctdbe  and  Romam  Abohiteo- 
Tints  we  refer  for  other  particulars  relative  to  Egyptian  temples  and 
some  of  the  diaract«iatic  differences  between  them  and  those  of  the 
Greeks  and  Romans ;  and  to  Nikeveh,  Abohitectubi  of,  for  notices 
of  the  temple-palaces  of  the  Asqrrians;  and  proceed  to  give  in  this 
plaoe  soow  forthsr  particulars  respecting  the  temples  of  Greece  and 
Some. 

Instead  of  bdng  composed  of  a  variety  of  parts  grouped  and  oom> 
laiMd  together,  Oredan  temples  consist  only  of  a  tomple  parallelogram, 
a  ixUa,  or  body  of  tiie  tem^e  itself,  either  t»  antit,  or  use  peripteral, 
that  is,  entire^  surrounded  with  an  external  colonnade ;  for  to  these 
two  distinctions  may  be  reduced  all  those  subordinate  ones  for  which 
separate  technical  terms  have  been  Invented :  but  whatever  be  their 
twhni'^l  designation  the  general  sboM  and  outline  still  remains  a  simple 
unbroken  parallelogram,  eitho-  with  or  without  external  oolonnades 
akng  its  sideK  Still  nmple  as  ore  the  plana  of  Grecian  temples,  there 
are  many  terms  required  to  express  thwr  varieties  in  regEurd  to  the 
aj^tlication  of  oolamns,  beaidea  uiose  denoting  the  number  of  oolunms 
in  front,  that  is,  beneath  the  pedimeniL  Thus,  if  tiiere  were  ocdomns 
only  in  front,  the  building  was  termed  prottyle  ;  if  at  each  end,  amvhi- 
fntt^  i  if  there  were  also  colonnades  along  tiie  sides,  it  was  saia  to 
be  peripteral,  that  is,  with  wings  (aisles)  or  colonnades  quite  round 
it.  When  there  were  two  rows  of  columns,  one  behind  tne  other,  it 
was  termed  dipteral  Agun,  where  a  range  of  columns  was  placed 
between  antts,  forming  the  extremities  of  walla  at  right  angles  with 
such  colonnade,  it  was  said  to  be  in  antiM.  This  was  generally  Uie  case 
with  tiie  pronaoa,  tiie  vestibule  or  inner  portico  bdiind  the  columns  in 
hoal.  Accuding  to  the  number  of  ocdumna  in  frcnt,  porticos  are 
SB^  to  be  tttrattgie,  that  is,  with  four  columns;  Aexaetjfte,  with  six ; 
oetei^rl^  wUih eight;  deemfyls,  with  ten;  and  ifodectufyJe, with  twelve, 
the  gTM^est  number  that  can  very  well  be  brought  beneaUi  a  pedi- 
ment ;  and  even  of  these  two  last  the  examples  are  exceedingly  rare. 
If  instead  of  columns  at  the  anglea  there  were  antse,  then  the  number 
of  columns  alone  was  reckoned  as  before,  and  would  denominate  what 
would  be  equivalent  to  a  portico  contaiidng  two  more  :  thus  a  diityle 
«s  mtia,  that  is,  two  columns  between  two  autte,  would  be  equal  to  a 
tetras^le,  as  in  both  there  would  be  three  iotwcolumns ;  a  UtraityU 
tw  oN/u  would  be  equal  to  a  hexastyle^  and  so  on.  When  the  oella  was 
without  a  roof,  and  in  par^  at  least,  opm  to  the  iky,  the  temple  was 
Ximadkypcetkral. 

The  following  diagnma  will  render  these  terms  more  intelligible, 
and  at  the  same  time  serve  as  examples  of  the  different  forms  of  plan 
is  rq^arda  cofiiMKiaftoM,  or  the  arrangement  of  the  columns. 

nwagh  so  exoeedln^  small  as  to  show  little  more  than  the  position 
of  the  columns,  wittauut  anv  regard  to  exactness  in  other  respects, 
these  alight  diagram3  wiU  both  serve  to  render  evident  many  circum- 
stances uiat  cannot  else  be  fully  explained,  and  also  to  exemplify  the 
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respective  denominations  of  temples  and  porticos  according  to  the 
number  of  columns  in  front.  The  one  "  in  antia"  is  a  dUt^  i%  anf»^ 
there  bdng  only  two  eolumni  between  the  aotes^w three  interoolunma. 


IN  ANTIS 


MOMorrsaAL 


MtetTvia 


HIWBA  Dip-r, 


as  In  the  two  tetrasfyle  examples  prostyle  and  amphiprostyle) ; 
whereas  were  there  four  columns  between  the  antte,  it  would  become 
tetreut]fie  in  antii,  and  have  a3  many  intercotunms  as  a  hexattyU,  of 
which  last  the  peripter^  figure  is  an  example.  The  dipteral  and 
pseudo-dipteral  are  boUt  octastylet ;  and  the  hypsethral  a  decaityle.  Thia 
Ust  may  also  be  taken  as  an  example  (though  an  imperfect  one)  of  a 
diproi^le,  for  It  will  be  seen  that  if  the  portico  were  a  mere  prostyle, 
it  womd  project  forward  two  intercolumns  from  the  body  of  the 
temple.  In  this  figure  the  [vonaoe  may  also  be  termed  polyiiyle,  on 
account  of  the  great  number  of  columns  in  suooessive  rows  between 
the  side  walls  enclosing  that  part  of  the  plan  (prooaos),  which  may  be 
described  as  a  dipteral  or  double  tetraityle  in  antit,  having  a  distyle  in' 
antia  behind  i^  and  a  diproi^  dsnu^  in  front  of  it. 

Still  there  is  no  variety  whatever  as  to  external  form,  no  individual 
character  as  to  outline  or  even  the  general  proportions,  nothing  of 
combination  or  of  -design,  as  the  last  term  Is  usually  imdeistood ;  but 
the  difference  of  effect  depended  altogether  upon  the  actual  dimen- 
Dons  of  the  stinoturea,  upon  material  and  execution,  upon  circum- 
stances of  detail  and  finish,  and  on  the  degree  and  particular  kind  of 
decoration  in  regard  to  sculpture  and  pojychromic  embelliahment. 
The  only  instance  of  combination  and  grouping  is  that  afforded  by 
the  &ecbtheion,  or  triple  temple  on  the  Acropolis  at  Athena,  which 
has  two  distinct  porticos,  namely,  an  lonio  hexastyle  monoprostyle  at 
its  east  end,  and  a  tela-astyle  diprostyle  of  the  same  order  on  its  north 
side,  and  up<m  a  lower  levd ;  besideB  which  there  is  a  smaller  attached 
or  projecting  structure  at  the  soutii-west  angle,  forming  a  tetrastyle 
diprostyle  arrangement  of  caiyatic  figures,  raised  upon  a  screen-wall  or 
podium.  In  thia  combination  no  re^rd  has  been  paid  to  symmetry ; 
for  which  reason  however  it  is  the  more  striking,  as  forming  a  decided 
contrast  to  the  unvaried  and  even  monotonous  uniformity  pervading 
the  temple-architecture  of  the  Greeks.  It  is  almost  the  only  Grecian 
structure  that  can  be  said  to  be  as  much  distinguished  by  picturesque- 
nesB  as  by  elegance  of  architectural  detail,  This  edifice  moreover 
affords  almost  the  only  instance  in  the  Grecian  style  of  distinct 
portioos  or  prosifies  projecting  from  a  building  ^PoBTiooj,  other 
porticos  being  either  in  aalU,  so  as  to  be  nteeswdwitiun  the  mam  walla 
forming  the  sides  of  the  edifice ;  or  are  only  the  end  or  ends  of  the 
colonnades  continued  throughout  the  whole  exterior  :  consequoitiy  in 
neither  esse  does  such  portico  show  itself  as  an  actual  prostyle.  The 
only  other  known  examples  of  Greek  prostyles  are  the  two  small  lonio 
temples  at  Athens,  that  on  the  banks  of  the  lUasus,  called  the  temple 
of  Psnops ;  and  that  dedicated  to  Nike  Apteroa,  or  Winglees  Victory. 
Both  these  were  amphiprostyle,  and  not  in  antis,  consequently  had  a 
proieoting  portico  at  each  end;  and  in  both  the  porticos  were  tetra- 
st^Ia.  Of  the  former  nothing  now  remains^  but  it  is  w«U  known  from 
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Stuart's  delineatdcma,  and  tlie  order  itself— of  plidn  and  bold  but 
el^jant  oharaotcr— has  becm  adopted  as  the  type  of  most  of  our  modem 
Oredan  Ionic.  Though  amphiprosiyld,  the  portiooi  were  not  exactly 
similar  in  plan;  for  while  the  one  was  a  mere  monoprostole,  that 
forming  the  entraaoe  end  was  alw>  dasply  t«oe«ed  wiuia  the  main 
walla,  after  the  manner  of  a  portico  in  antia  idthout  ocdumns.  The 
other  temple,  that  of  Nike  Apterca,  was  a  very  small  structure,  a 
mere  votive  chapel,  dose  by  the  west  front  of  tiie  Propyltea  of  ttie 
Acropolis,  with  its  hinder  portioo  fadng  the  south  wing  of  that  edifice, 
but  tnnuMi  obliquely  from  it.  For  although  they  carried  r^[ularity 
almost  to  excess,  iJie  Qre^  seem  to  have  pud  no  regard  to  it  what- 
ever in  disposinjf  buildings  relatively  to  eaoh  other,  for  there  is  a 
iriTnila.r  and  apparent^  intentional  want  of  parallelism  between  the 
Parthenon  and  ErechUieion  on  the  Acropolis  itself;  nor  are  «ther  of 
them  in  a  line  with  the  Propylssa,  or  equidistant  from  such  line  or  axis. 

This  inattention  to  unifonnily  of  arrangement,  where  diSerent  build- 
ings are  brought  together  on  one  general  plan,  shows  a  striking 
difference  of  taste  in  that  reroeot  between  the  Egyptians  and  the 
Gre^  The  temples  of  the  Egyfttians  oonsist  of  various  arohiteo- 
tunl  parta  subordinate  to  the  inrinotpal  stmoture,  but  combining  with 
that  and  with  eaoh  other  to  form  a  whole ;  which  scheme  was  some- 
times fiu^er  extended  l>yan  architectural  avenue  of  sphinxes  in  front 
(Ut  the  buildings.  The  Qreeks,  on  the  contrary,  certainly  did  not 
attempt  to  imitate  or  rival  the  EgypUons  in  the  extent  and  complex 
arrangement  of  their  temples,  though  there  can  be  litUe  doubt  that 
they  were  originally  indebted  to  them  for  much  of  their  architectural 
knewledge.  Their  temples  were  almost  invariably  single  structures, 
not  only  detached  from  bat  altogether  unconnected  with  adjacent 
ones,  instead  of  forming  wiUt  them  a  symmetrically  arranged  assem- 
blage or  group.  It  aeems  however  to  have  been  in  some  degree  the 
practice  with  the  Qreeks  as  well  as  with  l^e  Romans  to  erect  several 
temples  in  the  immediate  neighbourhood  of  eaoh  other,  and  in  a  por- 
tioulsr  district  of  a  city,  as  was  the  case  in  the  Forum  and  Capitol  at 
Kome,  where  temple  succeeded  to  temple  almost  uninterruptedly ; 
and  the  ruins  of  Peestum,  Agrigentiun,  Selinus,  and  other  places  show 
a  somewhat  similar  concentration  of  sacred  edifices  about  the  same 

r Temples  were  frequently  surrounded  by  a  aaered  grove  or 
tation  of  trees,  tenenoi,  or  else  placed  witlun  an  enclosure,  per- 
ibolot,  formed  either  by  mere  walls  or  by  colonnades,  but  there  are 
scarcely  any  examples  of  the  kind  now  remaining;  and  they  are 
chiefly  Roman  works,  nuuel^,  ih.6  temples  at  Baal^  and  Palmyra. 
Simfla^  enclosed  and  standuig  in  the  centre  of  a  peribolos  or  piazza 
{therefore  very  different  in  plan  from  an  Egyptian  temple  preceded  by 
B  tan-eoax(if  were  the  temples  of  Jupiter  and  JunOi  Yenus  and  Roma, 


at  Rome  [Rouax  Arohtteoturb,  coL  146] ;  that  of  Jupiter  Olympii^ 
at  Athens,  a  work  completed  in  the  time  of  Hadrian ;  and  also^  among 
Qrawo-Asiatic  examples,  the  temples  Athanft  Polias  at  Priene,  and 
Apollo  Didynueju  at.  Miletus. 

Similar  as  it  Ishpon  the  whde  to  tiiat  of  the  Qfedu,  the  teiQ^e- 
aiohiteoture  <rf  the  Romans  dlffon  from  It  In  many  other  droumstances 
besides  those  of  style ;  which  latter  was,  with  very  few  exoeptions, 
Corinthian — ^the  national  style  of  the  Romans,  as  the  Doric  was  of 
Greece  and  its  Italian  colonies.  One  leading  distinction  in  regard  to 
general  arrangement  is,  that  Roman  plana  were  hardly  ever  »»  antit, 
and  not  often  per^enU,  but  generally  prostyle,  yrith  the  portico  pro- 
Jectin^  out  from  the  eeUa,  or  body  <n  the  structure,  three  or  more 
mtercolunms,  so  as  to  be  tr^Mvt^Ie,  io.  [PoBTica]  Such  facade 
was  generally  further  distinguished  by  having  a  flight  of  steps  endoeed 
witbdn  pedestals  at  its  ends,  wluch  were  continued  as  a  podium  or 
moulded  basement  along  the  sides  of  the  edifice ;  whereaa  the  Qreeks 
raised  the  temples  only  three  steps  or  so  above  the  ground,  and  carried 
those  gradini  quite  round  tiie  structure,  wherefore  eaoh  elevation  or 
side  their  peripteral  temples  was  uniform  in  dedgn,  having  no 
other  variety  than  that  produced  by  greater  extent  and  number  of 
columns  in  one  direction,  and  by  the  pediments  at  the  extremltiea. 
The  Romans  certainly  evinced  greater  taste  for  both  contrast  and 
picturesque  combination  than  the  Qreeks,  although  decidedly  inferior 
to  them  in  beauty  of  detail  and  finish  of  execution.  In  order  to  give 
greater  dignity  to  the  whole  temple  or  to  the  prindpal  structure  in  an 
arohiteotural  group,  they  elevated  it  upon  not  a  mere  basement  or 
substructure  with  an  ascent  in  front  or  at  both  ends,  but  npon  a 
spreading-oui  platform,  constituting*  a  terraoe  on  every  side.  They 
appear  to  have  ooGaaionally  formed  a  succession  of  terraces  of  Sights 
of  steps,  leading  up  to  if  not  pmtinued  on  every  side  of  the  building. 
The  celebrated  Temple  of  Fortune  at  Fncneste,  usually  supposed  to 
have  been  originally  founded  by  Sulla,  was  a  very  remarkable  example 
of  the  kind.  Very  little  now  remains  of  it,  except  the  terraces  them- 
selves ;  neither  have  we  any  account  of  the  arcUteoture,  but  besides 
the  principal  edifice  or  temple  there  were  sevei^  subordinate  ones,  aa 
the  diflerent  platforms. 

Circular  and  polygonal  plans  for  temples  are  peculiar  to  the  Romans, 
and  occasion  a  diversity  of  character  not  to  be  met  with  in  tiiose  of 
Urn  Greeks.  Besides  the  two  simplest  forms,  the  monopteral  and  peri- 
pteral, which  have  been  shown  above,  there  were  other  varieties  and 
combinations.  For  a  notice  of  some  of  them  we  refer  to  Roman 
Abchitecturk 

Instead  of  entering  into  formal  descriptions  of  particular  temples, 
we  subjoin  a  synopsis  with  accompanying  remarks.   Some  of  the 
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Athens  . 

Theselon     .  , 

Dorlo    .  . 

BexBstrlCi  peripteral,  with  13  Intnoolunma  on  eldea,  46  x  109  feet. 

It  • 

Parthenon     .  . 

Doris .  . 

Ootaetyle,  peripteral,  hTpntbral,  100x838  fleet;  Jotlnits  and  CelUorste^  smUtectS.  [Eutx 
Makbus.] 

n  • 

Frapjlm     .  • 

Dorlo    .  . 

Hexastjle  on  both  fronts,  with  wlnga  of  a  emsUer  order,  at  right  aaglee  to  west  float.  Uoeslolei, 
srehlteot,  487-433  b.o. 

M  • 

EreothMon     .  . 

lonio  . 

Hexutyle,  proatyle  at  east  end,  with  a  tetnutyle,  dlprDetyle  on  north  side. 

t>  • 

Panops       .  . 

Ionic     ,  . 

Tetnu^le,  anapUproctjrlD.    A  well-known  exanplf^  tboai^  no  bmfer  extant,  havhv  been 
destroyea  by  the  Turks  sines  Stnirfi  time. 

ft  • 

NUteApteioa  .. 

lonlo .  . 

TMrastjlo,  amphlpros^le.  •Beeently  TCbnllt. 

«  • 

Japlter  OlyinpiaB  . 

OorintUsB  . 

Deoaetyl^ peripteral, oolvmos  Mftet  hlch. MX SSflftaL   Bsdosed  ty «  paft^B**  A  Boinsn 
work  orlcinslly  began  In  thi  thus  of  Plslstratii%  eotttianed  fey  Antbwbas  Eplpluuies,  and 
eompleted  by  Hadrian. 

Sloails 

Demeter  .      .  . 

Dorlo .  . 

A  aqoare  bnlldlog  of  abont  IBO  ftet  en  aaah  sUe,  with  a  dodecastTto  eotanaada  Pa^ag  the  w«t 
f^onL   TUi  temple  begun  by  Istiniis ;  eolonnads  added  by  PuSo,  andilteat,  alKnt  IIS  m.o. 

n  • 

Propflmn  •  . 

Doris    .  . 

Hexutyle  on  both  fronts,  With  Inner  lonle  order  as  at  Athou,  S0x*6<M.   A  ssenid  aad 
smaller  propylAon  within  the  peribolOB,  dls^Ie  la  antla.  See  ■  Uhedltsd  Antl^tlss  of  AtUea.' 

Hone  of  these  bnlldlngs  now  remain. 

Thortons  . 

*    •      >      •  > 

Doris. 

Eptaatyle,  peripteral,  or  with  eerea  colonns     eseh  end,  sad  ftraiteca  on  sa6h  side.  No.calla 
remaining ;  bat  suppoaed  to  have  beea  a  donbla  temple,  with  a  pssssge  thnnfh  the  oentre, 
tttm  the  sideiy  dlridlnf  the  oeUa  Into  two. 

Rhamnns 

Nemesis      .  . 

Dorlo    ,  . 

Hexastyle,  peripteral,  II  Interoohuus on sldss,  ttxiotn^ 

II  • 

Themli,  or  lesser  Tansle 

Dorio . 

Dlttyls  tn  antts. 

of  Nemesis. 

^Ins  . 

Athene  , 

Doilo    .  . 

Hexsstyle,  peripteral,  hypsthral,  41 X  SO  feet.   [^antniM  Hutauta.] 

Hexastyle,  peripteral,  l^pnUural,  B3  x  liO  feeb   Completed  about  4SB  mm,   UbM^  ar^hlteot. 

Oljmpla  . 

ZeoB  OlTinpiiis  , 

Doris .  . 

BasHB  , 

Apollo  Epienrbis  , 

Doris    .  . 

HexBs^te,  per^teral,  hypAhral,  47  x  123  feat.   Date  aboat  4S0  a  o.   Settan^  ataUtset.  In 

Interior,  lonlo  ecdnmns. 
Peripteral,  hypnthral.   Dorio  InteraaUy ;  with  vpfin  CorlnlUan  order.   Boopae,  arehlteet. 

Tegfa 

Athene  Alee .  . 

Ionic  , 

Kemca  . 

Zeui 

Dorio     .  . 

Hexastyle,  peripteral. 

Maqha-Grjwu.  ahd  Sicxlt. 


Paestnm    .  . 

Poseidon 

Dorlo  , 

Demeter  ,       ,       .  , 

Dorio 

Agrigentnm  , 

Zeus  Olymplns  . 

Dorlo . 

•t      •  • 

Hera      .      ,      .  . 

Dorio 

»•  ■ 

Goaoord      ■      ,  . 

Dorio . 

Segeste  .  . 

t  

Doria 

Belinos     .  . 

Great  Temple  . 

Doris. 

Spacoee 

Athene    ,       ,       ,  , 

Dorio 

Hexsityle,  peripteral,  hyprnthral,  Tflx  105  fceC 
Hexastyle,  peripteral,  47  x  107  f^t. 

Apteral,  or  -with  engaged  columns,  eptastyle,  ISSxSXflMt.   WUktas,  In  his  rsstotatlen  of  1^ 

nskei  this  temple  hexsa^le  amidilproB^le. 
Hexsstyle,  peripteral,  57  x  134  feet 

Hexastyle^  peripteral,  SI  x  » iNt.   Deep  proaaoi  and  ^Istliodomu 

^xutyle,  peripteral,  76x190  fM.   All  the  external  eolanina  (oBlMeQ  stmiiHnt,  hat  no 
remains  of  eeUs. 

Octutjle,  dlp^cal,  160x830  feet.  There  are  lemahis  of  flvs  oOer  tampleB,two  ofiAldtappsar 

to  have  been  hnastyle  pcrlptersL 
Hexastyle,  IS  Intereolnmas  on  sides:  bow  eonTerted  into  a  ohnroh  with  a  modem  ItsUaa 

Corlntblin  bfsde. 
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Epbeaoa   •  ■ 

Artraiis      •      •  • 

lonie  .  . 

Dcoastyl*^  dlptvnl,  hrptetbral, ;  eolomni  60  feet  talgfa ;  one  of  the  birgert  Qraolan  templei,  being 

MIMw  . 

Apollo  DidTmttU    .  . 

louio     .  . 

Decuple,  dlplenli  brpathnl,  104xSOS  bet   Colamns  9^  ^ameten.   Pwonlua,  architect. 

A  periboloa. 

UtcBMla  .  . 

Artrnxls      .      .  • 

loafo  . 

OotMtjle,  pHudo^pteral,  106  x  196  feet.   Hermoffenee,  orchiteet 

PrieM  (  • 

AUuiw  PoUoa  ,      i  . 

lonis     .  . 

Qcxut7te,  periptwral,  01x116  feet.    Pylheos,  airohitoct,  about  840  a.a    The  order  the  beet 

ezemple  of  Ailmtte  Imlo.   This  temple  hmd  s  periboloe  end  propylieon ;  the  iMter  Mnutjle, 

with  tvo  rowe  of  equere  pilUre  irftbln. 

Turn  .      .  . 

DioDTKM     ■      •  • 

loste  •  . 

HexMyle,  pertptml.   Hermogenee,  arehiteot ;  ibont  the  time  of  Alexander  the  Great. 

SaUM  . 

Uera  .... 

lOBta      .  . 

Xtaas^le,  dipteral,  lS9x346  feet. 

Rohan. 


Hons  » 


TlToU  . 
Pneneate 

Ponpell 
Niunea 

Benlbce. 

Falmjm 


Concord 
Fwtnna  Tlrilla 
Jnpltcr  ud  Jnao 


Japitev  Stator  •     •  . 

Jupiter  Toniuu  . 
Man  Ultor     .      .  . 

Yenu  aad  BoBui  • 

Aatoninna  and  nutin* 
Panthooa  .  .  . 
Teau  .... 
Teeta,  or  flie  nb  jl  .  . 
Fortuna     .     .  . 

Jnpiter  ,  . 
MaUon  OuTle,  or  Tem- 
ple of  CaioB  end  Lnciu 
Greet  Temple  .  . 
Leaeer  Temple .  •  . 
Hdloe,  or  the  Bon  , 


Ionia  . 
OnlntUaa 


OorlatUan 

Curinthlan 
Oorlntblaa 

CorlatUan 

Corinthian 
Cwinthian 
ODrinlhian 
Ootlidhlaa 


Corinttdan 

Corinthian 

Corinthian 
Corinthian 
Corinthian 


Hezaa^lot   Appean  to  haTo  been  a  diproetjrl^  but  nothing  of  the  ealla  rmulna. 
Tctraat]^  dtproe^le,  eella  p*endo-periptenl,  aboat  SI  x  44  feet 

Two  leparate  temples,  alongtlde  each  other,  In  centre  of  e  colonnaded  periboloa,  SimUar  in 
dlmeaalona,  but  the  one  ootastjle,  peripteral ;  the  other  ootastyle,  diprDst;le.  Erected  b; 
Ifetellne  SUcedonlcue,  abont  110  b.o.  No  mnalna;  bat  the  aathority  la  the  andent  plan  of 
Bonu  In  the  capitoL 

Suppoaod  to  have  beeo  octuple,  peripteral.   The  etkbrated  'Three  Colaima,*  In  the  Fnom,  are 

aU  that  now  remain  of  this  tot^  fine  example. 
Ootflstjle,  dipteral,  93  x  116  feet    Colnmiu  47  feet  b^. 

Of  thle  temple,  lometimee  called  th^  of  Nerra,  onlf  three  ""'iti'^f  itmain  j  bat  it  la  aoU  to 

hart  been  oelaetjle,  peripteral. 
Deoaatjl^  pMOdo-poripteral,  enelaaed  vltUa  n  peiilKdoa  fenncd  lif  dmiHs  oolouadM  oC  a  laaMr 

rader. 

Hexastylc,  triproetjk,  8SX55  feet 

An  octaatyie,  triproetyle,  attaehed  to  a  rotondft. 

A  oirealar  peripteral  of  SO  colomM. 

A  dreular  peripteral  of  18  colnmna  aroond  oella.   The  order  a  Tery  peculiar  and  fine  example. 
No  remaina  of  thta  celebrated  temple  itself,  bnt  ncrtly  of  the  eerie*  of  terraeet  and  flighta  of 

■tepe  on  which  it  vaa  derated. 
Qexaatjrl^  tetrvroBtyle,  aboti  60 x  110  feat.' 

Hczutj'le,  triproetyle ;  order  continued  alongthe  ealla,  making  Unpwftdo  peripi«Hd,18x!fy  bst 

Deoastyle,  peripteral,  160x190  feet 
Octaatyle.  peripUra),  llSxSSSftat 

Oetaetfle,  peripteral,  95  x  180  feet  Eneloeed  within  a  perlbolni  abont  740  feet  aviaxe,  formed 
bj  an  outer  wall  aad  two  rangea  of  Corinthian  eolamas,  making  a  doable  eohmnade. 


nwMuramento  and  other  putioulut  statad  in  It  may  not  ozacUy  accord 
witli  other  aoooniitB  of  tlie  respeotire  stmctures;  for  80  greet  is 
freqaeotly  the  dtaor^niu^  between  diflbrmt  euthtvitiee,  vhether 
writen  or  delioeaton  end  teelonn,  that  it  ia  impoidble  to  oUein  oom- 
plete  aocum^. 

The  above  table  mi^t  be  rendered  more  copious  and  greatly 
extended;  and  it  might  also  hava  been  differratly  arranged  in  several 
■wnjB,  eadi  of  iriiidi  would  have  had  ■omething  to  raoommend  i<» 
acccading  to  the  pnrpoae  for  wfaioh  it  may  happen  to  be  omralted. 
Chrondogioal  order,  fur  inetanoe,  if  the  reepeotiTe  dates  could  be 
aacertained  with  tolerable  aocuiacy,  may  be  considered  preferable  by 
aome  peraona ;  or  the  buildings  might  hare  been  classified  according  to 
the  number  of  oolunms  in  front,  and  as  being  tn  mtU,  ynutyU,  peri- 
fteral,  Ac ;  or  else  according  to  their  relative  aise  and  dimensions.  In 
fact  a  aepMte  table  ia  reqnbed  ior  eadi  mode  <tf  ohadflcation  and 
anangenunt;  bni  as  that  oonld  not  be  done, wa  have  adopted  what  we 
ooDsider  the  most  satisfaotory  upon  the  whole.  We  may  however 
render  it  in  some  measure  more  complete  by  here  pointing  out  that 
the  deeaityU  examples  mentioned  in  it  are  the  Tennile  of  Jupitw, 
Athens;  Artemis,  Ephestu;  Apolto,  Miletns;  Hera,  Samoe;  Venus 
and  BoiD^  Bome;  and  tiie  great  temple  at  Baalbeo.  As  regards 
dimendona  and  tdatiTe  nic^  the  fidlowing  are  the  largeat  Btmotoraa, 
'Tiniitly  ^ — 

Vldlh  of  Front.  Length. 

Sphenis     ,  190  feet          425  feet 

Agi^entnm,  Great  Tenvl*  •  •  •  IBS  n  » 
BdlMB,  Gtcat  Ton^ .      •      •      •   160  „  MO  „ 

TeMNBndBoBsa  '  IK  »  880  ., 

AtiMBS,  FarOioaaa     .      .      .      .   lOO  SS8  „ 

Titmple  of  Jnpiter  .      •      .      .   .     M  „  S9Q  » 

By  mty  of  aflbrding  a  standnrd  of  comparison,  wa  add  the  dimen- 
■ione  of  St  Paul's,  London,  and  La  Madeleine,  at  Faiis,  name^:  the 
former,  180  by  BOO ;  the  other  1S8  by  828  feet 

TEMPLE,  SOLOMON'S.  For  447  years  after  the  Hebrews  had 
entered  tlie  land  of  Canaan  tiuj  oontanued  to  worship  at  the  tabernacle 
which  had  bean  framed  fortheu-  use  in  the  Wildenteea.  [Tabernaclk.] 
The  inoon^nilW  of  a  settled  pec^  having  <»ily  a  tent  for  the  celebra- 
tion of  their  quendid  ritual  service  first  ocooired  to  the  mind  of  David. 
It  appeared  unseemly  to  him  that  the  Ark  of  God  should  still  "  dwell 
between  curtains,"  while  he  abode  himself  in  "  a  house  of  cedar,"  and 
he  therefore  proposed  to  build  a  temple  in  which  the  worship  of  God 
might  be  more  becomingly  conducted  (1  Chron.,  xviL  1).  The  prophet 
Vathan  wH  Junrarer  oommiaMOBed  to  infoim  him  that  having  been 
oagsged  in  oonetant  warfare,  and  fdied  much  human  blood,  he  oonJd 
not  be  allowed  to  execute  the  dedgn  he  had  formed,  which  was  to  be 
reeerved  for  the  peaceful  reign  of  bis  son  Solomon.  This  undertaking 
was  however  a  principal  subject  of  David's  thooght  and  core  during 
tha  wBwInJerw  Ua  reign;  and  to  ft  ho  apEnpmtad  a  large  popor- 


tlon  of  the  Immwuw  treasare  vUcb  his  many  viotories  producsed.  He 
may  be  said  to  have  provided  all,  or  nearly  all,  the  materials  before 
his  death ;  consisting  of  large  but  variously  estimated  quantities  of 
gold  and  silver,  brass  and  iron,  stone  and  Ijmber.  He  also  secured  the 
services  of  skilful  mechanics  and  artificers  for  every  branch  of  the 
work,  and  fumiahed  the  design,  plan,  snd  site  of  the  building ;  so  that 
more  of  the  credit  of  this  woik  seems  due  to  David  than  to  Solomon 
(1  Chroni,  zxi, ;  xxiL;  zzviiL  11-19). 

The  fooudation  of  Uie  Temple  was  laid  in  B.a  1012,  bdng  the  fourth 
year  of  Solomon's  reign ;  and  in  seven  years  and  a  half  it  was  com- 
pleted. During  this  tame  183,600  persons  were  employed  on  the 
work.  Of  Jews  there  were  80,000  serving  by  rotation  of  10,000 
monthly ;  and  of  Conaanites  there  were  153,600,  of  whom  70,000  were 
labourers,  80,000  hewers  of  wood  and  stone,  and  8600  overseers  of  the 
othen.  To  mn  the  labour  oi  oarrisge,  the  parts  were  all  laeparad  tot 
use  at  a  distanoe  frran  the  rite  of  the  building,  and  when  they  were 
brought  together,  the  structure  was  reared  without  the  sound  of 
hammers,  axes,  or  tools  of  iron  (1  Kings,  vi  7)- 

The  site  of  Solomon's  Temple  was  the  summit  of  Mount  Moriah, 
one  of  tike  eminences  on  which  Jerusalem  stood.  This  eminence  roee 
to  no  great  height  within  the  oi^,  but  was  high  and  steep  above  the 
vall^  of  the  Kedron,  which  it  overlooked.  It  faced  the  Mooni  of 
Olives.  The  Mosque  of  Omar  now  occupies  the  same  site ;  and  the 
Imposing  figure  wMc^  it  niakes  in  every  view  of  Jerusalem  shows  that 
a  more  advantageous.situation  could  not  have  been  chosen.  The  top 
of  the  hill  was  levelled,  and  the  sides  banked  up  to  aSbrd  a  sufficient 
area.  This  area  was  divided  into  two  (but  in  Herod's  temple  three) 
courts,  in  the  outermost  of  which  stood  the  people.  It  was  separated 
by  A  low  wall  (or,  as  some  think,  by  a  latticed  fence  or  treUis)  from 
the  inner  court,  called  the  Court  of  the  Priests,  in  which  was  tiie 
great  altar  of  burnt  ofi^ings,  and  where  the  priests  and  Levites 
officiated  in  view  of  the  peo^e,  and  in  front  of  the  holy  house,  or 
proper  temple.  The  proper  temple,  as  previously  indicated,  was  an 
oblong  buildiog.  It  was  70  cubits  in  length,  20  In  width,  and  30  in 
height :  this  last  was  however  only  the  elevation  of  the,  house  or  holy 
place>  for  the  innermost  sanetoaiy  was  but  20  cubits  high  (1  Kings,  vi, 
20) ;  and  although  the  porch  (pronaoa)  is  said,  in  1  Chron.,  iiL  4,  to 
have  been  120  cubits  high,  or  four  times  the  height  of  the  main 
building,  the  numbers  in  that  t^  are  now  generally  admitted  to  be 
corrupted:  20  cubits,  whidi  we  find  in  the  ancient  versions,  is 
probably  the  true  number ;  being  the  same  height  as  the  sanotuaiy. 
The  porch  covered  the  breadth  of  tha  building  20  cubits,  and  was  10 
onbits  deep:  tiie  holy  |daae  was  40  mHt»  long  by  20  wide;  the 
Banetaarr  was  a  perfect  sqaare  <d  20  cubits.  The  budding  fronted  the 
east.  Along  the  north  and  south  sides,  and  the  west  end  of  the 
structure,  was  an  upper  stoiy,  or  gallery  of  wood,  and  oertun  building 
called  "  sida  ohambOTs,"  in  three  storiee,  each  five  cubits  high.  This 
made  Iff  oaUta  <rf  total  alentiioi^  wliioh  waa  not  more  than  half  tha 
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height  of  the  nuun  buildug,  in  whoso  walla,  above,  there  was  there- 
fore room  for  the  e^i^ed  windowi  vhlch  uve  Hgtit  to  the  iemi>le. 

The  eaored  uteiuilB  wore  of  tiie  same  description  and  ooouined  the 
BBme  relatiTfi  poBition  ae  io  the  tabernacle .  but  Kone  of  them  were 
larger,  as  the  altar,  candlestick,  Ac,  in  proportion  to  the  more  extemdve 
estsblishment  to  which  th^  belonged.  The  fnindral  of  the  new 
utensils  was  the  great  brazen  lav^T  for  ablotloDi,  vhioK  nsted  OH  the 
backs  of  twelve  oxen  of  the  same  metal* 

The  inner  Moeboatr  wm  sepajnted  from  the  holjr  place  hj  a  rich 
onrtaiit  or  toL  The  iriude  of  the  interior  ms  wainacoted  with  cedar, 
carved  with  figures  of  cherubim,  paloi-trees, -and  flowers,  and  then 
overlaid  wiUi  the  finest  gold.  The  doon  were  also  covered  with  gold : 
all  the  utensils  in  the  house  were  of  that  metal ;  and  even  the  floor 
appears  to  have  been  overlaid  with  gold  (1  Kings,  vi.  SO).  It  is  this 
lavish  expenditure  of  precious  metal  upon  the  building,  and  the 
daborate  workmanship  bestowed  upon  it,  whiolr,  rather  than  its 
arohiteetunt  effect,  ooooaots  for  the  reports  of  its  surpasrin^  magnifi- 
oence,  and  for  the  immense  wealth  cooiumed  in  its  erection.  The 
popular  impression  concerning  it,  however,  being  based  rather 
upon  the  exaggerated  statements  of  Josephus  than  upon  the  more 
sober  accounts  in  Scripture,  does,  no  doulrt,  greatly  exceed  the  tru^L 
More  might  be  said  of  its  richness  than  of  its  gnmdviir.  Its  wealth  is 
indeed  attested  by  the  apoUations  of  suoceesive  kings  and  conqueron ; 
and  it  may  be  well  to  remember  that  this  was  not,  as  in  other  nations, 
me  of  many  temples,  but  was  the  sole  tonple  of  he  whole  nation,  and 
in  the  production  of  wldoh  the  whole  nabon  oowd  therefore  concen- 
trate its  resources. 

The  Temple  of  Solomon  retained  its  pristine  splendour  only  for 
forty  years,  when  its  treasures  were  plundered  by  Shiahok,  king  of 
Egypt.  After  undeigoing  various  other  profanatioDB  and  jnllages,  it 
was  finally  destroyed  by  the  Chaldseons  under  Kebuchadneosar,  B.a 
£88,  after  having  stood  417  years.  After  the  Captivi^,the  temple 
was  rebuilt,  on  the  same  plan,  and  on  a  more  extensive  scale,  but  vrith 
greatly  diminished  sidondoor.  This  temple  stood  until  some  years 
before  t^e  birtii  of  Christ,  wh^  Herod  the  Oreat,  to  propitiate  his 
subjects,  whom  most  of  the  measures  of  his  reign  had  tended  to 
exasperate,  imdertook  V>  rebuild  it  on  a  laiger  scale  and  with  greater 
magiuficence.  In  nine  yean,  during  which  80,000  workmen  were 
constantly  emplr^ed,  he  accomplished  his  original  design ;  and  pro- 
duced a  fabric,  which,  while  the  same  in  its  essential  charaotetistics, 
much  Bupaased  the  Temple  of  Solomon  in  extent  and  architecture, 
although  the  precious  metal  may  have  been  less  lavishly  displayed  in 
the  interior  decorations.  Many  jyears  after,  the  ews  kept  workmen 
employed  In  embellishing  the  pile,  and  in  the  erection  of  additional 
buUdings  (John,  iL  20).  In  a.d.  64,  nothingrem^ed  to  be  done ;  but 
six  years  later  (a.d.  70)  the  temple  and  ci^  were  involved  in  one 
common  ruin. 

TElf  ACIT  Y  (from  ihe  Latin  Unadtat, "  the  power  of  holding  ")>  a 
property  of  material  bodies  by  which  their  parts  resist  an  effort  to  force 
thraa  asunder. 

This  property  is  the  result  of  the  corpuscular  forces  acting  within 
the  insenmUe  spaces  supposed  to  exist  between  the  partidesof  bodies ; 
it  is  oonsequently  different  in  different  materials,  and  ht  the  same 
material  it  varies  witii  the  state  of  the  body  with  rsipact  to  tenqtoa- 
tore  and  otiier  oiroumstanoes. 

Those  oorpuBCular  forces  consist  of  attractions  which  vaiy  according 
to  unknown  laws  with  the  distances  trf  the  particles  from  one  another, 
and  even  at  certain  distances  then-  become  repnUons  [AttraotiohI  ; 
but  in  nil  bodies  except  the  elastic  fluids,  the  combined  actitois  of  all 
the  particles  produce  that  coherence  which  constitutes  the  tenacity  of 
the  masses.  In  tiiose  fluids  the  particles  have  no  coherence,  and  when 
the  pressures  to  which  they  are  subject  are  ranoved,  thoee  particles 
immediately  separate  from  each  other  with  forces  dependins,  probably, 
upon  the  quantity  of  caloric  with  which  th^  are  combined.  In  non- 
elostio  fluids  and  m  BoUds,  tenacify  exists,  bat  in  very  different  de^^raes ; 
its  force  depending  upon  differences  in  the  intensity  of  the  attracting 
powers  between  the  particles,  upon  differences  in  tm  distances  of  the 
particles  themselves,  upon  the  notion  of  the  caloric,  andf  in  some  oases, 
upon  variations  in  the  preeaure  of  the  atinosphere. 

The  molecules  of  liquids  a^wre  to  one  another,  and  generally  to 
those  of  solid  bodies,  by  attractive  forces  which  decrease  very  rapidly ; 
and,  at  insensible  distances  from  the  supposed  plaaos  of  contact,  tne 
adhetdon  entirely  disappeare  [Capilubt  Attbactios]  :  the  nal 
tenacity  of  the  molecules  being,  as  Dr.  Young  observes,  equal  to  the 
excess  of  their  mutual  attractions  above  the  forces  of  repulsion  arising 
from  the  actions  of  the  calorific  perticles.  It  is  on  acroant  of  the 
small  distance  to  which  the  atbactions  of  the  fluid  molecules  extend, 
and  to  the  freedom  with  which  the  particles  move  on  one  another,  that 
fluids  aM>ear  to  have  so  little  tenacity;  but  from  the  weight  of  water- 
support  m  gloss  tubes.  Dr.  Robison'has  estimated  that  the  mutual 
attaraetions  of  the  particles  of  water  on  a  surface  equal  to  one  square 
inch  must  tar  exceed  190  pounds. 

Qnuns  of  dust  or  sand,  while  6ij,  have  no  power  of  adhering  toge- 
toer,  probably  because  their  forms  do  not  wimlt  a  suffidont  number 
of  points  on  their  surfaces  to  be  brought  vritiiin  the  distance  at  which 
corpuscular  attractions  take  place ;  but,  it  alightiy  wetted,  the  mutual 
attractions  between  the  dust  and  the  liquid  produce  a  certain  degree  of 
tenadty.   This  is  very  sensible  in  claj  moistened  witii  water;  for. 


being  then  drawn  into  the  form  of  a  rod,  it  is  oapable  of  bearing  a 
small  weight  suspended  from  it.  Tenodty  exists  in  various  degrees  in 
visdd  fluids,  as  oil,  gum  dissolved  in  water,  tm.  Sealing-wax  and  glass 
also,  when  heated,  lose  tiieir  brittleneas,  and  acquire  pIaiCtdfjr,whCTeby 
they  become  capable  of  being  moulded  into  any  form,  iriule  their  par- 
tides  retain  a  considerable  degree  of  aifiiesive  power. 

The  tenadty  of  solids  constitutes,  in  ^rt,  the  subject  of  the  power 
of  bodies  to  resist  Btrains;.  and  under  Uatebials,  Strenotb  OF,  will 
be  found  a  table  of  the  weights  which  would  overcome  the  force  of 
oohesion  in  rods  immoveably  fixed  at  one  end  and  puUed  in  the  diree- 
Uon  of  their  length.  Those  weights  may  be  considered  as  the  measures 
of  teuadty  in  the  different  kinds  of  material ;  and  it  may  be  added 
that,  from  a  mean  of  several  experiments  mods  by  Telford  on  the 
tenacity  of  forged  iron,  the  breaking  strength,  when  reduced  to  that 
whioh  it  would  be  if  the  area  of  a  transverse  section  of  the  bars  had 
been  one  square  inch,  is  29|  tons.  The  bars  were  cylinders  or  paral- 
ldo{npeds  varying  in  length  from  1  foot  5  inches  to  2  feet  3  inches, 
and  in  area  of  section  from  0'S6  to  3'14  square  inches  :  they  stretched 
in  length  from  two  inches  to  four  inches  before  they  broke.  Telford 
found,  also,  that  a  bar  of  cast-steel  bore,  suspended  from  it,  27*92  tons, 
a  bar  of  blistered  sted  17-27  tons,  and  of  cast-iron  (Welsh  mg)  7'2fi 
tons ;  the  area  of  the  section  in  all  being  one  square  inch.  Tenacity 
in  solid  bodies  varies  greatly  with  their  tempwature.  Coulomb  took  a 
piece  of  copper-wire,  which,  when  ooolf  carried  22  lbs.  suspended  from 
it;  and,  upon  brinf^ng  it  to  a  white  heat,  it  would  scoruely  bear 
121ba. 

Though,  when  a  piece  of  metal  is  fractured,  the  parts  vrill  not  by 
dmple  adjunction  adhere  together,  yet,  in  some  cases,  by  hammering 
them  upon  one  another,  so  many  points  on  their  snr&ces  may  bo 
broo^t  within  the  limUs  to  whidi  the  force  of  oohsnon  extmds,  that 
they  will  aoqniie  a  taoadty  equal  to  that  whioh  Um  metal  hid  in  its 
natural  state. 

The  tenadty  of  wood  is  much  greater  in  the  direction  of  the  length 
of  its  fibres  than  In  the  transverse  direction,  the  fibres  bdng  united  by 
a  substance  having  littie  cohesive  power.  Few  experiments  have  been 
made  on  the  tenadty  of  wood  perpendicularly  to  its  groin,  as  it  is 
called ;  and  from  those  of  Mr.  Emerson  it  appears  to  vary  from  one- 
tenth  to  one-seventh  of  the  tenadty  in  the  otiier  direction.  When  a 
stiain  takes  place  in  tiie  direction  of  the  fibres,  th^  become  disengaged 
from  one  another,  and  thus  lose  the  strength  whioh  arises  from  their 
lateral  cohesion.  They  then  become  subject  to  aepaiate  strains ;  tite 
weekeo'  ones  are  first  ruptured,  and  at  length  all  f^v9  nay,  leaving  an 
irregular  surface  of  fractiue,  [AnHsaioH.] 

With  respect  to  metals,  the  prooeeses  of  foraging  <u>d  wire-drawing 
tnorease  their  tenadty  in  the  longitudinal  direction  ;  the  augmentation 
tA  friction  and  lateral  oohenon,  arising  from  the  partides  being  forced 
together  in  the  transverse  direction,  more  thui  oompensates  for  the 
d^iinution  of  the  attraction  which  may  resolt  from  the  particles  being 
forced  or  drawn  farther  asunder  longitudin^y.  Copper  and  iron  have 
their  tenadty  mon  than  doubled,  while  gold,  silver,  brass,  and  lead 
have  it  more  than  tripled  by  those  metals  bein^  dimwn  into  wire. 

Mixed  metals  have,  in  general,  greater  tenacit7  than  those  which  are 
simple  :  the  tenadty  varies  vritfa  Uie  dlfierent  prc^>ortions  in  whioh  the 
metals  are  mixed ;  and  the  proportions  whidi  produce  the  greatest 
strength  ore  diSlsrent  in  different  metals.  The  only  experiments  on 
this  subject  with  which  we  are  aoquainted  are  those  m  Mosdienbroek ; 
and  from  theee  we  find  that  a  compound  of  which  )  were  gold  and  i 
oofiper,  had  a  tenacity,  or  force  of  craedon,  more  thra  double  tiiat  <rf 
theg(^  or  copper  alone :  braes,  composed  of  copper  and  rinc,  had  a 
tenadty  more  titan  double  tiiat  of  the  copper,  and  neariy  twenty  times 
as  great  as  that  of  the  dnc :  a  metal  of  whidi  {  were  block-tin  and 
}  Imd,  had  a  Htrength  mere  than  double  that  of  the  tin ;  and  a  mixture 
of  whidi  g  vrare  lead  and  j  dno,  had  a  tenacity  nearly  double  tiiat  of 
the  dnc,  and  neariy  five  times  as  great  as  that  of  the  lead  alone. 

TENAILLE,  in  Fortification,  is  a  rampart  raised  in  the  main  ditch, 
immediately  in  fnmt  of  the  curtain  between  two  bastions ;  and  in  its 
most  simple  form,  ft  ocmdsts  of  two  faces  ooindding  in  cUraction  with 
the  faces  of  the  bastions,  and,  consequently,  fonmng  with  each  other 
a  re-entering  angle.  Oenerally,  however,  it  oondsts  of  throe  faces,  of 
which  two  have  tiie  directions  just  mentioned,  and  the  third  ftnms  a 
curtain  which  is  parallel  to  that  of  the  enodnte.  See  t.  Jig.  1,  Bastion, 
and  r  (m  the  plan),  Fobtipioatior. 

This  work  was  originidly  proposed  by  Vauban,  in  order  to  serve  the 
purpose,  in  part,  of  a  fauiiae-brqw  [FaDbsb-bhatb],  since  the  fires  of 
musket]^  on  its  Cooes  may  be  .employed,  in  conjunction  with  thoee  of 
artillery  and  musketry  on  the  flanks  of  tiie  baatsMMt  to  oppose  the  pas- 
sage of  the  enen^'acroBs  the  main  ditoh  when  aboot  to  mount  a  liraKdt 
in  the  ramparts  of  the  place. 

The  relief  of  tiie  tenaiUe,  or  the  elevation  of  its  crest  above  the 
bottom  of  the  ditch,  is  detaroined  connstentiy  with  the  intention  of 
thus  defending  the  main  ditch ;  and  in  order  that  the  defenders  of  the 
tenaille  may  not  be  injured  by  the  shot  fired  over  their  heads,  from 
the  flanks  <n  the  bastions,  it  is  usual  to  make  the  crest  of  that  work 
coindde  with  a  horiscntal  ^ane  pesslitt  three  or  four  feet  below  tin 
point  whsre  a  line  fire  from  tme  of  those  flanks  would  cut  a  vertical 
plane,  bisecting  the  augle  of  the  tenaille  or  its  cartain.  The  height 
thus  determined  will  allow  the  parapet  of  the  work  to  be  elevaJted 
from  two  to  four  feet  above  the  teir^ein  of  the  ravdin  in,  its  fnni; 
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knd,  eonsequADtlT,  from  tli«  onrtain  of  &»  teaullo  a  gmdog  fire  of 
muakotry  might  be  employed  to  protect  the  interinr  of  tiie  rarelin,  or 
of  its  rednit,  if  tiiere  ia  one,  should  the  defenders  of  either  of  those 
works  abandon  it  (in  consequence  of  an  assault  bemg  made)  before  the 
enemy  haa  time  to  cover  himself  in  it  by  a  lodgment :  that  fire  will 
also  oontir^te  powerfully  to  prarak  the  aMmj  from  attempting  to 
enter  tiie  rxTelin  by  iU  gorg^ 

Vauban,  at  first,  gare  to  his  tenailles  shot  flanks  neatly  paralld  to 
tiiose  of  the  bastions,  but  he  soon  abandoned  that  conatrnction,  per^ 
ceiring  that  though  the  defenders  might  Hxat  fire  oorreatly  along  the 
main  ditehj  yet  the  parapets  of  those  fluika  were  liable  to  be  destroyed 
the  firs  from  the  enemy's  coimtw-battsrisB  [b,  1,  Bastjok],  and 
they  were  enfiladed  from  the  rampart  of  the  ravelin  (q),  or  from  the 
{^ads  of  the  plaoes  tA  arms  (l). 

BesJdee  a&brding  additional  fires  for  the  d^snoe  of  the  main  ditch, 
lite  tenaUle  serves  to  oover,  in  part,  the  reretment  of  the  curtain  in  its 
rear,  and  prevent  it  from  being  bresohed  by  fire  from  any  lodgments 
of  the  enemy  on  the  ghuns.  Its  panqitit  serves  also  to  mask  the 
poetein  in  the  onrtain  of  the  raceinte^  whidt  would  otherwise  be  bo 
mnch  exposed  to  the  fliet  &<inB  ib»  ooonter-batterisi,  that  the  de- 
fenders might  be  nnaMe  to  commmtfoate  throogfa  it  with  the  ontworhs. 
On  this  account  the  breadUi  of  the  ditch  between  the  ourtun  of  the 
toiaille  and  that  of  tiie  enceinte  is  made  such  only  as  to  allow  the 
parapet  of  the  former,  with  the  relief  determined  as  above-mentioned, 
to  conceal  the  postern  from  the  view  of  the  enemy  on  the  glads.  This 
ditch  is  advuitageous  in  preventing  the  defenders  of  the  tensille  from 
bdng  injorad  the  q>linters  which  may  be  dotaohed  from  the  flanks 
and  cnrtaStt  behind  it ;  and,  when  dry,  it  serves  to  oover  bodies  id 
troops  whidi  may  issue  from  thence  and  attack  the  enmn'  while 
crossing  the  main  ditdi,  previously  to  making  sn  assault.  If  the  main 
ditch  contains  water,  tiie  tenaille  serves  to  oover  the  boats  and  rafts  by 
which  the  defenders  of  the  enceinte  communicate  with  the  outwinka. 

The  tenulle  has  bean  eondderal^  iminoved  by  Bousmaid,  who, 
retnmfaig,  in  one  respeet^  to  the  wlginal  idea  oC  Vanfaan,  has  given 
flanks  to  the  wwk  In  order  that  the  mahi  ditdi  may  be  direcUy  de- 
fended by  Uaem.  These  flanks  are  r&isad  hijrit  enough  to  cover  the 
revetments  of  the  flanks  of  the  bostionB,  whue  their  upper  snrfaoes 
may  be  grazed  by  a  fire  of  artillery  from  thence ;  and,  instead  of  being 
formed  with  open  terrepleins,  and  parsmts  for  mosketry,  as  usuw, 
each  flank  of  tike  tenaille  is  provided  with  easematee,  or  vaults,  for 
four  tneesB  of  artillety  wUeh  are  {daosd  nearly  on  a  knnd  witit  tiie 
terrefHnn  <rf  the  oovraed-way.  These  guns  sre  ecmseqnently  o^ial^ 
of  bdng  directed  against  the  ooonter-batteries  (h)  td  the  enemy,  as 
well  as  of  defteding  the  foot  of  a  breach  in  the  face  of  the  bastion. 

His  construction  was  adopted  by  ChasMloup  de  Lauhat  in  the 
tenaiUen  of  the  detached  works  wliidi  he  executed  about  Alessandria, 
in  Itah^,  when  Napdeon  (after  the  battle  of  Marwgo)  prc^osed  to 
make  nat  dfy  the  iMse  of  hb  opentiona  bsiyond  the  A^  BuL  In 
orier  to  avoid  tiia  misdiief  whidi  results  mm  a.flre  direeted  spuist 
casemate*  (tiie  diot  in  striking  the  chedbs  or  sides  of  the  embrasures 
dstaddng  fran  them  splinters,  whidi  being  driven  into  the  vault  do 
more  injury  to  the  defenders  than  the  shot  itself),  this  enf^neer  raised 
before  each  flank  of  ^e  tenaille  a  mass  of  earth  which  was  reveted 
with  brickwork,  snd  perforated  in  suoh  dirsotions  that,  in  dirfending 
the  ditch,  the  shot  from  the  oasematee  ooold  be  fired  through  the 
^Mrtuiea,  wh^  the  mass  snved  aa  a  mask  whidt  would  {vevsnt  the 
enemy  from  seeing  the  embrasures  in  the  flanks  of  the  tenulle. 

Any  work  bdonging  nther  to  permanent  or  fidd  fortification,  whidi, 
on  the  plan,  consists  of  a  succession  of  lines  forming  salient  and  re- 
entering angles  alternately,  is  sud  to  be  A  tcnaitte. 

TENAILLON,  <n-  Qreat  TenaiUe,  hi  Fcntlflcation,  is  a  spedes  of 
exteritn-  work  which  has  been  occasionally  ctmstmcted  before  the  faces 
of  a  small  raveHn,  with  a  view  of  increasing  the  strength  of  the  latter, 
procun&g  addltiond  spaoe  beyond  the  ditoh,  or  covering  the  shoulders 
of  the  bastions.  Thn  ware  invented  by  Vauban,  who,  however,  very 
seldom  consbnieted  them;  and  subsequent  engineers  have  generally 
considered  them  as  inferior  In  defennve  quahties  to  a  eounterguard 
[q  q,  FoRTiPiCATioH,  Jtg.,  oob.  I7I-I72,]  placed  over  the  faces  and 
•dioit  angje  of  the  ravelhi. 

The  fbrat  and  pontion  of  a  tenaillon  may  be  understood,  t  being 
aaifossd  to  rapreaent  a  small  ravelin,  U  beyond  the  ditdt  of  the  ktter 
Ibe  ramparts  of  tiie  right  and  left  faces  be  produced  till  eaoh  of  them 
meete  a  rampart  nearly  perpendicular  to  thie  face  of  the  bastion  and 
extending  to  the  place  of  meetang  from  the  ooimteTScsrp  of  the  main 
ditch  at  a  point  opposite  the  middle  of  that  fiwe.  The  works  thus 
formed,  one  over  each  face  of  tiie  ravelin  t,  constitute  a  tenaillon ; 
before  each  line  of  rampart  is  a  ditoh,  and  part  of  ^e  general  covered- 
way,  the  main  ditch  and  that  of  the  ravehn  being  in  the  rear.  The 
two  foees  wfaidi  are  beyond  the  salient  angle  of  tiie  ravelin  would,  if 
produced  towards  the  latter,  form  with  each  other  a  ra-enteiing  an^e, 
iriioae  vertex  would  coindde  witii  that  of  tiie  said  xogie. 

The  objections  to  tcuiaillons  are,  that  the  besieger  would  experience 
KtUe  difficulty  in  establishing  a  lodgment  on  that  port  of  the  covered- 
way  or  glads  which  is  immediately  in  front  of  the  salient  angle  of  the 
ravelin ;  and  in  this  situation  he  would  be  able  to  breach  the  faces  of 
the  two  half-bastions  in  four  places,  by  fires  of  artillery  directed  along 
the  tiUtdies  of  the  ravelin  and  those  on  the  skle  fsoes  of  the  tenaillon. 
Ths  salient  taf^m  of  the  teoaillim,  and  <^  the  ravelin  which  it  corui^ 


msj  be  breached  at  the  same  time,  and,  when  tiie  ditdice  ore  dry.  it 
would  be  possible  to  attack  an^  carry  the  nvelin  at  the  time  of  making 
the  assaults  on  the  tenaillon :  then,  the  enemy  having  got  possession 
of  the  former  work,  any  retrenchments  which  may  have  been  made  in 
the  teoailloa  must  neceMsarUy  be  abandoned  by  iho  defenders. 

The  reenterina  wftae  between  the  two  faces  wldch  are  in  the  pn>- 
longaticMD  oi  the  aees  of  the  ravdin,  and  wluch  constitute  the  head  of 
the  tenaillon,  is  sometimes  occupied  by  a  small  redout,  consisting  of 
two  ramparts  perpendicular  to  the  faces  whioh  have  been  just  men* 
tinned ;  mkI  thus  there  mi^  be  obtained  a  good  crossing  fire  for  the 
defence  of  that  port  of  the  covered-way  which  is  concealed  by  the 
salient  angles  of  tne.tensillons  from  the  defenders  of  the  bostiuna. 

Demi-tenaiUons  are  works  ^aoed  also  on  the  aides  of  a  ravdin,  and 
oondgting  of  two  tamparts  wUdt  are  perpendicular  to  and  nearly 
oppodte  the  middle  of  the  faoes  of  the  bastions  sad  ravdins :  these  are 
usually  acoompanied  by  countergoarda  which  oorer  tlu  sslisnt  angles 
of  the  latter  works,  and  are  oalled  Smnelx 

TENANCY.  [Temant.I 

TENANCY  IN  COPABCENABT.  [Bbtatb.] 

TENANT.  Tenants,  in  the  man  extended  le^  sense  of  the  word, 
are  of  various  kinds,  distinguldied  from  eaoh  other  by  the  nature  of 
their  estates ;  such  as  tenants  in  fee  simple,  in  fee  tail,  for  life,  iat 
years,  at  will,  and  at  sufTflronce.   [Estatx;  Tendeb.] 

TENANT  AND  LANDLORD.  The  word  tenant,  in  the  more 
limited  legal  sense,  which  is  also  the  popular  ssnse,  is  one  who  holds 
land  undtrr  another,  to  whom  he  is  bound  to  pay  rent,  and  who  is  called 
his  landlord.  The  word  Land  means  nc*  only  land  itself,  but  also  all 
things,  such  as  buildings,  houses,  woods,  and  water,  which  may  be 
upon  it.  Any  one  who  has  on  estate  in  land,  provided  he  is  also  in 
possssnon,  may  Jet  the  land  to  another.  Where  the  letting  takes 
place  by  an  express  Soutraot  between  the  parties,  tiie  oontntot  is  called 
a  Lease,  the  nature  of  \rtuch  is  explained  generally  under  Lsasi. 

But  tiie  reUtion  of  landlord  and  tenant  may  oe  created  otWwise  ' 
than  by  a  formal  lease.  If  one  man  with  the  consent  dl  another  occu- 
pies lus  lud,  ft  contract  of  letting  is  assumed  to  have  beeoi  made 
between  tii«n,  and  the  occupier  becomes  tenimt  at  will  to  the  owner. 
Suoh  tenants  are,  after  paymmts  of  rent  as  in  annual  tenandes,  con- 
sidered to  be  upon  the  same  footing  as  if  the  lands  had  been  let  to 
them  for  a  year  dating  from  the  commencement  of  their  occupation. 
And  at  the  end  of  the  fixst  year,  a  seoond  year's  tenancy  begins,  unless 
six  montiu^  notioe  trf  the  intention  to  determine  the  contract  has  htea 
given  1^  either  party  to  the  otiier,  and  so  on  from  year  to  year.  TiM 
same  tide  of  law  apples  to  cases  where  a  tenant  oontinues  to  ooeupy 
laud  after  the  expintion  of  a  lease  made  by  deed ;  but  in  this  case  w 
the  covenants  of  the  expired  lease  as  to  payment  of  rent,  repairs, 
insurance  and  the  like,  are  in  force  unless  the  lease  is  cancdled  by 
dastnying  the  seal;  and  even  If  there  ahould  be  a  verbal  agreement 
for  a  cumrent  rent,  still  the  dd  eonumts  aubdst^  unlesi  tba  lease  is ' 
eanoelled.  [Dbbd.] 

In  every  case  where  tite  relation  of  landlord  and  tenant  exists,  dther 
by  express  or  by  implied  oontract,  certain  terms  are  implied  by  law 
to  have  been  agreed  uptoi  by  the  parties  aa  forming  part  of  tiie  con- 
tract. It  is  of  course  in  tiie  power  of  the  parties,  where  the  contract 
is  express,  to  qualify  these  terms  so  implied  by  the  language  of  the 
oonbftct  itsdf.  But  it  mi^  be  observed  tiiat  as  theaa  terms  are 
oomprdiennve  in  their  native,  and  distinctiy  understood  in  law,  the 
interests  oi  parties  are  ofton  better  consulted  by  leaving  them  to  the 
generd  [ooteetion  afforded  by  these  iiQpUed  terms  tiian  by  attempts  to 
define  by  enumeration  in  detail  the  respective  rights  and  duties  of  the 
landlord  and  tenant.  The  terms  impUed  on  the  port  of  the  landlord 
sre,  that  the  tenant  shall  quieUy  enjoy  the  premises  without  let  or 
hindrance  from  the  landlord;  on  the  part  of  the  tenant,  that  he  will 
p^  rent,  keep  tiie  premises  in  rqiair  to  a  oertain  extent,  and  use  the 
land,  Ac.  in  a  fsir  and  husbsndlike  manner. 

When  tiie  landlord  is  himself  tenant  of  the  premises  to  a  superior 
landlord,  and  neglects  to  pay  his  rent,  and  the  occupying  tenant  is 
called  upon  to  pay  it  to  the  supericff  landlord,  he  may  do  so,  and  set  it 
<MGF  against  the  rent  due  from  him  to  his  own  hmdlord.  l£  a  tenant 
has  oovenanted  without  exception  or  iMsi'vatkn  to  pay  rent  during 
the  term  for  whidi  the  lease  has  been  granted  to  him,  he  will  be  bound 
to  pay  it  even  if  the  n-emises  diould  be  destroyed  by  fire  or  other 
casualty.  If  he  should  have  assigned  his  lease  to  another  and  oessed 
to  be  in  possession,  he  will  still  remain  liable  under  his  covenant  to 
Ijayrent^ 

The  rules  of  law  as  to  the  repurs  of  premises  may  bo  determined  by 
the  terms  of  the  lease.  If  they  are  not  determined  by  the  terma  of 
the  lease,  tii^  are  somewhat  unoertoin  and  dqiend  on  a  variety  of 
ciroumstanoss,  which  ue  laid  down  in  law  treatises. 

No  tenant,  in. the  absence  of  su  agreement  to  tiiat  efiect,  is  bound  to 
rebuild  after  ocddental  desb-uction  of  t^  premises  by  fire.  But  under 
a  gemenUoovensnt  to  repair,  and /wwrQutretj,  the  tenant  is  bound  to 
rebuild  even  in  the  case  of  destruction  by  fire. 

In  sgrioultuiol  tenuicies  the  lease  smerol^  determines  the  mode  in 
which  the  farm  is  to  be  treated.  [Lkabb.]-  Unless  also  the  lease 
expressly  or  impliedly  excludes  the  operation  of  the  custom  of  the 
couatiy,  the  tenant  is  bound  to  conform  to  it.  The  custom  of  Uie 
oountcy  meaoB  the  general  jKwitioe  employed  in  ncdghbouring  farms  of 
ftBimifaur  desurip^ioot  with  nfwsnoe  to  TOtatumoi  crops, ksepiug  19 
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fencea,  and  <Ah.Br  like  matters.  In  leues  of  famu  it  ta  often  the 
prsctioe  to  protect  the  landlord  against  oerttdo  acta  of  the  tenant,  such 
aa  [4ou{^ing  up  meadow  land,  Ac.,  hj  inbodnaiuc  certain  prorioona 
into  the  lease.  Theae  [OOTiaionB  may  operate  aooowng  to  tiw  phtaaao- 
logy  used,  either  to  aaaign  a  Tpeamj  or  to  determine  the  liquidated 
damaf^  agreed  to  be  paid  for  the  act  done.  It  ia  often  a  matter  of 
great  importance  and  of  some  nicety  to  deteimine  imder  which  daaa 
the  pronsiona  hJL  If  under  the  fint,  the  landlord  is  not  entitled  to 
the  whole  penalty  upon  the  aot  being  done,  bat  he  oan  only  reoorer  in 
an  action  the  amount  of  the  actual  damage  which  haa  accrued-  If 
under  the  aeoond,  he  is  entitled  to  the  wlwle  amount  of  the  damagM 
agreed  on.  A  covenant  by  a  tenant  not  to  plough  up  meadow  under  a 
paoaHgr  of  Bl.  for  every  acre  ploughed,  ia  an  instuioe  of  the  firat  class  : 
a  oorenant  to  pay  5L  rent  for  erery  acre  of  meadow  ploughed  up,  ia  of 
the  second  dass.  The  right  to  timber  and  timber-like  treee  belonga  to 
,  the  landlord ;  loppings  of  pollards  and  buahes,  to  the  tenant.  Different 
defittitiouB  preridl  in  different  counties  of  timber  and  timber-like  trees, 
and  TariouB  ooatoma  prevail  aa  to  what  amount  of  wood  the  tenant 
may  be  allowed  to  emjAoy  (aftw  the  landlord  baa  bean  called  on  to 
select  it)  for  the  purpoaes  of  Hm  farm.  No  tenant,  unless  he  employs 
the  lano  aa  a  nurseryman  or  gardener,  can  remove  any  kind  of  anrub 
from  the  soiL  Neither  can  a  tenant  remove  fixtures,  though  put  down 
by  himself,  A  fixture  is  a  chattel  which  la  let  into  the  stw,  or  united 
to  some  other  which  is  let  in.  There  are  some  exceptions  to  this  rule 
in  iavonr  of  fixtures  used  for  the  purpose  of  trade  or  agrieulture,  or 
merely  omament&l  purposes,  ^ere  the  removal  will  cause  little  or  no 
damage.   (Amoa  and  Ferard, '  On  Fizturea.') 

The  tenant  in  occupation  of  the  premises  is,  in  Uie  firat  instance, 
liable  for  all  taxea  and  rates  of  every  description  due  in  renwct  of  the 
premises.  The  party,  therefore,  who  ia  authorised  to  oolleot  them 
may  proceed  against  the  tenant  in  occupation  to  ftoover  them.  It  is 
gsnenlly  a  matter  of  agreement^between  the  luidlord  and  tenant  that 
the  tenant  shall  pay  all  rates  and  taxes  except  the  land  tax ;  and  some- 
times it  is  agreed  that  the  kndlord  shall  pay  the  sewer  rate  also.  It 
however,  the  landlord  has  undertaken  to  pay  the  tenant  the  rates  and 
taxea,  and  &ils  to  do  so,  the  tenant  may  deduct  the  amount  from  his 
rent,  or  bring  an  action  to  recover  it ;  but  tiiia  should  be  done  during 
tiie  current  year,  and  if  the  tenant  allows  a  considerable  time  to  dapse 
withoot  fJainiing  a  deduction  or  bringiiig  an  action,  he  will  be  held  to 
have  waived  his  claim  to  recover  them  from  the  landlord. 

Where  a  fixed  rent  hsa  been  i^reed  npon,  has  become  due,  and  la 
neither  paid  nor  tendered,  the  landlord,  with  certain  exoeptiona,  can 
distrain  growing  crops,  any  kind  of  stock,  gooda,  or  chattels,  upon  the 
premises,  or  pasturing  any  common  enjoyed  in  right  of  the  premises, 
whether  audi  things  are  the  actual  property  of  the  tenant  or  not ;  and 
if  the  rent  remains  unpaid,  he  mav  sell  thrai.  It  follows  frtnn  tiiis 
general  rule  that  »  landlord  can  diBtrain  on  tiie  gooda  of  a  lodger 
who  occupies  nnder  hia  tenant.  [Dibtbxss  ;  RniT,] 
^  A  tenant  ceases  to  be  so  if  he  incurs  a  forfuture,  which  m^  arise 
eititer  by  a  breach  by  the  tenant  of  one  of  those  c<mditions  which  are 
implied  by  or  attached  to  the  relation  of  landlord  and  tenant,  aa  where 
a  tenant  disclaims  or  impugns  the  title  of  his  landlord  by  at^sow- 
ledging,  for  Instance,  the  right  tA  property  to  be  vested  in  a  stranger, 
OT  assorts  a  claim  to  it  himself,  orojA  breach  of  a  condition  which  is 
eqpresdy  introduced  into  ^  lease,  tito  breadi  of  which  is  to  be 
attended  with  a  forfeiture  of  the  tenancy,  as  a  condition  to  pvr  rent 
un  a  particular  day,  to  cultivate  in  a  particular  manner,  &o.  To  this 
head  may  be  xefened  provisoes  in  a  lease  for  n-tecOsj  by  the  landlord 
on  the  doing  or  failure  in  ddng  of  certain  acts  by  the  tenant,  such  as 
the  commisntm  of  waste,  the  failure  to  repair,  &c.  The  courts  are 
said  to  be  un&voonble  to  forfeituree ;  therafore,  when  the  landlord 
has  notice  of  an  act  of  forfeiture,  or  an  act  which  entitiee  him  to  re- 
enter, he  must  immediately  proceed  in  suc^  a  way  as  to  show  that  he 
intends  to  avail  himself  of  his  strict  legal  right  If  after  the  commis- 
sion of  tiie  act  he  does  anything  which  amounts  to  a  rec(^;aition  of  the 
tenancy,  aa  by  the  acceptance  of  rent  subsequently  due,  he  will  have 
w^ved  his  right  to  insist  upon  the  forfeiturei 

A  yearly  tenanc?,  where  no  period  of  notice  is  agreed  on,  most  be 
determined     a  notice  to  quit  at  the  expiration  of  the  ourrent  year, 

Even  six  months  previously.  In  the  case  of  lodgings,  the  time,  when 
n  than  a  year,  for  which  they  are  taken,  wiU  be  the  time  for  which  a 
notice  ia  neoessary.  Thus  lodgings  tdten  tiie  month  or  weA 
recniire  a  month's  <  r  week's  notios. 

The  notice  to  qi  it  need  not  be  in  writing,  though,  from  the  groater 
bcili^  of  proving  it,  a  written  notice  is  always  better.   It  should  ' 
diatinctiy  deeoribe  the  premiaes,  be  positive  in  its  announoonait  ot  an 
intuition  to  quit  or  require  poasession,  be  signed  by  the  party  giving 
it,  and  served  personally  upon  the  part^  to  be  affected  by  it 

It  a  tenant,  after  having  given  notioe  to  quit,  continues  to  occupy, 
he  is  liable  to  pay  double  rent  If  he  does  so,  no  freeh  notioe  is 
neosnuj.  If  be  continues  to  occupy  after  the  landlord  has  ^vm  i>™ 
notice,  he  ia  liable  to  pay  double  value  for  the  premises. 

At  the  expiration  of  the  lease,  tiie  tenant  u  bound  to  deliver  up 
poasesrion  of  the  premiaes  j  but  if  either  by  special  agreement  or  by  . 
the  custom  of  the  countoy  the  tenant  ia  entitied  to  the  crops  still  ' 
standing  on  the  land,  and  which  are  called  away-going  crops,  he  may 
enter  for  the  purpose  of  gaUiering  them«  and  also  use  the  Inma  and 
•tables  for  the  pntpoae  of  threshing  them.  The  in-coming  toiantm^ 


also  enter  during  the  tenancy  of  the  preoeding  tenant  to  plough  and 
prepare  the  luid. 

u  the  tenant  refuaes  to  deliver  the  poaoestiwi  of  the  land,  the  land- 
lord may  briny  an  aetion  of  ejeotmemt.    [KbHT:  EjEOTHXIfT.] 

TENANT  AT  WILL,  AND  FBOH  TEAR  TO  YEAR.  "  Tenancy 
at  will,"  aays  Littleton,  a.  68,  "  is  where  lands  or  tenements  aro  let  1^ 
one  man  to  another  to  have  and  to  hold  to  him  at  the  will  of  the 
lessor,  by  force  of  which  lease  the  lessee  is  in  possession.  In  this  case 
the  teiuee  is  called  tenant  at  will  because  he  hath  no  certain  or  sure 
estate ;  for  the  lessor  may  put  him  out  at  what  time  it  pleaaeth  him,** 

An  estate  at  will  may  arias  by  implication,  as  well  as  by  exin«M 
words.  Thna,  whwe  a  t«iant  m  years  oontinuee  in  possessiwi  after 
the  exj^tion  of  hia  term,  and  psys  rent  as  before,  the  payment  and 
aooeptanoe  of  not  constitute  a  tenancy  at  will.  So,  where  a  man 
enters  under  an  agreement  for  a  lease  or  a  oontiaot  for  the  purohaae  of 
an  estate,  he  must  be  considered  at  law  aa  the  tenant  at  will  of  the 
person  who  haa  the  l^al  titie. 

Where  a  mortgagor  oontinuea  in  poneoiion  of  his  land  with  the  con- 
sent  of  the  nun^gaf^,  after  de&uut  in  payment  of  principal  and  in- 
terest at  the  time  stipulated  in  the  mortnge  deed,  he  is  tenant  at  wilL 
So  also,  where  the  legal  estate  is  vested  in  a  trustee,  the  beneficial 
owner,  or  eeituiquc  <nuf,  if  he  be  in  poasession,  is  considered  at  law  as 
toiant  at  will  under  tiie  trustee. 

A  tenancry  at  will  may  be  determined  either  by  express  declaration 
of  the  lessor  that  the  tenant  shall  hold  no  kmger,  which  must  be  made 
on  the  land,  or  notice  given  of  it  to  the  lessee ;  ot  hy  some  act  of 
ownership  exercised  by  Uie  landlord  inoonsiateDt  with  tlw  continuanoa 
of  the  estate,  such  as  entering  on  the  land  and  cutting  down  trees 
demised,  rn^HTiy  a  feoffment,  or  a  leaaa  for  •years  to  commence  imme- 
diately. On  the  part  of  the  tenant,  any  act  of  desertion,  an  assign' 
ment  of  the  land  to  another,  or  the  oommisaion  of  waste,  is  a  determi- 
nation of  his  estate.  A  lessor  determining  the  tenancy  before  the  rent 
ia  doe  loses  the  raat',  and  on  the  other  lumd,  the  lessee  who  determines 
it  before  the  rmit  is  due,  must  notwithstanding  pqr  it  up  to  tiiat  time. 
If  either  par^  die,  the  tenan^,  if  it  be  of  a  honse,  continues  till  die 
next  rent^ay ;  and  if  of  land,  imtil  the  summer  profits  are  received  by 
the  tenant  or  his  re|H«sentativea. 

Where  a  tenancy  at  will  is  detwmined  1^  the  lessor,  the  tenant  is 
entitled  to  emlmaants ;  but  not  if  it  be  datemiined  by  the  tenant* 
himself. 

The  oourts  are  always  inclined  to  oonstrue  demises  where  no  certain 
term  Is  mentioned,  not  as  estatee  at  will,  but  as  tenandea  from  year  to 
year ;  and  the  circumstance  of  an  annual  rent  beinjcreserved  has  been 
considered  sufficient  to  warrant  this  construction.  Where  a  remainder- 
man roceivee  rent  from  a  tenant  under  a  lease  for  years  which  is  void 
as  agUnst  him,  before  electing  to  avoid  it,  a  tenancy  from  year  to  year  is 
created.  Also  where  an  agreement  for  a  lease  for  more  than  three  years 
is  nude  by  psrol,  and  ii  therefore  void  by  the  Statute  of  FnHids,tliinieis 
a  tenancy  from  year  to  year  regulated  by  the  terms  of  the  agreement 

A  tenmcy  from  year  to  year,  when  once  constituted,  is  binding  not 
only  upon  uie  reversioner,  but  his  assignee,  and  does  not  cease  upon 
the  death  of  the  tenant,  but  goes  to  his  executors  or  administrators. 
The  tenant  is  entitled  to  six  months'  notice  to  quit,  ending  at  the 
expiration  of  the  year,  and  thus  a  new  year  is  contiopally  added  to  tiie 
tenn  as  often  as  the  lialf  year's  pravious  notioe  is  omitted  to  be  gLvea 
at  the  proper  time. 

TENANT  FOR  LIFE.  Tenancy  for  life  of  lands  or  tenements  is 
ihe  possessioQ  of  a  freehold  estate  or  interest,  the  duration  of  which  ia 
confined  to  the  life  or  lives  of  the  tenant  or  some  other  person  or  persona. 

The  estate  ot  the  tenant  for  life  is  either  (I)  such  as  is  created  by 
deed  or  some  other  legal  asauianoe,  or  (2)  such  as  arises  by  operation 
of  law. 

(1)  An  estate  for  life  may  be  created  by  lease  with  liveiy  of  amain, 
or  by  any  other  conveyance  at  common  law  which  might  be  employed 
in  conveying  the  fee,  or  b^  a  dedantion  of  a  use,  or  by  will.  The 
estate  so  limited  may  be  either  to  a  person  for  hia  own  Ufe,  or  it  may 
be  given  to  am  for  the  life  of  another,  or  for  any  number  of  lives 
mentioned  in  the  grant  In  the  last  case,  the  estate  is  in  effect  one 
for  the  life  of  the  survivor  of  the  petBons  so  named.  On  the  other 
hand,  an  estate  may  be  granted  for  tiie  joint  lives  of  A  and  B,  in  vhidi 
case  it  is  in  fact  an  estate  for  the  life  of  the  person  who  dies  first 

When  lands  or  tenements  are  conveyed  by  deed,  without  any  express 
limitation  of  tiie  quauti^of  estate  to  be  taken  by  the  grantee,  he  takes 
an  estate  for  life  only.  This  however  is  the  case  only  when  the  grantor 
mi|^t  lawfully  create  such  an  estate ;  for  if  he  be  tenant-in-tail,  the 
conveyance,  unloee  it  be  a  lease  withhi  the  provisionB  tiie  atatute 
82  Hen.  YIIL,  9. 28,  will  peas  only  an  eatate  for  the  life  of  the  grantor. 
Before  the  1  Vict,  o.  26,  a  devise  witiioat  words  of  limitation  conferred 
on  the  devisee  a  life  eetate  only ;  but  now  by  sec  28  of  that  act,  a 
devise,  though  without  any  words  of  limitation,  passes  the  fee  simile, 
or  the  whole  of  such  other  estate  as  the  testator  had  power  to  dispoaa 
o^  unless  a  contrary  intimation  appear  by  the  will. 

Formerhr,  when  lands  were  given  to  A  for  the  life  <rf  B  irithont  at^ 
words  oi  limitation,  if  A,  or  the  person  to  whom  he  had  assigned  his 
estate,  happened  to  die  in  the  lifetime  of  B,  the  estate  was  oonadered 
as  a  kind  of  heredUai  jaeeiu,  beloofpna  to  whoever  first  took  possession ; 
and  the  pamm  vho  did  so  was  called  the  general  oooupant  [Ocov* 

PASCT.] 
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TESTANT  FOR  TEABS. 


TENANT  IN  FEMIMPLE. 


A  »ft  to  two  p«noD8  for  thur  Uvm  b  an  etUte  in  joiiit  tenancy, 
and  na-tiielil«of  the  nirrfyor,  if  the  putin  eontimie^oiiit  tenanta; 
but  if  tlM  Mutora  ba  Berared,  etoh  hu  then  an  Mtate  m  the  moi«t;y 
for  his  own  life  only. 

(2)  The  estates  for  life  arisinf^  }yj  openttios  kv  are,  ih»  estate 
tail  after  poeaibili^  of  iasue  eztmofc,  and  tbe  estate  by  courtesy  and 
the  estate  In  dower. 

The  estate  tall  after  poaaibili^  of  iasae  extioob  ariaee  when,  by  the 
death  of  one  of  the  persns  from  whom  the  inheritable  issue  is  to  pro- 
oeed,  it  has  beocone  Impoarible  tiut  any  pentm  duraU  exist  upon 
whom  the  estate  tail  ean  desoand.  Thus,  if  the  lands  be  {riven  to  A 
toA  tike  heirs  of  his  body  b^  B,  his  wife,  or  to  A  and  B  and  the  heirs 
of  their  bodies,  and  B  die  without  leaving  any  issue  of  their  two  bodies 
fivinV)  A,  from  being  tenant-in-tul  special,  oeeomes  tenant-in-tail  after 
poaswili^  of  iamie  extinot;  whloh  is  in  eSeot  nothing  more  t^ian  a 
tenancy  iar  li&,  with  oertain  peculiar  privileges  remaining  to  the  tenant 
out  of  Us  forawr  iaberitanoe,  the  prinoi]^  ot  whioh  is  the  right  of 
ecMomitting  waste. 

As  to  t£e  nature  and  incidents  of  tetutnoy  tiw  oottrte«y  and 
tenancy  in  dower,  see  Courtkst  and  Doweb. 

Tenants  for  life  are  entitled  to  estovers ;  that  is  to  say,  to  an  allow- 
anee  of  neoessaty  wood  for  tiie  r^iair  of  honsee  and  fences  on  the  land ; 
but  no  taiuiit  nr  Ufa^  ezes^  tanant-i&4Bil  aftw  posBibilit7  of  issue 
•xtuiet,  can  out  down  man  tunber  than  is  naeamry  iot  moh  puiposee, 
or  build  new  houses,  or  q>en  mine^  without  beuig  niili^  <A  waate^ 
unless  his  estate  be,  as  it  may  be,  made  ezpvanly  without  impeach- 
ment  of  wastei  [Waste.} 

A  tenant  for  life  is  not  bound  to  pay  off  the  principel  of  incum- 
bnnosB  aflbcting  the  inheritance,  but  he  is  bound  to  keep  down  the 
interest  of  sll  sneh  inoumbranees.  Be  may  omvay  or  demise  Us 
tenenient  bj  tiie  same  means  as  a  tenant  in  fee,  provraed  Im  does  not 
attempt  to  oouv«iy  any  estate  greater  than  his  own. 

If  he  ooDT^y  grant,  lease  for  years,  bargain  and  sale,  or  lease  and 
release,  be  ean  pass  no  interest  greater  than  that  which  he  himself 
poeaeoses,  iha  oonv^anoe  for  the  exoess  is  merely  vend,  and  no  f or- 
feituje  is  incuired.  But  a  oonveyanoe  by  feoCbarat,  or  by  any  assur- 
ance aqnivalaDt  to  a  fine  or  reooveiy,  if  pnt^^irtin^  to  exeeed  the 
bounds  of  tiie  life  estate,  displaces  tiie  estates  in  remamder  and  ereatee 
a  wrongful  fee  nmple.  The  pereon  entitled  to  the  next  estate  in  re- 
mainder or  reversion  becomes  tiien  inmtediately  entitled  to  enter, 
thereby  restoring  all  the  estates  which  had  been  displaced  1^  the 
tortious  conveyanoej  exo^  that  of  the  tenant  tat  hh,  which  becomes 
'absoltttdy  f cnieited. 

As  to  the  merger  and  RiReiiderirf  estates  tar  life,  sea  Xnumand 
ScBBxroiB. 

The  name  tenant  for  life  is  also  applied  to  the  person  to  whom,  in 
■sttlementa  or  wills  of  personal  properly,  is  given  sn  interest  for  life 
only  in  the  fund  whioh  is  the  subject  of  tiie  settlement  or  w^  [Sxt- 
nxmn;  Will.] 

TENANT  FOR  TEARS.  [Bbtatb;  Liabk;  Tmujur  asd  Lakd- 
Loao.] 

TENANT  AT  SUFFERANCE,  says  Lord  Coke,  "is  be  that  at 
flnt  came  in  by  lawful  demise,  and  aftw  his  estate  endeth  continueth 
in  possession,  sod  wrongfully  holdeth  over."  Thus  a  tenant  pur  autre 
vie,  continuing  in  possession  after  the  death  of  cethii^  vie,  a  tenant 
for  yean  holmng  after  the  expiration  of  his  term,  and  a  person  who, 
having  been  tenant  at  will,  continues  in  possesuon  after  the  death  of 
the  taisor,  are  all  tenants  by  sufferanoe. 

As  the  tenant  at  sufiWance  holds  only  by  tiie  laches  of  the  owner, 
there  is  no  privity  of  estate  between  them,  and  therefOTe  the  tenant  at 
snftranoe  is  not  o^Mble  of  talcing  a  rdease  of  the  inheritance.  Tenants 
at  sufliuanoe  were  not  bound  to  pay  aiqr  rent;  till  by  the  4  Oeo.  II.,  o. 
28,  §  1,  it  was  enacted  that  "where  any  tenant  holds  over  after  demand 
nude  and  notice  in  wriUng  given  for  delivering  the  pooacasion,  such 
petscHis  so  holding  over  shall  pay  double  the  year^  v^ue  of  the  lands 
ao  detained,  for  so  l$ng  a  time  as  the  same  are  detained ;  to  be  re- 
oovered  by  action  of  debt,  agi^nst  the  recovering  of  which  penalty 
there  shall  be  no  relief  in  equity." 

TENANT  RIGHT.  It  is  good  policy  bt  Che  owners  of  land  to  give 
liberal  acknowledgement  of  the  tenant's  right  to  the  unexhausted  im- 
prorements  of  tlie  land  which  he  has  held,  if  he  should  be  forced  to 
uave  it;  because  this  will  induoe  fahn  to  cultivate  it  with  energy  and 
liberali^.  Aooordingly  in  some  parts  ot  tiie  country,  and  especuuly  in 
Linodnahirs,  it  is  tiw  custom  to  give  tiie  tenant  on  leaving  a  propor- 
tioD  of  his  expenditure  during  the  last  few  yean  (rf  his  tenancy— vary- 
ing in  amount  with  the  number  of  yean  which  has  elapsed  since  the 
expenditure,  and  the  character  as  to  permsnenoe  of  the  improvement. 
The  following  table  may  be  taken  as  describing  a  not  vnoommon  set 
of  allowaooee : — 


DesnlptiMi  of 

XlBJKOVCIIMat. 

Coodltkos  Annexed. 

Bate  of  CompnusUoa  to  be 
Allowed  en  QotttinK. 

1.  Fine  fnraad  bone 
and  talMBsh  bones 

On  drained  er  natnaUf 
dr7  image  IsnA  .  . 

Two-tblrds  of  the  east  of  what 
has  been  naed  in  the  last 
year  of  tenanej,  and  one- 
third  of  that  wed  ia  the 
year  ptoeedlng^ 

Dsaerlptloa  of 
Inprovnaenti 


S.  Bobs  duit  and 
halfJaeh  bones . 


S.  DtMolTtd  boB«a  or 
piano 


4.  Line 


6,  LlMeed  cake 


6.  Dnlnlnf  —  land- 
lord <|'M*F"y  tiles 


7.  Prslnlnj  tenant 
flaiHsf  Ulae  • 


8,  New  ballings  or 
walls— landlord 
Aadlng  nuteilsle 


•.Powb 


ID*  New  waUs  or 

buildings  —  te> 
nant  flading  oil 
nuterlals  .  . 


1 1.  Hew  fenees  ot 
hawthoTD — land- 
lord finding  postt 
snd  rails  . 

IS.  Clover  and  gnw 
■ecds  , 


Condltloos  Annexed. 


On  drj  or  wtlUlrained 
poitnn  or  meadow 
land,  the  ssnw  not  be- 
ing aflervards  mown 


On  dry  er  weU-dr^aed 

land       .  • 

On  diy  or  welUdrained 
lead  . 


Oonsomed  on  the  ftrm 


Provided  the  drains  sre 
not  Wm  than  t  feet 
deep  St  legolsz  dlt- 
tsaces^  Bad  cat  nader 
the  nperinteBdaaeael 
the  landlord  or  his 
ageati,  and  ore  in 
perfect  order  at  the 
expiration  <rf  tenanoy 

Same  proviso  as  above  . 


Sevsn-dghtha  ot  the  eost  of 
that  DBcd  in  the  lott  jsnr  of 
tenancy,  and  dimlnlablnn 
ene-elgbth  every  previons 
jeer  subsequent  to  the 
^VUestton. 

Oae-fborth  of  the  eost  <rf  fhst 
wed  In  the  Isst  year  of  -te- 
nancy for  tnmlps  and  rape. 

Thrce-foorthi  of  the  cott  of 
thnt  nied  In  the  lost  year  of 
tenoney,  and  one-founb  of 
that  used  In  the  preceding 
year. 

Three-fourths  of  the  oost  of 
that  used  In  the  lost  year  of 
tenoney.  The  msanre  being 
oarefnUy  preset  red  ia  the 
Mdyard. 
Four-flflhs  of  the  expense  of 
euttlng,  laying,  and  flUIng 
in  the  drains  made  during 
the  Inst  year  of  tenaaey, 
and  dimlnlshljif  one-fifth 
for  erwy  crop  giowa  on  the 
lend  iince  It  was  drslned. 


PrOTlded  the  uma  sre 
done  under  the  dlres- 
Uon  and  approved  ot 
by  the  landloid  or  hia 
agent,  sseordlng  fo 
plan  snd  speoidcation 
preriondy  agreed 
upon 

Same  previse  as  sboTO  . 


Sasu  proviso  ss  abore^ 
tenant  keeping  and 
delivering  np  In  good 
repslr     .  . 


Pro  Tided  they  have  been 
properly  protectedand 
cleaned      .  , 


["revlded  proper  seeds 
have  been  sown  In  a 
hnibaadUke  snd  pro. 
per  msnner,  and  hare 
not  been  depastured 
or  trod  by  stock. 


Bate  of  OompensntiM  to  be 
Allowed  on  Quittlag. 


Stx-seveaths  of  tha  east  ef 
those  mode  la  the  last  year  of 
the  teuacy,  and  deeresaing 
Dne.aeveath  for  erery  cinp 
grown  since  it  was  drained, 
Nine.taith>  of  the  cost  of  those 
erected  In  the  last  year  of 
the  tenant,  and  decreaalDg 
one-tenth  for  each  year's 
ooeupstlon  after  erection. 


Klae.tenau  of  the  east  ot  tbon 
made  or  ftUcd  np  In  the  last 
year  of  the  tenanoy,  and 
deoreaalng  one-tenth  for 
each  year's  oeenpsUon  after 
eomplstkm. 

If  Ineieen-tweBtlsths  MT  the  eost 
of  those  made  fn  the  lait 
year  of  tenancy,  and  deoreas- 
Ing  one-twonlleth  to  eoeb 
year's  ooeupstiOB  sfter 
tion. 

Nine-tenths  of  the  eost  of  those 
made  la  the  lost  year  of 
tenancy,  and  decfeoalag  ona- 
tenth  for  each  yeor'i  occu- 
pation after  completion. 

The  Invdee  eost  of  seeds  sown 
In  the  last  year  of  tenanoy. 


The  advantage  of  such  a  set  of  allowances  to  the  owner  of  the  land 
consists  in  its  tendency  to  produce  vigorous  and  intelligent  onltintioa; 
its  advantages  to  the  tenantry  and  Ubouren  are  obvious. 

Tmumt&^  is  tha  name  for  a  species  of  oustomsiyeatataspeoaliar 
to  the  northern  parts  <tf  England,  in  which  border  services  against 
Scotland  were  anciently  pofcrmed  before  the  political  union  of  tha 
countriee.  Tenantrigot  estates  were  hdden  of  the  lord  of  the  manor 
by  payment  of  oertain  customonr  rents  and  the  render  of  the  services 
above  mentioned,  are  descendible  from  ancestor  to  heir  according  to  a 
customary  mode  diffning  in  some  reepeots  from  the  rule  of  descent  at 
commtm  law,  and  were  not  devisable  hy  will  either  dtreotly  or  by 
means  of  a  will  and  surrender  to  the  use  of  the  same,  though  they  are 
now  made  devisable  by  1  Vict,  o.  26,  s,  S.  Althou^  tluse  estates 
appear  to  have  many  inoideots  which  do  not  properly  belong  to  villeiu* 
age  tenure  or  copyhold,  not  being  holden  at  the  will  of  the  lord,  or  by 
copy  of  court  roU,  and  being  alienable  by  deed  and  admittane^thereon, 
it  has  been  determined  that  they  are  not  freehold,  but  that  th^  fall 
under  the  same  general  rolea  as  cc^liold  estxtCL  (Doe  if.  Ro^  v, 
Huntington,  4  East,  271.) 

TENANT  IN  FEE-SIMPLE.  A  tenanor  in  fee-dmple  la  the 
greatest  estate  which  a  subject  ean  have  in  land.  [Tekubb.]  The 
poesession  of  an  estate  in  fee-simple  invdves  a  complete  power  of  dis- 
position over  the  land ;  and  after  a  grant  made  in  fee-simple  the  grantor 
nas  parted  with  hta  whole  interest 

The  wcods  neoessaiy  £w  transferring  an  estate  itylee>aimple  m|y 

Digitized  by  vjOO*' 


149 


TBNAHT-nr-TAIL. 


TENOR. 


lU 


reduced  to  this  form :  "  I  give  thiii  land  to  you  and  your  liein," 
(Litt,  1.)  The  addition  of  the  word  "  heirs "  ia  abeolutely  neceaaaiy 
iu  a  deed,  and  no  other  expreanon  will  serve ;  for  any  su^  words  aa 
"Igiveths  land  to  you;"  or  "to  you  for  ever;"  or  "  to  you  in  f ee- 
«mpl^"  would  OBRT  to  the  gFantee  nothiis  xaon  than  an  estate  for 
hia.  BatmaA  of  limitation,  ludtai  *'heufl,''«re&ot&ow  neoeflaaiy 
to  paaa  a  fee-fdmple  by  deriaei   (1  Vict.,  o.  26,  b.  28.) 

Laada  ill  fee-simple  in  the  handa  of  the  heir  were  sabjeot  at  oommon 
law  to  the  debta  of  the  anceator  due  to  Hit  crown  and  to  specialty 
dobfaL  By  the  11  Geo.  IV.  and  1  Wm.  IV^  &  47,  a  oconpleto  rsmedy 
waa  fpirm  for  all  kinds  of  DteoiaUy  debta,  both  against  the  heir  and 
devisee;  and  by  the  8  &  4  Wm.  Iv.,  o.  104,  evtatee  in  leHdmple  are 
made  liaUe  in  the  bands  of  the  ha^  or  deiisea  for  payment  of  the 
simple  contract  debts  of  the  aneeator. 

Estates  in  fee-aimple  are  forfeited  to  the  orown  for  high  treason. 
(Co.  Iiitt.,  890  b.)  In  cases  of  petty  treason  and  felony  the  forfeiture 
to  the  erown  ia  onl^  for  a  year  and  a  day,  called  the  onntu,  diet 
if  va$bim;  after  which  time  the  estate  esoheate  (in  oases  of  petty 
tzeaaon  and  mnrder)  to  the  lord.  By  the  M  Geo.  III.,  o.  145,  the 
forfeitnre  and  esdieat  consequent  upon  attundar  for  f  etony,  except  La 
eases  of  high  treason,  petty  treason,  and  murder,  are  limited  to  the 
life-interest  of  the  ofiEender,  It  would  seem  that  this  statute  leaTesthe 
offender  the  power  of  disposing  of  the  estate  after  Us  deoease.  Trusfc* 
estates  in  fee-dmpla  may  be  forfeited  to  the  orown,  but  are  not  liable 
to  eeoheot. 

An  estate  to  a  man  and  his  heirs  may  be  oiTen  upon  oonditioni  or 
limitations,  which  are  capable  of  abridgiiig  or  defeating  it.  The  estate 
eannot  then  properly  be  called  a  fee-rau^e;  but  is,  aooording  to  the 
oircumstancea,  a  conoitdonal,  qualified,  or  base  fee.   (Co.  litt,  1  b.) 

TENANT-IN-TAIL.  The  origin  and  general  nature  of  estates  tad 
have  been  already  described.   [EIbtats;  Bikaindxs;  Sbttlehbht.] 

The  estate  of  the  tenant-in-tail  baa  some  essential  characteristics. 
He  haa  a  li^t  to  commit  waste  of  all  kinds  felling  timber,  pulling 
down  honaea,  opraing  mines,  and  doing  other  like  acts ;  and  this  right 
of  the  tenant-in-tail  cannot  in  any  manner  be  restrained.  The  tenant- 
in-tail  is  also  entitled  to  the  custody  of  the  title^eeda,  which  the  Court 
of  Chancery  will  order  to  be  delivered  up  to  him.  He  is  not  bound  to 
pay  ofi'  incumbranoes  affecting  the  fee  of  the  estate,  as  he  lias  only  a 
particular  interest,  and  not  uie  entire  property  in  the  land ;  and  It 
seems  that  he  is  not  in  general  even  bound  to  keep  down  the  interest 
on  such  inoumbnncea ;  though  if  he  do  pay  off  such  incumbranoes,  it 
will  in  general  be  presumed  to  have  been  di»e  in  ezoneratum  of  the 
estate. 

By  the  statute  De  Demi*  the  teoant-in-tul  was  restawned  from  alien- 
ating bis  estate  in  any  mannw  for  a  longer  period  than  his  own  life, 
that  is  to  say,  the  eetato  of  the  alienee,  though  not  qw)  /tcto  deter- 
mined by  the  death  of  the  tenant-in-tall,  became  thweupon  defeasible 
his  issue  or  the  remainder-man  or  reTersioner. 

If  the  tesant-in-teil  conveyed  hia  estate  by  leass  and  release,  cove- 
nant to  atuid  eeiaed,  or  bargain  and  ssle  and  grant,  the  rig^t  of  entry 
of  the  iaaue  and  remainder-men  was  not  affected  by  the  conveyance. 
But  a  feoffinent  or  fine  made  or  levied  by  the  tenant-in-tail  in  poasea- 
si<ak  by  virtue  of  the  entail,  caused  what  was  c^ed  a  discontinuance  of 
the  ertato  tail,  whereby  the  issue  and  the  persona  in  remainder  and 
reversion  lost  their  righto  of  entry  and  were  driven  to  their  action.  A 
fine  dn^  levied  with  pmrfamrtions  waa  an  absolnto  bu-  to  the  issue, 
thowh  not  to  the  remainder-man,  ereathw  what  was  called  a  base  fee; 
and  by  means  of  a  oommon  rocoveir  duQr  sufEbred,  the  tenantHn-tiUl 
might  bar  his  issue  and  all  tiie  remamdets  over,  nd  make  an  absolute 
conveyance  of  the  estate.  [Rsootbbt.] 

^  the  8  ft  4  Wm.  IV.,  c.  74,  fines  and  recoveries  were  abolished ; 
and  ny  iJie  Statute  of  Limitetioos  (8  ft  4  Wm.  IV.,  o.  27)  it  was  enacted 
**  that  no  disooqianuance  or  wanBnty  should  thsraafteir  defoat  ai^  ri^t 
of  entry  or  action  for  the  recovery  of  land.  It  aeons  therefore  uat 
no  disoontinuanoe,  jsroperly  so  culed,  can  now  be  produced  by  any 
mode  of  conveyaooe,  for,  whatever  may  be  the  form  of  disoontin- 
uanoe, the  last-menl^onad  stetnte  t^cas  away  ite  e&ot^  [Vdib; 
Recotbbt.1 

In  aocwdanoe  with  the  principle  which  prevented  a  tensnt-in-tail 
from  alienating  his  estate  i<x  more  than  his  own  lifetime  Ismnb  tw 
tenants-in-tail  might  be  avoided  after  their  death  the  issue  In  tail 
But  by  the  S2  Hen.  VIU.,  o.  28,  tenants-in-tail  were  enaUed  to  make 
leasee  for  three  Uvea  or  twanty-one  years,  wfaidi  should  bind  tiieir 
issue,  though  not  the  peraoiiB  in  remainder  or  the  reversioner. 

The  estate  of  the  tenant-in-tail  is  not  subject  to  any  of  the  debte  or 
Ineumbraooee  of  his  anoestor,  except  debte  due  to  the  orown.  bv  the 
M  Hen.  Via,  0.89,  a  7C.  ' 

Estates  tail  are  subi<wt  to  the  bankrupt  laws,  and  to  fbrfsitora  for 
hIghtreaaonbythe26HaLVIII,al8.  Byattaindwfor hi^treasm, 
the  estate  of  the  tenant-in-tail,  of  his  issue,  and  of  all  such  of  hia 
collateral  heirs  as  would  have  been  eutitied  to  take  imdw  the  estate 
tail,  are  forfeited,  but  not  the  estates  in  remainder  or  Ute  reversion. 

^Rke  20  Hen.  VIII.  extmds  only  to  oaaes  of  lUgh  treason,  ai^  there- 
ton  sa  to  felonies  the  stetute  Dt  Donit  is  stall  in  fwe^  and  the  for' 
feiture  by  attainder  for  fdony  extends  (Oih  to  the  life  interest  of  the 
tenant^in-taiL   (Ca  Utt.,  892  k) 

TENANTS  or  TENANCT  IN  GOlOitOK.  [Gouioir,  TnuKor 
nr.] 


TENDER.  A  tender  is  the  ofibr  to  perfonn  some  act.  In  practioo 
it  generally  oonnata  in  an  offer  to  pay  money  on  bdiaU  of  a  party 
indebted,  or  who  haa  doiw  some  injui7j  to  the  omditor,  or  to  the  party 

injured. 

A  tendsr  to  the  amount  of  40s;  may  be  in  silver ;  but  beyond  that 
anunmt  ft  must  ba  In  gfM,  or  la  Bsnk  of  England  notea  payable  to 

bearer  on  demand  for  any  sum  above  61,  (S  ft  4  Wm.  IV.  c.  6.)  If  a 
tender  be  made  of  a  larger  amount  in  silver,  or  in  country  bank-notes, 
and  no  objection  be  taken  at  the  time  to  ttus  silver  or  notes,  the  t^jeo. 
tion  to  the  tender  on  that  ground  is  waived,  and  the  tender  ia  good  to 
tdwaounmito  whkhit  Is  made.  Ilu  money  must  be  produced  and 
shdwn,  cr  the  bag  or  other  thing  whioh  eontama  It  shown,  to  the  party 
to  iriMna  it  is  intended  to  be  ^ren,  unless  this  is  dfapeiued  with  m 
some  declaration  «  act  of  the  oreditor.  This  is  inaisted  upon  witu 
■uoh  strictness,  tiiat  even  though  a  party  tell  his  oreditOT  that  he  ia 
about  to  pay  him  so  much,  and  put  his  hand  Into  his  pocket  to  pro- 
duce the  money,  yet  if  the  creditor  leave  the  presence  of  the  debtor 
before  the  money  is  actu^ty  {voduced,no  tender  will  have  bem  made : 
but  if  the  orettttor  refuse  to  receive  the  money  meotknod  on  the 
ground  that  it  is  Insoffioient  in  amount,  the  aotoat  prodoctiou  at  Hia 
not  neeeasery  to  oonslitute  a  valid  tender.  The  offer  must  be  ahaidute 
and  without  conditions.  An  offer  <^  a  larger  amount  with  a  request 
of  change;  an  offer  with  a  request  of  a  receipt,  or  on  ooivlition  that 
something  shall  be  done  on  the  part  (d  the  creditor,  are  not  valid 
tenders ;  but  an  offer  of  a  larger  sum  absolotdy  witliout  a  dmand  of 
flange  is  good.  A  tender  may  be  made  dther  to  the  part?  aotually 
entitied  to  receive  it^  or  to  an  agent  ot  servant  authorised  to  reoeave 
it,(a-toamaoagfaigoierk;  and  a  tender  will  not  be  invalidated  even 
though  before  it  Is  imide  the  oreditor  has  put  the  matter  into  the 
hands  of  his  attorn^  and  the  managing  oLsrk  of  the  creditor  refussa  to 
receive  it,  and  assigns  that  dnmoistaiioe  as  his  reason  for  doing  so.  If 
the  attorney  write  to  the  debtor  demanding  the  moooy,  a  tesider 
afterwards  made  to  him  or  to  hia  managing  olmk  is  good,  unlesi  at  the 
time  when  it  is  made  they  diaelsim  authiaify  to  receive  the  numey. 
A  tender  ov^tt  to  be  made  on  behalf  of  the  party  from  whom  the 
money  is  due;  if  the  agent  ^)p«^ted  by  him  to  make  the  tender  offer 
a  largo*  sum  than  he  is  authorised  to  do,  the  tender  will  nevertheless 
be  good  for  the  full  amount  to  which  Uto  tender  is  made. 

If  the  defendant  in  an  aotitm  plead  a  tendu*,  he  must  state  that  he 
has  olwHS  been  ntdy  to  pay  the  money,  and  bo  must  also  pay  it  into 
court  The  effect  of  theplea  is  to  admit  the  existence  of  a  cause  of 
action  in  the  plaintiff  Ine  plea  goes  only  In  bar  of  damages.  The 
plamtiff,  therefore,  in  auoh  case  can  never  be  ncmsuited  :  but  if  issue  is 
taken  on  the  mere  fact  whethw  or  not  the  tender  has  been  made, 
and  tiiat  ftot  is  found  for  the  defendant,  it  ia  a  good  dafimoe  to  the 
acti<HL 

By  various  stetates,  magistrates,  officers  of  exdse,  ftc.,  are  em- 
powered, after  notice  of  action  to  be  brought  against  tiiem,  to  tender 
amends ;  and  If  the  amount  tendered  is  sufficient,  the  tender  Is  a 
defence  to  the  aotion. 

TEMEHENT,  in  ite  usual  and  popular  acceptetion,  is  applied  only 
to  houses  and  other  buildings ;  but  in  ite  original,  proper,  and  legal 
meaning  it  indudee  everything  of  a  permanent  nature  that  may  be  an 
object  of  tenure,  or  may  be  held  in  the  legal  senss,  whether  oorporeal 
or  inomporeaL  It  is  sometimes  applied  in  a  more  confined  smse  to 
objecte  of  feudal  tenure;  in  geoeral, however,  it  includes  not  onlylan^, 
but  every  nutdifioation  of  right  oonoemlng  it  Thus  the  word 
"  Liberum  teD«mentum,"  frank-tenem«it,  or  freehold,  is  apfdicaUe  not 
only  to  lands  and  other  solid  objecte,  Wt  also  to  offioea,  rente,  com- 
mons, and  the  like,  [Esxats;  Tunju]  (Hai^^,  '  Co.  Utb.',  15i, 
a.  n.  7.) 

TENNIS,  a  ^une  in  whioh  a  ball  Is  driven  to  and  fro  by  seversl 
psnonsstiikiiK  it  altenste^,  utiur  with  the  palm  of  the  hand,  naked 
w  oorend  wiu  a  thidc  glove,  or  with  a  small  oat  called  a  racfcet,  held 
in  the  hand ;  the  aim  being  to  keep  the  ball  in  motion  as  long  aa 
poerible  without  allowing  it  to  fall  to  the  ground.  Perhi^is  the  fint 
historical  notice  of  the  game  in  Elngload  is  tliat  which  Shakspere  haa 
introduoed,  ahnost  in  the  words  of  Holinshed  (who,  howew,  called 
them  Paris  balls)  in  hia  '  Henry  V.'  (act  L,  so.  2),  where  the  Dauphin 
sends  a  ^«sent  d  tennia-balla  in  answer  to  Hmrfa  demand  for  the 
soverdguty  of  Fkauoe.  Heniy  VIL  waa  a  tennis-pl^er ;  and,  as  an 
entry  in  a  US.  register  of  his  expenditure  in  the  thirteenth  year  of 
his  reign  mentions  an  item  of  twelve-peDoe  for  his  toss  at  tennis  and 
three-poioe  for  the  loss  <d  balls,  it  may  be  inferred  that  the  game  was 
played  abroad,  as  the  loss  of  balls  ia  not  likely  to  have  happened  in  a 
tennis-court.  Be  this  aa  it  ran,  in  the  10th  century  tennis-courts 
were  oommon  in  ^igland,  and  the  game  was  very  popular  with  the 
nobility,  whioh  H  oontinoed  to  be  down  to  the  rei^  ftf  Charies  IL, 
who  uequentiy  diverted  himself  by  playing  at  tennis  with  hia 
oourtiers.  A  dmilar  game  was  sometimes  played  with  a  hollow 
leather  ball,  inflated  with  air,  and  called  a  balloon,  whioh  was  driven 
from  one  player  to  another  by  striking  with  the  hand,  or  with  a  wooden 
bracer  fixed  upon  the  hand  and  lower  arm.  Further  particulars 
respeoting  these  sod  other  tM  guus  pl^ed  with  a  boU  may  be  found 
in  Strati^  *Spc»is  and  Pastimes.* 

TENOB,  the  name  of  the  most  oommon  of  adult  mole  vdeos,  tiiat 
which  is  between  the  extremes  of  highest  and  lowest,  or  Contratenor 
[Alto]  and  Base.  [Bjlsb-Voios.]  The  compass  of  the  Tenor  ia  from 
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0,  the  saoond  space  in  the  bue,  to  the  aBOOod  line  in  the  treble 
Ejounpki  in  the  tencn*  def : — 


Henoe  it  will  be  aeea  that  tha  tenor  and  treble  are  reciprocally  at 
the  distance  ol  an  octave ;  c(»i8equentW,  what  ie  calculated  for  the  one 
voice,  as  relatflB  to  oompaai,  will,  at  a  distance  of  ti^i  notes,  Inwiably 
suit  the  other. 

The  word  ia  derived  from  Teneo,  to  hMs  for  in  anoiait  part-com- 
positions, the  plain-soog,  or  air,  if  it  may  be  bo  denominatedj  was 
given  to,  or  hdd  by,  the  Tenor.  [Cle?.] 

Teitor-CUf  is  the  c,  or  mean  clef,  placed  on  the  fourth  line  for  the 
use  of  the  tenor-voice,  as  in  the  above  example. 

It  is  also  ccceidonally  used  for  the  violonaallo :  and  the  part  id  the 
tenor  trombone  ia  written  in  this  clef. 

IVmot  is  also  the  EogUsh  name  for  a  larger  instrument  of  the 
violin  kind.   See  Viou. 

TENSION  <lIechanioB),  the  name  given  to  the  force  by  which  a  bar 
or  string  is  pulled,  when  forming  part  of  any  system  in  equilibrium  or 
in  motion.  Thus,  when  a  weight  ia  supported  by  a  string,  the  tension 
of  the  string  is  the  weight  which  is  suspended  to  it.  Every  point  of 
the  ailing  mnr  be  considered  as  a  point  of  application  of  two  e^ual 
and^^g^KMfte  nreeij  downwazda  and  upwudi,  eadk  eq\ial  to  tlM  weight 

"Pension,  electrical.  [Vapodb.1 

TENT,  MILITARY,  is  a  temporaiy  dweUiog-place  made  of  canvas, 
which  is  supported  by  one  pole,  or  more,  and  distended  by  means  of 
cords,  which  are  made  fast  to  pickets  driven  into  the  ground :  tents 
are  set  op  when  an  army  is  encamped  in  ^e  field  either  for  actual 
■errice  or  tar  the  purpose  Mt  pnltmmng  miHtan  exercises. 

The  tents  of  the  pnvate  scddierB,  meXbm  innntry  or  cavalry,  are  of 
a  conical  form  with  circular  bases,  the  eapporting  pole  or  itandard  of 
each  being  planted  vertically  in  tiie  ground,  in  the  centre :  the  standard 
IB  10  feet  3  inches  lon^,  and  the  whole  diameter  of  the  tent,  between 
two  opposite  pickets,  IS  17  feet  3  inches;  but  from  the  lower  extre- 
mity of  the  oono,  at  about  2  feet  from  the  m>und,  the  canvas  hangs 
down  TsrtieaUy  and  forms  a  cylindrieal  vatt,  Uierefore  the  diameter  of 
tiie  tent  withm  the  eanvas  ia  13  feet  9  indies.  Fifteen  infantry,  or 
twelve  cavalry  soldiers  oocupy  such  a  tent.  The  round  tent  of  aa 
officer  is  12  feet  6  inches  in  diameter  witiiin  the  walla.  The  marquees 
td  officers,  as  well  as  the  hospital  and  laboratory  tents,  are  of  oblong 
fcHrns  on  tiie  plan;  sod,  in  these,  the  canvas  is  supported  by  two 
staadards,  which  are  connected  together  at  their  tops  by  what  is  called 
a  r^e  pete  6  or  7  feet  long.  The  length  tii  an  officer's  marquee  is  10 
feet,  and  the  breadth  18  feet,  both  dimenrfons  bdng  taken  within  the 
walls :  tents  of  the  two  other  kinds  are  atiU  hxger. 

For  the  rules  of  modem  castrametation,  or  the  dispositioDS  of  tents 
in  an  encampment,  see  Ehcahphkht. 

TENTHS  are  the  tonth  part  of  l^e  yearly  value  of  all  ecclesiastical 
liviiia.  They  were  f  onnerly  claimed  by  the  pope ;  and  his  claim  was 
asnetioned,  in  Hom  oountiy,  sn  orainance  in  the  20th  year  of 
Edward  I.,  when  a  valuaticm  of  all  Uvings  wss  made,  in  order  that  tiie 
pope  mig^t  know  the  amount  of  his  revenue  from  this  source.  The 
poBsessioaa  afterwards  acquired  by  the  church  were  not  liable  to  the 
payment  of  tenths  to  the  pope,  as  all  livings  continued  to  be  charged 
according  to  that  valuation.  (Coke,  2  '  lost',  627.)  When  the 
authority  <A  the  pcme  was  extinguished  at  the  IWormation,  Heniy 
VIII.  tnssfeired  the  revenoB  arising  from  tenths  to  the  orown,  and 
had »  new  valuation  of  all  tha  Gvlngs,  so  as  to  obtun  the  tmUi  of 
thor  true  yearly  value  at  that  time.  (S6  Hen.  VIIL  c.  3,  s.  9-11.) 
By  royal  grants  under  1  Eliz.  c  19,  s.  2,  tiie  Archbiehop  of  Canterbury 
and  the  Bishop  of  London  were  exempted  from  tenths,  and  were  also 
authorised  to  receive  the  tontlw  of  several  benefices  as  a  compensation 
{or  certain  estates  which  were  alienated  from  their  sees.  By  the 
6A1UM1C.  84,  all  benefices  were  discharged  frtnn  the  payment  of  tenths 
whidi,  at  tiiat  tame,  were  under  the  annual  value  of  50^,  except  those 
of  which  the  tenths  had  previously  been  granted  1^  the  crown  to  other 
parties.  There  are  also  some  other  special  exemptions.  Queen  Anno 
gave  up  the  revenue  arising  from  tenths,  as  well  as  from  first-fruits, 
which  had  been  enjoyed  by  her  predecessors  since  the  Reformation, 
and  by  act  2  &  3  of  her  reign,  c  11,  assigned  it  to  the  augmentation  of 
poor  livings ;  for  which  porpose  bIm  erected  a  corporation  by  letters 
patoitin  1704  to  administer  the  funds,  called  the  Oovernorsra  Qaeen 
Anne's  Bounty.  This  act  declared  tluit  episcopal  sees  and  Uvtngs  not 
exempted  should  continue  to  pay  in  such  rates  and  proportions  only  as 
heretofore,  or  according  to  the  valuation  of  Hemy  VIIL,  commonly 
known  as  tiie  "  King's  Books."  Tenths  under  the  act  1  Vict  c.  20,  arc 
collected  the  treasurer  of  the  Oovemora  of  Queen  Anne's  Bounty. 
Payment  is  enforced  hj  Exoheqner  process,  when  not  duly  made,  and 
the  treasurer  ia  requii«d  to  give  notice  of  wresrs  wiUiin  one  month 
after  the  proper  time  of  payment.  In  cose  of  a  living  being  vacated, 
the  Exchequer  is  empowered  by  act  26  Ken.  VIIL,  c.  3,  s.  18,  to 
reoover  arrears  of  tenths,  not  only  from  the  executora  and  administift- 
tors,  but  also  from  the  suoceosar  of  the  last  incumbent.  pBsRUICS; 
Fmsv-E^uiTB.] 
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TENURE.   The  general  nature  ot  tonure  and  its  origin  and  history 
in  England  are  explained  in  the  article  Feudal  Law. 

All  land  was  and  is  held  of  the  crown  either  mediately  or  imme- 
diately, the  tenure  being  either  free  ot  b:ue ;  Frank-tenement  or  free- 
holding,  and  Tilleiiuee>  The  act  12  Car.  II.  c.  24  abtdidied  militai7 
tenures,  which  were  one  kind  of  free  services,  and  changed  them  into 
the  other  spedes  of  free  services,  namely  free  and  common  socage ; 
socage  tenure  being  thus  esteblished  for  all  lands  held  bya  free  tenure, 
which  comprehended  alt  knds  held  of  the  king  or  others,  sikI  all 
tenures  except  tenures  in  frankalmoigoe,  copyhold,  and  the  honoraij 
services  of  gtand-serjeaoty. 

Tenure  is  still  therefore  a  fundamental  principle  of  the  law  rdating 
to  land  in  England ;  for  the  owner  of  land  in  fee  simple,  which  is  the 
largest  estate  that  a -mm  can  have  in  land,  is  not  absolute  owner  :  he 
owes  services  in  respect  of  his  fee  (or  fief),  and  the  seignory  of  the  lord 
always  subsists.  This  seignory  is  now  of  less  value  than  it  was,  but 
atill  it  subsists.  The  nature  of  the  old  feud  was  this :  the  tenant  bad 
the  use  td  the  land,  but  the  ownership  remained  in  the  lord ;  and  Uus 
is  stin  the  caas.  The  owner  of  a  fee  has  in  fact  a  more  profitable 
estoto  than  he  once  had ;  but  he  still  owes  services,  fealty  at  least,  and 
the  ownership  of  the  land  is  really  in  t^e  lord  and  ultimately  in  the 
crown.  For  all  practical  purposes  the  owner's  power  of  enjoyment  is 
as  complete  as  if  his  land  were  allodial ;  but  the  olrcumstanoe  of  its 
not  being  allodial  has  several  important  practical  consequences. 

No  land  in  England  can  be  without  an  owner.  If  the  last  ownsr  of 
the  fee  has  died  without  hdrs,  and  without  disposing  of  his  fee  by  will, 
the  loid  takes  the  land  by  virtus  of  his  SMgnory.  If  land  is  aliened  to 
a  person  who  has  a  cspadty  to  acquire  but  not  to  hold  land  in  England, 
the  crown  takes  the  land ;  this  ha[^ns  in  the  case  of  lands  being  sold 
to  an  alien.  If  a  man  commits  treason,  his  freehold  lands  are  liable  to 
be  forfeited  to  the  crown,  and  his  copyhold  estates  to  the  lord  of  the 
manor.  And  if  a  man  commite  a  felony,  his  freehold  and  copyhold 
lands  are  also  subject  to  certain  forfeitiues,  these  forfeitures  being 
all  consequences  of  tenure. 

Church  lands  are  held  by  tenure  though  no  temporal  services  are 
due.  This  is  the  tenure  in  frankalmoigno,  which  is  now  exactly  what 
it  was  before  the  12th  of  Charles  II.  was  passed.  Church  luds,  how^ 
ever,  owe  spiritual  services,  and  the  lord  of  whom  they  are  held  must 
be  considered  iho  owner ;  but  the  beneficial  ownership  can  never  revert 
to  the  lord,  for  all  sinritasl  persons  are  <^  the  nature  of  coiponxtiona, 
and  when  a  parson  dies,  the  corpontion  sole  (as  he  is  termed  by  on 
odd  contradiction  in  terms)  is  not  extinct,  and  it  is  the  duty  and  nght 
of  some  definite  person  to  name  a  sucoesaor.  When^tiien  the  paison  dies, 
the  freehold  may  be  considered  to  be  in  abeyance  tall  the  ^pointment 
of  his  successor,  one  of  the  few  instances  in  the  Bng^  law  in  which 
it  is  said  that  a  freehold  estete  can  be  in  abevaoce. 

No  seignoiy  can  now  be  created  except  by  the  crown  j  for  it  was 
enacted  by  the  statute  Quia  Emptores  (18  Edw.  I.  c  1),  tluit  aU 
feofftnenta  of  land  in  fee  simple  should  be  so  made  that  the  feo^ 
held  of  tiie  chief,  that  is,  the  immediate  lord  of  the  aliening  tenant,  by 
the  same  services  by  which  the  tenant  held.  But  tenure  of  ui 
imperfect  kmd  may  be  created.  Thus  wherever  a  pariioular  estate  is 
created,  it  is  held  of  the  reversioner  by  an  imperfect  tenure :  as  m  tha 
oommon  ease  of  landlord  and  tenant.  If  no  rent  or  other  services  we 
reserved  from  Uio  tenant  of  the  particular  estate  for  life  or  years,  the 
tenure  is  by  fealty  only,  and  he  may  be  required  to  take  the  (»th  of 
feal^.  But  the  right  of  the  reversioner  to  whom  services  are  due  is 
solely  incident  to  ttie  reversion,  and  is  created  at  the  same  time  witt 
it.  The  pwfect  tenure  originated  in  the  pure  feudal  system,  in  whl^ 
the  SMgnory  of  the  lord  was  the  1^  ownership  of  the  land,  and  the 
tenant  owed  his  scrvioM  for  ths  enjovment  of  it  The  only  perfect 
tenure  now  existing  is  Socage  tenure,  the  services  of  which  are  oertam, 
and  oonrist,  besides  fealty,  of  some  cerbun  annual  rent.  And  if  the 
aervicea  due  in  rwpect  of  it  are  not  rendered,  the  lord  may  distram, 
that  is,  take  any  chattels  that  are  on  the  hmd  in  respect  of  which  the 
services  are  due.  An  imperfect  tenure  so  far  resembles  a  perfect  one> 
that  a  reverwoner  can  distrain  for  the  serrioes  due  from  the  tenant  ot 
the  particular  estate.  . 

A  liOA  still  incident  to  a  seignory  such  as  a  subject  may  have  « 
that  of  aecheat,  which  happens  when  the  tenant  m  fee  simple  dies 
without  leaving  any  heir  to  the  land,  and  without  havmg  incurred  any 
forfeiture  to  the  crown,  as  for  treason.  Forfeiture  is  another  nght 
incident  to  a  seignory,  and  ii  nuw  happen  in  consequence  of  any  act  by 
which  the  tenant  breaks  his  fidelity  (fealty)  to  his  lord  of  wlwm  he 
holds.  It  therefore  extends  to  other  oases  than  treason andfelony. 
CopTHMj);  EsoBUX;  PauDAL  Stbtbm;  Fobtotum;  Hahok; 
Rsirr. 

TE'RAPHnC<a^'3I!|;  S^,rfB-Xa).   This  is  •  word  of  somewhat 

uncert«n  etymol«[y  and  signiftmitinn.  That  the  ter^Alm  were  ol 
human  form  seems  evident  from  1  Sam.  zix.  IS.   They  appear  to  have 

boen-BupeistitiouBly,  if  not  idolatroudy,  reverenced  as  penates,  or 
household  gods.    (Gen.xxxH9,34,35j  1  Sam.  xix.  ^13-17 ;  2  Kings 


xxiiL  24 )  In  some  shape  or  other  they  were  used  as  domestic  oracles. 
(Comp.  Zech.  x.  2;  Judg.  xviL  6 ;  xviiL  6,  6,  14-20;  Hos.  iii.  4.) 
This  u  confirmed  by  1  Sam.  xv.  23,  where  teraphim  are  mentioned  in 
connection  with  tiie  arte  of  divinatiop.  ,  .    „      .    *  *i„ 

TERBIUU,  (Tr)  a  peculiar  metal  duotmrad  by  Hoaa&dv  in  u»© 
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Btata  of  oxide  in  gadolimto,  orthito,  ftc,  aaBodai«d  vith  yttria,  and 
wiiii  oxide  of  erbium,  another  new  metaL 

The  oxide  of  terbium  haa  not  jet  been  reduced  to  the  state  of 
metal ;  it  is  dktinguiahed  from  that  of  erbium  in  not  becoming  of  a 
dufc  orugD-TcJIow  colour  vhsn  heated  in  the  air.  The  oztde  of 
terbium  is InsoIuUe  in  water  and  in  the  caastao  alkalies ;  it  is  soluble 
even  after  heating  to  redness  in  a  braling  solution  of  carbonate  of  soda, 
but  after  a  few  days  it  separates  from  solution  in  the  state  of  a  double 
salt;  the  carbonate  of  terbium  is  soluble  in  solution  of  carbonate  of 
ammonia,  and  after  saturation  forms  with  it  in  a  few  hours  a  double 
salt,  which  sepanttes  in  such  quantity  that  teaj  little  of  the  oxide 
remains  in  mmtion ;  the  bbKb  <n  this  oxide  are  oolonriess  and  have  a 
Bweetkh  taste.  The  sulphate  is  more  soluble  cold  water  tlian  hi 
hot;  the  nitrate  yields  by  evaporation  a  crystalline  mass  which 
deliq  uesces  in  a  moist  atmosphere. 

Toe  oxide  of  terbium  has  hitherto  been  obtuned  in  small  quantity 
on^,  and  its  properties  are  but  little  known. 

TEREBENE.  [ToBFERnBE.] 

TEBEBENTHIK.  [Tubfentive.] 

TEBEBENZia  [TuBmrnifE.] 

TEREBIC  ACID.  [TDRPENTniE.] 

TEREBILIN.  [Tubpentink.] 

TERECHRYSIC  ACID.  [TubfeittineO 

TERENTIAN  METRES.  Few  subjects  oonnected  with  Latin 
literature  have  been  treated  witii  less  success  than  the  principles  and 
laws  which  govern  the  metreB  of  Latin  comedy.  Tba  majority  of 
readers  seem  to  look  upon  tiie  writings  of  Plautus  and  Terence  as 
mere  humble  prose  arbitrarily  distributed  so  as  to  present  to  Uie  eye 
the  appearance  of  verse  without  its  realities.  For  tJjem  It  would  be 
better  if  the  whole  were  printed  consecutively,  and  such  an  amuse- 
ment would  in  fact  be  supported  by  not  a  few  of  the  existing  manu- 
scripU.  On  the  other  band,  there  have  been  writers  who  have  laboured 
to  remove  the  dif&oultiss  tiiat  obscure  the  subject,  among  whom  none 
before  Bentl^  and  Hermann  appear  to  have  had  any  success.  Since 
their  time,  Bothe,  Ritschl,  and  Flecbeisen  have  done  good  service, 
although  the  first  and  second  of  these  recent  critics  have  too  frequently 
been  raeh  in  their  innovations.  Even  the  writer  of  the  Life  of  Terence, 
in  the  '  Biographie  Universelle'  (published  in  1826),  gave  the  following 
extraordinary  criticism  upon  the  metres  of  Terence  : — "  The  sole  rule 
which  he  observes  with  tolerable  regolarily  is  to  end  each  verse  with 
an  iamb ;  and  even  this  limitation  he  often  disregards,  as,  for  instance, 
in  the  teTTDinations  hiceonsitte;  ti  n»,  nanc  jam ;  audio  violaUtr  j  hue 
addaeaia;  hanc  i:tnt«ram,  &c.  With  regard  to  the  other  feet,  he 
freely  substitutes  for  the  iamb  or  spondee,  a  trochee,  anapost,  dactyl, 
<louble  pyrrhic,  or  four  short  syllables,  and  a  cretic  or  short  between 
two  longs,"  &c.  This  writer  thus  started  with  l^e  false  impression 
that  all  the  verses  of  Terence  are  reduced  by  critics  to  the  single 
metre,  called  trimeter  iambic;  whereas  in  Caot  all  who  have  dealt  with 
the  subject,  except  himself,  are  aware  t^at  the  poet  has  at  least  three 
forms  of  verse  which  end  ti-ochaically ;  and  his  second  exception  is 
disposed  of  by  the  more  correct  6rthography  nunciam.  In  Eng^d, 
agun,  so  late  as  the  year  1837,  we  had  a  scheme  of  the  Terentian 
meters,  which  for  the  commonest  of  those  metres,  the  trimeter-iambic, 
gave  us  the  following  scale : — 


jwith  the  additional  remarks  that  qao  quid  hune  may  be  a  dactyl,  that 
'hie  quidem  esf,  stadet  par,  and  the  three  first  syllables  of  votuptati,  may 
pass  for  anapests,  Ac,  &o.  All  this  is  exceedingly  unsatisfactory,  and 
it  would  be  better  to  abandon  the  problem  as  insduble,  than  to  give 
eturency  to  extravagancies  which  would  enable  us  to  find  in  any  given 
chapter  of  Crosar  a  series  of  trimeter-iambics. 

It  must  be  admitted  that  the  metres  of  the  Greek  dramatists,  and 
mwo  particularly  of  the  tragedians,  gratify  the  ear  with  rhythms 
which,  comparatively  speaking,  are  smooth  and  appreciable.  But  it 
^ould  be  recollected,  in  the  first  place,  that  the  Greek  language  is 
dutinguished  from  among  other  hmgunges  by  its  abundance  ot  words 
which  end  in  a  short  syllable,  and  the  advantage  to  the  poet  is  increased 
hj  the  huge  number  of  instances  where  those  short  final  nllaUes  have 
a  VQwel  ending.  Compare,  for  instance,  the  accusatives  singular  /cowo', 
Sov\oy,iro\,y,ttufto>^  with  tiie  Latm  ntisam,  servon,  namm.Umtm; 
the  nominative  and  accusative  plural  Sm^vti,  Sovwraj,  with  the  Latin 
leotteg;  the  numerals  Ura,  Stxa,  with  the  Latin  leptem,  decern ;  the 
verbs  Timrrrt,  twtouo-i,  with  the  Latin  taribitia,  tetibuTU;  the  pro- 
nouns (i*,  n,  4,  witti  me,  te,  rf.  In  fact  the  Latin  Ungusge  exceeds  the 
Greek  m  the  number  of  long  Byllables,  as  much  as  the  Enrfiah  and 
Oemuui  languages  exceed  the  Latin. 

A  still  more  important  matter  is  the  question  whether,  and  how  far 
the  written  languMe  of  the  Romans  is  an  exact  representative  of  the 
spoken  language.  It  seems  to  be  a  condition  of  language  in  general 
that  its  proQundation  should  ahraya  be  passing  throu^  a  series  of 
QhugSB,  and  that  ihoM  diaogw  ihotdd  ooudflt  fcpr  the 


gradual  omission  of  letters  and  even  ^llables.  Thus  the  Roman 
phrase  taea  domina  is  in  Italian  madonna;  in  French,  madame;  in 
English,  madam,  ma'am,  and  even  mum  and  mtm.  Meanwhile,  for  the 
most  part,  the  changes  in  orthography  are  alow,  and  ocmsequently 
near^  ahn^s  in  arrear  of  the  orauepy.  Thus  it  will  be  found  that 
the  soonds  m  English  and  Qennan  wSma  wlucb  appear  to  the  eyre  bo 
weighed  down  with  consonants,  are  in  the  mouth  <n  a  native  txMnhly 
harmonioug.  Was  such  the  case  with  the  Roman  also  ?  We  answer 
with  little  heedtation  in  the  affirmative,  parUy  because  the  laws  which 
now  govern  language  can  scarcely  have  been  wanting  in  ancient  Italy, 
and  partiy  because  we  find  the  point  establi^ed  hj  several  incidental 
remariu  m  Latin  vrriters.  Thus  Suetonius  s^,  in  his  '  life  of 
Augustus  (c.  88),  "  Orthograi^y — that  is,  the  kws  and  prin<riplee  of 
writing  laid  down  by  grammarius— he  vraa  not  very  observant  of,  but 
seems  rather  to  follow  the  <q>inion  of  those  who  hold  that  we  should 
vnite  as  we  speak.  For  as  to  his  habit  of  changing  or  omitting  not 
merely  nngle  letters,  but  even  whole  syllables,  th^  is  a  common  error." 
It  should  be  observed,  too,  that  Suetonius  had  ^tm— if  seen  the  hand- 
writing of  the  emperor.  (lUd,  o.  87.)  Again,  QnintiHan  ('  Inst.,'  xL 
S,  S3)  sa^,  "As,  <m  the  one  hand,  it  ia  esaential  that  every  word 
should  be  clearly  articnhited,  so,  on  tiie  other  hand,  to  reckon  up,  if 
we  may  so  speak,  every  separate  letter,  is  painful  and  wearisome."  In 
the  same  chapter  he  further  observes,  "  Not  only  is  a  coahtion  of 
vowels  very  common,  but  ttme  too  of  the  consonants  are  disguised 
{durimidatUur),  when  a  vowel  follows ; "  where  he  must  refer  to  some 
other  lettv  than  m,  probably  the  final  $  generally  and  the  final  d  ot 
neuter  pronouns.  Moreover,  Piiscian,  who  by  the  way  appears  to  have 
written  when  tiie  Latin  language  had  ceased  to  be  spoken  as  a  living 
tongue,  at  times  throws  out  such  conjectures  as  the  following : — "I 
thi^  that  viffil,  vigilit,  should  rather  be  pronounced  per  gyneapam." 
We~might  appeal  to  Cicero's  authority  for  the  fact  that  a  final  »  was 
frequently  omitted  in  pronunciation.  But  there  are  still  other  argu- 
menta  in  Bupprat  of  the  principle  for  which  we  are  contending. 
Witiiin  the  umits  of  the  Latan  language  itself  we  find  such  ohangee 
actually  in  progeea — Bfl,iRa^,  mn,  ipm,  neque,  €Uq»e,me,imf,9id^iSf 
viderwU,  prwidms,  miXi,  nihil,  quiimi,  jtopulut,  t^vmen,  opera,  foUne, 
mavolo,  HOverit,  novUli,  coventio,  becoming  sevenOly  mage,  n*,  tpte,  nee, 
ac,  wu,  nen,  vidire,  vidSi-e,  pradent,  mi,  nilt  guu,  poj^u*  (compare  also 
poplieut),  Ugmen,  opra,  potte,  mato,  norit,  noiti,  eontte.  Frinoiplea 
of  etymology  vroulii  enable  us  to  cany  tlie  list  out  to  a  vast  extent, 
and  this  stul  more,  if  we  employed  the  analogies  ot  the  Greek  tongue. 

Again,  the  languages  which  are  acfoiowledged  to  be  derived  from  tiie 
Latin,  such  as  that  of  the  Troubadours,  the  Italian,  French,  Spanish, 
Portuguese,  and  one  portion  of  the  English,  by  their  shortened  forms, 
confirm  our  views.  And  this  will  be  found  to  be  specially  the  case 
with  the  French.  To  those  who  may  express  their  snrtoise  that  the 
French  should  thus  take  {veoedenee  in  our  argument  of  the  Italian, 
the  answer  is,  that  the  F^rench  iaprobabh' derived  from  the  Latin  more 
completely  than  even  the  Italian ;  for  tite  Celtic,  Teutcoiio,  and  Iberic 
languages  spoken  in  FVance  before  the  Roman  conquest  of  that  oountiy 
were  of  too  foreign  a  character  to  mix  vribh  the  language  of  conqu«x>rs 
or  to  supply  the  place  of  it  in  tiie  intercourse  of  tiie  provinciau  with 
their  masters ;  wnereaa  in  Italy  there  alrea^  existed  dialects  which 
were  intelhgihle  to  those  who  came  team  Bome,  and  for  that  very 
reason  were  not  sui^lonted  by  that  particular  form  of  the  Italian  lan- 
guage whidi  hamtened  to  prevail  in  the  metropolitan  tatj.  In  tiie 
same  way  the  authorised  dialect  of  our  own  tongue  is  more  likely  to 
become  the  ouiroit  language  <A  Calcutta  than  <A  Toikshir&  Add  to 
this  that  the  language  now  called  Italian  belongs  to  Tuscany,  not  to 
Rome. 

Lastly,  we  find  much  to  strengthen  our  present  argument  in  the 
abbreviated  forms  of  writing  which  wm  in  use  among  the  Romans, 
and  are  still  found  in  manuscripts.  Thus  tiie  word  cmaul  in  written 
eot,  because  the  n  was  not  pronounced  before  a,  as  Diomedes  expressly 
tellsuB.  (Putsch. ,'428.)  Again,  the  word mocfo not  unfrequently  occupies 
such  a  position  in  the  verses  of  Terence  as  to  seem  to  require  a  mono- 
syllabic pronunciation,  such  indeed  as  seems  also  more  cuisistent  with 
its  enclitic  character.  This  veiy  word  enters  into  the  oompoeition  of 
the  Lotin  quomodo,  which  again  in  the  languages  derived  from  Latin 
asBumea  various  forms  :  in  the  Romance,  com ;  in  Spanish,  como ;  m 
Italian,  come ;  and  in  French,  comme.  To  this  we  now  add  the  fact 
that  the  Romans  themselves  represented  the  simple  word  by  the  abbre- 
viation mo.  Again,  ■  n  •  is  the  manuscript  mode  of  denoting  the  con- 
junction enim,  a  word  which  must  often  be  pronounced  like  at  to  fulfil 
the  conditions  o£  Terenoe'a  metre.  We  may  obswre  of  tbig  word,  as 
of  modo,  that  an  enclitic  should  not  attract  the  attenti<m  of  the  ear. 
A  third  example  shall  be  a  third  enclitic,  namely,  ^idem,  Benti^ 
himself  observed  the  trouble  caused  by  this  word  in  the  Tersea  m 
Terence  ('  Andr.,'  i.  3,  20),  and  his  remedy  is  to  drop  the  final  n, 
which  however  still  leaves  the  verse  encumbered  with  a  superabundance 
of  syllables.  We  contend  that  this  also  is  commonly  a  monosyllable, 
and  on  the  following  grounds  : — Firsts  the  metoe  of  Terence  requires 
it.  Secondly,  if  iflkfem  has  a  reduced  form,  item,  analc^  will  give  ua 
ptem  for  quklem.  Thirdly,  the  Romans,  like  the  French,  did  not 
pronounce  the  vowel  tt  after  q  (otherwiso  such  words — iiqva,  or  niSqme, 
for  instance — would  have  Irad  the  first  syllable  long),  sod  they  also 
disguised  the  fin^  m,  as  Quintilian  implies  in  the  passage  to  which  we 
have  already  referred.  Thus  we  have  arrived  at  a  sound  2Towthe 
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Greek  language  iias  a  word  of  precuel^  tiie  same  power  and  ehantctor, 
y,  which  «a  strongly  su^fwct  to  be  the  -very  same  wind;  bo  that,  if 
our  ms|ndo9Ui  be  right,  equidem  and  tyuy*  are  of  one  origin,  aa  yreH  as 
of  one  meaaing.  Laatlj,  the««  are  reasons  still  renuiniag  which 
demBnd  a  mooosyllabic  pronunciation  for  qiudetn.  We  hare  already 
called  it  an  enclitic,  and  it  appears  beyond  dispute  in  that  character  in 
the  words  tquidem,  vquidan,  ^uandoqaidein.  Now  an  enditic  should 
in  its  nature  sacrifice  itself  to  give  tcoie  to  the  word  which  precedes  it. 
Yet  if  we  beliere  the  ordinaty  teachers  of  Latin  prosody,  equidem, 
though  a  corruption  from  tgoqmdem,  or  tgquidem,  has  the  first  syllable 
short.  Again,  quando  by  itself  hiiB  the  linal  o  common,  to  tuce  the 
moet  un&voumble  view ;  for  in  the  poets  of  the  Augustan  age  it  would 
be  difBcult  to  find  a  single  example  where  o  is  short;  and  in  qaandomu, 
qhandocunqiu,  the  Towel  is  alwi^  loo^.  But  qtddem,  tmA  they 
say  quandoquidem  has  the  same  vowel  always  shnt.  So  also  n  in 
tiquiaem,  according  to  their  riews,  loses  its  length  the  moment  the 
enclitic  attaches  itaielf  to  it.  If  our  views  be  ri^t,  the  true  pronun- 
dation  of  these  three  words  may  be  represented  ot'  something  like  eke, 
qumdcte,  siie ;  Uie  last  corresponding  to  the  Greek  crye.  We  will 
here  obserre,  in  pacing,  that  our  {annunciation  of  qtddem  suggests  a 
ooRvction  of  a  corrupt  pasa^e  in  Persiu8>  Sat.  i  10 : — 

"Uttera,   Per  me  qaidmi  liat  omnia  proUnus  nlba." 

The  cnmDt  reading  is  eqKuIem;  and,  relying  upon  one  error,  the 
editors  have  allowed  the  same  ^lidem  to  stand  with  duAUet  in  Sat.  v. 
45,  when  the  contest,  as  well  as  grammar,  requires  dubitem.  It  may 
also  be  noticed  ^t  Ritsohl,  in  Ma  '  Farergon,'  says  that  the  employ- 
ment of  qtiidem  as  a  monoc^Uable  is  a  vety  ordinary  occurrence. 

But  to  return  to  the  subject  before  us.  It  is  not  uncommon  with 
critics  to  imagine  to  themselves  that  the  lawB  of  Greek  aad  Latin  verse 
are  based  upon  prindplee  essentially  diffirent  from  thoee  of  modern 
languages ;  uie  former  depending,  they  say,  upon'  the  length  of  sylla- 
bles, the  hitter  upon  accent.  This  distinction  we  believe  to  be  wholly 
witiiout  foundation.  We  rely  little  upon  the  fact  that  Friscian's 
treatise  beaded  '  De  Accontibus '  is  only  a  schoolboy-like  scanning  of 
tba  ftrat  lines  in  the  '  Mnnd,'  because,  as  has  been  already  said,  that 
writer'a  anthwify  is  not  of  great  weight  in  what  ooDoeras  the  Bpokm 
tongue ;  and  in  fact,  for  the  same  reascm,  there  is  litUe  d^tendenoe  to 
be  placed  upon  the  dogmas  of  the  other  so-called  grammonans,  such  as 
Diomedes.  Our  views  upon  this  subject  are  rather  derived  from  the 
perussl  of  Terence  and  Flautus  themselves,  and  ore  confirmed  to  a  con- 
siderable extent  by  the  hexameters  of  Virgil  and  the  lyrics  of  Horace. 
They  also  seem  to  be  su  worted  by  the  geuoral  principles  of  language. 
We  will  endaavoDT  bri^  to  state  the  results  at  whidh  we  think  we 
ham  fairiy  arrived. 

L  In  words  of  more  than  two  syllables,  if,  according  to  the  received 
prosodies,  two  or  more  short  sylkbles,  exoluaive  of  tiie  final  callable, 
occur  toge^er,  the  second  of  those  short  syllables,  counting  from  the 
beginning  of  the  word,  was  slurred  over.  For  instance,  in  some  cases 
the  changing  a  vowd  •  or  e  into  Uie  sound  of  a  y,  or  of  a  vowel  a,  o,  or 
« into  the  sound  of  a«,  would  be  the  simpleet  mode  of  eSecting  such 
a  renlt.  Thus^  adtribSXre,  peritmut,  centum,  would,  upon  our 
theory,  be  pronounced  adtriheere,  peryimvt,  eontilywn,  the  last  of  which 
is  confirmed  by  Hwace's  use  of  the  same  word  in  his  odes,  and  the 
Italian  eontiglio,  Ft.  coiueil,  Sp.  eont^o  ;  and  at  any  rate  our  pronun- 
ciation of  the  two  former  is  more  consistent  yfith  the  quantity  of  the 
▼owela  than  the  mode  usually  adopted,  namely,  jw-ftmiu,  tidtrib6av. 
Satley  hag  himself  observed  ('  Eun./  ii.  2,  86}  liiat  the  words  mufwr, 
mMHeria,  fto.,  are  always  so  placed  in  Terenoe  as  to  have  the  accent  on 
tiie  first  syllable;  wludi,  by  the  way,  is  condisteat  witii  the  It^an 
vutfftie,  and  the  Spanish  mvger.  We  doubt,  however,  whether  the 
dative  and  ablative  plural  would  be  fotmd  to  obey  the  law  laid  down 
by  Bentley.  In  those  cases  where  the  second  short  vowel  is  followed 
1^  a  consonant,  the  abbreviation  proposed  becomes  impiacticabto,  if  at 
iMSt  that  consonant  be  really  to  be  sounded.  In  looh  cases  the  right 
course  ia  probably  to  drop  the  syllable  altogether.  Thus  miieria, 
familia,  voA.  such  words,  Bennsnn  ('  De  Re  Metrica')  truly  says,  are 
to  be  pronounced  with  the  accent  on  the  first  syllable,  and  tUs  in 
defiance  of  the  law  laid  down  by  all  the  grammarians,  that  the  accent 
cannot  be  carried  farther  from  the  end  of  a  word  than  t^e  antepenult. 
Hermann  has  not  attempted  to  reconcile  the  two  assertions,  but  they 
fall  at  once  into  Bgreement  if  we  are  right  in  dropping  the  second  syl- 
lable, for  then  the  first  becomes  virtually  an  ontepraultimate ;  and  we 
are  aaij  doing  irtiat  is  common  in  our  own  limguage,  aa  in  (veryt 
l6nty.  This  prindple,  moreover,  tuAj  be  clearly  traced  in  forms 
acknowledged  to  be  I^tin.  Thus,  from  populta  should  be  formed 
papidiaa,  but  that  becomes  poplietu  or  puA^iVus.  If  peUe  has  a  perfect 
peptdi,  cado  a  j^rfect  ceeidi ;  the  compounds  vriQi  re  should  strictly 
give  us  rqttmit,  rteeadi  ;  but  we  find  rtpp^i,  reccidi.  Again,  in  con- 
nection with  op^fex  we  ought  to  have  opifidum  and  optfidna;  but 
these  have  been  su[vlantea  1^  q^um,  offidna.  So,  too,  the  Greek 
ntwfiov  t}ecomeB  in  Latin  opptdmn,  aa  opposed  to  the  arx,  or  citadel ; 
and  the  adverb  cvnrcSftis  tokee  the  form  of  oppido,  an  equivalent  in 
"i"g  to  plane. 

IL  The  accent  of  a  Latin  dia^Uable  or  p6lys;rilable  will  &11  upon 
tiie  penult,  if  loDg.  Where  tiut  penult  is  long  the  nature  of  the 
VDwal,  and  at  the  same  time  the  final  eyU*l>l»  1>  short,  the  accent  upon 
tte  penult  ii  called  «  dnsnmfl«x;  in  oQur  casea  an  hmte  aooenb 


Seoradly,  if  the  penult  be  short,  put  an  acute  accent  upon  the  ante- 
penult, always  performhig  the  previously  mentioned  abbreviation,  if 
need  be ;  the  necessary  efleot  of  which  is  to  give  a  long  antepenult  if 
the  penult  itself  be  short 

III.  The  preceding  rules  dispose  of  eveiy  ease  except  two  classes  of 
words,  namely,  disayUables  with  a  short  penult,  and  monosyllablea. 
The  fonuCT  are  either  to  be  pronounced  as  mouosylkbles,  or  else  to  be 
attached  to  the  preceding  or  following  word ;  and  the  double  word 
thus  formed  to  be  accentuated  aa  a  polysyllable.  When  a  word  is 
attached  in  pronunciation  to  that  which  it  precedes,  it  has  already 
received  in  common  use  the  name  of  enclitic.  Hermann,  who  first 
observed  that  there  are  also  worda  which  attach  themselves  to  thoan 
which  follow,  has  proposed  to  give  them  the  name  of  proclitics.  The 
Qre^  article,  for  matance,  belongs  to  this  class,  as  also  not  unfi-equeutiy 
the  Latm  A*e,  htec,  Ac.  The  same  is  true  of  prepositions,  whan  really 
prepositions,  that  is,  when  they  precede  their  noun;  and  the  Latin  non 
or  ne,  like  the  Greek  av,  should  pethapa  in  many  cases  be  pronounced 
in  immediate  connection  with  the  following  verb,  just  as  we,  who  ore 
accustomed  to  place  our  not  after  a  verb,  wnte  eaitnoi  as  a  single  word. 
Many  litUe  conjunctions  also  may  probably  require  such  treatment,  as 
ti,  vt,  fto.;  in  confirmation  of  which  it  should  be  observed  that  Latin 
mwmaeripta,  even  of  a  late  date,  almost  habitually  write  these  little 
words  in  immediate  connection  with  the  following  word.  Again,  the 
list  of  enclitics  should  be  extended  so  as  to  include  most  of  the  eon- 
junctions  which  require  to  be  placed  second  in  a  sentence,  and  even 
conjunctions  in  general,  together  with  the  relative  itself  when  they  are 
forced,  if  the  word  may  be  used,  into  a  second  place,  aa,  for  instance, 
in  the  first  line  of  the  '  ^neid,'  which  acquires  additional  power  by 
the  pronunciation  Troiai-qui.  In  the  same  way  a  postponed  preposi- 
tion becomes  an  enclitic,  as  in  the  phra^  olff^fo  montHnu.  In  this 
way  many  dissyllables  and  monosyllables  will  coalesce  into  polysyllables, 
and  be  accentuated  accordingly.  We  even  entertaun  a  strong  auspidon 
that  a  verb  in  the  middle  of  a  sentence  must  often  be  treated  as  an 
enclitic/  to  give  tone  to  some  important  word  before  it.  Such  a  pro- 
nunciation was  indeed  demanded  by  Carey,  in  his  '  Prosody,'  for  the 
VirgiUan  letfit-vdat.  The  verb  ett,  again,  is  known  to  have  been  very 
generally  an  enditio ;  and  Oia  best  Sanskritists  haw  held  tiutthev^ 
must  very  frequently  in  verse  be  so  attached  to  the  word  -which  pre- 
cedes it.  We  trace  the  some  law  in  a  foot  which  governs  the  order  of 
words  in  the  lAtin  and  Hungarian,  and  probably  many  other  languages, 
namely,  that  when  a  verb  occupies  a  place  in  ^e  middle  of  its  clause, 
it  is  safe  to  infer  a  strong  emphasis  for  the  word  which  precedes  it. 

IT.  The  principle  of  elision  will  often  modify  tiie  accent  of  a  word. 
Thus,  cuMfHlmon,  aaihtndum,  oryimAtfo,  would  in  ordinary  circum- 
Btanoes  have  the  aooent  as  marked.  But  if  elidon  take  place, 
sometimes  have  the  accent  displaoed.  In  this  way  the  first  and 
eleventh  lines  of  the  Prologue  to  the  '  Asdria '  should  be  read  ;  "  Po6ta 
ctUn-prim,  &m'  adscribend'  ^pulit ;  "  and  "  Non  it'  dissimli  sunt 
argliment'  ^t-tamen."  It  should  idso  be  observed  that  elision  often 
desbuys  the  initial  vowel  of  the  second  word,  instead  of  the  -final 
syllable  of  the  preceding  word,  as  nunc  (tttiauf  cffimuM^  rather  than 
nunc  tu'  (tt  o/tnum. 

T.  The  pronunciation  of  Latin  words  in  the  days  of  PUutus  and 
Terence  dinbred  in  several  respects  from  that  which  holds  good  for  the 
later  poets,  and  this  for  the  moat  part  in  one  direction — syUables  being 
long  m  the  old  Latin  drama,  wMcb  afterwards  became  short  Thus, 
ISrnS  and  wHUHt,  gntTls  and  nuntnam,  wwe  always  trisyllabic.  The 
first  syllaUs  of  Amaimt  was  already  In  a  state  of  transition,  generally 
long.  7«t  at  times  short;  cacida  is  another  w<»d  of  varying  quantity 
in  tike  same  syllable.  Then,  again,  nominatiTes  in  oi^  as  uxor  (Plaut, 
'Stic.,'  V.  140),  ttuMor  (Ibid,  'Baflc.,'  v.  128),  may  have  the  last 
syllable  long,  and  this  with  the  more  reason  as  they  really  stand  for 
ttxort,  ttvUion.  In  the  same  way,  pater,  like  the  Qre^  Ttmip,  has  a 
long  final  syllable  in  the  '  Trin.,'  v.  615,  if  we  follow  the  Ambrotian 
palimpeast  Then,  i^ui^  in  verba  we  have  a  long  final  in  the  first 
person  of  tiie  reflective,  as  perpeiior  (<  Moat,'  v.  621),  and  in  tiie  third 
person  ■''ngui*''  of  the  active,  provided  the  other  parts  of  the  tense  in 
question  [»ove  the  vowel  to  be  in  itself  long,  as  «i(  ('  Mil.,'  v.  212), 
adjfiietat  (*  Merx:.,'  v.  648),  habH,  not  out  kabet  {'  Trin.,'  v.  206),  detideret, 
expectet,  ias  so  the  3£SS.  (*  MIL,'  244),  and,  above  all,  in  perfect  tenses, 
as  opligU  ('Stic,'  v.  884),  (w(»(i(  (' Mil.,'  v.  213),  ra^erU  ('Stic.,'  v. 
462},  vendidia  {Capt  Fn^  9).  Indeed,  Vu^  and  the  laier  jpoeta  furnish 
sot  a  few  onmples  where  soeh  syUaUes  retained  their  original  length, 
as,  path;  amSr,  m  Virg.,  pemipK,  suhixt,  Hor.,  rerfiM,  prteteriit,  Ov.  On 
the  other  hand,  a  short  vowel  in  what  is  called  doubtful  position, 
remained  invariably  short  in  Flautus  and  Terence,  although  the 
later  poets  took  the  liberty  of  treating  such  a  syllable  as  long.  Thus, 
laeruma,  tacrum,  lucrum,  patrem,  have  always  a  short  first  syllable  in 
Latin  oomedy ;  and  if  Mratoen't  has  s  long  S,  it  is  because  the  o  vowel 
of  this  word  IB  in  itself  long. 

If  now  the  principles  we  have  assumed  on  the  grounds  above  men- 
tioned be  ^^lied  to  the  plays  of  Terence,  we  arrive  at  the  result^  that 
the  verse^  with  very  few  exceptions,  acquire  the  desired  rhythm ;  and 
that  there  should  be  exceptions  must  be  expected  where  the  text  of  on 
author  is  not  yet  estaUished  upon  a  careful  comparison  of  manuscripts, 
and  where  eren  the  tnmnKHdtion  of  two  wtnds  will  often  alter  the 
accent.  Uoreover,  it  should  always  be  recollected  that  hi  tiie  oomia 
dnma  it  nuy  be  eren  dednble  to  avoid  tiie  pimr  ri^j^thm  of  tkb^ 
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iind  approach  Bomewhat  to  the  prose  of  natural  converaatioD,  u  Cicero 
hu  himself  renuu^ed  (*  Orator.,'  65).  That  what  we  now  say  may  be 
put  to  the  tart,  we  irill  gire  a  liirt  of  those  words  requiring  abbreviar 
Hon  lAdxh  mnrt  oMnmonlT  ocour,  obwrring  at  the  aame  time  that  a 
vord  at  the  md  of  aatunlHe  trimeter,  or  after  a  mtxw^llable,  is 
(j(en  to  be  pronounced  with  all  ita  sylUbtoa,  thot^  elsewhere  li&ble 
to  oontmction.  Of  this  an  example  may  be  seen  in  the  tenth  line  of 
the  prologue  already  referred  to,  whidi  contains  both  tunerit  and 
Korit ! — 


paier 
aoror 
vduntaa 
kuntma 

iadit 
diet 
ego 
cavt 
tace 

tin 

ti&» 
ibi 
iM 
abi 
jwbe 

rnf* 
ma^ 
muMM 
aUm 
facere 
vigilart  = 
mdt 

wmw  = 

StM  = 

duo  = 
ille,  ko.  = 

ftONUS  = 

nmiM  ■■ 

hex*  = 

male  — 

homo  = 

rn  = 


Compare  the  genitiTai 
'  fire.    Compare  jiarrieidei. 


=  tour,  as  m  

=  votimUa.   Compare  tit  «  tXB$  Kod  inntiu  =  involiiiia. 
=  larma.   Compare  the  French  larme  and  asrmciif,  from 

taerammtwm. 
=  o^i,  as  in  Italian. 
=ye*.    Compare  jour,  joum^. 
=  yo.   Compare  Italbm  to. 

=  eau.    Compare  Cicero's  story  about  tiie  word  aaouat, 
=  tai,  tut  ia  French,  tai*. 

s  {KM.   Compare      loss  of  b  in  the  dai.  pi.  of  the  first  and 
second  dedenaiona, 

=  at.  LCompare  the  Branaoce,  Italian,  Fr.,  Sp.,  and 
=  i  or  y.  r   mUd  «=  «C 

=  (W.  J 

=  at. 

=  ju.   Compare  the  perfect  jttini 

=  m.   Compare  the  French  m,  and  Latin  deim,  exin,  for 
demde,  exindt,  Ac 


■■  ra. 
:  matt. 
num. 
tdyiu. 
■■  fare. 


Compare  am*  It.,  mail  Fr.,  wuu  Sp, 


pHcr 
RtlU,  Ac 

meut,  fto. 

fuit 

aNmui 

annua 


Compare  Greek  oXAor,  and  Sanakrit  enjfo. 
Compare  Fr.,  It,  Sp. 
visHan.   Ctnamn  Vr.,  It. 
vi.   Compare  Fr.  voi-la. 
noiu.    Compare  Greek  vnr,  English  nev. 
ata.   Compare  Fr.,  It.,  Sp. 
do.    Compare  Greek  Sw-Scko,  Fr.,  En^ 

or  ^,  &0.   Compare  It.,  Fr.,  Sp. 
bon, 
aoffun€(i 
bm. 
mal. 

koHime,  as  in  French. 

re.   Compare  the  forma  of  the  fifth  declension  used  by 

OESsar,  Virgil,  fte. 
pur  or  par.    Compare  Greek  vaii.  Spartan  woip,  Latin 
Lueipor, 


as  in  F^«nch. 


=  ^ai^^'  \  ^^P^  sp-.       al«>  ^»  'orma  used 

=  hut  AoT  ]    ^  Enniue,  and  in  Greek, 


ftit.   Compare  It.,  Fr.,  and  Latin  fore. 
=  dmui.    Compare  It..  Fr. 
—  dnm.   Compare  Fi. 
=  epoL   Compare  ecoator,  mmv,  fto. 
=  bre.  Compare  F^. 
=  mlui.   Compare  Fr. 
=  genrit.   Compare  Fr. 
=  aprire.   Compare  It.,  Fr.,  Sp. 
B  opra.   Compare  the  form  in  Ennius,  uid  Fr.,  Sp. 
=  aim'lit.   Compare  Fr.  lemble,  Eng.  reaemUe. 
B  Utn.   Compare  tamttii  for  tantateUi,  and  faniem 

»  o^THU.  Compare  It.  aleiMO,  Fr.  oiictHi,  from  tUiqtuS'Wnu. 
^  ki$.   Compare  tho  abbroTlatkn  of  mrfnw  Into  miUiia  and 


tar 


Ugere 
oaUtu 
gmerii 
aperirt 
epera 
timilis 
tamen 

oaa         —  if. 

For  a  more  detiuled_ exhibition  of  theae  words,  see  'Journal  of  Edu- 
catitm,'  vol  ii.,  p.  &ii ;  and  on  the  aubjeot  U  Latin  prosody  generally, 
the  same  wwk,  voL  Iv.,  p.  886. 

It  should  be  added,  that  of  modem  editors,  Hermann,  Bothe,  Linde- 
mann,  Ritachl,  and  Flecbeisen,  alone  senm  to  have  a  distinct  idea  of  the 
nature  of  the  metres  of  Terence  and  Plautus;  for  all  that  has  been  said 
apptiee  to  Plautus  as  well  as  Terence.  The  author  of  the  'Tarronta- 
nus*  borrowed  hia  article  on  the  subject,  and  that  without  acknow- 
lc<^ment,  from  the  '  Penny  Cycloptedia '  and  the  paper  in  the  '  Journal 
of  Education;'  alt,  at  leaat,  except  the  paragraph  about  pudla,  ttad 
that,  oddly  enough,  is  the  ono  paragraph  in  the  said  ch^ter  which 
the  recent  editor  of  Terence  Imb  justly  condemned.  Amcmg  older 
writers,  Benttey  certainly  poaseesed  a  clearer  insight  into  the  subject 
than  some  ctf  hia  notes  would  lead  one  to  suppoee.  That  thia  is  the 
case  ia  proved  by  an  anecdote  in  Bishop  Monk's  '  Life '  of  that  scholar. 
The  reverend  doctor,  dining  at  a  friend's  house  in  London,  kept  the 
gentlemen  longer  over  their  wine  than  was  thought  proper  by  the 
lulics  in  the  dmwing-room.  and  added  to  the  scandal  when  hia  Toke 


was  heard,  even  above  sta'irs,  in  what  was  supposed  to  be  a  song  to  the 
tune  of  '  Unfortunate  Miss  Bailey.'  The  doctor  was  only  reading  to 
them  some  specimen  of  Terence's  Comic  Septeuariui^  or,  to  use  a 
harder  phrase^  flw  lamUo  Tetrameter  Catalectic. 

TERBPHTHALIO  ACID.  [TcBPENTm.] 

TERETINIC  ACID.  [Tcbpkhtinr] 

TERM  (Algebra).  A  simple  term  in  an  algelmucal  expression  means 
all  tiiat  involves  multiplication,  division,  and  exteaction  d  roots  without 
addition  or  anbtnction.   Thus  in  the  expression 

the  terms  are  a4*z*,  2a&x*,  and  ^ab .  x*.  But  compound  qoantities 
are  dao  called  terms  when  they  are  put  in  sueh  a  form  that  additions 
and  eabtraetions  are  subordinate  to  subsequent  multiplication,  division, 
or  extiaetion.  Thus, 

{a*b)sf*'+  v'(tf-6").ap 

has  two  terms,  (a  +  &),  s^*',  and  y/{af~V).xg.  If  the  form  ba 
altered  into 

the  ezpreesion  then  has  three  terms.  Most  frequently,  however,  there 
is  one  letter  in  powers  of  which  the  whole  ej^nvesion  is  arranged,  and 
tiien  all  that  involves  any  one  power  of  this  principal  letter  is  a  term. 
Thus  a  +  bx  +  ae  +  ea^  has  three  terms,  namely,  a,  {b  +  c)  x,  and  ex". 

When  one  quantity  is  said  to  be  e:^reBaed  in  terms  of  another,  it 
Bonenlly  means  merely  that  the  fint  is  to  be  an  explicit  runcnoH  of 
uie  aeeomd.  Thus,  in  x+y=tt,  we  have  eqireased  x+y  in  terms  of  a : 
deduce  j/=a-x,  and  we  tutve  ^  expressed  in  terms  of  a  and  x.  This 
is  the  distinction  between  y  being  expressed  in  terms  of  x,  and  y  being 
a  function  of  z :  if,  for  instance,  y=a~z,  z=a^+z,  y  is  a  fun^ion  of 
X,  but  it  is  not  erpresBed  in  terms  of  x,  but  of  z ;  substitute  for  z  its 
value,  and  y  is  thmi  eximased  in  terms  of  It  is  to  be  remembered 
that  by  saying  that  a  quantity  is  expressed  in  terms  of  x,  it  ia  not 
meant  Uiat  x  is  the  only  letter  which  enteia,  but  that  no  other  letter 
if  there  be  any,  is  a  function  of  x.  Thus,  in  the  preceding,  where  we 
obtain  y  =  a— a:— «*,  y  is  expressed  in  terms  of  x  ita  be  no  function  of 
X.  But  if  a  be  a  function  of  x,  say  sfl  +  x,  then  y  Is  not  expressed  in 
terms  of  «,  until  the  value  of  a  has  been  substituted,  giving  y=a:*—a^'. 

TERM.  The  law  Terms  are  those  portions  of  the  year  during  which 
the  courts  of  common  law  ait  for  the  disjratch  of  business.  They  are 
four  In  number,  and  are  called  Hilary  Term,  Easter  Term,  Tnnity 
Term,  and  Michaelmas  Term :  they  take  their  names  from  those 
festivals  of  the  Church  which  immeoQately  precede  the  commencement 
of  each.  Various  acts  of  parliament  have  been  passed  relative  to  the 
regulation  of  the  Terms.  The  statute  whioh  now  determines  them  i^ 
the  11  Geo.  IV.  &  1  Wm.  IV.  c.  70,  amended  by  1  Wm.  IV.  c.  3,  which 
enacts  that  Hilary  Term  shall  begin  on  the  11th  and  end  on  tiie  SJst 
of  January ;  Easter  begin  on  the  16th  of  April  and  end  on  the  8th  of 
May;  Trinity  begin  on  the  22nd  of  May  and  end  on  the  12th  of  June ; 
Michaelmas  begin  on  the  2nd  and  end  on  the  25th  of  November. 
Monday  is  in  all  cases  substituted  for  Sunday  when  the  first  day  of 
Term  falls  on  Sunday.  During  Term  four  judges  sit  in  each  court, 
and  are  occupied  in  deciding  pure  matters  of  law  only,  without  thu 
intervention  of  a  jury.  The  courts  are  empowered  however  to  hold 
sittings  out  of  Term  tor  the  purpose  of  dispodng  of  the  buaineas  then 
pending  and  undecided  before  them. 

TERM  OP  YEARS  signifies  the  estate  and  interest  which  pass  to 
tiie  person  to  whom  an  estate  fur  years  is  granted  by  the  owner  of  the 
fee.  [EsTATK.] 

TERMINAL.  We  cannot  say  that  this  term  u  used  in  mathematics 
to  the  extent  to  which  we  shall  carry  it;  but  the  very  great  convMii- 
ence  whloh  would  arise  from  an  extension  of  its  use  ia  sufficient  justi- 
fication for  coining  a  few  new  meanings.  Term  is  a  word  of  geometry 
very  little  used,  and  ugnifying  boundary  or  extremity ;  the  words  ter- 
minal value  and  terminal  form  are  sometimes  used  to  signify  the  last 
and  most  complete  value  or  form.  When  a  finite  expression,  added  to 
a  certain  numbo'  of  terms  of  a  series,  makes  up  the  equivalent  of  the 
expression  from  which  the  aeriea  is  deduced,  or  stands  for  all  the  aub- 
sequmt  tenuB  of  the  seriea,  this  finite  expression  might  be  called  tho 
terminal  expression.  Thus  in  Taylor's  Theorem  we  have  one  terminal 
expression  in  D'Alembert's  form,  another  in  that  of  Lagruige. 

There  is  also  another  use  of  the  word,  which  would  convey  a  dis- 
tinction much  wanting  words  to  express  it :  we  allude  to  what  might 
be  called  tatninal  language.  All  the  use  of  the  words  infinitely  small 
and  infinitely  great  [Ihfinitb;  Lnorj  is  entitied  to  this  name;  as 
follows :  — Whm  we  say,  for  example,  that  a  circle  it  a  r^ular  polygon 
with  an  infinitely  great  number  of  infinitely  small  sides,  the  language 
used  ia  that  of  an  end  arrived  at,  a  transformation  actually  made ;  tiie 
circle  is  described  as  actually  consisting  of  stnught  lines;  and  the 
language  is  ttrmiiMl  (expressive  of  a  boundary  actually  attained).  But 
the  meaning  of  this  language  is,  or  is  generally  hebl  to  be,  Caliw ;  no 
polygon  is  a  drde,  how  grMt  soever  the  number,  or  how  small  soever 
the  magnitude,  of  the  sides.  The  proposition  which  is  really  true, 
that  is,  over  which  all  shake  hands,  whatever  their  notion  of  mfinity 
ma^  be,  is  that  the  terminal  proposition,  true  or  false,  is  one  to  which 
an  mterminable  and  unlimited  degree  of  approximation  may  be  made. 
An  Inscribed  regular  po^gon  may,  with  sides  enough,  be  made  to 
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coincide  with  the  circle  within  any  degree  of  nearness  we  please  to 
aaaign :  or  the  following  proposition — "  the  area  of  the  inscribed 
polygon  may  be  made  to  lUfTer  from  that  of  the  circle  by  lesA  than 
the  »th  part  of  the  latter" — may  be  made  true  for  every  value  of  n 
that  can  be  named,  however  great.  Terminal  language,  properly 
employed,  may  be  made  the  means  of  abbreviation  of  all  those  truths 
whose  announcement  contains  interminable  approximation :  the 
development  of  this  sentence  is  the  object  of  the  article  Infinite. 

TERMINALIA,  the  festival  of  Terminus  [Teruinub],  celebrated 
at  Rome  annually  on  the  23rd  of  February,  the  lost  day  of  the  old 
Roman  year.  The  festival  was  either  public  or  private,  according  as 
it  was  beld  at  the  boundaries  between  the  fields  of  private  persons,  or 
at  the  boundary  of  the  Ager  Romanus.  In  the  former  case  pei-sons 
poaseeaing  odjoming  lands  met  with  their  families  and  servants  at  the 
stone  which  divided  the  properties,  adorned  it  with  garlands  and 
offered  sacrifices,  and  a  feast  ia  which  the  neighbours  partook  was 
intended  to  renew  the  friendly  relations  existing  between  them. 
(Ovid., '  Fast.' ii ,  643,  &c.)  Dionyaius  states  that  down  to  hia  time 
the  Romans  did  not  offer  any  bloody  sacrifices  on  this  occaaion,  but 
only  cakes  and  fruit.  But  we  have  authentic  statemente  which  show 
that  the  assertion  of  Dionysius  can  only  apply  to  the  early  period  of 
the  republic,  and  that  subsequently  a  lamb  or  a  sucking  pig  was  sacri- 
ficed. (Dionysius  ii.,  74;  Plutarch, '  Numa'  IS ;  '  QuaesL  Rom.'  15 ; 
Horatdus. '  Epod.'  iL  59.)  The  public  Terminalia  were  solemnised  in 
a  jrimiUr  manner  by  the  whole  people  on  the  boundary  of  the  Ager 
Romanus.    (Ovid., '  Fast,"  ii.  67tf,  &c.) 

TER3IINII3,  a  Roman  deity  whose  worship  was  said  to  hare  been 
introduoed  by  Numa  PompiUus,  when  he  ordered  the  fields  of  the 
citizens  to  be  separated  from  one  another,  and  the  boundaries  to  be 
marked  by  stones  which  were  to  be  considered  as  sacred  to  Terminus, 
or  as  Dionysius  calls  him  Ztiii  Jtpioi.  (Festus,  s.  v. '  Terminus,'  Diony- 
sius, iL  74).  A  careful  examination  of  the  worship  of  thia  god  shows 
that  Tenninus  waa  only  a  surname  of  Jupiter,  who  was  worshipped 
under  this  name  as  the  guardian  of  boundaries.  The  stoQe  pillars  were 
regarded  as  symbolical  representations  of  the  god  himself,  and  hence 
perhaps  the  severe  law  mentioned  by  Festus,  that  whoever  displaced 
such  a  pillar  should,  together  with  his  oxen,  be  devoted  to  the  god. 
Id  the  same  manner  in  which  the  boundaries  between  the  lands  of 
private  individuals  were  marked,  the  original  territory  of  Rome  (Ager 
Romanus)  was  separated  by  pillars  from  the  territory  of  neighbouring 
tribes.  In  the  direction  of  Laurentum  there  was  such  a  pillar  (tor- 
minus)  between  the  fifth  and  sixth  milestones  from  Rome  on  the 
Laurentine  rood.    This  was  the  public*  Terminus.    The  god  liad  a 


temple  on  the  Capitol,  and  the  port  of  the  roof  just  above  the  symbo- 
lical pillar  was  left  open.    (Festus ;  Servius, '  Ad  Aen.'  ix.  448.) 

TERMINUS,  or  TERM,  signifies,  in  sculpture  and  architecture,  a 
pillar  statue,  that  is,  either  a  half  statue  or  bust,  not  placed  upon,  but 
incorporated  with,  and  as  it  were  immediately  springing  out  of  the 
square  pillar  which  serves  as  its  pedestal.  If  they  be  mere  busts, 
figures  of  this  kind  are  usually  distinguished  by  the  name  of  Haaus 
('Epfidi) ;  and  busts  which,  instead  of  having  a  circular  moulded  base, 
resemble  the  upper  part  of  a  terminus,  are  called  terminal  busts. 
There  are  many  such  busts  and  also  some  termini  in  the  Qrtcco- 
Roman  Saloons  of  the  British  Museum  ;  among  others  a  terminal  bust 
of  Dionysus,  and  a  double  terminal  bust  of  Bacchus  and  Libera,  both 
of  which  are  engraved  under  Diontsds  ;  also  a  terminal  statue  of 
Pan.  The  terminus,  or  pillar  part,  is  frequently  made  to  taper  down- 
wardt,  or  made  narrower  at  its  base  than  at>ove,  which  mode  of 
diminution,  the  reverse  of  that  employed  for  columna,  was  no  doubt 
intended  by  way  of  similarity  to  the  general  outline  of  the  human 
figure,  whose  greatest  breadth  is  at  the  shoulders.  By  modem  artists 
the  pedestal  port  is  usually  made  tapering  downwaz^ls  or  narrowest 
just  above  its  base ;  when  it  is  called  the  yaine,  from  its  resemblance 
to  the  scabbard  of  a  sword. 

In  architectuml  design  Tamt  are  employed  in  lieu  of  Caryatides,  not 
however  as  insulated  pillars,  but  as  pilasters  forming  a  small  order  or 
attic,  or  a  decoration  to  gateways,  doors,  &o.  They  frequently  occur 
in  the  Renaissance  and  our  own  Elizabethan  style. 

TERMS,  ATTENDANT  AND  SATISFIED.  The  assignment  of 
satisfied  terms  oa  the  purchase  of  property  being  frequently  accom- 
panied by  great  difficulty  aud  expense,  the  Act  8  ft  9  Vict,  was  passed 
to  render  the  assignment  of  Satisfied  Terms  unnecessary. 

TEROPIAMMON.    [Opidh,  ALKaLOioa  of.] 

TERPIN.  [TOBPENTIMS!.] 

TEKPINOL.  [TOBPBNTINE.] 

TERPSICHORE.  [Muses.) 

TERRA  SIENNA.    [Colodrinq  Matters.] 

TERRESTRIAL  LIOHT.  Aurora  borealia,  or  northern  lights,  as 
they  have  hitherto  been  called,  is  now  generally  admitted  to  be  a 
magnetic  phenomenon.  [Terrestrial  Maonetisu.]  As  lightning 
shows  a  restoration  to  equilibrium  from  a  disturbance  in  the  electrical 
condition  of  the  atmosphere,  so  these  northern  and  southern  Ughts 
denote  the  conclusion  of  a  magnetic  storm  which  has  foretold  its 
approach  by  its  universal  inBuence  on  a  freely-suspended  magnet,  even 
at  places  far  distant  from  the  place  where  the  phenomenon  itself  is 
visible. 


Fig.  1.— -Aurora  Boieall*. 


The  appearances  which  ordinarily  present  tnemselves  during  a  dis-  I  with  his  accustomed  accuracy : — "  Deep  in  the  horizon,  nearly  in  the 
play  of  terrestrial  light  are  thus  graphically  described  by  Humboldt  [  situation  where  it  is  intersected  by  the  magnetic  meridian,  the  heaven. 
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up  to  tliU  moment  clear,  grows  black.  There  ia  a  kind  of  haey  bank 
or  screen  produced,  which  rises  gradually  and  attains  an  altitude  of 
from  8°  to  10".  The  colour  of  tiie  duakr  segment  poaaea  over  into 
brown  or  violet.  Stam  are  visible  in  it,  but  they  are  aeeu  as  in  a 
portion  of  the  sky  obscured  with  denae  smoke ;  a  broad  bright  lumi- 
nous arc  or  seam,  first  white,  then  yellow,  bounds  the  dusky  segment. 
The  highest  point  of  the  luminous  arc,  when  it  has  been  carefully 
measured,  has  been  found  to  be  not  exactly  in  the  magnetic  meridian, 
but  to  vary  between  6  and  18  degrees  from  it,  towurda  the  side  on 
which  the  magnetic  declination  of  the  place  of  observation  lies.  The 
luminous  bow,  in  constant  motion,  flickering  and  changing  its  form 
incessantly,  sometimes  remains  visible  for  hours  before  uiything  like 
rays  and  pencils  of  rays  shoot  from  it  and  rise  to  the  zenith.  The 
more  intoise  the  discbiargea  of  the  northern  lights,  the  more  vividly  do 
the  colours  play  from  violet  and  bluish-white,  through  every  shade  and 


gradation,  to  green  and  purplish-red.  The  magnetic  fiery  columns  shoot 
up,  at  one  time  singly  from  the  luminous  arch,  even  mingled  with  black 
Tsya  like  thick  smoke ;  at  another,  many  columns  arise  simultaneously 
from  several  and  opposite  pointa  of  the  horizon,  and  unite  in  a  fiickerlng 
sea  of  flame,  to  the  nplendour  of  which  no  description  can  do  justice, 
and  whose  luminous  waves  assume  another  and  a  different  shape  at 
every  instant.  The  intensity  is  at  times  ao  great  that  Lowenom  per- 
ceived its  oscillations,  in  bright  sunshine,  on  the  29th  of  January,  1786. 
The  motion  inoreasea  the  brilliancy  of  the  phraomenon.  Around  the 
point  of  the  vault  of  heaven  which  oorresponds  with  the  direction  of 
the  dipping-needle,  the  rays  at  length  collect  together,  and  form  the 
corona  or  crown.  This  surrounds  the  eummit,  as  it  were,  of  a  vast 
canopy,  the  dome  of  heaves,  with  the  mild  radiance  of  its  streaming 
but  not  flickering  rays.  It  is  only  in  rare  instances  that  the  pheno- 
menon proceeds  the  length  of  forming  the  corona  completely.  With 


Tig.  S. — Aurora  Borenlta. 


its  appMrance,  however,  the  whole  ia  at  an  end.  The  raya  now 
become  rarer,  shorter,  lesa  intensely  coloured.  The  crown  and  the 
luminous  arches  break  up.  By-and-bye  nothing  but  broad,  motionless, 
and  almost  ashy-gray  pale  gleaming  Seecy  masses  appear  irregularly 
dispersed  over  the  whole  vault  of  heaven :  these  vani^  in  their  turn, 
and  before  the  last  trace  of  the  murky  fuliginous  segment,  which  still 
shows  itself  deeply  on  the  horizon,  has  disappeared.  Of  the  wholo 
brilliant  spectacle,  nothing  at  length  remains  but  a  white  delicate  cloud, 
feathered  at  the  edges,  or  broken  up,  aa  a  cirro-cumulus,  into  small 
rounded  masses  or  heaps,  at  equal  dLstauces."    ('  Cosmos,'  v.  i.) 

The  two  illustrations  given  above  are  selected,  for  their  disnimilarity, 
from  the  work  of  M.  de  Uairau.  Fig.  1  represents  an  aurora  as  seen 
at  Breuillepont,  in  Normandy,  nearly  in  the  latitude  of  Paris,  on 
September  26th,  1726.  It  consisted  entirely  of  streams  of  light, 
without  any  darker  meteor.  Fig.  2  shows  on  aurora  as  observed  at 
the  same  phtce,  and  which  lasted  for  several  minutes,  on  Oct.  19,  1726. 

It  has  been  a  subject  of  some  dispute  whether  any  sound  accom- 
panies the  development  of  the  terrestrial  light.  The  Greenland 
sledgers  and  Siberian  fox-himters  are  positive  in  their  aaaertionB  that 
there  is ;  and  intelligent  observers  engaged  in  the  Arctic  magnetical 
and  meteorological  expeditions  have  recorded  their  evidence  in  the 
affirmative.  On  the  other  hand,  Parry,  FrankUn,  Richardson,  and 
others  state  to  having  witnessed  thousand^  of  aurone  without  perceiving 
any  attendant  sounds. 

According  to  Dolton,  the  southern  hghts  have  been  frequently  seen 
in  England;  and  tiie  northern  lights  were  seen  in  46*  S.  lat.  on 
January  14, 1831.  Humboldt  remorka,  however,  that  "  It  is  necessary 
to  diatiuguish  between  the  sphere  of  a  aimiiltaneoits  apparition  of  the 
pheDomenoo  and  the  zone  of  the  earth  in  which  the  phenomenon  ia 


displayed  almost  every  night  of  the  yoar,  Aa  each  observer  aees  hia 
own  rainbow,  so  also,  doubtleaa,  does  he  see  his  own  polar  light.  A 
great  portion  of  the  earth  engenders  the  radiating  light-phenomenon 
at  the  some  time." 

The  intensity  of  the  terrestrial  light  diminishes  with  the  decrease  of 
latitude,  or,  more  strictly,  with  the  decrease  of  magnetic  latitude.  In 
Iceland,  Greenland,  and  on  the  banks  of  the  Slave  Lake,  it  appears  at 
certain  seasons  every  rught.  In  Italy  it  ia  rare.  On  the  ahores  of 
Siberia  there  appear  to  be  "  special  regions  of  the  northern  lights." 

There  is  great  difficulty  in  determining  the  altitude  of  the  terrestrial 
light,  in  consequence  of  ihe  incessant  oscillations  of  the  luminous  raya ; 
BO  that  the  results  of  different  observations  "  vary  between  several 
miles  and  three  or  four  thousand  feet."  Moreover,  it  is  probable  that 
its  altitude  differs  at  different  times. 

Our  observations  and  knowledge  of  the  terrestrial  light  leads  us  to  the 
important  and  interesting  conclusion  that  our  earth  itself  is  luminous ; 
and  it  is  supposed  that  the  degree  of  luminosity  is  a  little  greater  than 
that  of  the  moon  in  her  first  quarter.  These  considerations,  compared 
with  the  observed  fact  that  the  planet  Venus  "  glows  occasionally  with 
a  proper  phosphorescent  gleam"  in  those  parts  which  nre  not  illumi- 
nated by  the  sun,  lead  us  to  inquire  whether  the  moon  and  planets 
may  not  likewise  be  magnetic,  thus  keeping  up  a  mutual  influence 
between  themselves  and  our  earth. 

Why  the  phenomenon  of  the  terrestrial  light  should  confine  itself 
especially  to  the  polar  regions  is  readily  explained  on  the  supposi- 
tion that  it  ia  a  luminous  discharge  of  superabundant  magnetism  ; 
and  since  heat  ia  destructive  of  magnetism,  the  magnetic  intenaity 
will  be  greater  in  the  colder  r^ons  of  the  earth.  [TkbbestbiaL 
31A.OIISTIBV.]   An  illustration  of  tbia  may  be  given  by  taking  a  bar- 
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DUgnei  and  dipping  it  in  iron  filingt,  vhen  the  fiUnga  will  be  found  to 
■iraiigB  themBelres  near  the  ptdM  of  the  magnet,  presenting  the  tippmr- 
anoe  u  shown  in  the  foSoffuig  figurw. 


Whether  Uie  maguetio  condition  of  our  earth  has  undergtme  my 
recent  change  we  cannot  aay ;  but  it  is  remarkable  ttiat  we  can  find  no 
■way  Mrly  acoounte  of  tlie  phenomenon  we  bars  bsMi  deaoiUn^  It 
Aunna  Boroalla. 


certainly  appears  to  have  been  lees  frequent  before  the  18th  centary 
than  it  haa  been  aince.  Torfccus,  who  wrote  in  1 706,  rebit«a  that  even  in 
lua  own  time  the  auron  was  an  object  of  terror  in  Iceland.  For  some 
time  it  was  tbought  that  there  was  no  aurora  anstralis,  or  terTestrial 
lighta  in  the  Bouu ;  and  though  the  tact  is  now  well  establiahed,  yet 
the  earliest  account  we  have  of  Huch  an  occurrence  is  given  by  Don 
Antonio  UUoa,  who  saw  it  at  Gape  Horn  in  1745. 

From  the  writings  of  Aristotle,  Cicero,  Pliny,  and  others,  we  read  of 
appearances  in  the  heATens  which  we  conclude  to  hare  been  aurorre, 
and  which  were  viewed  with  the  same  superstition  as  comets.  ' 

For  further  information  on  this  subject,  the  reader  in  referred  to  the 
writings  of  H.  de  Maitau  (1764);  Dolton;  Humboldt's  'Cosmos;' 
Hall^;  Forbes;  Expediti(MiB  of  Parry,  Franklin,  Richardson,  and 
Hotderson;  Kaemts^s  'Complete  Course  of  Ueteorology'  (Lond., 
1815);  Beports  of  the  Biitint  Association  tot  the  Advancement  of 
Sdenoe;  ud  the  Philosophical  Transactions  of  the  Royal  Society. 

TEBRESTRUL  BCAQNETISU.  If  a  magnetised  bar  of  steel  be 
suspended  by  a  flse  thread  attached  to  its  middle  point,  one  extremity 
always  points  neoriy  to  the  nortii,  tiie  otiier  end  towards  the  south. 
Again,  U  a  bar  having  a  fine  axle  through  its  centi^  of  gravity,  and 
perpendioulBr  to  the  axis  of  the  bar,  be  phced  witii  tiie  axle  resting  on 
two  hi^ly  polished  surfaces,  it  will  he  found  to  make  an  angle  with 
the  hoiiion,  and  the  magnitode  of  tUs  an^^e  will  depend  upon  the 
]daM  at  which  the  experiment  is  made.  The  unknown  influence 
which  produces  these  pnenomena  is  derived  from  the  earth  itself,  and 
is  called  Terrestrial  HagnetiBm.  Hitherto  no  one  has  succeeded  in 
reducing  terrestrial  magnetism  to  a  theory,  although  various  attempts 
have  been  made— and  some  witii  partial  success.  But  the  labours  of 
mathematidans  and  obeervan  have  not  been  losty  for  a  mass  of 
evidence  on  this  important  subject  has  been  acoomulated,  which  in 
due  time  will  form  Uie  basts  ca  a  theory  more  w<mderful  even  than 
that  of  gravitation,  dnce  it  is  not  too  much  to  assert  that  tiiis  unseen 
power,  which  for  yean  has  been  known  only,  and  thought  of,  for  its 
loactical  utility,  will  one  day  prove  to  be  the  key  to  all  the  other 
phenomena  in  the  universe.  Terrestrial  magnetiim  then  is  known  by 
its  effects  upon  the  artificial  magnet,  and  it  is  the  province  of  the 
philosopher  to  observe,  compare,  and  reduce  these  efibcts  after  they 
hare  been  freed  &om  all  inddental  and  exti«oeons  sources  of  error. 

Until  the  year  1828,  there  were  no  systematic  observations  of 
magnetieal  pbsnomena;  but  since  that  time  different  countries— and 
cqieciaUy  our  own — aided  by  their  respective  governments,  have 
eatablifihed  observatories  in  all  the  most  advantageous  positions  on  the 
earth's  surface;  and  sent  out  expediti<»s  to  the  antipodes  and  places 
where  a  permanent  obeervatoiy  could  not  be  maintained. 

The  object  of  these  observations  has  been  to  determine  the  absolute 
value  of  what  are  called  "  the  magnetic  elements,"  and  the  periodical 
changes  they  undergo.  The  obswvations  thus  made,  l»ving  been 
carefolly  corrected  and  reduced,  are  printed  with  sudi  comments  as 
seem  ueoessair,  and  a  descrip^m  of  the  hutrnments  and  methods 
employed;  and  these  enormous  ooDeotioDs  of  facts  are  widely  dis- 
tiibut«d  througlioat  the  soIeDtifio  world  under  the  titie  of  Hagnetiesl 
Observations- 
There  are  three  magnetic  elements  -  namely,  Uie  InleHdl]f,iJU  Iitdima- 
l!o»,aBAtke  DeeUnattoit, 

B  a  magnstb  needle  be  finely  anspsnded  from  its  osntre  o£  gravity,  one 
extremity  is  drawn  from  the  norlBootsl  position  by  a  force  called  the 


Aurora  Australia. 

Sfagnetic  Intmtity,  and  the  direction  of  this  force  is  inclined  to  the 
horizon  at  an  angle  called  the  inclination  or  dip.  These  two  elements 
appear  to  be  independent  of  each  other,  and  to  vary  with  the  position  of 
the  place  of  observation.  Again,  the  needle  does  not  point  exactly  norUi 
and  south,  but  to  points  situated  at  some  little  distance  fTGm  the  poles 
of  the  earth — which  points  are  called  the  magnetic  poles.  The  angle 
between  the  meridian  of  the  place  of  observation  and  th.e  vertical 
oinde  in  vAich  the  axis  of  the  needle  Hes — that  is,  the  votical  drole 
peMdngthrough  the  magnetic  pdea — is  called  the  i>(«KffQlioi»  or  Farni- 
tim.   Thus,  let  a  i  represent  a  magnet  £reely  suspended  from  its  oenlae 


of  gmvity  at  any  place  p,  whose  zenith  is  z.  Let  z«  q  x  represent  the 
meridian  of  the  place,  h  x  k  the  horizon,  z  n'  h  the  magnetic  meridian, 
or  the  great  cirde  in  which  the  axis  of  the  needle  lies :  H  and  n'  the 
true  nOTth  pole  and  magnetic  north  pole  respectively.  Then  the 
magnet  a  A  is  forced  from  a  horizontal  podtion  mto  the  position  n'  a  & 
by  the  intensity  of  Ae  lattei^s  msgnetistn.  The  an^e  h'  a  p  u  is  the 
inclination :  and  the  angle  between  the  circles  z  M  H,  z  n'  if,  whith  is 
measured  by  the  angle  B  p  li,  is  the  declination. 

The  first  object  of  the  magnetic  observer  is  to  determine  the 
absolute  values  of  Uiese  magnetic  elements,  and  then  to  trace  the  laws 
which  regulate  their  hourly,  daily,  annual  and  secular  changes. 

It  would  be  a  difficult  matter  to  construct  an  instrument  which 
should  at  once  give  the  absolute  value  of  the  inftntiiy,  and  its  periodical 
changes ;  but  this  object  is  readily  attained  by  the  apjdication  of  the 
principle  of  the  resolution  of  forces.  For  let  r  be  the  absolute  value 
of  the  magnetic  intensity,  x  and  t  its  horizontal  and  vertical  cam- 
ponenta,  9  the  indination  or  dip : 

Then      r  =  x  sec  9  , 
and       Y  =  X  tan  0 

Now,  as  we  shall  see,  there  Is  no  diflftonlt;  in  determining  the 
horisontal  component  and  the  hidiiiation  t;  henoe,  slio^  tiie  vertieal 
oomponent  T  and  the  totid  locoe  V  mvg  be  found. 
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TERBESTRIAL  MAGITETISH. 


TEBBESTBUL  MAGNETISM. 


UO 


Daerminatum  of  ike  BoritonUd  CottgnmaU  qf  (Ae  KagMtie  Forte. — 
Tliis  dement  ia  obtained  by  a  o<nnbination  of  two  experimeota  made 

witli  on  inBtnimeat  oalled  the  Unifllar  Magnetometer.  In  the  first 
experiment,  the  time  of  vibration  of  a  suspended  magnt^t  is  observed. 
In  the  second  experiment  we  obaerra  the  amount  of  deflectiou  which  the 
aame  mi^et  produces  in  a  second  magnet  suspended  by  a  single  thread. 

Let  T  denote  the  time  of  vibration  of  a  suspended  magnet,  deter- 
mined  much  in  tlie  same  way  as  the  oscillation  of  a  pendulum  might  be 
obeerved,  that  is,  by  observing  the  time  of  the  passing  and  repassing  of 
A  fixed  point  on  the  magnet  past  a  vertical  line  placed  in  the  focus  of  a 
fixed  telescope.  Let  m  be  the  magnetic  moment  of  the  bv,  k  ite 
moment  of  inertia,  then  by  the  principles  of  Dynamica  we  have 


I»X—  — 


(1) 


Next  let  this  same  bar  N  8,  be  placed  on  a  suwort  in  such  a  position 
that  its  Bzia  lies  in  a  atnight  line,  paasing  uirough  the  centre  oi 


TT 


anotiier  magnet  N*  a',  suspended  by  a  single  thread,  and  it«  direction 
peipendicnlar  to  the  axis  of  the  latter  magnet.  Then  the  magnet  VB 
wilfdeflect  the  magnet  N'B'  from  its  normal  poation  into  a  positdou 
h*b'.  Let  «  denote  this  angle  of  defiection  n'oh",  r  the  distance 
between  the  oentrea  of  the  two  magnets.  Then  the  condition  of  Equi- 
librium will  be  given     the  equatitm 


-  =  J      sin  u 


<2) 


combining  this  with  equation  (I),  we  have 
ir  /'2k 


■Bia« 


and  »  =  —  virKsini*. 


It  ia  to  be  obeerved  that  ths'unita  of  time,  space,  and  mass  referred 
to  in  these  investigations,  are  by  universal  consent  taken  to  be,  a 
second,  a  foot,  and  a  grun  respectively. 

But  though  we  are  thus  enabled  to  determine  the  abeolute  value  of 
this  horizontal  component  x,  and,  therefore,  also  the  changes  it  under- 
goes from  time  to  time,  yet  it  is  not  adapted  to  give  those  very  minute 
changea  which  take  plnoe  from  hour  to  hour,  and  day  to  d^.  Such 
changes  are  called  horary  and  diomal  variations ;  and  the  instruments 
by  which  they  are  obeerved  are  called  differential  instruments.  The 
variation  in  tike  horizontal  force  is  denoted  by  the  mabol  A  x ;  and  is 
obwrved  by  means  of  an  inatrument  called  a  Bifllar  Magnetometer. 

IT  B  is  a  magnet  mapcndsd  by  two  threads  hanging  from  a  screw 


which  can  be  turned  horizontally,  so  that  the  axis  of  the  magnet  con 
be  constrained  to  aasnme  a  position  approximately  perpendicular  to 
the  magnetic  meridian.  Beneath  the  magnet,  a  graduated  transparent 
acale,  c,  ia  Enispended,  and  the  readings  of  this  scale  are  viewed  by 
means  of  a  telescope,  t,  whose  axis  ia  in  the  magnetic  meridian.  Now 
the  horizontal  force,  x,  evidentiy  acta  perpendicularly  to  Uie  magnet, 
hence  every  change  that  it  undergoes  will  cause  the  magnet  to  be 
deflected  from  its  normal  position.  These  defiectiona  are  read  off  by 
means  of  a  vertical  wire  placed  in  the  focus  of  the  telescope ;  hence, 
having  determined  the  change  in  the  horizontal  force  which  eomn- 
ponds  to  one  division  of  the  scale,  the  reading  of  the  scale  at  any  time 
will  show  us  the  increase  or  decrease  of  the  horizontal  intenuty — the 
zero  reading  of  the  scale  corresponding  to  the  normal  value  of  the 
horizontal  force. 

Tkt  Vertical  Force  Magnettmtter  is  another  difl^eotial  inatrument 


for  observing  a  t..  a  small  variation  In  the  vertical  oomponsnt  T.  It 


conusto  of  ft  lic^t  magnet,  v  b,  with  small  holes  at  its  ezfrenuUes, 
across  which  fine  threads  are  drawn  in  a  horizontal  p0Biti<m.  Through 
the  centre  of  the  magnet  is  a  knife-edge,  c,  perpendicular  to  the  axis 
of  the  bar.  This  knife-edge  is  supported  by  two  smooth  agate  planes, 
BO  as  to  free  the  motion  of  the  magnet,  as  far  as  possible,  from  the 
efiecte  of  friction.  The  axis  of  the  bar  is  placed  in  a  position  peroen- 
dicular  to  the  magnetic  meridian,  thus  rendering  it  independent  of  the 
inclination  or  dip.  A  small  shifting  wei^t  is  attached  to  the  magnet, 
and  is  so  adjusted  as  to  bring  the  axis  into  a  horizontal  line  for  its 
normal  position.  Now  it  ia  evident  that  any  change  in  the  vertical 
force  will  deflect  the  bar  from  its  horizontal  position,  and  this  deviation 
is  viewed  by  means  of  two  mlinaiy  micrometers  directed  to  the  holes 
at  H  and  a.  The  change  In  the  vertical  force  which  corresponds  to 
any  number  of  revolutions  of  the  micrometer  screw  may  be  found 
by  absolute  determination ;  hence,  also,  the  changes  due  to  one  or  more 
divisions  are  known — the  zero  reading  of  the  micrometer  corresponding 
to  the  normal  position  of  the  axis  of  the  magnet>  for  which  positiicm  the 
absolute  value  of  the  vertical  component  T  baa  been  carraully  dstar- 
mined  from  the  formula  t  =  x  tan  9. 

2%«  hdinatim  or  Dip  is  determined  by  means  of  a  light  magnet 
whose  extremities  taper  to  a  point,  and  through  the  centre  of  whiui  ia 


a  Bmooth  cylindrical  axle  perpendicular  to  tlie  {^ane  in  which  the  aids 
of  the  magnet  moves.  This  circle  rests  on  two  smooth  a^te  planes, 
and  thus  the  magnet  moves  freely  in  a  vertical  circle  whose  rim  is 
graduated  through  each  of  the  four  quadrants  from  0°  to  90°.  When 
used,  the  inatrament  is  adjusted  so  tbaib  the  {Jane  of  the  graduated 
circle,  together  with  the  axis  of  the  magnet,  b  In  the  pluie  of  the 
magnetic  moidian,  previonaW  determined.  The  needle  now  assamee 
the  direction  of  the  magnetic  force  at  tiie  place  of  obeervation,  and  the 
reading  of  the  grodiutod  circle  opposite  to  either  eztremily  of  the 
tna^ei  indicates  the  inclination  of  the  axis  of  the  needle  to  the 
horizon.  Ia  practice,  tiie  means  of  both  readings  are  taken,  and  several 
pairs  of  observations  msde.  These  and  msny  other  precMitions  are 
adopted  in  order  to  eliminate,  ss  for  as  possible,  the  meetianiwiT  defects 
in  the  insb-nment,  and  errors  of  observation. 

TAe  Seclinatiim  or  Variation  is  determined  by  the  following  very 
simple  process : — Let  OT  denote  tiie  magnetic  meridian;  op,  the  astro- 


nomical meridian.   Then  the  axis  of  a  mognetie  bar,  A  OB,  suspended 

by  a  Bingle  thread  attached  to  a  point  a£ot-e  its  centre  of  gravi^,  will 
OBsume  a  horizontal  position  in  the  line  c  t  ;  and  a  graduated  glass 
scale  being  attached  to  the  magnet,  ita  zero-reading,  which  is  taken  to 
indicate  the  normal  position  of  the  magnet,  ia  made  to  coin^de  with  a 
Tei-tiral  tvire  in  the  focus  of  the  fixed  telescope  T.  The  Migle  PCT  is 
the  declination  or  inclination  of  the  magnetic  to  the  astitmomioal 
meridian,  and  is  measured  by  a  theodolite  which  is  placed  so  that  its 
axis  is  made  to  coincide  with  the  line  CT ;  and  being  then  turned  in 
azimuth  until  a  distant  object  is  Been  which  is  knovn  to  be  in  the 
meridian  of  the  places  ^e  ashnutbal  angle  thus  measured  is  the  normal 
declination. 

This  instrument,  which  Is  sometimes  csUed  the  Voifilsr  Magneto- 
meter, l^ewise  serves  to  make  differential  observations  of  the  dedina* 
tion ;  for  there  is  no  difficult  in  determining  the  angular  value  of 
each  division  of  the  scale  attached  to  the  magnet:  hence,  if  the  vertical 
wire  in  the  telescope  coinddes  with  the  Et^ro-reading  of  the  scale  at  any 
specified  time,  when  the  needle  is  suppoeed  to  be  in  its  normal  position, 
sny  other  reading  will  denote  the  ai^Iar  deviation  oi  the  magnet  from 
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its  Mif^iud  podtioD,  and  therefore  determines  the  eorresponding 
variation  of  the  mBgnetic  meridiaa. 

Such  is  a  brief  outline  of  the  methods  employed  in  determining  the 
ftbsolute  value  of  the  magnetic  elements,  sod  in  watching  the  penodic 
changes  they  are  constantly  found  to  undergo.  It  ia  obviously  beyond 
the  Ikoits  of  this  article  to  enter  into  the  numerous  and  elaborate 
detwls  of  the  cautions  which  must  be  adopted  by  the  observer ;  the 
methods  anqiloyad  to  iliiwiniA  the  effects  of  instnunental  errors ;  and 
tiis  carrections  which  are  applied  to  many  of  the  observations  to 
counteract  the  influence  of  temperature,  which  has  the  efbct  of 
phanging  the  magnetic  condition  of  the  bars.  For  a  more  complete 
description  of  the  magnetometers,  and  alt  the  practical  details  necessary 
for  observing  and  computing  Uie  observations,  the  reader  is  referred  to 
the  'Instructions  of  the  Royal  Society  to  the  Directors  of  Haguetioal 
■od  Meteorolog^oal  Observatories.* 

We  now  in>oceed  to  notice  Knne  of  the  moat  prominent  phenomena 
in  conneetion  with  terrestrial  magnetism.  It  has  been  already  stated 
that  the  magnetic  dements  are  subject  to  periodic  changes.  These 
changes  are  generally  slow,  and  exhibit  a  certain  amoimt  of  regularity, 
though  the  laws  which  govern  them  have  not  yet  been  arrived  at.  One 
of  the  most  apparent,  perhaps,  of  these  fluctuations  is  seen  in  the 
■iif»HMfei/«>  magnet,  tluvb  end  whkh  is  (owatds  the  north  moving  slow^ 
westward  during  the  fbranoom  and  returning  to  its  normal  position 
about  ten  in  tiie  evening.  It  then  moves  towuds  the  east,  and  returns 
to  its  former  position  about  ten  in  the  morning.  These  changes  evi- 
dentiy  establish  the  fact  that  the  motion  of  the  magnetic  meridian  ia 
in  some  way  connected  with  that  of  the  sun.  The  other  magnetic 
Omenta  also  undergo  simile  though  less  striking  changes ;  and  it  is  to 
be  ohterred  that  each  suoceeding  day  will  not  snow  ezadify  the  same 
Bet  hourly  variations  as  its  predecessor,  nor  are  the  obeervations  of 
one  year  identical  with  those  of  another. 

But,  besides  these  known  periodical  fluctuations,  which  pest  ezpe- 
rience  teaches  us  to  look  for  &om  time  to  time,  there  are  sudden  and 
unaccountable  disturbances  in  the  magnetic  elements  arising,  it  ia 
supposed,  from  some  sudden  derangement  in  the  magnetic  condition  of 
the  earth. 

Ttaa  i^unomenon  ezhibita  itself  in  a  sudden  and  sometimes  violrat 
^tatkm  of  the  suspended  magnets.  During  these  magnetic  storms, 
as  th^  are  called,  the  magnets  oscillate  to  and  fro,  sometimes  slowly 
and  r^ularly,  at  other  times  with  such  rapidity  that  the  observer  ia 
unable  to  note  the  time  or  are  of  the  vibration ;  and  often  the  scale  by 
which  the  position  of  the  magnet  is  viewed  is  oompletely  carried  out 
of  the  field  of  the  telescope.  On  some  occaoona  the  ma^tet  seems  to 
he  acted  upon  by  a  suooesnon  of  rapid  jerks ;  at  other  times  a  quivering 
motion  is  detected,  bo  much  so  as  to  render  the  scale  indistinct.  These 
unusual  disturbances,  the  pariaculars  of  which  have,  when  observed, 
been  carefully  recorded  at  the  different  observatories,  do  not  appear  to 
have  electricity  as  their  origin,  since  they  do  not  neMssarily  take  place 
during  an  electric  storm.  The  most  remarkable  feature  attending 
them  is  the  faiot  that  nmnltaneous  diaturbancea  of  the  magnets  at 
diffnent  ^jUM  sre  foimd  to  take  phoe  during  a  display  of  the  aurora 
borealis  [Terbbstrul  Light],  mva  connecting  that  phenomenon 
with  terrestrial  magnetism. 

Some  philosophers  have  supposed  that  earthquakes  are  accompanied 
by  magnetic  disturbances;  but  the  great  Humboldt  doubts  thi8,tnough 
he  was  atarUed  by  obeerring,  during  the  violent  eartiiquake  of  Cumana 
in  1799,  "  that  the  dip  was  diminished  bj  tif," 

Magnetic  phenouLena  appear  to  be  Immediately  cnmeeted  with 
meteorological  changes.  H«Me  it  is  that  meteorology  forma  an 
important  part  of  the  work  of  a  magnetic  observatory ;  and  observations 
of  the  thermometer,  barometer,  wind,  and  weather  are  made  simul- 
taneously with  those  of  the  magnets.  Violent  galea,  sudden  changes 
of  temperature,  and  rapid  barometric  fluctuations  are  generally  accom- 
panied by  magnetic  disturbances. 

Each  place  on  the  esrth'a  lurfioe  has  iti  own  distinct  magnetic 
elements.  We  have  already  stated  that  the  freely  suspended  needle 
does  not  point  ezactiy  north  and  south,  but  to  two  points  near  the 
terrestrial  poles.  These  points  are  called  the  magnetic  poles.  When 
the  meridian  of  any  place  likewise  passes  through  the  magnetic  poles, 
it  is  evident  thai  the  magnetic  meridian  coincides  with  the  temetrial, 
mi.  ihae  is  no  dedlination  or  variation ;  and  the  locus  of  all  such 
places  is  called  "the  line  of  no  variation.'*  Again,  at  places  near  the 
equator,  the  dip  needle  is  horixontal,  and  tiie  locus  of  all  such  places, 
which  locus  does  not  coincide  with  the  equator,  nor  ia  it  an  exact  circle, 
is  called  the  "  line  of  no  dip."  As  we  proceed  towards  either  of  the 
terrestrial  poles,  the  needle  becomes  more  and  more  inclined  to  the 
homxta,  until  we  reach  the  magnetic  pdes,  where  it  assumes  a  vertical 
position. 

Likewise,  also,  the  absolute  intensity  of  the  magnetic  force  depends 
upon  locality.  It  appears  to  increase  as  we  proceed  from  the  equator 
to  the  poles,  and  the  curves  which  pass  through  all  those  places  where 
the  intensity  ia  the  same,  are  called  "  isodynamio  lines."  These  lines 
do  not  coincide  exaotiy  with  parallels  of  latitude,  nor  with  lines  of  ^uai 
dip.  According  to  the  most  recent  determination,  the  north  magnetic 
pi^  ia  rituated  very  nearly  in  latitude  70^  V,  and  west  longitude  fHi'  iT. 
Some  have  Biq>posed  the  existence  of  two  magnetic  poles  in  each  hemi- 
t^ben,  the  pomtion  of  the  second  notbem  pole  being  in  Siberia,  about 
60*  nc^th  latitude,  and  1 02*  east  longitude.   The  Doaitdons  which  have 
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been  aa^ed  tothe  aoothanipolnare  alifede  to  thssooth  of  Australia, 
and  south-Bouth-easb  of  New  Zeshnd.  TUs  hypothecs,  howsver,  must 
be  adopted  with  caution. 

The  following  is  a  comparative  view  of  the  value  of  the  magnetic 
elements  at  some  places  where  they  hare  been  determined  ^rita  the 
gnatest  aoourai^ ; — 

DeoUnation.  Dip, 
OreSBwlab  .      .      .    ,    S3*  SI'  west  68°  iV 

T»WOIilo  .       .       ,       ,     1'  87'    „  76'  17' 

SLHsiMia    .    ,    .  ssMo*  „  ifar 

C*p«  of  Good  Hops  .       .    S»°  B'    „  ||o  S9' 

BobartTown     .  9°  47' east         To"  36' 

The  causes  of  terrestrial  magnetism  have  still  to  be  developed. 
Various  theorise  have  been  from  time  to  time  propoeed,  some  of  which 
have  indeed  BucoeeafuUy  accounted  for  a  Jew  oi  the  known  magnet- 
ical  phenomena,  but  fail  under  the  tests  whidt  sdence  and  obser- 
vation ^  supply  us  with.  The  elaborate  theoiy  founded  on  the 
supposition  that  the  earth  is  an  actual  magnet,  is  overturned  by  the 
discoveries  of  Faraday,  Arago,  and  other  philosophers.  Although 
there  does  not  appear  to  be  a  simultaneous  occurrence  of  magnetic  and 
electric  storms,  yet  there  can  be  little  doubt  of  the  onmection  between 
these  phenomena,  even  if  magnetism  he  not  "one  (rf  tiu  numttoua 
forms  under  which  efootrleity  develops!  Itself."  The  experiments  of 
Faraday  and  Oersted  have  shown,  not  tndy  that  "  electncity  induces 
magnetism  in  the  vicinity  of  the  body  which  oouduots  it,"  but 
that  "  free  magnetism  gives  rise  to  electiicity."  Assuming,  what  ia 
highly  probable,  that  the  interior  of  the  earth  is  a  mass  of  liquid  fire, 
then  the  idea  of  a  magnetic  nucleus  in  the  earth  must  be  abandoned, 
for  it  ia  found  by  enteriman^  that  the  magnetiam  of  a  body  is  de- 
stroyed when  it  reit^  a  white  beat  It  is,  tba«foie,  the  earth's 
crust  only  which  we  may  assume  to  be  the  seat  of  magnetic  currents. 
That  such  currents  do  exist,  is  by  no  means  improbable,  and  experi- 
ments seem  to  show  that  they  are  immediately  excited  by  unequal 
distribution  of  heat.  If  we  regard  the  aurora  borralia  [Tebbestrial 
Liqbt]  as  a  luminous  diadiaige  of  superabundant  magnatiBm,  we  can 
understand  how  this  phenomenon  ahould  be  oon^iedtothe  vic^ty  of 
the  colder  redone,  where  the  earth's  snrfaoe  la  least  heated,  and  the 
magnetic  intensity,  therefore,  the  greatest.  Ko  leas  than  148  yean 
ago,  Halley  ('  Philaeo^iioal  Transactions ')  bad  boldly  ventured  to  con- 
jecture, ttut  tiie  terrestrial  light  was  a  magnetic  phenomenon.  But 
when  the  fact  became  established,  that  the  aurora  indicated  its 
appearanoe  by  the  disturbed  state  of  the  magnet  in  all  parts  of  the 
ipobe^  and  the  billiant  discovery  was  made  by  Faraday,  that  Ugfat 
oould  be  evdved  by  ma^etio  power,  tb«i  a  passing  conjecture  so- 
quired  a  de^n^    probabdily  amounting  almost  to  certainty. 

It  is  cunous  that  Qalileo  was  indined  to  account  for  the  parallel 
direction  of  tiie  earth's  axis,  on  Uie  supposition  of  a  distant  magnetic 
point  of  attraction  in  space.  Without  entering  upon  the  consideration 
of  a  question  which  we  usually  refer  to  dvnamic»l  prindpleB,  yet  it  is 
pnAty  certain  from  reoant  obaemtiona,  that  boUi  the  son  and  moon 
do  exert  an  Inflnmoe  upon  the  magnet,  and  pbiloaophen  are  s^tmgly 
disposed  to  connect  the  variable  phenomenon  of  the  spots  on  the  sun 
witn  the  magnetic  condition  of  our  earth. 

For  further  and  m<n«  complete  information  on  this  subject,  and 
subjects  cl&sely  allied  to  it,  the  reader  is  referred  to  the  following 
authorities:  Humboldt's  'Cosmos/  Salune's  tmudati<Hi;  S<»n«ville's 
'CMmeotioaoftheniyiloalSeienoes;'  Toung's  *  Lecfaires  on  Kstural 
Fhllosopiv;'  Brewrixr's  'Magnetism;'  ^nda/a  ' Beaeaiobee ; ' 
'Reports  of  the  British  Association  for  the  Advancement  of  Sdence, 
on  Magnetism  and  Meteorology ; '  '  Philosophical  1^snBacti<mB '  of  the 
Boyal  Society;  Barlow  on  'Magnetic  Attractions;'  'Annuaire  Msg- 
n^tique,'  St.  Petersburg,  1836 ;  Qaun,  on  the  '  General  Theory  of 
Terreednal  Magnetism/  in  Ti^Im^s  '  SoientiBo  Memoirs,'  August,  1889 ; 


Qausi  and  Weber's  'UaffutOo  Atias,'  Leipoo.  1840;  'fieportof  the 
Committee  of  Fh^sioB  ot  the  Rt^al  Sodetj ; '  '  Mognetical  and  Meteo- 
rological Instructions  of  the  Royal  Sodety ;  *  '  Magnetical  and  Meteo- 
rological Observations  made  at  di^rent  OtisOTvatories,  and  printed  by 
direction  of  the  British  and  Foreign  Qovemments,  and  the  Honourable 
Elast  Indj^  Company.' 

Amongst  Uiose  who  have  enriched  this  sdence  by  their  inveatigaUons 
and  obacsTationa,  we  may  make  eapedal  meatimi  of  Gkneral  SaUne,  to 
whom,  In  oonjunctiou  with  Sit  John  Hetsehd,  and  the  present  Astrtmo* 
mer  Royal,  is  due  the  eetabUshment  of  magnetic  observatories  and  wf^ 
organised  expeditions,  which  have  furnished  upwards  of  2,000,000  of 
observations  in  the  coiuw  of  tiuee  years,  and  who  has,  ever  since  the 
year  1819,  devoted  himself  to  the  cause  of  terrestrial  magnetism. 

But  terrestrial  magnetism  it  still  in  its  infancy ;  much  remains  to  be 
done;  and  so  dm^  and  inexpensive  are  the  mdhods  and  instruments 
of  observation,  tnat  many  would  find  a  ddightful  and  profitable 
amusement  in  the  study — entedaUy  in  the  observance  of  magnetic 
storms— and  thus  oontribnto  uuir  mite  towards  the  disoovery  of  "  the 
great  ocean  of  truth." 

TERRESTRIAL  TEMPERATURE,  DISTRIBUTION  OF.  The 
subject  ol  the  earth's  temperature  has  already  been  treated  of  at  some 
length  under  diflbrent  headings.  Qenerally,  it  was  shown  under 
CuMAXn  and  Mbtboboloot,  that  the  tempenture  of  the  air  in  any 
region  depends  on  the  inclination  of  ttie  sun's  to  the  nurfsoeof  tiie 
earth  in  that  repon ;  on  geograpbioal  position  and  pl^dcal  oonforma* 
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tion,  tha  distribution  of  land  and  water,  tKe  state  of  tbe  countriea 
from  wbioh  oome  the  prevailing  winds^  the  vicinity  of  the  sea,  the 
devatiOD  of  the  land,  the  electrical  state  of  the  aUnoaphere,  and 
nnmerotui  othor  dreomstaDoes  and  phNunnena.  Under  Ketbiqeba- 
TiON  or  THE  Qlobb,  the  question  of  the  iofluenoe  of  the  proper,  or 
internal,  heat  of  the  globe  on  its  superficial  temperature  is  examined. 
The  condition  and  propertiea  of  the  Atuobpberb  are  inveeUgated 
under  that  title.  Under  Snow,  PsBBKNiaL,  the  decrement  of  tem- 
perature on  ascending  into  the  atmosphere  is  noticed.  Under  Sea, 
the  temperature  of  ue  ocean  is  considered.  Whilst  the  effects  of 
oceanic  ouirenta,  gladen,  desartB,  &o.,  are  treated  under  those  heads 
at^er  in  the  present  divirion,  or  in  the  NaV ubal  Hibtobt  and 
Gecqrafhical  Divisions  of  this  Cyclopedia.  The  important  subject 
oE  Terrestrial  Magnetism  in  reserved  for  a  distinct  article.  Here  it 
only  remains  to  speak  of  some  of  those  general  deductions  of  recent 
investigators  in  climatology  which  have  not  been  spenfically  mentioned ; 
and  especially  have  we  to  do  ao  in  reference  to  isoUienaal  lines,  or 
lines  of  equal  tempoaturo,  for  an  account  of  which,  reference  has 
been  made  to  this  article  from  Ibothebuai.  Likes  ;  and  to  the  tempe- 
rabire  of  the  atmosphere  over  the  eea,  a  branch  of  the  subject  which 
bos  boen  referred  to  the  present  article  from  Sba. 

In  the  primitive  condition  of  the  earth,  when  the  globe  was  a  fluid 
mass,  or  in  remote  geological  periods,  when  ita  central  fluid  mass  was 
covered  with  a  otaQfarativaly  homcweneouji  crust,  the  effect  of  the 
radiaticoi  61  its  heat  on  the  aupar&ual  temperature  muat,  as  Mr. 
Hoi^ihis  haa  shown,  have  been  almost  unlimited.  But  as  by  this 
tadUtian  it  would  continue  to  part  with  heat  till  the  eupetfioial  tem^- 
penture  ^»prcaim«ted  to  that  of  the  circumambieBt  e^ce,  unless  the 
radiation  were  compensated  by  the  generation  of  heat  on  the  siuface, 
which  is  known  not  to  have  been  the  oaae,  it  must  necessarily  happen 
at  some  indefiioite  time  (it  has  been  shown  to  require  many  milUoos  of 
yeara),  that  the  internal  beat  of  the  globe  woidd  oeasa  to  exart  any 
appreciable  influence  on  its  superficial  temperature.  And  this  ia  what 
lias  now  very  nearly  come  to  pass  [Refbiqebation  of  the  Globe]; 
this  influence,  according  to  the  calculations  of  Mr.  Hopkins,  being  now 
reduced  to  leas  than  the  twentieth  of  a  degree  FahiWieit.  In  fact, 
whilst  volcanoes,  thermal  springs,  borings  for  artesian  wells,  the  oon- 
tiouous  increase  of  temperature  in  descending  deep  mines,  and  oibet 
phenomena,  aflbrd  irrefragaUe  evidence  of  the  hig^ber  temperature  of 
the  interior  of  the  globe,  it  ia  as  clearly  seen  that  for  a  short  distance 
from  the  surface  tie  temperature  of  the  earth  is  dependent  on  external 
heat  and  moisture,  and  varies  with  the  seasons  <^  the  year  and  the 
hours  of  the  day,  whilst  at  a  greater,  but  still  small  depth — which 
varies  occordiug  to  the  latitude  ^  the  place,  md  the  conducting  power 
of  the  rock,  but  nowhere  probably  exceeds  100  feet — a  point  is  reached 
at  which  theie  ia  no  senoiUe  obiuue  of  temperature,  ud  which  has 
'ocowdin^y  been  derignated  the  ImHsriablt  Stiutun,  The  present 
influence  of  the  intnual  h^i  of  the  globe,  although  almost  inappre- 
-ciable,  may,  however,  acording  to  Dore,  be  regarded  as  constant; 
"  lessening  the  extremes,  but  not  affecting  the  periods  of  the  vaiiations 
of  temperatiu^  at  the  surface." 

Whni  the  influence  of  the  internal  heat  ceased  to  be  paramount  on 
^Ihe  surface,  changes  of  temperature  must  have  been  in  a  Wge  measure 
'due  to  the  altered  conditiona  of  land  and  water — the  elevation  of 
mountain  regions,  the  subadence  of  extensive  areas,  and  the  conse- 
quent changes  of  oceanio  currents — to  glacial  action,  Sk.  :  circumstances 
of  which  the  results  ore  clearly  traceable  in  the  auimal  and  vegetable 
lemoins  ^^eaerved  in  the  vuioua  strata  which  compose  the  crust  of 
the  earth,  and  some  of  which  (as  notably  in  the  case  of  the  Gulf 
Stream  and  t^  Arotio  Cunent)  are  shown  by  the  remarkable  in- 
flections of  isothermal  lines  to  be  distinctly  operating  now.  (Hupkina, 
*  Trans,  of  OeoL  Soo.,'  uid  '  Cambridge  PhiL  Trans,') 

In  considering  the  present  temperature  of  the  earth,  the  sim  must 
be  regarded  as  the  only  source  of  heat  and  the  ultimate  cause  of  all 
climatic  change,  and  hence  we  arrive  at  the  possibility  of  ascertaiuing, 
amidst  all  casual  fluctuations,  a  regularly  recurring  periodicity,  annual 
as  well  as  diurnal,  for  every  variety  of  geogr^ical  position.  The 
bearing  of  this  periodicity  on  a  theory  of  the  general  distribution  of 
heat  appears  to  have  been  first  distinctly  observed  by  Kirwon,  who 
(in  vol.  viii.  of  the  Irish  '  Transactions ')  constructed  a  table  ot  monthly 
temperatures  for  all  parallels  of  latitude  between  10°  and  80",  Before 
the  difference  of  temperature  on  the  same  parallel  of  latitude  in  the 
old  and  new  cimtinents  was  known  or  r^anied,  a  simide  formula  was 
thought  Boffident  to  express  the  tnnperature  at  ai^  parallel  of 
terrestrial  latitude.  The  celebtated  Tonas  Mayer,  from  such  mean 
temperatures  as  had  in  his  time  been  observed,  found  that  the  tem- 
perature i  (on  Fahrenheit's  scale)  at  any  place  might  be  represented 
by  7—52"  sin.'  l,  where  T  is  the  mean  tinnpemture  at  the  equator,  and 
L  the  geographical  latitude  of  the  place ;  and  in  1319  M.  Daubuisson 
('  Traits  da  G^ognosie ')  proposed  the  more  accurate  ftmuula  t  =  27° 
C0S.3  L  (oentipade  soale);  wnidi  being  adqrted  to  Fahrenheit's  stale, 
contddwing  the  mean  tempentuie  at  the  equate  to  be  81°,  becomes 
S2°  +  49°  COS.'  L.  This  formula  has  been  found  to  serve  for  tempera- 
tures in  Europe  as  far  north  as  the  latitude  ot  60°  ;  but  beyond  tJiat 
parallel  it  is  useless,  as  it  sufmoses  the  temperature  at  the  geographical 
pole  to  be  32°,  which  is  much  too  high. 

It  waa  however  reserved  for  Humboldt  to  determine  (1817)  from  tbe 
loiters  of  observed  temperatures  in  Blonqpe,  uod  from  the  numennis 


observations  made  by  himself  and  other  tnvellers  in  different  rw;ionB 
oftiie  world,  the  constancy  of  the  mean  annual  temperature  of  places, 
and  to  "connect  gn^hically  by  lines  those  points  where  accurate 
observations  indicated  equality  of  mean  periodic  temjperatwe."  Thoaa 
lines  (or  curves  supposed  to  oe  traced  on  the  suruce  oi  the  earih) 
which  connect  the  places  where  the  mean  annual  temperature  is  the 
same  he  called  /sqtAermaJ  Uae$,  In  order  to  ascertain  with  the  utmost 
possible  precision  the  mean  temperature  of  any  place  from  the  tablea 
there  kept,  Humboldt  divided  the  sum  of  all  the  temperatures  observed 
in  each  day  at  intervals  of  one  hour  by  the  number  of  observations ; 
and  the  sum  of  all  these  mean  duly  temperatures  being  divided 
365,  gave  tbe  mean  annual  temperature.  And  in  determining^  the 
series  of  points  for  his  lines  of  equal  temperature,  when  there  existed 
no  obeervatioua  on  which  he  could  depend,  he  interpolated  the  tempe- 
rature and  geographical  position  between  the  values  of  those  elements 
at  two  or  more  places  where  they  were  well  known. 

The  diagram  on  next  page  r^resents  an  <H-thograplucal  projection, 
on  the  [jane  of  the  equator,  ot  the  prinripaT  meridians  and  parallels  of 
latitude  in  the  northern  hemisphere  of  the  earth;  and  the  strongly 
mu^ed  curves  represent  the  nine  isothermal  lines  whose  fonns  were 
determined  by  Humboldt  Their  distances  from  one  uiother  are  such  as 
correspond  on  the  earth  to  a  change  of  mean  annual  temperattu^  equal 
to  2*5  degree  of  the  centigrade  tiiermometer  (4 '5°  of  Fahr),  and  the 
most  northern  curve  is  that  on  which  the  mean  temperature  is  ex- 
pnaeA  by  zero  on  the  fwii^,  or  32°  on  the  latter  scale.  The  number 
on  each  curve  in  the  diagram  expresses,  according  to  Fahrenheit's  tbej> 
mometer,  the  mean  annual  temperature,  at  tbe  level  of  the  sea,  of  all 
the  places  through  which  the  curve  passes.  The  centre  p  represents 
tbe  pole  of  the  earth,  and  the  longitudes  of  the  meridian  unes  are 
numbes^d  eastward  and  westward  from  the  meridian  of  Greenwich. 

Tbe  isothermal  line  of  32°  passes  about  4°  southward  of  Kain,  a 
Uomvian  settlement  on  the  ooast  of  Laluador ;  and  under  the  influence 
of  the  gulf  stream,  makes  a  retoarhable  in&xion,  ascending  as  high  as 
North  Cape  .in  I^pland,  where  it  abruptiy  returns  southward,  and 
attains  its  lowest  lunit  in  the  eastern  psrts  of  AmSf  about  60°  N.  lat. 
Proceeding  westward  from  Labrador  the  curve  crosses  the  lower 
extremity  of  Hudson's  Bay,  from  whence  it  again  tends  northwards  to 
the  Great  Slave  Lake,  readiii^  its  northern  maximum  in  about  70°  N. 
lat.  The  positions  of  the  other  curves  seem  to  be  affected  in  a  greater 
or  less  messure  by  the  same  influences  as  act  upon  the  curve  just 
mentioned.  In  their  progress  from  the  western  coast  of  Europe  to  the 
eastern  coast  of  America  they  budiae  towards  the  terrestrial  equator, 
yet  so  that  the  southern  curves  approach  near  to  paraUeliem  with  that 
great  circle  of  the  earth.  Within  the  territory  of  the  United  States 
tiiey  assume  a  form  which  is  convex  to  the  equator,  and  farther 
west  they  appear  to  reaaoeod  towards  the  north.  In  tiie  isothermal 
lines  of  fiO°  and  60°  westward,  and  those  of  10°  to  10*  eastward  of  the 
meridian  of  Greenwich  the  curves  have  their  convexities  turned  north- 
wards ;  and  farther  eastward  they  descend  towards  the  equator,  The 
isothermal  line  of  54*5°  is  one  tliat  has  been  traced  nearly  round  the 
earth :  commencing  at  the  mouth  of  the  Columbia,  on  the  western 
<»a8t  of  North  America,  it  posses  south  of  Council  BIu£&,  and  near  tho 
city  ot  Washington  witii  its  convexity  towards  the  south ;  and  after 
crossing  the  Atuntic  it  runs  betwem  Paris  and  Bordeaux,  fnnn  whence 
it  oontinues  to  a  point  a  litUe  north  of  the  city  of  Pekin,  where  it  is 
again  convex  towards  the  equator. 

But  it  must  be  remembered  that  in  every  country  the  mean  tcm> 
p««ture  varies  with  the  height  of  the  place  above  the  level  of  the 
sea;  and  Humboldt,  from  observations  made  as  well  on  the  Cordilleras 
as  in  Europe,  having  determined  that  at  every  343  feet  the  mean 
temperature  td  the  air  is  diminished  by  a  quantity  equal  to  that  dimi- 
nution which  is  consequent  on  an  augmentation  of  latitude  equal  to 
one  degree,  calculated  a  table  of  the  corrections  which  should  be  made 
in  the  curvatures  of  the  isotherm.iI  Hues  at  the  level  of  tho  sea,  in 
order  to  obtain  the  forms  of  those  which  appertain  to  points  at  any 
given  elevation,  but  this  calculation,  as  pointed  out  under  Clihats 
(ooL  968)  does  not  hold  with  strict  accuracy  for  places  situated 
without  ttie  tropica. 

The  differences  between  the  mean  sammor  and  mean  wintertempera- 
tures  Humboldt  found  to  be  very  considerable  at  places  whose  mean 
annual  temperature  lb  the  some ;  and  these  differences  are  not  equal  in 
the  Old  and  New  Continent.  On  the  isothermal  line  of  32°  in 
Europe,  that  differ^ce  proved  to  be  equal  to  89*6°,  and  in  Amuica  to 
S4°;  and  on  the  isothermal  line  ot  68°  the  differences  were  respec- 
tively 21*6°  and  27°.  He  also  remarked  that  the  differences  between 
summer  and  winter  are  least  near  the  northern,  and  greatest  near  the 
Bouth^n  bends  of  tbe  curves.  To  indicate  these  variations,  Humboldt 
laid  down  other  lines,  Tbe  curves  formed  by  connecting,  on  the 
isothermal  lines,  points  at  which  the  mean  temperature  of  summer  is 
the  same  he  called  ItoOural  lines;  and  those  formed  by  connecting 
pomts  at  which  the  mean  winter  temperature  is  the  same  /ndketsuu 
lines  :  both  these  systems  of  lines  be  found  to  deviate  more  than  tbe 
isotiiermal  lines  from  the  parallels  ot  terrestrial  latitude, 

Humboldt,  in  the  first  volume  of  his  '  Cosmos,'  expressed  a  haoe  that 
not  only  a  clearer  innght  hod  thus  been  gained  into  the  distribution 
of  heat  in  the  atmosphere,  but  that  tma  "system  of  Isothermal, 
Isotheral,  and  Jsocheimal  lines,  if  gradually  pwfected  by  the  united 
effivts  tA  investigatory  jdaj  pntva  ome  of  tito  chief  foundatioai  ol  a 
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Con^tntive  CUtnitology."  In  this  hope  he  was  no  doubt  fully 
juBtined,  but  one  of  Uie  most  profound  of  his  foUowets,  Frof  eesor  Dove 
of  Beriin,  was  led  to  the  oon^uuon,  la  the  mult  of  the  tabulation  of 
aa  iDonnoaa  man  of  obeemtioiu,  {'HeteraologiBche  UnterBoohniigeni' 


Berlin,  1837 :  '  Tempoaturtafehi;  1619 ;  '  Die  Verbreitung  der  Wuioe 
auf  der  Oberfl&che  do:  Erde/  2nd  edit.,  1858; '  EHimatologuohe  Beitavge,' 
1857,  fto.,)  that  it  was  neceBsaijj  in  order  to  uQdentaDd  the  Iraa  climate 
of  a  place,  to  cany  this  system  of  linei  of  equal  tempentuzw  modk 


b«7oiid  thoae  of  annual  and  Hmi-anniial  period,  there  being  between 
pboea  of  nearly  the  same  mean  ftnaiial  tempeiature  BometimeB  very 
remarkable  monthly  Tariationa,  and  to  which  are  due  the  most  marked 
differences  in  the  general  cluu-acter  of  the  climate  and  natural  pro- 
ductions of  the  reepective  places.  Dove  in  short  conduded  tJiat  it  was 
neoeMu^r  to  luve  a  complete  series  of  Monihb/  Itothaiuah,--*  name 
Im  judioously  adobted  for  the  curves  conneotuig  places  having  equal 
temperatures  in  the  same  month,  instead  of  carrying  further  the 
terminology  of  Isotheral  and  Isocheimal :  tiio  linos  of  equal  ftHTi»n>l 
temMFaturea  he  proposed  to  call  Yearh/  Itotha-maii  instead  of  simply 
iaotha-maU  with  Humboldt.  Of  these  Monthly  Isotheimals,  Dove  has 
given  separate  maps  on  the  equatorial  projection  for  each  montii,  and 
combined  polar  and  equatorial  maps  for  January  and  July.  He  has 
also  eaFefu%  observed  and  laid  down  in  a  series  of  maps  us  monthly 
thermal  anomalies,  uniting  them  1^  lines  which  he  terms  /*a&nmna& 
Indeed  his  maps,  tables,  uxl  memoirs  altogether  present  a  surpriaing 
mass  of  information  on  tius  ^jpmcdi  tA  science,  with  the  greatest 
predntm  and  cleamens.  Jn  lua  essay  on  '  The  Distribution  of  Heat 
nver  the  Surface  of  the  Globe,'  tranekted  for  the  British  Association, 
he  arranges  the  different  Montldy  Isothermals  which  he  haa  establiebed 
into  four  classes : — 

**  I.  Isothermals  which  are  always  found  in  pain^  intersecting  botii 
hemispheres  :  this  class  includes  all  between  3r  and  77°  Fahr. 

"  2.  laouiennalB  which  are  sometimes  single  and  stRnetimes  in  pairs, 
that  is,  Bometimee  intersecting  one  or  other  hemisphere  only,  and 
SMDetimeB  both :  to  this  clsaa  belong  many  of  the  isothermals 
below  the  freezing  poiut,  and  some  5i  those  of  highest  tempera- 
ture which  do  not  pass  through  all  mnidiaoa,  for  example, 
8r-5  Fahr. 

"  3.  Jsothermals  which  always  occur  singly  (or  in  one  faemiqihers 
only),  at  a  particular  season,  not  touching  it  In  other  parts  of  the 
year:  to  this  clasa  belong  the  isothermals  of  lowest,  and  ^so 
those  of  highest  temperature  (40°  and  90'''5  Fahr.)  which  are  only 
dsveloped  at  particular  seasons,  and  enclose  detached  spaoes. 

"  4.  Lastiy,  the  isolated  patches  of  highest  temperature  which  are 
developed  at  particular  plaoes  In  the  torrid  cone,  without  passing 
thixHign  all  meridians,  and  are  ^closed  by  iaothennals  tbi^  fork, 
that  Ui,  divide  into  two  branches,  (79''-25,  and  81'-5  Fahr.)." 

Having  thus  briefly  indicated  the  charsctn*  of  the  several  Isother- 
mal lines,  we  refer  back  to  the  articles  Cliha,ti  and  Mbtboboloot, 
wbsr^  and  in  the  connected  articles  there  referred  to,  the  droumstances 
whidi  wpear  chiefly  to  regulate  tiie  tunpeiatnre  of  the  earth  will  be 
found  MBCUBBed  at  length;  also  various  details  illustrative  of  the 
temperature  of  different  parts  of  the  earth's  surfiice :  toRethw  with 


tables  of  the  mean  temperatmrea  in  different  latitudes,  as  well  as 
formulie  ezpreasive  of  the  most  important  general  results.  We  shall 
in  this  place  merely  add  that  Dove  has  dMuced  as  the  result  of  his 
tabulation  of  innumerable  observations,  that  the  mean  annual  tempera- 
ture at  the  surface  of  the  earth  is  in  January  48''9  Fahr.  in  the 
Northern,  and  69*-fi  in  the  Southern  hemisphere,  giring  a  mean  of 
51''*2  for  the  whole  earth;  iriiile  in  July  it  is  70°-9  Fahr.  in  the 
Northern  and  68''*0  In  the  Southern  honisphere,  or  62**8  for  the 
whole  earth,  thus  showing  an  Increase  of  Fahr,  fnsn  January  to 
July.  Again  if  we  take  "Uie  mean  between  the  temperatures  of 
January  and  July  for  the  northern  and  soutbeni  heniis|dieres 
respectively,  wo  find  for  the  ncothem  hemisphere  69°*9,  and  for  the 
southern  fiS'-S  Fahr.,  being  £i8''-2  for  the  whole  earth."  Further  he 
has  found  that  in  all  eeaaons  of  the  year  there  is  enoMnpasiiing  the 
whole  earth  a  sons  having  a  temperature  above  77°  Fshr. 

The  following  tables,  by  Dove,  show  the  mean  annual  temperatures 
at  different  d^rees  of  htitude  in  the  two  hMuiapheres,  and  the 
mean  aunual  decrease  of  temperature  from  the  equatorial  to  the  polar 
regions ; — 

Mean  Annual  Tbhperatdiie  or  tbi  Northkbh  and 

SoUTOERIt  HBltlSraEUS. 


LaUtade. 

NorOtm 
Uemlipliers. 

aoathem 
Hanliphete. 

Difference. 

Mean. 

ro"-? 

T9-S 

O*! 

79-8 

T8-8 

2-1 

79-0 

2cr 

77-3 

74-1 

3-4 

75-a 

30- 

69-8 

66-9 

SS 

68-3 

40' 

Sfl-S 

S4-e 

1*9 

59-6 

DeTOEASK  of  TEIIFEBA.TITRE  rOR  THE  EXTIBE  EaBTH. 


Latitude  . 

0-— 10" 

10"— 20' 

20""— 30° 

ao""— 40" 

C— 40' 

Northsm  beaiEa^ere . 

i-i 

tit 

Soathsm  hemlspbere.. 

1>8 

ss 

7*2 

13-4 

Rarth   .      .      .  . 

vt 

7-4 

IS'S 

344 

We  now  tum  to  the  distribution  of  tiie  atmosphere  over  the  see. 
[Sea.]  It  is  swell  estdblished  fhct,tiiat  places  near  the  sea  have  a  mwe 
nnifmn  olimsta  than  those  which  are  at  great  dintances  from  it,  though 
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in  the  B&me  latitude.  Inland  placeB  ezperieace  a  much  greater  degree 
both  of  heat  and  oold  than  plaoee  on  the  coast,  and  the  difference 
between  these  degrees  of  heat  and  of  oold  increasee  vith  the  diatance 
of  the  place  from  the  sea.  ThU  phenomenon  haa  been  Tatiously 
explained.  The  explanation  ia  now  pretty  clear,  ainoe  it  has  been 
pored  obMrTEtion  that  Uie  temperature  of  the  air  over  the  sea  is 
len  Bubjeot  to  changes  than,  or  rawer  does  not  undergo  such  great 
changes  as,  Utat  of  the  air  which  is  over  the  land.  But  as  the  tempe- 
rature of  countries  situated  between  the  tropics  is  not  subject  to  so 
great  changes  as  tiiat  of  countries  in  the  temperate  zone,  and  these 
again  are  lees  affected  by  them  than  the  frigid  zone,  so  it  is  found  to 
be  the  case  on  the  sea  also.  B^;inning  witii  tiie  smallest  natural 
diriaiw  of  time,  the  d^,  it  is  found  uiat  between  the  tropics  the 
diffbrence  of  temperature  within  24  boun  seldom  exceeds  2  degrees 
of  Fahrenheit,  and  rarely  amounts  to  more  than  3  degrees.  The 
folio  wing  table,  from  Ueyen's  '  Reise  um  die  Welt/  shows  the  changes 
of  tempwature  on  the  sea  during  24  hours  between  the  tropica : — 

IStO,  Oetoler  35 ;  Ut  14°  1}'      long.  1$°  37'  W. 


IK 

Oh. 

80-fl8» 

81-14* 

3 

80  08 

10 

80-96 

« 

81-14 

8 

80-06 

11 

80-98 

y 

81-14 

4 

80  06 

13 

80-98 

8 

80-96 

S 

79-88 

1 

81-14 

9 

BO-78 

0 

79-70 

3 

81  90 

10 

80-96 

1 

7»'70 

8 

81-98 

u 

80-34 

8 

7«*70 

4 

81-08 

13 

80-34 

The  difierenoe  between  the  highest  and  lowest  temperature  is  only 
2-26'.  The  mean  temperature  of  the  day  is  80-66°,  which  is  only  O'SS" 
above  the  lowest  and  1-81"  below  the  highest  temperature.  It  must, 
however,  be  remembered,  that  during  the  day  to  which  these  obeerva- 
reftf ,  the  vessel  on  which  tiiey  were  made  advanced  through 
nearly  1^  degrees  of  latitude,  which  of  course  must  have  had  some 
efieot  on  the  temperature. 

There  is  a  greater  di&renee  in  the  daUy  temperature  of  the  sea 
within  the  temperate  zone  :  though  when  compared  with  the  changes 
which  occur  in  any  place  situated  in  the  same  zone,  but  not  immediately 
on  the  shores  of  tide  sea,  it  will  be  found  considerably  less  than  in  the 
latter.  The  following  table  from  Berghaus,  of  the  changes  on  the  sea, 
may  be  compared  wiUt  the  changes  in  the  temperature  of  London  in 
the  miflfHa  of  March : — 


March  16; 

Ut.  SI' 

0'  N.,  long.  64° 

11'  W. 

43-7^ 

Oh. 

44  8" 

6h. 

43-;° 

4S-7 

10 

44-6 

6 

43-8 

43-; 

11 

44-8 

7 

41-0 

43-7 

11 

44-8 

8 

41-0 

44-6 

.  1 

48-4 

9 

41-0 

44-8 

3 

4S-5 

10 

41-9 

44-6 

a 

44-6 

11 

41-9 

44-8 

4 

43-7 

13 

43-8 

7 

8 

The  difference  between  the  maximum  and  minimum  of  the  daily 
temperature  in  this  table  unounts  to  5  4°,  and  the  mean  temperature 
of  the  day  is  48-7°.  The  nomimum  ia  2'7'  above  the  mean  tempe- 
rature, and  the  minimum  ia  2-7*  below  it. 

We  come  to  the  same  conclusion  that  the  temperature  of  the  ur 
over  the  sea  is  subject  to  lees  considerable  changes  than  that  which 
surrounds  the  land,  when  we  compare  the  changes  that  occur  during 
the  seasona.  Lookuig  at  the  diffiirenoe  of  temperature  between  the 
hottest  and  ooldeet  fleBS<m  in  Berehaue's  tables,  we  find  that  this  differ- 
ence is  much  j^eater,  and  at  ^e  same  time  more  ixr^ular,  in  the 
northern  than  m  Uie  southern  hemisphere.  But  this  Beema  to  be  due, 
in  a  great  meaaut«,  to  the  influence  of  the  Atctio  current  and  to  the 
diflerence  between  the  winter  and  summer  temperature,  owing  to 
the  presence  of  vast  masses  of  ice,  which  during  winter  extend  as  far 
south  as  40°  N.  Ut. ;  between  66°  and  25*  the  increase  of  the  mean 
temperature  of  the  spring  is  tolerably  regular,  rising  from  4i°  to  5'  for 
overy  6  d^rees  of  latitude.  The  other  irr^ularitiee  are  evidently 
produced  by  a  greater  inereaae  of  tire  heat  in  summer.  The  mean 
temperature  of  toe  summer  inereaees  pretty  r^Uariy  between  56'  and 
46  by  from  2  to  4  degrees  for  eveiy  $  Aegnn  of  ktitude.  But 
between  45  and  40"  it  nses  suddenly  U,  more  than  6  degrees^  This 
suddton  nse  is,  no  doubt,  produced  by  the  waim  vapoura  arising  from 
the  Qulf-atreun  [Ailantio  Ooeah,  in  Geoo.  Div.],  which  in  these  parte 
jruna  aeron  the  Atlantic.  Another  rise  of  mon  than  6  dairees  oocura 
between  40*  and  35°  N.Ut.  The  air  of  the  Sahara,  whenSsed  to  the 
highest  degree  of  heat  by  the  continuance  of  the  mm  near  the  northern 
tn^ic,  seems  to  affect  the  mean  temperature  of  the  summer  between 
40  and  15°,  and  to  raise  it  nearly  to  the  mean  temperature  of  that 
season  under  the  equator.  The  effect  of  this  heated  air  has  been 
mitinct^  traced  for  an  immense  distance,  we  may,  however,  suppose 
ttiat  It  ceases  near  Ome  Verde ;  but  the  effbcta  of  another  phenomenon 
begin  to  operate.  The  r^on  of  calms  [Cajm]  frequently  extends  in 
summer  to  12°  and  13'  N.  Ut.  Of  these  three  agents,  the  heated  air 
o£  the  Sahara  seems  to  have  the  greatest  effect  in  raising  the  summer 
temperature  of  the  Atlantic  Again,  the  fact  that  moot  of  the  isother- 
mal Imes  run  m  a  north  eastward  dinction  tram  the  western  side  of 
the  Atlantic  towards  the  eaetem,  and  then  farad  downwaids  towards 


the  south,  indicates,  as  Maury  remarks,  the  preaenoe  along  the  Afiican 
shores  in  the  North  Atlantio  of  a  large  volume  of  cooler  waten,  the 
return  current  of  the  Qulf  stream. 

When  two  elements,  such  as  air  and  water,  a{^roach  each  other, 
there  can  be  no  great  diff^nce  in  their  temperature.  Still  there  must 
be  some  diffteenoe,  as  the  ur  is  the  better  oonduotor  of  heat,  and  the 
water,  as  a  more  dense  body,  is  capaUe  of  retuning  it  for  a  greater 
length  of  lime.  Many  observations  have  been  made  for  the  purpose 
of  establiahing  this  difference  more  precisely.  It  has  been  found  that 
the  temperature  of  both  is  subject  to  regular  changes  during  the  day, 
but  that  the  air  attains  its  highest  temperature  about  two  o'clodc, 
whilst  the  sea  attune  its  hi^est  temperature  in  some  parts  at  three 
o'clock,  in  others  not  before  four  o'clodc  Furttier,  it  appeua  that  the 
temperature  of  the  air  ia  greater  ehwtly  before  and  after  noon,  and 
that  of  the  sea  about  midnight ;  but  in  the  morning  and  evening  the 
two  elements  have  nearly  the  same  temperature.  (Jn  the  land,  again, 
the  coldest  and  hottest  months  are  February  and  August,  but  on  the 
sea  the  vast  amount  of  observations  collected  by  Maury  ('  Ph^-sicol 
Qeog.  and  Meteorology  of  the  Sea,'  ch.  xvii,,  ed.  1860),  show  distinctly 
that  the  extremes  ooour  in  March  and  Sqttember.  Ithas  furthw  been 
found,  that  "at  sea  the  cHmatio  cc»iditiona  of  the  land  are  revened, 
for  the  coldeet  side  of  the  ocean  Is  next  the  wannest  side  of  the  con- 
tinent, uid  vice  vend "  (Maury),  conditions,  howevo-,  which  a  little 
reflection  will  render  rradily  comprehensible.  When  these  slight 
changes  are  excluded,  it  is  found  that  the  difference  of  temperature  in 
both  elements  ia  inconsiderable,  but  differs  in  different  Utitudee. 

The  great  preponderance  of  water  in  the  eouthem  haminthere  ii,  as 
Dove  haa  pomted  out,  the  prime  cause  of  the  southera  hemisphere 
being  a  region  of  warm  wintera  and  cool  summera,  while  the  northern 
is  characterieed  by  cool  wintera  and  hot  summerB ;  an  increafiing  quan- 
tity of  the  sun's  beat  becoming  Utent,  as,  in  passing  from  north  decli- 
nation and  entering  the  eouthem  signs,  it  is  employed  in  evaporating 
an  increasing  quantity  of  aqueous  vapour.  And,  as  he  obaervea,  "  the 
mild  winter  cA  the  eouthnn  hemisphere,  ^hu  Um  contemporaneous 
hot  summer  of  the  northern,  necessarily  gives  a  hi^ur  sum  of  tempe- 
rature than  the  cool  summer  of  the  southern  plus  the  cold  winter  of 
the  northern  hemisphere."  These  reUtions,  he  suggeats,  appear  to 
furnish,  in  the  periodical  conversion  of  the  aqueous  vapour  into  a 
liquid  form,  the  motive  power  in  the  machinery  of  the  general  atmps- 
phere  of  the  earth.  "  The  unequal  distribution  of  land  and  sea  in 
the  northern  and  southern  hemispheres  appean  to  supply  an  effectual 
provision,  from  whenoe  it  necessarily  follows  that  the  aqueous  vapour, 
which  from  the  autumnal  to  the  vernal  equinox  is  developed  to  on 
immense  extent  over  the  southern  hemisphere,  returns  to  the  earth  in 
the  other  half  of  the  year  in  the  form  of  rain  or  snow.  And  thus  the 
wonderful  march  of  the  most  powerful  steam-engine  with  which  we  are 
act^uainted,  the  a^osphere,  appears  to  be  permanently  reguUted.  .  .  , 
It  IS  prob^le  that  the  northem  hemlqjhere  may  m  regarded,  com- 
paratively speaking  and  to  a  oontidenble  d^^ee,  as  the  condenser  in 
this  great  steam-engine,  and  the  southern  hemisphere  as  its  water- 
reservoir  ;  that  the  quantity  of  rain  whiidi  falls  in  the  northem 
hemisphere  is  therefore  considerably  greater  than  that  which  faUs  in 
the  southern  heoiisphere ;  and  that  one  reason  of  the  higher  tempe- 
rature of  the  northem  hemisphere  is,  Uiat  the  large  quantity  of  heat 
which  becomes  latent  ia  the  southern  hemisphere  in  the  fonnation  of 
aqueous  vapour  is  set  free  in  the  northem  in  great  falls  of  rain  and 
snow."   ('  £sBay  on  Distribution  of  Heat,'  p.  26,  iuag.  translation.) 

TERRIER,  from  the  French  word  terrier,  a  land-book,  a  r^;ieter  or 
survey  of  lands.  Those  best  known  in  this  country  are  the  ecclesi- 
asticsl  terriers  made  under  the  pronsions  of  the  87th  canon.  They 
consist  oi  a  detail  of  the  temporal  possessions  of  the  church  in  the 
parish.  They  ought  to  be  signed  by  the  parson,  and  are  Bometnmee 
also  signed  by  the  churchwardens  and  Boaae  of  the  substantial  inha- 
bitants of  the  parish.  Their  proper  place  of  custody  is  the  bishop's  or 
archdeacon's  r^:istry  :  a  copy  also  is  frequently  placed  in  the  parish 
chest.  If  a  terrier  is  proved  to  be  produced  from  the  proper  custody, 
and  therefore  may  be  presumed  to  be  genuine,  it  is  in  all  instances 
evidence  as  against  the  parson.  And  in  those  instances  where  it  has 
been  signed  by  chnndiwwd«is  elected  by  the  parish  or  by  the  inha- 
bitants, it  is  UBO  evidence  as  against  the  inhabitants  generally ;  even 
against  Uiose  occupying  lands  otiier  than  the  lands  occupied  by  the 
imiabitants  who  signed  it.  The  questions  in  respect  of  which  a  terrier 
is  generally  employed  as  evidence  are  those  relating  to  thf  glebe, 
tithes,  a  modus,  &c. 

TERSTEARIN  or  TRISTEARIN.   [Stearic  Acid.] 

TERUNCIUS.  [As.] 

TKSSELATED  PAVEMENTS.  [Tiun ;  Pavements.] 
TE'SSERA,  a  small  cube  or  square  resembling  our  dice,  which  was 
used  by  the  ancients  for  various  purposes,  and  aocordingly  it  consisted 
of  diff^nt  materials,  as  marble,  precious  stones,  ivory,  glass,  wood,  or 
mother-of-pearL  Such  small  teesene  of  different  coloura  wero  used  to 
form  the  mosaic  floora,  or  pavements  in  houses  [Mosaics],  which  were 
henoe  called  teeseUta  pavimenta.  (Sueton., '  Cssar,'  46.)  Hie  same 
kinds  of  cubes,  usually  made  of  ivory,  bone,  or  hard  wood,  and  maAed 
on  all  their  six  sides,  were  used  by  the  onciente  as  dice  in  games  of 
hazard,  just  as  in  our  times.  In  the  eailier  times  three  dice  were  used 
in  a  game,  but  afterwards  only  two. 
The  WOTd  taw  era  was  also  employed  to  signify  any  token  which  was 
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gtven  to  perBona  by  which  they  might  recogniM  one  another.  In  this 
cnae  however  the  teeBene  were  probably  amaU  tablets  marked  with 
certain  ngns.  Thus  we  find  mention  <^  a  ta$era  hotpUalU,  which 
strangers  when  forming  a  connection  of  hos^taUly  gave  to  me  another, 
that  Htey  or  thor  dulcbvn  might  afterwards  reoognisa  one  anoUierj  and 
it  appe&m  that  a  teaaeia  in  this  eaae  waa  marked  mnth  the  figure  of 
Jupiter  ho^taUa.  {Flautua, '  PosmiL,'  t.  1,  25 ;  2,  87,  &o.)  Teaserra 
frumentarisB,  or  nummarice,  were  occasionally  given  at  Rome  to  the 
poor  to  serve  as  a  token  or  ticket^  on  the  presentation  of  which  they 
received  a  o«tain  amount  of  com  or  money.  (Sueton.,  'Aug.,'  40 ; 
'  Koo/  11.)  The  Soman  soldiers  also,  bciora  they  commenoed  a 
battle^  leoeivad  a  tesaera  containing  ib»  watchword  which  they 
recognised  their  comrades,  and  were  oiabled  to  distinguish  them  from 
stnwgers.    (Virgil, '  ^n.,'  vii.  d$7,  with  the  note  of  Serviua.) 

TEST  PAPERS.  Strips  of  paper  impr^nated  with  certain  reagents 
as  litmus  or  turmeric,  and  uaed  by  chemists  for  detecting  the  ptwenco 
of  cmiaio  bodies.   [Tests,  Chgki<ul.] 

TESTAMENT.  [WiLZ.! 

TESTAMENT,  OLD  AND  NEW.  Some  oritical  diq>ateH  have 
arisen  req>eoting  the  meaning  of  the  word  Talamenl,  as  applied  to  the 
Caaonical  Scriptures.  These,  under  the  name  of  the  two  Testaments, 
comprifle  tike  lerelationa  of  Qod  to  man,  which,  being  imparted  undflr 
two  principal  condiUons— the  Law  and  the  Gospel — are  divided  into 
two  oorreeponding  classes.  The  word  translated  eovmani  is  the 
Hebrew  bmlk,  so  used  in  the  first  division  of  the  aataed  writmgB,  and 
rendered  in  the  latter  by  diaiheke  {SiaSnKij).  But  a  further  notion  than 
that  conveyed  by  the  Hebrew  is  contained  in  the  Greek  torm  (and  which 
belongs  aluo  to  the  ecolesiaatical  Latin  one,  TaiameiUum,  the  original 
of  the  ordinary  designation  of  Uie  two  portions  of  the  Scriptures,  the 
Old  and  New  TatammU).  No  more  appropriate  designation  than  that 
of  the  New  Testament  can  be  applied  to  the  second  portion.  Its  appli- 
caUon  to  the  books  of  the  Old  was  defended  by  St.  Jerome  (among 
other  authoiitiea  of  equal  weight),  on  Uie  ground  that  "  Testamentum 
non  voluntatem  defunctorum  sonat,  sed  pactum  viventiuni.''  The 
books  of  the  Old  and  New  Testammt  are  noticed  at  lengUt  under  Uieir 
respective  titles ;  their  inspiration  is  treated  of  under  Retblatioh  : 
see  also  Scriftubxs  ;  BlBts  ;  Afoobtpha,  Ac. 

TESTAMENTS  OP  THE  TWELVE.  PATRIARCHS,  a  Greek 
work  whibh  iwt^fessea  to  contain  the  last  words  of  the  twelve  patriarchs, 
the  Bona  of  Jacob,  but  which  is  considered  to  he  undoubtedly  apurious 
by  all  writers  except  Whiston,  who  aooepta  it  aa  a  part  of  the  canon  of 
the  Old  Testament;  but  no  Wei{^t  can  be  attached  to  his  judgment 
on  the  matter. 

The  age  and  authorahip  of  this  work  are  much  dievuted.  It  is  once 
quoted  by  Origen,  who  flourished  about  a.d.  230.  The  moat  probable 
ofHnion  is  that  of  Cave  and  Lardner,  who  suppose  it  to  have  been 
written  hy  a  Jewish  convert  to  Christianity  about  the  end  of  the  2nd 
century  after  Christ. 

It  appears  to  have  been  the  writer's  object  to  foist  his  work  into  the 
Canon,  aince,  though  he  makes  frequent  quotations  from  the  books  of 
the  Old  Testament,  he  never  mentions  any  of  them  by  name.  The 
only  book  which  he  quotes  by  name  is  '  the  book  of  Enoch  the 
Ri^teoua.' 

These  testaments  have  been  frequently  published  in  Latin.  They 
were  first  printed  in  Greek  by  Qrabe  in  his  '  Spidl^.  Patr.,'  sad 
afterwards  by  Fabriciua  in  his  '  Cod.  Pseudepigrwh.,'  and  Whiston 
published  an  Eng^t^  translation  of  them  in  his '  Authentio  Reoords.'- 

(Lardner's  OredSiUity,  part  ii.,  c.  W,  %  8^  and  tiie  authorities  there 
quoted.) 

TESTE  OF  A  WRIT.  [WniT.] 
TESTIMONY.  [EvroENca.] 

TESTIMONY,  PERPETUATION  OF.   [Pebpbiuatioh  o*  Tebii- 

HOHT.] 

TEsTONE  or  TE3T00N.  [Momet.] 

TESTS,  CHEMICAL,  or  Chemical  Re-agents,  are  those  substances 
which  are  employed  to  detect  the  presence  of  other  bodies,  by  ad- 
mixture vrith  wmch  they  are  known  to  produce  certain  chiuigos  in 
appearance  and  properties  :  thus,  for  example,  as  the  blue  colour  of 
litmus  is  turned  red  by  acids,  it  is  considered  as  and  used  for  a  test  to 
determine  their  presence  when  uncombined  or  in  excess  :  so  also  litmus 
which  has  been  reddened  by  an  acid  has  its  blue  colour  restored'  by 
the  action  of  an  alkali :  reddened  litmus  is  therefore  used  as  a  test  of 
the  presence  of  free  or  uncombined  alkalies. 

We  ^ve  these  examples  from  thousands  which  might  have  been 
selected,  merely  to  explain  the  meaning  of  the  term  chemical  test, 
observing  that  ebaoge  of  colour  is  one  only  of  the  many  alterations 
adduced  in  pnwf  of  bhemioal  action :  thus  the  solubility  of  certain 
substances  in  some  re-agents  and  not  in  others,  constitutes  another 
criterion  or  test  of  the  nature  of  bodies. 

We  cannot  enter  particularly  into  this  subject,  for  its  extent  is 
equalled  only  by  its'  importance ;  and  it  is  the  less  requisito  that  we 
^ould  do  so,  since,  in  describing  the  various  metals,  ftc.,  the  tests  of 
their  presenoe  are  usually  given  with  tlie  properties  of  their  salbL  Seo 
also  (^BHICAL  Ahaltsib. 

TETANUS  (rertuvt,  derived  from  ttiim,  to  itretch)  is  both  a  generic 
and  a  spedfic  torm  :  generically,  it  may  be  defined  to  be  a  more  or  less 
ri(4ent  and  rigid  spnsm  of  many  or  all  of  the  musdes  of  voluntaiy 
motion;  the  name  is  also  particuurivaroliedCwvUl  bo  seen  liereafter) 


to  one  of  the  species  of  this  afieotion.  Both  the  disease  and  also  its 
name  are  as  old  as  the  time  of  Hippocrates;  and,  aa  it  is  proved  by 
experience  to  be  much  mora  frequent  in  warm  climates,  the  ancient 
physicians  probaUy  had  peculiar  advantagea  in  observing  it,  and 
accordingly  seem  to  have  paid  particular  attention  to  it. 

"  Tetania  spasms,"  says  Aretaua  ('  De  Cans,  et  Sigu.  Morb.  Acut.,* 
lib.  i.,  cap.  6,  p.  0,  ed.  Kiihn),  "are  idtonded  with  severe  pain,  and 
prove  rapidly  fatal,  and  by  no  means  readily  admit  of  relief ;  they 
make  their  attack  <m  the  muscles  and  tendons  of  the  jaws  and  neck, 
but  impart  the  disease  to  eveiy  other  spot,  for  all  parts  become 
■nnpatnetically  aflbeted  wiUi  thoae  which  were  primuily  assuled. 
There  are  three  forms  of  the  convuUoQs :  the  stntight,  the  backward, 
and  the  forward.  The  straight  one  is  tme  Tetania,  when  the  patient 
is  stretched  straight  and  inflexible ;  the  backward  or  forwaixl  varieties 
have  their  name  from  the  direction  and  loc^ty  of  the  tension ;  hence 
the  deflexion  of  the  patient  backwards  is  termed  opuikot&noa  {iwtvB^ 
TOTOi),  from  the  nerves  being  afiected  in  this  direction ;  while,  if  the 
bending  be  forward,  by  the  nerves  in  front,  it  is  termed  emprostAolouoa 
{i/arpof96Toiim)f  for  lonoi  (r6wos)  is  a  t^m  which  signifies  both  a  nerve 
and  tauion." 

The  three  forms  of  the  disease  mentioned  by  Areteeus  are  described 
by  most  of  the  ancient  writers  :  the  apecies  called  tritmut,  or  locied- 
jato  (which  is  the  name  applied  to  it  when  the  spasms  are  confined  to 
the  muscles  of  the  jaw  or  throat),  forms  a  fourth  in  modem  authors ; 
and  to  these  has  been  added  a  fifth,  under  the  name  plairottJiototm 
{wXtvpoaeiroim),  whidi  signifies  that  tike  body  is  drawn  to  one  side. 
These  difibrent  terms  applied  to  tetanio  affections  do  not  imply  so 
many  particular  diseasee,  but  on^  the  seat  and  various  degrees  of  one 
and  the  same  complaint.  Trismus  is  invariably  a  part  of  each  of  the 
other  varieties.  This  subdivision  of  the  disease  is  of  little  or  no 
practical  importanoe ;  but  a  much  more  essential  division  is  into  acuU 
or  Tronic,  according  to  its  greater  or  less  intonsitv.  Tlie  former 
kind  is  exoeedingly  dangerous  and  usually  fatal ;  while  the  Utter,  on 
account  of  the  more  gradual  progress  of  the  symptoms,  afibrds  more 
opportunity  of  being  suooessfully  treated.  (Lurey,  in  'M^m.  de 
Chirurgie  Militaira'  tome  L)  Tetanus  is  ^ao  divided  into  Iraumalie, 
or  that  arising  from  a  wound,  which  is  also  occasionally  termed 
tym^Umatic;  and  into  idiopalhie,  or  that  which  proceeds  fn>m  other 
causes. 

TrsumaUo  tetanus  sometimes  comes  on  in  a  surprisingly  sudden 
manner,  and  quickly  attains  ite  most  violent  decree.  The  most 
rapidly  &tal  case  that  has  ever  been  recorded  is  one  that  we  have  on 
the  authority  of  the  late  Professor  Robison  of  Edinburgh-  It  occurred  in 
a  negro,  who  scratched  his  thumb  with  a  broken  china  plate,  and  died  of 
tetanus  a  quarter  of  an  hour  afterthis  alight  injury.  Most  commonly, 
howevo*,  the  approaches  of  the  disorder  are  more  gradual,  and  it 
slowly  advances  to  its  worst  stage.  In  this  sort  of  case  the  commence- 
ment of  the  disorder  is  annoim^  by  a  sensation  of  stifihess  about  the 
neck,  a  symptom  which,  increasing  by  d^rees,  renders  the  motitm  of 
the  head  diflicult  and  painfuL  In  proportion  as  the  rigidity  of  the 
neck  becomes  greater,  the  patient  expwiences  in  the  throat  a  sense  of 
dryness  and  soreness,  and  about  the  root  of  the  tongue  an  uneasiness, 
soon  into  a  difficulty  of  mastication  and  swallowing,  whit^ 

after  a  time  become  totally  impossible.  The  attempt  at  d^utition  is 
attended  with  convulsiTe  efforts,  es^eoiaUy  when  an  endeavour  is  made 
to  swallow  liquids;  and  so  great  is  the  distress  which  accompanies 
these  convulsions,  that  the  patient  becomes  very  reluctant  to  renew 
the  trials,  and  occasionally  refuses  all  nourishment;  sometimes  it  even 
inspires  him  with  a  dread  of  the  sight  of  water,  and  a  great  resem- 
blance to  hydrophobia  is  produced. 

With  respect  to  the  causes  of  tetanus,  "it  must  ever  be  r^arded," 
says  Dr.  Qregoiy  ('  Theory  and  Pinctica  criE  Med.';,  "  as  a  very  singular 
fact  in  patholc^,  that  an  affection  of  so  peculiar  a  cbaraoter  as  this 
should  have  ite  source  in  causes  apparently  bo  diwimiUr ;  that  the 
puncture  of  a  nerve,  the  laceration  of  a  tendon,  or  an  extensive  bum, 
should  bring  on  the  same  kind  of  nervous  affection  as  that  which  is 
the  occasional  consequence  of  co^"  Every  description  of  wound,  no 
matter  how  inflicted,  or  in  what  part,  or  in  what  stage,  may  be  the 
occasion  of  tetanic  symptoms  which  form  the  species  denominated 
traumatic.  Cases  are  on  record  wherein  the  patient  was  attacked  with 
the  disease  in  consequence  of  a  bito  on  the  finger  from  a  tame  sparrow ; 
in  which  it  supervened  on  the  mere  stroke  of  a  whip-lash  under  the 
eyes,  though  the  skin  was  not  broken ;  in  which  it  was  occasioned  by 
a  small  fish-bone  sticking  in  the  pharynx  ;  by  a  slight  solution  of  con- 
tinuity in  the  external  ear  from  a  musket«hot ;  by  the  application  of 
a  seton  to  the  thorax ;  by  the  stroke  of  a  cane  across  the  back  of  the 
neck;  by  a  blow  on  the  hand  from  the  same  instrument;  by  the 
extraction  of  a  tooth,  &c.  In  short,  according  to  Sir  James  H'Qrigor, 
"  it  occurs  in  every  description  and  in  every  stage  of  wounds,  from 
the  slightest  to  the  most  formidable,  from  the  healthy  and  the  alough- 
ing,  from  the  incised  and  the  lacerated,  from  the  most  eim[de  and  the 
moat  complicated." 

Next  in  freqiieocy  to  wounds  as  on  exciting  cause  of  tetanus  is 
exposure  to  cold  and  damp ;  indeed  there  are  but  very  few  cases 
true  idiopathic  tetanus  which  are  referrible  to  any  other.  The 
irritetion  of  worms  and  other  disordered  states  of  the  alimentary  canal 
have  been  omndered  by  some  autiion  aa  the  cause  of  tetanic  affections. 
To  geuealtfi  this  form  of  diseasCf  however,  it  would  appear  that  a 
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c«rtun  jtrediipimtioHiB  also  tequiaite,  and  it  i»  doubtless  tbe  eame  witii 
that  whioh  opflntea  u  aa  aeomaty  oaute  of  the  tnunutio  tetuiua. 
ifha  predi^HMition  to  tefamio  affisoticaB  ia  ^veo,  in  the  first  plooe^  by 
warm  clisutes  and  wann  seasoiiB.  WiUun  tlw  tropica  tfaorefore  it 
prerailB  to  on  extent  unheard  of  hi  oolder  latitudof.  BacoDdlyj  tetanus 
IS  chiefly  obserred  to  prevail  wheo  the  abiioq>bere  ia  much  loaded 
with  moisture,  and  partloulaily  where  this  has  aoddonly  suoceeded  to  a 
long  course  of  dry  and  sultary  weather.  ETeti  in  this  country  ezpoeure 
to  tiia  cold  and<huiip  air  of  the  ni^t  has  oocasionaUy  been  followed  by 
an  attack  of  tetanua.  In  tropical  climatos  childnn  an  particularlv 
Mibjeot  to  this  complaint,  and  with  a  feir  peooliaritiea  which,  Uioug^ 
in<odu£ing  do  spaoiflc  dififorenos,  ham  been  thou^t  tuffloleDt  to  con- 
atitute  a  variety  known  by  the  name  of  trinuu  natemtinm.  The 
disease  in  this  case  is  vulgariy  known  by  the  absurd  name  of  faOing  of 
the  jaa.  It  oocors  chiefly  between  the  ninth  sad  fourteenUi  day  after 
birUi,  and  seldom  after  tiie  latter  period.  Without  any  febrile  acces- 
sion, and  often  without  any  perceptible  cause  whatever,  the  infant 
■inks  into  an  unnatunl  TNarinees  and  drowsineaa,  attended  witii 
frequent  yawniogi,  and  with  a  dight  diffloult>y  of  moving  tiis  lower 
jaw.  This  last  symptom  takes  place  in  some  instances  aoooer,  in 
otiuTB  later,  and  soon  inoreaaas  in  mtoisitf.  Even  while  the  infant  is 
yet  able  to  open  its  mouth,  there  ia  occaaionally  an  inability  to  suck  or 
swallow.  By  degrees  the  lower  jaw  becomes  rigid,  and  totally 
resists  the  intro^icfeion  of  food.  Then  is  no  painful  seoaatioii, 
bat  the  skin  asnimes  a  ydlow  hue,  the  eyes  aKiear  doll,  the  speams 
often  extend  over  the  boiy,  and  in  two  w  three  dayii  the  disease  ixroves 
mortal. 

The  pn^ons  of  this  disease  Is  mainly  to  be  determined  by  the 
nature  of  the  exdtiDg  cause,  and  by  the  type  of  the  suzure.  Tetanus 
of  the  idiopathic  kind  has  oertaioly  been  curod  ia  a  I&iger  proportion 
of  oases  tbui  that  which  fcdlows  external  injury.  The  type  of  .the 
disease  as  acute  or  dmndo  is  a  iKt  less  iinportant  guide  as  to  the 
inrobable  teitninaUon.  It  may  be  said  that  recovery  in  a  oaae  of  aout« 
tetanus  is  tdmost,  if  not  altogether,  hopeleaa :  the  chronio  form,  how- 
ever, is  of  a  much  milder  chantcter.  The  osual  termination  of  the 
disease  may  be  stated  to  occur  on  the  third  or  fourth  day ;  and  if 
the  patient  survives  that  time,  there  are  good  hopes  of  his  recovery ; 
it  is  rarely  {ffotracted  beyond  the  eighth  d^.  Mx.  Cooper,  however, 
mentdona  ('  Surg.  Dicf)  that  he  had  a  patient  (irtio  hadbeen  wounded, 
and  suffered  amputation  of  the  thigh)  -who  lingeied  ilva  weeks  with 
chronic  tetanua  before  he  died. 

The  diaaection  of  patimts  who  have  died  of  tetanus  has  thrown 
little  or  no  light  upon  the  real  nature  of  the  complaint,  aa  is  indeed 
the  case  in  almost  all  apasmodio  or  neuralgic  duMuders.  Sometimes 
slight  effudions  are  found  within  the  oanium,  but  in  general  no 
morbid  tfRpeatanoe  whatever  can  be  detected  within  the  bead.  There 
is  alw^  more  or  leas  of  aa  inflammatory  ai^ieeniMie  In  the  ossf^hagua, 
and  in  the  villous  coat  of  the  stomach  about  the  cardia. .  Theae 
appearances,  however,  are  common  to  a  great  number  of  diseases,  and 
are  uniformly  met  with  in  every  case  of  rapid  or  violent  death. 
Besides  the  redness  and  increased  vascularity  of  these  parts.  Baron 
Lairey  found  the  pbatrnx  and  ceBO]^agus  much  contracted,  ood 
covered  with  a  viwiio  reddiah  nutoos.  He  also  found  numerous  lum- 
brioi  hi  t^e  bowels  of  several  of  the  patienta  who  died ;  but  this,  as 
Mr.  Cooper  remarks,  oould  only  be  an  accidental  complication,  and  not 
a  cause.  In  several  cases  Dr.  M' Arthur  found  the  inteetinee  much 
inflamed and  in  two  of  them  a  yellow  waxy  fluids  of-  a  peculiar 
offensive  smell,  covered  thmr  intenial  surface;  but  whetiier  the  in- 
flammation was  primarr,  or  only  a  oonaequenoe  of  the  pressure  of  ^e 
abdominal  mnsdCsa,  which  contract  m  violently  in  this  disease,  he  is 
unable  to  dedde.   (*  Had.  Chir.  Ttbub.,'  T<d.  vii.,  p.  476.) 

The  treatment  of  tetanus  is  oonfeasedly  a  subject  of  iofiuite  difficulty, 
as  the  disease  frequently  baffles  every  mode  of  practice,  and,  in  certain 
instances,  gets  wdl  imder  the  employment  of  uie  very  same  remedies 
which  decidedly  fail  in  other  simihu-  casea.  Upon  the  whole  it  wiJl 
probably  be  universally  admitted  that  no  effectual  remec^  for  tetanus 
has  yet  been  discovered,  aa  every  plan  has  oooaaioDaUy  auooeeded,  and 
every  plan  has  still  mors  frequently  failed.  An  excelleut  abstnct  of 
the  opmions  of  the  ancients  on  this  point  is  given  by  Mr.  Adams  in  his 
Kotes  to  Paulus  Mfpnai^. 

The  general  principle  of  cure,  as  Dr.  Glood  remarks,  ia  far  more 
easily  expliuned  than  acted  upon :  it  ia  that  of  taking  oS*  the  local 
irritation,  wherever  such  exista,  and  of  tranquillising  the  nervoufi 
erethiam  of  the  mtire  system.  The  Imraar  of  these  two  objects  is 
of  great  importance  in  tlie  locked-jaw,  or  trismus,  of  infants;  for, 
by  removing  the  viscid  and  aCTimonious  meconium,  or  whatever  other 
irritant  is  lodged  in  the  stomach  or  bowels,  we  can  sometimes  effect 
a  speedy  cure  without  any  other  medicine.  Castor  oil  is  by  far  the 
best  aperient  on  this  occasion,  and  it  may  be  given  both  by  the  mouth 
and  by  injections.  If  this,  however,  do  not  succeed,  we  should  have 
recourse  to  powerful  anodynes :  of  these  the  best  is  opiiuu,  which 
should  be  administered  in  doses  <^  frtnn  three  to  five  drops  of  the 
^cture,  according  to  the  age  of  the  patient  Oi^um  has  also  been 
more  extensively  resorted  to  in  the  cases  of  adults  than  almost  any 
other  remedy  ;  and  Dr.  Good,  Dr.  Gr^[ory,aud  othOTS  profess  that  it 
is  that  on  which  they  place  t}ieir  chief,  if  not  their  only  reliance.  To 
give  it  a  fair  chance  of  success,  we  mu^  b^in  its  use  from  the  earliest 
aj^flazanee  of  tetaoio  symptom*.  It  moit  1m  given  in  vety  lai^ 


doses;  and  liiese  doses  must  be  repeated  at  such  short  intervals  aa 
to  keep  tiie  system  constantly  under  the  influence  of  the  remedy.  It 
is  astonishing  to  observe  how  the  human  hoAs,  when  labouring  under 
a  tetaoio  diMOse,  will  resist  the  (mezation  of  uia  and  other  remad:^, 
whidi,iu  its  healthy  state,  would  have  been  more  than  auffioent  to 
overpower  and  destroy  it.  It  is  advisable  to  begin  with  fif^  drops 
of  laudanum,  and  to  repeat  this  at  intervals  of  two  or  three  hours, 
or  even  oftener  if  the  urgency  of  the  qmptoms  require  it,  until 
some  effect  boa  been  [ooduced  on  the  spasms.  In  the  early  stage 
of  the  disease  we  are  to  bear  in  mind  the  f^proaohing  closure  of 
the  jaw  and  difficulty  of  deglutition;  and  our  remedies  are  aeoord- 
ingly  to  be  pushed  before  siudi  soiouB  obstades  to  their  administra- 
ti<m  arise.  When  they  have  occurred,  and  are  found  to  be  insupeorable, 
opiate  enemata  and  frictions  may  be  tried ;  but  we  must  not  anticipate 
much  benefit  frcmi  such  feeble  means.  Such  are  Dr.  Gregory's 
remarks ;  but  Dr.  Symonds  considers  that  the  employment  of  opium 
is  recommended  chiefly  by  systematic  writers,  and  for  theoretical, 
rather  than  fcs-pntetiail  reanms;  while  meet  of  ihoie  who  nve  the 
results  of  their  own  ei^ierienoe  exgtvm  the  greatest  dissatiaCacaonv^ 
the  remedy. 

Probably  a  much  more  efficient  class  of  remedies  than  the  preced* 
ing  is  that  of  purgatives;  both  on  account  of  the  obstinate  oostive- 
ness  whioh  attends  the  disease,  and  also  because  we  have  in  daily 
practice  such  convincnngprou&of  Uidratrongrevulsive  influence  on  dis. 
easesof  thaoerebKHq;dnaloentnb  The  teiUmonyttf  the  army  physicians, 
aa  we  leom  from  the  report  of  Sir  James  M'Chigor,  is  hie^y  in 
&vour  of  a  rigid  perseverance  in  the  use  of  purgatives,  given  in 
adequate  doses  to  produce  daily  a  full  effect.  Dr.  Foibes  states  that  a 
solution  of  Bulpbate  of  magnesia  in  infusion  of  senna  was  found  to 
answer  better  than  any  other  purgative ;  and  it  was  daily  given  in  a 
sufficient  quantity  to  produce  a  c^oua  evacuation,  wliich  was 
alwws  danc-coloured  uA  highly  ofranaive;  and  to  this  practice 
he  uiisfrr  attributes  in  one  severe  oase  the  removal  of  the  disease. 
('  Med.  Chir.  Tnas.^  voL  vi,  p.  452,  quoted  by  Mr.  Cooper.)  Dr. 
Good  oondmmu  drwtic  pur^ttives,  foigetting  apparently  that  mild 
ones  have  no  effect.  Strong  cathartics  nave  indeed  frequently  proved 
of  great  service,  and  none  has  higher  repute  than  croton  oil. 

The  emj^yment  of  the  wann  b^  has  been  recoomiended  1^ 
Dumerotu  wntan,  but  it  would  be  difficult  to  trace  in  their  aeoounts 
any  facts  which  decidedly  show  that  its  adoption  was  ever  fdlowed 
by  unequivood  benefit.  Cold  bathing  has  also  been  advised,  but  it 
has  generally  been  found  to  be  worse  than  useless ;  and  there  are 
several  cases  upon  record  of  almost  instant  death  having  followed  its 
employment. 

The  practice  of  bleeding  is  another  that  has  been  tried,  but  most 
frequent^  without  effect.  In  some  few  cases  ammitotion  of  the  limby 
from  the  injury  of  which  the  tetanus  has  arisen,  has  been  Buoceasfal ; 
but  as  this  extreme  measure  ie  also  very  uncert^,  it  is  not  like^  to 
be  ever  extensively  adopted. 

Kumerous  oUier  remedies  have  been  tried,  with  no,  or  vary  imp«> 
feet,  success ;  for  instance,  acupuncture,  etrychnia,  mercury,  caustics, 
blisters,  tobacco,  oil  of  turpentine,  ether,  camphor,  musk,  bark,  wine, 
eesqui-oxide  of  iron,  Ao.,  fte.  However,  it  must,  t^ter  all  these  have 
been  tried,  be  confessed  tlut  tetanus  is  one  of  the  most  formidable  and 
unmanageable  of  disord^,  and  that  the  recovery  in  tile  acute  form 
still  continues  to  be  almost  hopdess. 

TETKACHOliD,  the  Greek  name  for  any  part  of  the  scale  con- 
sisting of  four  notes,  the  highest  of  which  is  a  perfect  fourth  to  the 
lowest.  Thus  in  the  common  diatonic  Scale  (we  assume  a  knowledge 
of  thia  article  throuf^ut)  we  have  the  following  tetoaohOTda  :— 

ODEF,      D£FO,      EFQAj      QABC,      A  BOD,  BCDR. 

We  despair  of  giving  anything  like  a  satisfactory  account  of  tha 
Greek  music ;  not  that  we  think  the  difficulty  lies  in  the  Greek  writers, 
but  in  the  manner  in  whioh  they  have  been  treated.  It  was  an 
assumption  that  the  nation  which  produced  models  such  as  the  modems 
could  not  surpass  in  architecture,  sculpture,  and  perhaps  in  pdntii^, 
was  to  be  considered  as  necessarily  posseesed  of  a  system  of  music 
approaching  to  perfection.  Their  writers  on  the  subject  were  to  be 
taken  as  having  an  agreement  with  each  other,  which  was  to  ho 
detected  and  established,  any  apparent  discrepancy,  however  evident, 
notwithstanding.  The  numeri«il  relations  which  were  the  objects  of 
inquiry  in  the  settiement  of  the  porta  of  the  scale  gave  the  subject  the 
wr  of  on  exact  science ;  and  explanations  which  required  the  assistance 
of  the  scholar,  the  mathematician,  and  the  musician,  were  undertaken 
by  persons  who  were  deficient  in  one  character,  if  not  in  two.  The 
consequence  has  been  such  a  mass  of  confusion  as  the  world  never  saw 
in  any  other  subject ;  writers  whose  imdertt^Ugs  required  them  to 
say  something,  copying  absolute  contradictions  from  different  other 
writers;  others  glad  to  adopt  anything  intdlig^le,  whether  ^e  or 
not;  others  agun,  unable  or  unmlling  to  sb^  the  dmplest  facte  of 
their  own  premisM,  so  that  their  readers  ore  not  even  made  aware 
which  of  the  most  remariuble  opposite  opinions  they  mean  to  adopt. 

We  intend  in  the  present  article,  without  looking  into  any  modem 
writer,  to  draw  from  Ptolemy  and  Euclid,  writera  who  are  known  to 
be  trustworthy  on  other  subjects,  all  concerning  the  tetrachord  that 
we  can  find  to  bear  the  character  of  certainty  and  preuiaion,  and  to  be 
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likely  to  aid  im  tmbiasBed  nader  in  approaching,  shcmld  it  pl«aw  him 
ao  to  do,  the  warn  of  difiereDtacoounta  which  hsT«  boea  given. 

All  partiaa  warn  weed  that  tho  OrMk  Male,  which  at  snb  otxuiated 
t4  two  or  three  leading  coDaonaneea,  wu  gndually  enlarged  until 
it  comprehended  two  oetavea,  or  fUtoen  notea.  It  is  generam'  iteted 
that  this  Rcale,  when  it  waa  what  we  now  call  diatonic  (a  word  which 
maana  the  oame  with  ua  ae  with  the  Qieeka),  ma  mintv  bi  ita  ohancter, 
BO  that  in  fact  it  would  be  repreaented  by 

A  BC  DB  PaA»B'C»B*B'f '0*A^. 

It  is  aluo  known  that  Ute  Greeks  were  early  ia  possesaion  of  the  mode 
of  dividing  a  string  so  as  to  produce  their  several  notes ;  aod  that,  by 
Uw  time  of  Ptolemy  at  least,  they  took  Uie  nptdlty  of  tJie  vibra- 
tiona.(on  which  they  knew  the  pitch  to  depeod)  to  be  inversely  us  the 
lengths  of  the  atrings. 

1  heir  scales  were  numerous :  three  were  ooDsidered  claasical,  if  we 
Eoay  use  the  word,  and  were  called  eBharmonii^  chromatic,  and  dia- 
tonic ;  the  two  first  words  not  having  the  same  meaning  as  with  us. 
The  ren'^ining  scales  had  names  of  locality  attached  to  them,  Lydian, 
Dorian,  Jtc  The  diaUnotion  between  these  lay  in  the  difieruit  modes 
of  div^ing  the  octave,  as  aeema  to  be  now  generally  agreed,  tikough 
there  have  been  those  who  have  thought  that  these  tum^  Lydum, 
were  the  names,  not  of  scales,  but  of  single  ootas. 

Of  eubarmonic,  chromatic,  and  diatouio  scales,  Ptolemy  lays  down 
fifteen  from  his  predecesaora,  and  eight  &om  himself.  In  each  of  them 
ia  an  octave,  and  all  of  them  agree  in  two  particulars  :  first,  each  has 
the  fourth  sad  fifth  of  the  fundamental  note  perfect ;  secondly,  each 
haa  the  tetrachord  made  1^  the  fundamental  note  and  ita  fourth 
dividw]  in  preciaely  the  same  maaner  as  that  of  the  fifth  and  the 
octave.   That  ia,  it  we  call  the  notea  of  this  octave — 

CFQroaac>; 

tbmcria  a  fourth,  and  CO  a  fifth,  always;  and  tiie  interval  o  p,  Tq, 
q  w  are  aevetally  equal  to  the  intervale  o  B,  B  8,  8  0'.  Thus  it  appears 
^t  the  fourth  waa  to  the  Qreeks  what'  iho  octave  is  to  ua,  unit, 
as  it  were,  of  the  scale,  in  the  subdlviuon  of  which  consisted  the 
diOerencee  of  Uieir  aystems.  We  now  ^ve  a  tetrachord  from  each  of 
these  twenty-three  scales,  assigning  the  intervals  first  by  the  ratios  of 
the  vibrations,  next  by  tiie  number  of  mean  semitones  uiey  contain,  as 
in  the  article  Scale.  We  prefix  the  Latin  rendering  of  Ptolemy's 
appeUativeafrom  Wallu. 

And  first  oa  to  enharmonie  acalea,  whidi  ore  mentioned  first*  and 
mm  to  have  been  ancient^  and  regarded  with  high  ap|Mt>bation. 


Hatlo  of  Rmnbcrs 
of  TibntlOFiu  In  each 
Interval. 

Heu  SnnitonGs 
In  eaeb  Interval. 

CP 

PQ 

QF 

CP 

PQ 

QF 

Aicliflas        .       .       .  , 

i  :  4 

36  :  as 

2S  :  37 

3-80 

•49 

•63 

Aristozenui  Eratoatbcncs   .  . 

10  :  15 

99  :  98 

40  :  3!) 

1-10 

•44 

■44 

Dldj'mua        .       .       .  . 

S  :  i 

31  :  30 

33  :  31 

sec 

•57 

•ss 

Ptolemy  

i  :  i 

34  :  38 

10  MS  1^  3  86 

•74 

•88 

It  leemB  then  that  the  enharmonic  ^atem  would  allow  only  of  the 
followiiig  notea  in  an  octave — 

CEPro  BQC> ; 

where  p  means  a  note  about  half  way  between  E  and  r,  and  Q  one  half 
way  between  B  and  c'.  An  odd  scale  truly  for  a  modem  musician  to 
lock  at ;  but,  it  may  be,  nut  incapable  of  pleasing  effects  to  ears  not 
aecustomed  to  mune  in  porta. 

The  durnnatie  hcbIob  ctnne  next  in  ordrar,  aa  foUows 


Batlo  of  Knmben 
o(  Tibnthmi  lu  cneh 
lateml. 

Mean  SemltoDM 
Id  each  latervaL 

CP 

PQ 

QF 

CP 

PQ 

QF 

Arcbytas       .      .      .  . 
Atiatoxeinu,  mollis  Chromatteo 
Do.,  Snqeialterfau  Chromatlca 
Do.,  imiei  Chramatica  \ 
EratostbenM  .      .      .  j 
IMdyMUs  .... 
Ptdeny.  mUs  ChnHBstiaa 
Ptoleny,  latantl  ^r^r**—  . 

33  :  27 
S6  :  49 
87  ;  80 

«  :  S 

S  :  S 
«  :  9 

7  :  6 

313  :  334 
39  :  38 
77  :  74 

19  :  18 

3S  :  34 
19  :  14 
13  :  11 

2S  :  37 
30  :  SO 
80  ;  77 

10  :  19 

IS  :  IS 
SB  :  37 
33  :  31 

3>94 
8^7» 
3-98 

3'IG 

8^10 

8^ia 

1-41 
-61 
•69 

•94 

•71 
1-19 
1-91 

•CS 
•SB 
•66 

■88 

I'lS 
•6S 
•80 

To  make  something  as  like  as  we  can  to  these  scales,  we  should 
write  down  in  modem  music 

The  diatonic  soaks,  Ptolemy  allows,  are  more  agreeable  to  the  ear, 


and  his  specimena  ore  as  follows :  we  shall  now  write  the  soale  with 
the  usual  letters  throughout. 


Batlo  of  Nambcrt 
oTTIbntiaisin  eadi 
Interval. 

Hean  Sottltoms 
ta  eaeh  IntcrvaL 

CD 

DE 

EF 

CD 

UE 

£F 

ArchfUa        .       ,       .  . 

9  :  8 

8  ;  7 

38  :  37 

3-04 

3'31 

•03 

ArlBtoxcous,  mollis  Diatonica  . 

7  :  C 

3S  :  39 

30  :  19 

2-67 

1-43 

•SB 

Do.,  Intcnat  Dlatonics        .  . 

17  :  15 

10  :  I) 

ao  :  )9 

2-17 

1-93 

■88 

Eratotthenes* 

9  :  S 

9  :  S 

296  :  343 

3-04 

3-01 

-90 

DIdjnraa  

9  :  S 

10  :  9 

16  :  19 

2-04 

P82 

112 

Ptolemr,  mollis  Dbrtoalcs 

8  :  7 

10  :  9 

91  :  SO 

S^Sl 

1-83 

•83 

Do.,  toniel  DlaUmiea  .       .  . 

0  :  8 

8  :  7 

SS  !  17 

3^04 

S-31 

■OS 

Do.,  inteasl  Dlatonlca  . 

10  :  B 

9  :  S 

16  I  U 

1-8S 

S'04 

1-13 

Do.,  vqaobUU  D^toaiaa    .  . 

10  i» 

11  :  10 

IS  ;  11 

1-8S 

Vti 

1-81 

These  scales  have  oH  so  &r  the  diatonic  diaracter  that  they  divide 
the  tetrachord  into  two  largo:  intervals  followed  by  a  smaller  one :  the 
scale  of  Didymus  would  &Lva  been  exactly  the  modem  untempered 
diatonic  scale,  if  he  had  inverted  the  order  of  the  two  Wger  intervals 
in  his  second  tetrachord.  Aa  to  the  other  modes,  the  Dorians,  &o., 
there  ia  much  confusion  in  Ptolemy  respecting  them,  arising  from  the 
corruptness  of  tiie  text,  which  Wallis  has  endeavoured  to  remedy. 
According  to  him,  there  are  divisions  of  the  octave,  somewhat  more 
fantastic  than  these  which  precede.  In  more  reoent  times  the  idea  has 
been  started  of  their  being  simply  different  keys,  or  rather  answering 
to  difierent  variations  of  the  diatonic  scale,  by  umng  intermetUate 
semitones  instead  of  some  of  the  notes  ;  it  would  be  difficult,  we 
think,  to  produce  authority  enough  for  this  conjecture. 

If  it  were  tme,  as  supposed,  that  the  two  octaves  of  the  Qreek 
Boal^  be^nniiift  W  with  a,  were  minor,  it  would  follow  that  Ptolemy, 
in  his  diatonic  scues,  exhibited  the  octave  from  o  to  0*,  as  we  have 
supposed.  Accordingly,  the  pindpal  mode  of  exhibiting  the  forma- 
tion of  the  octave  from  two  tetxaohords  and  a  tone  would  be  the  one 
we  have  taken,  namely, 

(o  s  ■  p)  (a  A  B  a<) 

But  it  is  frequently  supposed  that  it  was  the  followinj,'  :— 

a{DBP(o}ABO) 

or  the  fc^wing — 

A{BOD(E}TaA) 

On  this  point  we  shall  cmly  say  that  there  never  was,  we  believe,  so- 
strong  a  union  of  the  three  characters  of  scholar,  mathematician  i  and 

musician,  aa  was  seen  in  T)t.  Smith,  the  author  of  the  Harmonics.  He 
had  studied  the  Greek  scale  attentively,  and  to  him  the  first  of  these 
methods  was  a  matter  of  course.  "  The  Greek  musicians "  ('  Har- 
monics,' 1749,  p.  45),  "after  dividing  aa  octave  into  two-fourtlis,  with 
the  diazeuotic  or  major  tone  tn  the  middle  between  tkem,  and  admitting 
many  primes  to  the  oomporition  of  musical  ratios,  subdivided  the 
fourth  into  three  intervals  of  various  magnitudes  phoed  hi  various 
orders,  hy  which  they  distinguish  their  kinds  of  tettachords." 

We  do  not,  we  confess,  though  admittiogtfaat  it  is  exceedingly  hard, 
and  probably  impossible,  to  reconcilo  the  Greek  writers  with  them- 
selves and  each  other,  find  that  sort  of  difficulty  which  Dr.  Bumey 
owned  to,  when  he  said  that  he  neither  understood  those  writers 
himself,  nor  had  met  vith  any  one  who  did.  He  was  a  musidan,  and 
was  looking  out  lor  an  intelli^ble  mode  of  arriving  at  and  distributing 
the  most  agreeable  concords,  vrith  a  strong  prsdetermination  to  arrive 
at  musical  truth  or  nothing.  Bat  the  Qi-eek  writers  were  arithmeti- 
oians,  with  as  strong  a  determination  to  find  natural  foundations  in 
int^^  numbers  :  uiey  did  not  ask  how  to  find  sounds  which  would 
best  suit  the  ear,  but  how  to  discover  triplets  of  fractions  which 
multiplied  together  should  produce  four-thinu  of  a  unit.  Pleased  with 
the  simplicity  oS  the  ratios  which  ^ve  the  fourth,  fifth,  and  octave, 
their  efforts  at  musical  improvement  were  confined  to  the  attempt  at 
discovering  mogic  numbers  to  fill  up  the  intervals.  It  was  not  until 
one  of  these  pmloeopheis  had  laboured  at  his  abacus,  and  tasked  his 
metaphysics  to  find  d  priori  confirmation  of  some  question  in  arith- 
metio,  uiat  he  strung  his  monoohord  and  tried  how  his  scale  sounded : 
it  vronld  have  been  hard  indeed  if  his  ear  had  refused  to  mapathise 
with  his  biabL  In  all  probability  the  muddans,  whose  object  was 
simply  to  please,  lauded  at  the  arithmeticians,  as  Tyoho  Bmfa^  did  at 
Kepler,  when  the  hUer  had  discovered  reason  for  the  distanoes  of  the 
planets  in  the  properties  of  solid  bodies :  they  hod  motive  enough,  and, 
beyond  all  qu^tion,  reason  more  than  enough. 

'i'BTRAGON  (i»x>pcr]y  a  four-angled  figure),  a  term  usually  ^- 
plied  to  the  sqtuure  only,  when  used,  wUch  it  seldom  is.  [Reqdlab 

FlODRES.] 

TETRAHEDROK  (a  solid  of  four  facte),  a  term  usually  applied  to 
the  regular  tetrahedron.   [Beoulab  Fioures.] 
TETOAUETHTLAHHONIUH.   [OsoAina  Bases,  MfUtgtamM.] 


•  This  is  also  Ptolemy's  Utonkt  OiatOBlaa. 
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TETRAUTLAMHONIUM.   [Organic  Babbb.} 

TETRARCH  (t«tp^x>)>)i  tr<m  two  Qreek  words,  rignifyiog  foot 
and  to  govern,  a  title  used  by  the  Greeks  at  a  very  early  period  to 
describe  the  ruler  of  each  part  ot  a  country  which  woa  divided  into 
four  parts,  either  on  account  of  its  occupation  by  different  tribes,  or 
merely  as  a  political  division.  £ach  of  such  four  parts  was  called  a 
tetrarchy  (Ttrpapxin  or  TfrpaSafixia).  In  proceea  of  time  the  title  came 
to  be  applied  to  the  rulers  of  different  diviaiooB  of  the  same  ooontry, 
or  to  the  chiefs  of  dii&rent  tribes  inhabiting  the  same  country,  with- 
out any  reference  to  the  number  four.  la  this  sense  it  was  equivalent 
to  the  titles  ethnareh  and  phylarck.  Under  the  Roman  government,  in 
the  later  ^es  of  the  republic  and  under  the  emperors,  there  were . 
several  such  petty  princes,  independent  of  each  other,  but  tributary  to 
Rome.  These  tetrareks,  etbmunha,  or  ^ylarekt,  were  either  the  le^iU- 
mate  governors  of  their  sul^eoto^  or  persons  who  had  received  the  title 
and  government  from  Rome  as  a  oiark  of  honour.  They  ranked  below 
tiiose  other  subject  fvinces  who  were  permitted  to  retun  the  title  of 
king. 

The  principal  examples  of  tetrarchies  are  those  of  Thessaly,  which 
was  anciently  so  divided,  and  the  division  was  again  made  by  Philip, 
the  &iher  of  Alexander  the  Great :  of  Galatia,  which  was  peopled  by 
three  Qallio  tribes,  each  of  which  was  divided  into  four  tetrarchies :  of 
Syria,  many  of  the  petty  princes  <A  wbicdl  bore  the  title  of  tetnTchs, 
espeeialfy  certain  princes  of  the  faBoily  of  Herod  the  Great  Ccm- 
osming  the  tetraroha  of  Syria,  see  Niebohr's  '  Histoiy  of  Rcnne/  iL, 
pp.  184-5. 

TETRATHIONIC  ACID.  [Sdlphdr.] 
TETRETHYLAMMONIUM.    [Oroahio  Babes.] 
TETRYL.  rSuTTL.] 

TETRYLAUINE.   Synonymous  with  hui^^amme.  [Buttl.] 
TETRTLENE.   ButyleM.  [Buttl.] 

TETRYLHTDROSULPHURIC  AClD.  Synonymous  with  hydro- 
sulphate  of  butyl.  [Buttl.] 

TETRYLSULPHURIC  ACID.   Sulpkobulylic  Acid.  [Borru] 

TEUTONIC  NATIONS  is  the  general  name  under  which  are  com- 
prised the  ^fEsrent  nations  of  the  Tratonio  raoe.  These  aire  divided 
into  three  branches.  The  flnt  branch  contains  the  High  Qeimans,  to 
whom  belong  the  Teutonic  inhabitants  of  Upper  and  Middle  Germany, 
those  of  Switzeriand,  and  the  greater  part  of  tite  Genusns  of  Hungary ; 
it  is  subdivided  into  the  Suabiau  and  the  Fraacontan  minor  branches. 
The  second  is  the  Saxon  branch,  which  is  divided  into  three  minor 
brandies:  the  first  of  which  contains  tiie  Friaans ;  the  second,  the  Old 
Saxons  or  Low  Oermans,  with  the  Duttdi,  the  Flemings,  and  the 
Saxons  of  Transylvania ;  and  the  thhd,  the  English,  the  Scotch,  and 
the  greater  part  of  the  inhabitants  of  the  United  States  of  North 
America.  The  third  branch  is  the  Scandinavian,  to  which  belong 
the  Icelanders,  the  Norw^ans,  the  Danes,  and  tiie  Swedes.  It 
has  been  estimated,  but  on  no  very  exact  data,  that  nearly 
100,000,000  individuals  belong  to  the  Teutonic  race.  The  Qennans 
amount  to  above  42,000,000,  88,000^000  of  which  live  in  Gennany,  the 
retouning  9,000,000  fcmn  a  greater  or  lees  part  of  the  popuIati<m  of 
East  Fniaaia,  of  Switzerland,  of  Hungary,  of  TranBytvaaia,  of  France, 
(in  Alsace  and  north-east  Lorraine),  of  Russia  (in  the  Baltic  provinces, 
in  the  kingdom  of  Poland,  in  the  Crimea,  in  Bessarabia,  and  in  the 
Gfoman  colonies  in  the  environs  of  Saratov  on  the  Volga),  of  the  duchy 
of  Sleswig,  and  of  tiie  United  States  of  NorUi  America,  eepeoially 
Penm^lvania.  The  English  amount  to  about  88,000,000.  there  bong 
about  18,000,000  of  English  and  Scotch  in  Great  Brilain  and  Ire- 
land, nearly  3,000,000  in  the  English  colonies,  and  11,000,000  or 
12,000,000  of  Anglo-Americans  in  the  United  States.  The  number  of 
the  Frisians  ia  about  180,000,  in  the  province  of  West  Fricslaad  in 
Holland,  in  the  islands  in  the  German  Ocean  along  the  Dutch  and 
the  German  shore,  iu  the  Saterlond  (near  Oldenbutg),  and  in  the 
isUnds  along  the  west  coast  of  the  duchy  of  Sleswig.  ^blere  are  about 
8,000,000  of  Dutchmen  in  Holland  and  in  her  colonies  and  the  Cape  of 
Good  Hope;  and  there  are  about  2,500,000  Flemings  in  the  north  part 
of  Belgium,  in  the  south  part  of  Holland,  and  in  the  north-east  part  of 
France.  The  number  of  individuals  belonging  to  the  Scandinavian 
branch  amounts  to  at  least  6,000,000,  among  whom  there  are— 50,000 
Icelanders;  1,500,000  Danee  in  Denmark,  in  her  colonies, and  in  Ae 
north  part  of  the  duchy  of  Sleswig ;  1,250,000  Norw^jana;  and  about 
3,200,000  Swedes  in  Sweden  and  in  the  preBent  Russian  province  of 
Finland,  especially  along  the  coast  of  the  GuU  of  Bothnia  in  the 
districts  of  Abo  and  Nyland,  and  on  the  Aland  TslnTids,  whifih  are 
entirety  inhabited  by  Swedes. 

Light  hair  and  blue  eyes  in  the  northern  countries,  and  brown  hair 
and  brown  or  blue  eyes  in  some  of  the  southern  counties,  are  charac- 
teristics of  the  Teutonio  race.  Their  stature  ia  generally  tall,  oltiiough 
in  those  provinces  where  the  Germans  an  mixed  with  Wends, 
Suabians,  and  Bohemians,  many  of  the  pec^le  have  the  broad 
shoulders  and  the  short  square  form  of  the  north-wertera  Slavonians. 
The  straight  black  hair  of  some  Slavonian  tribes  also  sometimes 
appears  The  mixture  of  Germans  with  the  soutii-west  Slavonians, 
such  as  W^ds  and  Croatians,  whose  stature  exceeds  tiiat  of  the  Wends 
and  Bohemians,  is  more  difficult  to  be  diatingnidied,  the  black  straight 
hair  and  a  darker  complexion  being  almost  the  only  indication  of  such 
a  mixture.  The  mixture  of  Germans  with  Celts  in  Belgium  and  in 
the  adj(»nhig  part  of  France  has  formed  a  tsll  race  which  diffkt  fnan 


their  Teutonio  neigfahoun  only  in  the  dark  colour  of  then-  hair  and 
their  black  eyes.   (Fbtd, '  Seen  en  aus  dem  YolkslebMi  in  Belgien.') 

It  is  very  difficult  to  distinguish  the  descendants  of  English  and 
Irish  parents  as  belonging  either  to  the  Teutonic  or  the  Cd.tic  race, 
though  it  appears  that  wherever  aquiline  noses  are  seen  among  the 
lower  classes  they  are  a  proof  of  Celtic  origin,  the  true  Teutonic  nose 
not  being  aquiline,  but  cither  staiight  or  curved  only  in  its  upper  part. 
In  general,  also,  the  Teutonio  forenead  is  broader  between  the  temples 
than  the  Cdtio.  (0ement,  'Die  Nordgermaniabhe  Welt;'  Henier, 
'  Ideen  Eur  I%iloaophie  der  Geschichte,'  vol.  L) 

The  moral  and  intellectual  difference  between  the  Teutonio  natioos 
is  less  remarkable  than  that  which  exists  between  other  European 
nations  of  the  same  race  with  one  anoUier.  Capable  of  strong  and 
violent  passions,  they  do  not  earily  lose  their  seU-oontrol,  the  intel- 
lectual  functions  being  more  developed  than  in  most  other  races. 
Southern  nations,  confounding  liveliness  of  feeling  with  intently,  and 
nervous  excitabili^  with  moral  sensibility,  have  been  deceived  by  the 
cool  character  of  the  Tetitonic  nations,  and  have  accused  them  of 
indifference.  But  the  most  superficial  examination  will  show  their 
sensibility— a  fact  which  is  proved  by  th«r  poetry.  The  Teutonio 
nations  are  less  excitable  than  the  Celtic,  the  Slavonian,  and  otiter 
races,  but  capable  of  deeper  tiiougfat  Southern  natimiB  have  aooom- 
plijdied  great  thinge  1^  sudden  eSbrts;  the  Teutonic  nations  have 
reserved  Uieir  enterprise  for  vast  plans,  which  it  requires  centuries  to 
cany  into  effect  Thus  they  desbxiyed  the  Roman  emapire  after  a 
struggle  of  three  centuries,  aai  they  formed  new  kingdoms  in  Europe 
upon  new  social  principles,  which  have  mainttdned  their  vigour  to 
the  present  day.  The  iTonnans  became  powerful  wherever  the  sea 
permitted  them  to  effect  a  laadins.  The  Germans,  diminished  in 
number  after  they  had  sent  tbav  swarms  to  Westran  Europe,  turned 
back  towards  the  east  part  of  their  country,  then  occupied  by  Slavonian 
nations,  which  they  conquered,  and  Germanised  upon  a  phm  of  coloni- 
sation which  enabled  them  to  civilise  the  east  of  Europe,  And  lasUy, 
the  Engli^  colonies  have  spread  over  the  world  :  their  dominion  in 
the  east  and  in  the  west  is  the  result  of  plans  which  imply  more  bold- 
ness of  conception,  more  pmdenee  In  executi<m,  and  more  reflection, 
than  the  conquests  of  Alexander  the  Great  and  the  ephemeral  power 
of  Napoleon. 

The  same  character  of  deep  and  patient  reflection  exercised  on  great 
objects  appears  in  German  philosophy  and  in  the  inventions  of  the 
Teutonic  nations.  The  watch,  the  gun,  and  the  art  of  printing  are 
Teutonic  inventions.  They  have  subjugated  the  power  of  steam ;  and 
the  first  model  of  tlw  modern  eea-Tenel  was  oonatrocted  at  the  mouth 
of  the  Eider  by  the  hwads  of  an  dd  Saxon  or  Friuan  ship-builder. 
(Clement,  ibid.) 

The  name  of  tiie  Teutones  was  made  known  to  the  ancients  by 
Pytheas  of  Haaeilia  (Uarseille),  who,  is  the  age  of  Alexander  the  Great, 
about  320  b,c.,  discovered  a  nation  of  that  name  in  the  Chersonesus 
Cimbrioa,  and  on  the  adjacent  islands,  or  in  the  present  countries  of 
Holstein,  Sleswig,  Denmark,  and  perhaps  also  in  the  aouthem  extremity 
ot  Sweden.  It  seema  that  they  had  long  been  settled  there,  for  they 
lived  in  houses,  and  were  acquainted  with  agriculture  and  commerce. 
Other  traces  of  the  name  appear  later.  Among  the  Celtic  tribes  which 
invaded  Greece  and  besieged  Delphi  under  the  second  Brennus 
(278  B.a),  there  was  a  people  called  Teutobodiaci,  who  afterwards 
passed  the  Hellespont  and  settled  with  the  Celts  in  Galatia,  in  Asia 
Minor.  About  160  yean  later,  the  Romans  were  attaidcad  by  the 
Cimbri  and  Teutones,  who  came  from  the  same  countiy,  where  they 
hod  been  seen  hy  Pytheas.  The  Teutonio  ori^  of  the  Cimbri  has 
been  disputed  :  some  historians  consider  them  identical  with  the  Celtic 
Cymri,  but  this  error  has  been  long  sinoe  refuted,  although  it  has  beeu 
reproduced  in  our  days  by  Thierry,  in  his '  Histoire  des  Gaulois.'  It  is 
said,  and  it  is  not  improb^le,  tiiat  inundations  of  the  sea  compelled 
the  Teutones  and  their  n^hbours  the  Cimbri  to  leave  thdr  country 
and  to  seek  other  abodes.  Ilie  chmce  was  soon  made.  The  wealth  of 
Rome  and  the  arts  of  Greece  were  not  unknown  to  them.  From  the 
most  remote  times  adventurous  merchants,  starting  from  the  shores  of 
the  Bhu^  Sea,  followed  the  couree  of  the  Dnieper  towards  its  sources, 
and  reaching  the  Diina  and  the  Niemen,  descended  these  rivers  to 
their  mouths  in  the  Baltic,  whwe  they  exchanged  the  commodities  of 
the  south  for  amber,  the  dectrum  of  uie  andents.  The  same  trade,  ns 
it  seems,  was  carried  on  by  the  merdianta  of  Masulia  along  the  RhAne 
and  the  Rhine,  and  therefore  Scbl&zar,  in  his '  Kordische  Qeachichte,' 
says  that  but  for  the  amber  Germany  would  have  remained  unknown 
to  the  ancients  for  five  centuriee  more.  Their  acquaintance  with  Rome 
and  Masrilia  was  perhaps  the  principal  cause  which  led  the  Cimbri  and 
the  Teutones  to  the  south  of  Fiance  and  to  Italy  (B.a  118-99).  Their 
desti-uction  bj  Muiua  has  hem  related.    [Mabios.  in  Bioo.  Div. ; 

ClU&RI.] 

When  the  Romans  first  heard  the  name  of  the  Teuton^,  they 
thought  that  they  were  a  single  tribe.  They  did  not  know  that  it  was 
also  the  general  and  ethnographic  name  of  all  those  nations  to  which 
th^  afterwards  gave  the  vague  designation  of  GeimuiEL 

Origin  of  th£  name  Ikutona. — The  root  of  the  word  Teuton  ia  thu 
or  do,  which  originally  represented  the  idea  of  "  activity,*  of  "  living, 
procreating,  nourishing,"  and  also  of  "taming,  educating,  and  ruling." 
From  this  root  are  formed  the  following  words,  some  of  which  are  still 
used  in  the  popular  dialects : — TnO,  god,  ereatv,  ruler,  fatberj 
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Dourkhar  (2%i»r,  TVueo);  filtd  or  tJUud,  earth;  toft  dote,  god' 
£iihar ;  focto,  Qurse ;  thiod,  bthcr  of  the  people,  lord,  ruler,  king,  in 
Qothic  thiudaHt,  in  old  Bavarian  tAeodo  i  aiti,  people,  in  old  Swed^i 
thiant  and  Utyd;  thutdtnami,  in  Qothic,  kingdom.  (Fuldsr '  Wurzel 
Wdrtorbutdi.')  The  idea  of  ruling,  evened  by  the  root  Teut,  explainB 
iriijr  diia  word  occun  bo  frequent^  in  the  nainM  cA  tbo  aociemt 
Toatonie  Uage,  dukes,  or  ch^fs,  radi  aa  Teutobocb,  Theodcaix^ 
Diorix,  Thsodoriz,  Theodoric,  Theodomir,  Tfaeodimir,  Teutagon,  Ac 
It  is  likewise  oontained  in  the  general  name  of  all  the  Teutonic  nations, 
and  in  those  of  various  tribes,  as  the  Teutones,  the  Teutonoarii 
Thai&li,  and  the  DithmaiBes  or  Dietmarsea.  Teuton  is  identical  with 
IMuUdu  or  Teuitcke  (in  Low  Qtmasa,  IMtaA  j  in  Dutch.  Jhiitseh;  in 
Danidi,  TgA  ;  in  English,  J>iiteh)i  whiflh  from  the  remoteit  tinte  has 
been  and  is  still  the  general  name  of  that  part  of  the  Tentoido  nations 
which  we  now  call  Germans,  who  considered  the  god  or  hero  Tuiaoo 
as  their  common  ancestor.  Than  are  no  direct  proofs  of  the  word 
Teuton  having  had  this  extensive  meaniog  in  the  earlieat  Qerman 
history,  bat  this  is  perhs^  the  result  of  the  political  state  of  the 
Teutonic  nations,  which  were  originally  divided  into  numerous  tribes, 
eadi  of  which  became  MMiately  bunm  to  the  BanaoB. 

Origin  of  Ae  Teubmie  Nationt. — The  Teutonio  laoe  ia  originally  from 
Asia.  The  Teutones  Immigrated  into  Europe  at  difTcreot  periods  tm- 
known  to  history,  although  it  appears  that  the  last  of  them  entered 
Europe  during  tiie  migration  of  nations  ia  the  4tii  and  5th  centuries. 
Some  account  of  their  Asiatic  origin  is  given  in  their  ancient  national 
songs,  prindpally  in  the  Sagas  of  the  Scandinavians.  It  is  also  sud 
that  BenediaiOoeDaa  (Ooei),  a  Jeniit,  found  in  1808,  in  the  monntuns 
of  the  Hindu  Eo^  north-east  of  Cabul,  a  people  wit^  fair  hair  like 
the  Dutch,  and  who  are  perhaps  identical  with  that  tribe  of  which 
niny  qteaka,  and  which  was  settled  in  the  Montea  Emodi  But  all 
this  is  of  little  v^ue,  unless  it  is  corroborated  b^  other  facts.  Such 
facta  have  been  furnished  by  the  learned  philolwists  of  our  age,  cspe- 
dal^  by  Stiedrich  von  S<Megel,  Addung,  Bopp,  Grimm,  and  Hammer- 
Paijotall.  A  oomparison  of  the  Teutooio  laoguases  with  the  Peirion, 
the  Zend,  and  the  Sanskrit,  has  shown  the  relationship  which  exists 
among  these  languagM  [Lahodaoi;  SimERii  LutauAUand  hax- 
batoke],  andl^  maant  of  these  frets,  the  Mythes  and  Si^^  become 
important  for  histoiy. 

When  ^e  Teutonic  nations  appeared  in  history,  they  were  divided 
into  many  bodies  or  oonfederatums  of  tribes,  such  as,  at  a  later  period, 
the  Wanks,  the  Suevi,  the  Sanms,  the  Maroomanni,  and  the  Alimianni. 
hoag  before  these  names  were  bwwn,  thwe  was  a  simOar  ctRifedm- 
tion  of  tribes  which  came  from  the  north-norUi-eaat  and  c(Hiquered  the 
eonntriee  on  the  left  bonk  of  the  Rhine,  then  inhabited  by  Celtic 
nations,  which  fled  to  tiieir  brethren  in  Central  QauL  The  epoch  of 
this  invasion  is  not  known,  but  the  event  fa^pened  a  long  time  before 
the  age  of  Cieear,  who  found  those  oouubiaB  settled  by  « Tentonio 
popabtian.  Tribes  of  the  Gondniii,  the  Bbnnmss,  the  Caaraaii,  and 
the  Paemani,  were  united  in  a  eraifederation,  and  had  adopted  the 
name  of  Germani,  or  "  war-like  men."  This  name  was  gradually  used 
by  the  Romans  to  designate  other  nations  which  belonged  to  the  Teu- 
tonic race  (Tudtus, '  Qerm.,'  c.  2),  and  subsequently  it  was  adopted  by 
the  English  ss  a  name  for  the  "  Deutsche,"  while  this  veiy  name, 
changed  into  Dutch,  now  des^natee  the  inhabitants  of  Holland. 

The  TaOomie  NatUmt  apLtr  douar.— When  Ctesar  reached  the  Bhine, 
Kivthera  Gamunt^,  Holumd,  Be^um.  and  a  part  of  the  oountaies  on 
the  Middle  Bhine  were  inhabited  by  Teutonic  nations  ii4uoh  belonged 
to  the  northern,  now  Saxon,  branch.  They  had  bem  settled  in  fixed 
habitati<«i8  Ua  several  centuries,  voA  they  must  be  considered  as  the 
first  of  this  race  which  settled  in  Germany.  The  southern  part  of  this 
country  was  then  inhabited  by  Celts  and  Bhaetians,  except  the  tract 
between  the  Unper  Rhine  mkI  the  Upper  Damibe,  whioh  was  oon- 
qnered  by  the  Suevi,  who  belonged  to  the  Teutonic  race.  The  word 
"Sue?!/'  which  comes  from  "schweifen,"  may  be  translated  "wan- 
deren,"  or  people  who  runbled  about  for  the  purpose  of  settling  in 
any  ocmvouent  counby.  It  was  adopted  by  a  great  number  of  tribes, 
the  majori^  of  which  belonged  to  the  High  Qermans,  and  came  from 
the  countries  on  the  Bohio  between  the  Oder  and  the  Nionen.  Cffisu- 
was  obliged  to  fight  with  their  leader  Aiiortstus  (B.a  fiS),  who  had 
invaded  QauL   Aiiovistus  waa  compelled  to  go  back  to  Germany. 

Tacitue  divides  the  Germani  into  three  great  bodies :  the  Ingaevones, 
in  the  north ;  the  Istaevones,  in  the  west,  from  the  mouths  of  the 
Rhine  upwards  to  Basel ;  and  the  Hermiones,  in  Middle  Germany  and 
towards  the  north-easti  This  division  seems  to  have  an  ethnographic 
and  still  more  a  political  value.  The  position  of  the  Ingaevones  ocnre- 
sponds  to  that  of  the  later  Saxons,  and  both  the  names  have  one 
meaning,  Saxon  signi^dng  a  settled  people,  and  In-gae-vones  a  people 
who  live  in  a  cultivated  country  divided  into  districts  (In-gau-wohner 
or  Inwohner).  The  Istaevones,  or  Western  Germani  (West-wohner), 
oorreapond  to  the  later  Franks,  and  the  Hermionea  to  the  Suevi,  in- 
cluding the  Alemonni.  Further,  tiie  name  of  Hermiones  is  undoubtedly 
identaod  with  Hermunduri,  one  of  the  greatest  Suevian  or  High-Gennan 
kribes,  the  name  of  which  ia  generally  sw^uead  to  be  the  same  with 
Doting!  or  Thuringi,  the  presmt  Thuringiaas. 

From  the  time  when  Ceesar  first  met  with  the  Suevi  under  Ariovistus, 
there  waa  »  deadly  enmity  between  the  Romans  and  the  Germans. 
The  Romans  wiahed  to  maJce  Germany  into  a  laovinoe,  and  the  Qer- 
mans  aimed  at  the  poaaeasion  of  QanI :  on  both  ndei  tliere  waa  the 
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passion  of  conquest  and  the  ueeee^ty  of  self-defenoe.  Ambition 
pushed  the  Romans  into  Germany,  and  wwit  of  fertile  lands,  and 
perh^  some  great  revolution  among  the  nationa  of  Esstem  Europe, 
led  the  Germane  mto  Gaul  and  Italy,  The  Roman  eades  were  seen 
in  the  wilds  of  the  Hercynian  forest,  but  Arminius  saved  his  nation 
from  slavery  in  the  foreat  of  Teutoburg,  in  Detmold,  where  Varus  was 
slain  with  tt^ee  legions  (a.d.  B).  The  campaign  of  Germanicua,  who 
advanced  as  far  as  the  Elbe,  led  to  no  reeulta,  though  he  gained  »  com- 
plete victory  over  the  Germans  on  the  field  of  Idistaviaus  near  the 
Weser  (a.d.  16);  when  he  celebrated  his  triumph  in  Rome  {a.d.  17) 
the  Qermans  between  the  Rhine  and  tho  Weser  were  as  free  as  before! 
These  tribes  made  a  confederation,  and  dioee  Anninius  for  their  leader. 
A  war  arose  between  him  and  Haroboduos,  king  of  the  Marcomanni, 
who  was  defeated  and  obliged  to  imidore  the  aadstanoe  of  the  Romans 
(a.d.  19).  Being  attacked  by  Catwud,  or  Catualdus,  the  chief  of  the 
Gothonee,  he  lost  his  crown,  and  the  confederation  of  the  Maroomanni 
was  broken.  Arminius,  the  hero  of  Germany,  fell  by  the  hands  of  his 
jealous  kinsmen,  in  his  thirty-seventh  year,   (Tacitus, '  Annal.,'  ii,  88.) 

Notwithstanding  the  oivU  wars  in  Germai^,  the  Romans  gave  up 
the  idea  of  oonquering  the  oountiy,  and  Tiberius  ordered  a  defensive 
lystem  to  be  observed  on  the  frontiers,  which  were  formed  by  the 
Rhine  from  its  mouths  to  the  Moselle,  and  from  tiie  junction  of  tliii 
river  with  the  Rhine  they  followed  the  Lahn  as  for  as  the  present 
district  of  Wetterau.  The  frontier  then  took  a  southern  direction, 
paaaed  the  Main  at  Obemburg,  the  at  Jagsthausoi,  the  Eooher 
at  Hall,  and  joined  the  Danube  aou  PfSring,  from  which  town  it  ran 
alow  Uie  Danube  as  far  as  Pannonia.  The  rivers  were  defended  by 
castles,  and  tiie  traots  between  them  by  a  strong  rampart  with  towers, 
the  Vallum  Bomanum  of  Hadrianus,  a  considenible  port  of  which,  the 
Pfahlgraben,  is  still  visible.  The  Germans  west  and  south  of  this 
barrier  became  Roman  subjects,  but  those  who  lived  east  and  north  of 
it  enjoyed  their  ancient  liberty. 

All  the  German  tribes  practised  agriculture,  but  warfare  being  their 
favourite  ooonpation,  thw  abandoned  their  fields  and  their  flocks  to 
the  care  tA  btmdsmen.  ^e  fine  arts  were  not  ezeroised  among  the 
Germans,  but  they  were  acquainted  with  the  art  of  writing  [Bnnia], 
although  only  for  religious  purposes.  (Rhabanus  IfauniB,  in  Goldast, 
'  Script.  Rer.  Alem.,'  iL  1  j  Hickeeiua,  *  Thee,  Ling.  Septentr/)  The 
groundwork  of  their  social  and  political  constitution  was  the  union  of 
a  certain  number  of  families  into  a  oommnni^,  "  Handu^"  "  erd- 
marcha,"  now  "  Marfc-Qenossansohaft.'*  JCr.  K«QbIe,  in  liis  '  Saxons 
in  England,'  has  shown  the  prevalwce  and  the  importance  of  the 
divisional  mark  in  England.  Several  marchaa  formed  a  "  gow,"  now 
"  gau,"  B  district  which  had  its  own  administraUoiL  Twice  a  month, 
and  sometimes  every  week,  the  membeis  of  a  gow  assembled  and  held 
the  "  gowding ; "  the  gowdings  were  dvil  and  criminal  courts,  and  also 
meetings  for  legislation,  and  war  and  peace  were  decided  on  in  them, 
Besidee  the  gowdings  there  were  "graven"  or  "greven"  (gravionee, 
oomites),  or  delegates  of  the  gowding,  who  were  aamted  in  tiSair  judi- 
ciary functions  by  a  certain  numbu-  of  freemen.  The  magistiates 
were  chosen  from  the  nobles  (edehngs  or  adelings),  the  "  prinopes"  at 
Tacitus,  who  had  also  the  right  of  forming  a  kind  of  senate,  wlisre  they 
dehberated  on  important  bSain  previou^y  to  their  being  brought  be- 
fore the  gowding,  and  they  despatched  mattws  of  littie  importance^ 
which  did  not  come  before  the  gowding.  lha  nobles  had  alao  the 
privilege  of  keeping  a  "  dienst^folge,"  or  a  band  of  freemen  who 
served  thmn  in  their  feuds  and  wan ;  and  they  had  individually  the 
light  of  protecting  unfree  people  in  the  gowding,  a  right  wtiich  also 
b^onged  to  the  community  as  a  body,  but  not  to  individual  freemen. 
The  privileges  of  the  nobles  were  probably  connected  with  the  religious 
institutions,  of  which  we  have  no  pontive  knowledge,  although  it 
appears  that  priests  and  noUei  fonnedonly  one  elaiss,  an  opinion  whidi 
is  corroborated  by  the  &et  that  wherever  Christiaoi^  was  introduced 
into  Germany,  It  met  with  no  opposition  from  the  common  people  as 
soon  as  the  nobles  were  converted.  Some  of  the  earlier  Teutonie 
nationa  had  hereditary  kings,  the  "  reges "  of  Tacitus,  who  however 
had  a  very  limited  authority.  The  greater  part  of  them  chose  princes 
only  as  commanders  of  the  army  in  time  of  war.  The  name  of  tiuae 
commandera  waa  "  hwiog,"  in  low  German  "hoctoa;"  or  "hartog,"  hi 
Latin  "dux." 

Besides  the  freemen  and  the  nobles,  there  were  bondsmen, "  laisi,* 
"lati,"or  "liti,"  now  •'leute;''in  low  German  "liide,"  or  "lide;* 
who  were  either  the  primitive  inhabitants  of  a  conquered  territory,  or 
prisoners  of  war,  or  freemen  who  had  lost  or  sold  thur  liberty.  Their 
condition  waa  in  no  way  like  that  of  the  Roman  serri,  who,  legal^ 
roeakiog,  were  not  considered  as  parscms,  but  in  most  respects  thmgs. 
Domestic  and  pnwmal  aarvioes,  aud  especially  agriculture,  were  tmnr 
exdusive  occupations. 

The  mihtary  organisa^on  of  the  Teutonic  nations  was  founded  on 
two  prindiples.  When  a  gow,  or  a  confederation  of  several  gowa, 
determined  on  war,  every  freeman  was  obliged  to  take  up  arms  for  the 
defence  of  the  commonwealth.  But  war  was  sometimes  made  for  the 
private  interest  of  some  powerfol  noble,  i^o  carried  it  on  with  his 
"  dienst-gef  olge,"  which  was  a  numerous  body  when  the  military  renown 
of  the  chiefs,  or  the  hope  of  easy  conquests,  promised  rich  rewards  to 
the  adventurous  band. 

We  know  littie  about  the  religion  of  the  anoieot  Teutonio  nations 
niqr  worahipped  a  suprome  being  under  tiie  name  of  Woden  or  Odin« 
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bat  the  true  dimctor  of  their  religion  was  the  wonbip  of  Xature  in 
her  diflbrent  manifeatatioDB.  Thor,  Heitha,  and  Frey»  were  personifi' 
Mtiotu  of  tba  power  of  heaven,  of  earth,  aod  of  love  and  procreation, 
[SOAMDnrAVUK  MtTSOLOGT.] 

Such  wafl  the  moral,  eoctal,  and  political  state  of  the  Teutonic 
aatiooa  when  they  began  their  wars  wiUt  Rome.  The  Vallum  Boma- 
Bum  prevented  them  from  invading  the  Roman  empire  during  the  let 
and  Sod  ceaturiea.  In  the  Id  century  they  often  cawed  fL  In  the 
Mitbeyconqueradaooiuideiahlepartof  the  coimtriei  on  the  Danube; 
and  in  the  6hi  they  invaded  and  conquered  all  the  European  provincee 
of  the  Roman  empire. 

Aiemanni.  [Alemaski,  !n  the  Gzoa.  Dir.,  under  which  head  the 
political  history  will  be  found.] — The  Lex  Atemannorum  wu  revised  in 
the  time  of  Dagobert,  king  of  the  Franka,  and  agadn  by  Lactfried,  the 
Wankiah  duke  of  Alemannia,  in  tiie  beginning  of  the  %tk  ccntnry. 
Tbmn  is  no  tiaoe  of  Uie  Roman  law  in  It  except  in  raw  mo^  ease 
(ttt.  SO).  Tha  Lex  Alemannorum,  aa  well  as  all  the  other  earlier  codes 
of  the  Teutonic  nations,  are  contained  in  Ferdinand  Walter's  '  Corpus 
Juris  Germanici.'  flichard  published  an  edition  of  it  in  the '  L^es 
Bipuariorum,  Bajuvarionim,  et  Alemannorum/  1530,  8vo.  BesideB 
these  o(41ectioDS,  the  Teubmic  laws  are  in  the  collections  of  Uerold, 
Undenbrtw,  Iknard,  Hanecdoa,  Oeotgidi,  GmeStad,  and  fisliudus. 

BwgmeUam.  [BnttauBraAHS,  Knxta  aw  the,  in  Bioa,  Div.]~ 
The  Burgundians  came  from  north-east  Oermany,  and  first 
assiBted  the  AJemanm  against  the  Romans ;  but  they  left  Qmnany 
aa  early  as  the  beginning  of  the  5th  oentury,  penetrated  into 
Qaul,  and  formed  &e  powerful  kingdom  of  But;^undy  on  both 
aides  of  the  Jura,  which  was  inoorpotated  with  the  kingdom 
of  Ha  Fhmks  In  SM.  The  collection  of  the  Bursundian  laws.  Lex 
BuTgundlonum,  *  Oundobada,'  '  Oundobarda,'  '  Leu  Oombette,'  was 
made  towards  ^e  end  of  the  6th  century,  under  king  Qundobald,  who 
died  in  516,  and  was  augmented  (517)  by  king  Si^mund,  who  died  in 
0SS.  The  legislation  of  Oundobeld  Roes  as  far  as  title  42.  The 
following  titles,  although  they  contdn  Uws  and  r^ulations  of  Qundo- 
biUd,  were  added  Biegmund,  who  eontpleted  the  code  by  two 
"additamente,"  eontabiing  his  own  hwa.  Chatlamania  mada  a  third 
additamnitnm,  without  utering  the  code  itnlL  'too  Lex  Bni^gun' 
dicmum,  wfaidi  ia  written  in  mudi  purer  Latin  than  most  of  the  other 
Teutonic  codes,  eontains  several  of  the  rules  of  the  Roman  law  conceming 
donations,  and  especially  testaments  (tit.  4S  and  00).  A  aepaiate 
edition  was  published  at  Lyon  in  Idll. 

Frankt.  [Pbaitge,  in  the  Qboo.  Dir.,  giTea  the  political  history  of 
the  Frank*.]— In  the  very  eonntriea  which  the  Romans  traversed  on 
their  way  to  tlie  woods  vrhere  Varos  ma  aUn,  tibe  Uidpetes,  the 
Tencteri,  the  Sicambri,  the  Bnictari,  the  Ansibarii,  the  Sfarsi,  the 
TubontM,  the  Chamavi,  and  the  Cli^ti — all  tribes  belonging  to  the 
northern,  now  Baxon  branch  (Ingaevones)  of  the  Qermani — formed  a 
oonfederation  and  called  themselveB  Franks,  either  because  they  were 
parUculariy  "  free  and  bold,"  or  on  account  of  their  "  barbed  lances  " 
anuneiB).  The  Franks  were  lUridad  into  Franci  Salid,  who  lived  in 
the  Low  Countriea  between  the  Zuider  Zee,  tha  Maas,  and  the  Somme  ; 
and  Frand  Ripuarii,  who  were  settled  along  the  Rhine  between 
Xymegen  and  Bonn.  Each  of  them  had  their  code.  The  Lex  Salica 
was  written  in  very  barbarous  Latin,  undM-  Clovis,  between  481  and 
496,  and  was  never  revised,  although  it  contains  some  laws  by  the  sons 
of  Clovis,  which  beg^n  with  the  62nd  (6Srd)  titles  Except  one  rule  in 
litle  14,  about  the  i^m  of  free  persons,  and  another  conoenung 
manisge  within  the  pmiUted  degrees,  thia  oode  containa  no  tnoe  m 
the  Roman  law.  It  is  very  important  for  the  history  of  the  laws  of 
the  Teutonic  nations.  The  ancient  Lex  Salica  is  often  oonfounded 
with  the  present  Balic  Law,  which  regulates  the  right  of  aucceesiDn  in 
several  sovereign  and  noble  families  m  Europe.  But  this  latter  Salic 
law  is  only  a  single  rule  of  the  Lex  Salica,  and  origjnaUy  concerned 
the  aaceesrfen  to  the  tax-free  aitates  of  free  m-  noble  naidu  (tara 
SaUea),  which  belonged  to  the  male  issue,  to  the  erolusion  ot  fsiualsa. 
It  is  conbupedin  title  62,  'Da  Alode,'  1.  6:  "Da  terra  tbk>  Salica 
nulla  porUo  haereditatis  mulleri  yeniat :  aed  ad  virilem  serum  tota 
terrae  faaereditas  perveniat," 

This  law  was  not  peculiar  to  the  Franci  Salici :  it  occurs  In  the 
greater  part  of  the  other  ancient  Teutonic  laws.  ( Wiarda, '  Oeschichto 
und  Ausk^ung  dee  Salisohen  Qeaeteea; '  HaineDduB, '  Anb  Oerm.',  i., 
p.  26S,  288 ;  a  aeparato  ediUon  of  the  Lex  Saliea  was  published  by 
Pitiiou,  Paris,  1602,  8vo.)  The  Lex  Kipnaria  was  collected  by 
Theodoric,  Uie  son  of  Clovis,  between  511  and  534.  It  was  several 
times  revised,  especially  by  D^obert.  It  resembles  the  Lex  Salica, 
and  contains  no  traces  of  the  Roman  law. 

Gotkt.  [OoTBB,  Got  HI,  Qothorss,  for  the  history.] — The  Oode 
of  the  Ostro-Ooths, '  the  Edictum  Theodorici/  wtudi  was  composed 
by  order  of  Theodoric  in  500,  ia  'a  collection  of  Bcnnan  laws.  This 
king  wished  to  form  one  people  ot  the  Romvis  and  the  Ooths 
C  Edictum,'  g  80),  and  he  titerefore  adopted  the  laws  of  the  most 
(nvilised  of  his  subjects.  Leaving  tiie  Gothic  laws  exclusively  to  the 
memory  ot  ^e  people,  he  knew  Uiat  tliey  would  soon  fall  into 
oblivion  without  being  formally  alwli^ed.  In  sane  cases,  however,  he 
supplan  ted  Gothic  eustonu  by  Roman  lam.  Tiie  Wehydd,  or  Wehre, 
-—that  is,  the  fine  for  crimes,— was  entire^  aboliahed,  and  in  place  of 
it  the  punishment  ot  death  was  introduced  m  many  casea,  an  innovati<ni 
whioh  seemed  very  hard  to  the  Goths,  who,  lUcaall  the  other  Teutonio 


nations,  inflicted  tiie  punishment  of  death  only  for  high  txeason  and  a 
few  sudt  Crimea.  Pithou  publlBhed  a  separate  edition  of  the  '  Edictum 
Theodorioi'  (Paris,  1579).  Rhon,  '  Commentatio  ad  Edictum  Theo- 
dorici,  Reg.  Osb^oth.',  Halae,  1816,  4to. 

Tlie  Fin-frofAt  settled  in  the  southern  part  of  Oaul  in  412,  and 
invaded  Spain  in  414.  This  cotrntxy  was  then  in  the  hands  of  the 
Suerl,  the  Alani,  and  the  Vandals,  who  became  subject  to  the  Goths, 
or  were  forced  to  emigrate.  In  451  the  Vid-Goths,  together  with  the 
iVsnks,  defeated  AttOa  and  his  700,000  Huns,  Goths,  Gapidae,  and 
other  vasaals,  in  the  plain  of  Ctiilonswr-Harae.  Their  king,  Alaric 
II.,  lost  Gaul,  except  the  eastern  part  of  Laoguedoc  and  Proven ce,  in 
the  battle  of  VougU  aguust  Clovis,  king  itf  the  Franks,  in  507.  The 
kingdom  of  the  Visi-Gotlis  lasted  for  three  ceBtiicie^  iriun  it  wai  over* 
thrown  by  the  Arabs  in  712, 

Among  sll  the  Teutonie  nations  the  Visi-Qoths  were  tha  flisfc  who 
had  written  lawsi  (Isidorus  Hiipal«iuB, '  Ciiron.  ad  annum  Aer.  Hisp. 
504,  A.D.  466.')  A  collection  of  them  was  made  by  their  king  Buric 
(466-484),  which  is  written  in  I^tin  and  has  the  UUe  ot  '  Lex  Visigo- 
thorum.'  Its  present  form  dates  from  king  Egiea,  whose  new  oode 
was  translated  into  the  Gothic  language  under  King  Ueoeawind.  It 
oontuos  many  traces  of  tha  Roman  uw,  and  is  the  wdy  esri^  Teuttmic 
law  whioh  nanr  be  eonaidflred  aa  a  code  in  tha  modam  aigniAcatian  at 
the  word.  The  Lex  Viateotlioroni  must  not  be  confounded  with  the 
Breviarium  Alarici  (Alaric  IL,  in  506),  or  the  Code  for  the  Romans, 
who  were  subjects  of  the  Visi-Goths,  and  oontinued  to  live  under  their 
own  laws  until  they  were  ^mlished  by  the  kings  Ciiindaawind  and 
Receawind,  who  declared  the  revised  Lex  Visigothwnm  oldigatoty  on 
all  the  inhabitants  of  the  kingdom  of  the  Visi-Gotlia. 

The  Gotlia,  the  moat  ciTiliaad  moag  the  Teutonio  nations,  wsra  the 
ftrat  who  adopted  the  CSiriatian  rdi^on.  They  had  a  liteimture  from 
the  time  when  Ulphilas  translated  the  Bible.  The  Ostro-Gotha  aoaa 
disappeared  among  the  Longobards,  while  the  Visi-Ootlts  preserved 
their  language  and  national^  till  tha  invaaioD  of  the  Ataba;  and 
another  portion  of  tham  mafniaiBed  their  nationalilgr  until  a  very 
recent  period. 

Theae  were  tiie  OaM-TilnsBUae,  iriio,  after  tihe  emigrmtian  of  tiisir 
brethren  to  the  western  countries,  ratirsd  to  the  eastem  pari  of  tha 

ChersonesuB  Taurica,  now  the  Crimea,  and  the  oi^xHato  island  oi 
Taman.  There  they  lived  for  eleven  oenturisa  under  tlte  suo- 
oeasive  dominion  of  Huns,  Bulgarians,  Greeks,  Ehazars,  Tartsrs  of 
Kiptshsk,  and  Tartars  of  the  Crimea,  and,  lastly,  of  Turks  Gamanlia. 
Their  put  of  the  Crimea  was  called  Gothia  during  the  middle  was. 
Busbequius,  who  was  the  ambassador  of  the  emperor  Rudolph  IL  at 
Constantinople,  towards  the  end  of  the  16th  oentury,  is  the  bat  writer 
who  mentions  them.  It  qipeats  that  they  afterwuds  adoptod  the 
language,  the  customs,  aira  the  religion  of  the  Tartars.  Russian 
scbolate  have  traced  the  Gothic  language  among  the  Tartars  of  the 
Crimea.   ('Journal  de St.  P^tersbourg,'  1820.) 

Another  part  of  the  Goths  Invactod  Sweden,  and  founded  the 
kingdom  of  Qctfalasd  (Qautland),  wliidi.  was  afteawarda  divided  into 
East  Gothland  and  West  Gothland  (EyBt».aauthyid  and  Yestra- 
Gauthmd),  They  mixed  with  the  Scandinavians,  and  it  became  a 
general  opinion  that  they  were  originally  the  same  people.  But  a 
comparison  of  the  Gothic  of  Ulphilas  and  the  old  Scandinavian 
language  shows  tiiat  thiB  opinion  is  unfounded.  (Glaus  Verelius, 
'Gothic!  et  Rcdfi  Weetrogothiaa  Regum  Historia,'  Upsalia,  1664; 
Antonius,  'BibL  Hiip.  Vet.',  L ;  Michael  Geddes,  '  fiOaeeUaneoua 
Traeta,'  vol.  it.  dias.  1;  vol.  iii.,  diss.  1;  'Kaoso,  * Oeaoliidito  den 
Ostgothischen  Beichs  in  Italien ; '  Ifasoov,  cited  below,  ii) 

Suevi. — From  the  countiy  east  of  the  Black  Fewest,  between  the 
Upper  Danube  and  the  Alps,  the  Suevi,  by  which  name  the  Quad!  and 
the  Hermundurf  were  perhaps  likewise  meant,  spread  over  Oaul  and 
forced  their  way  into  Spain  (406-409).  nteir  king  Hermanario  or 
Hennanridi  berame  master  of  Portugal,  GaUoil^  and  thm  waatei'n  parts 
of  Aatnrisa,  snd  Leon :  he  resided  at  Bretonia,  near  tiie  mouth  <d  the 
Hifio,  now  a  small  village  named  Bretafis.  His  mieaemxa  were  in- 
dependent kings,  but  in  585  the  Suevi  became  subjects  of  Leovigild, 
king  of  toe  Visi-GothB.  Their 'laws  have  not  been  oollacted.  They 
vero  at  first  Catholics,  bdt  king  Remismund  (461)  professed  Arianian; 
Theodemir  (Ariamir)  returned  to  the  Catholic  faitii  in  561. 

ramlalft— This  name,  which  was  known  to  TaeHiu^  eompiiaes 
various  tribes  of  Teutonic  and  also  of  Slavonian  origin,  who  lived  in 
Eastern  Prussia  and  PomOTtmia,  The  Slavonian  tribes  were  subject  to 
the  Teutonie  Vandals,  who  are  often  oonfutmded  witii  the  Wends 
(Venedi),  who  afterwards  occupied  the  country  of  the  Vandals.  Tha 
Vand^  loft  their  homes  towuds  the  end  of  the  4th  oentury,  and  a 
part  of  tiiem,  after  a  sojourn  in  Paononia,  traversed  Gwmany  and 
Gaul,  and  founded  the  Vandal  kingdom  in  Spain  in  400.  la  417  they 
subjugated  the  Alani,  who  had  also  settled  in  Spain.  In  429  they  were 
foroed  bj  the  Yisi-Qoths  to  aband<m  thia  country,  and  they  went  over 
to  Africa.  Their  king  Oenserie  or  Geisenc  took  Carthage  (439),  sll 
Mauritania,  and  the  islands  of  Sardinia,  Coraca,  the  Bidearee,  and  the 
western  part  of  Sicily.  On  tiie  12th  July,  455,  they  plundered  Rome, 
and  their  name  became  proverbial  as  that  of  the  most  barbarous 
among  the  bu-barians.  Their  kingdom  lasted  till  585,  whm  it  was 
destroyed  by  Betisarius,  and  became  a  part  of  the  Byzantine  emi»ra. 
All  the  names  of  the  Vandal  kinfp  are  Teutonic,  and  resemble  those  of 
the  Gothic  kings,  a  fact  whioh  provea  that  however  muncrooa  the 
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SlaTonisni  were  among  ihmn,  the  Teutonic  tribes  were  the  rulinf; 
Dfttioo.  Their  name  is  visiUe  in  thftt  of  the  province  of  Andalusia  or 
Tandaiuiia.   (Fapencordt, '  Qeschiohte  der  Vandalen.) 

Lmgvbards.  [Lohurdo-Vishtiaii  EutaDOU,  in  Qxoa.  Dir.,  col. 
678.}-— The  Longobarde  lived  on  the  li^t  bank  ol  the  Lower  Elbe, 
and  afterwudB  on  the  left  dda  td  tbii  river,  near  Liineburg  and  Brutw- 
Trick :  in  language  and  person  tb<7  reeembled  their  neighbours  the 
Saxons,  a  strong  body  of  whom  appeared  witii  them  in  Italy.  Before 
they  invaded  Italy  uiey  had  lived  in  the  present  oountiy  of  Upper 
Hungary,  in  Fannonia,  and  in  Xoricum  (494-568).  Their  king  Alboln 
BubjugaAed  the  Gepidn  in  ^ranrrlvania  (563  h,  and  in  £68  he  con- 
qooed  the  mnUr  jprt  of  Italjr.  Thm  iamb  national  Uog,  Deeideiius, 
was  depriTsa  of  but  throne  1;^  Charlemagne  (774),  who  aanimad  the 
title  of  king  of  the  Longobarda :  bat  the  umgobarda  nrithar  lost  their 
oooBthiitifm  nor  their  eetatea;  the  only  change  was  hi  the  reigning 
djnaaty. 

When  the  Longobarda  were  subjugated  by  the  Franks,  they  had 
poweied  writtoi  laws  fw  180  yeara.  The  first  collection  was  made 
by  king  Botharia  in  648.  The  laws  of  Qrimoald  were  otdieoted  in 
608,  those  of  Luitprand  between  718  and  724 ;  those  of  Baohia  in  746, 
and  thoae  of  Aistulf  in  754.  They  contain  only  a  few  heads  of  Roman 
law  concerning  prescription  and  succession.  (Muratori, '  Script.  Her. 
Ital.,'  torn.  i. ;  and  especially  Biener, '  De  Origine  et  Frogreesu  Legum 
Jummque  Germanicorum,'  i.) 

These  are  the  Teutonic  nations  -that  founded  permanent  kii^doms 
within  the  lin^ta  of  the  Boman  empire.  Except  the  Alamanni,  they 
all  came  in  contact  with  a  pcmolation  the  educ^ed  part  of  which  was 
entirely  Romanised,  althoitgn,  except  Italy  and  some  parts  of  the 
south  of  Spain  aitd  Gaul,  the  inhabitants  of  the  villages  were  still 
Celts  or  Iberians  when  they  were  subjugated  b^  the  Teutonic  invaders. 
(Faurid, '  Hist,  de  la  Gaule  M^idionale,'  voL  l)  The  political  institu- 
tiona  of  the  new  masters  of  the  civilised  world  rested  on  two  great 
priD(apIe& 

The  Teutonic  laws  were  not  territorial,  as  they  now  are,  but  per- 
sonal: a  Fhmk  was  judged  after  the  Frankieh  law,  a  Burgundian  oiter 
the  Burgundian,  wherever  he  lived.  This  principle  ^ng  applied 
also  to  the  Romans,  gave  rise  to  a  double  legislation,  one  for  the 
ruling  Teutonic  nation,  and  the  other  for  the  subject  Romans.  The 
second  principle  was  that  the  sovereignty  belonged  to  the  body  of  the 
oonquerorSf  and  not  excluaively  to  their  kings.  This  sovereignty  not 
only  comprised  the  supreme  authority  in  legislation  and  adminiBtra- 
tion,  but  it  was  considered  aa  comprehending  a  right  to  the  private 
landed  property  of  the  vanquished  nation.  Every  free  Frank  or  Qoth 
became  the  master  of  a  conriderable  portion  of  land  which  he  took 
from  the  Romans.  The  rights  and  duties  of  the  kings  towards  their 
Teutonic  feUow-conquerora  ronained  the  same  as  before ;  the  kings 
had  no  right  to  punish  at^  freeman,  unleas  In  time  trf  war  and  for 
n^eet  of  military  duties.  The  freemen  also  could  not  be  forced  to 
serve  In  any  war  to  which  they  had  not  given  their  consent ;  and 
they  did  not  pay  any  taxes  to  their  kings,  who  were  ooly  the  first 
am<mg  th^  equals.  As  to  the  subject  Romans,  the  Teutonic  kings 
became  the  lords  of  a  numerous  civilised  nation :  as  successors  to  the 
rights  of  the  Roman  emperors,  and  with  regard  to  the  Romans,  they 
had  absolute  power,  and  they  became  proprietors  of  the  extensive 
private  estates  of  tlw  emperors.  They  maintained  the  provincial 
adnmuBtration,  which  was  established  ay  Constantine  the  Great  and 
his  Bttcceasors,  but  they  often  conferred  various  functions  on  one 
person  in  order  to  render  tiiat  complicated  administration  more 
easy  to  manage.  As  the  conquerors  lived  among  the  subject  people, 
each  province  liad  a  double  odoiiQistration,  one  for  the  ruling  nation 
and  the  other  for  the  subject  nation.  But  there  resulted  so  much 
confusion  from  this  drcunuttuice,  that  the  kings  were  obliged,  espe- 
cially in  Gaul,  to  sacrifice  the  principles  of  the  Roman  administration, 
and  to  govern  in  Uie  Teutonic  way,  although  the  names  of  the  liigher 
public  functions  were  Roman.  The  first  functionary  in  each  province 
in  the  Frankish  kingdom  was  the  Buz,  who  had  the  supreme  military 
command*  and  sometimes  also  the  authority  of  a  judge.  The  second 
was  the  Ck>mes,  who  was  chief  judge  aad  director  of  all  affairs  con- 
ceming  taxes  and  the  revenue  of  the  fiscus.  From  tiie  8th  century 
the  functions  of  the  Dux  and  the  Comes  were  conferred  upon  one 
penon,  who  is  sometimes  staled  Dux,  and  sometimes  Comes. 

The  fate  of  tiie  Romans  in  the  Frankish  empire  was  threefold  One 
part  of  the  Romans  entered  into  the  private  service  of  the  king,  and 
preserved  a  portion  of  their  estates  on  condition  of  obedience  to  him. 
The  great  lutdow&ers  belonged  to  this  class,  which  had  the  name  of 
*'  Komani  oonvivge  regis."  A  second  part,  the  "  Romani  poaaeasores," 
renuined  in  powession  of  their  lands,  but  they  were  obliged  to  pay 
taxes  for  them,  a  dul^  from  whioh  tlie  conquerors  were  exempt :  this 
dass  principally  cons^Aed  of  small  landowners.  The  tiiird  cUas  were 
the  "liomaoi  tributarii,"  who  lost  their  liberty,  although  they  did  not 
become  Servi  in  the  Roman  sense  of  the  word :  these  were  the  ancient 
"  colom."  In  many  towns  the  Romans  continued  to  enjoy  their  muni- 
cipal instituticHiB,  while  a  Teutonic  community  gradually  arose  witliitt 
ttie  same  walls,  and  had  its  separate  constitution.  In  other  towns  the 
lu^iest  among  the  Romans  lost  their  liberty  and  became  "  miniate- 
tiales,"  a  kind  of  privil^^  vassals ;  but  the  poor  were  treated  as  the 
Bomaai  tributarii  in  the  villages. 

Th»  Teutonic  uatiois  which  became  subject  to  the  Frankish  kinp 
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were  treated  with  less  severity.  The  Burgundiaos,  the  Longobards, 
and  the  Bavoriaos  only  changed  their  dynasty,  but  the  greater  part  of 
the  Thuringians  and  of  the  Alemanni  lost  a  oonuderable  portion  of 
their  lands,  which  were  given  to  Frankish  noUes,  of  whom  theiy 
became  vassals. 

Besides  those  nations  whioh  founded  pennaoent  kingdooM  within 
the  Roman  empire,  many  tribes  mwntained  their  indapendenoe  there 
only  toe  a  short  period,  or  came  and  went  rapidly  without  leaving 
further  tnces,  or  were  subjugated  1^  others,  and  adopted  the  nameatS 
their  vuiquidien.  Uany  among  them  were  of  sfavoniaii  or  other 
origin. 

The  Ahad  esme  from  the  Cuicaeua,  traversed  Europe,  and  Ured 
independent  in  southern  under  thdr  king  Respendial,  from  40B 
to  417,  when  they  were  subjugated  liy  the  Visi-Qoths  and  carried  into 
the  south  of  QauL  Another  part  of  them  aettied  between  Orleans 
and  Nantes  under  their  chief  Gear  (406),  but  in  452  they  were  defeated 
and  dispersed  by  the  Tisi-Goths.  The  Alaui  were  not  of  Teutonic 
origin;  the  names  of  their  kings  (Respendial,  Utooes,  Goar)  have  no 
reaemUanoe  to  Saxon,  FIrsnkish,  or  Gothio  nsmes.  "Ibaf  are  probably 
identioal  with  the  Ossetes,  an  old  Persian  tribe  in  the  osntnu  part 
the  Caucasus.  The  country  of  Albania,  north  of  the  Caucasus,  was 
known  to  the  Greeks  and  Romans.  The  Bysantines  called  the  tract 
between  the  Terek  and  Slurwan,  Alania,  (Frooofdus, '  De  Bello  GothV 
L  iv.;  Stritter,  'Hemorife  Populor/ — ^Alania,  in  torn,  iv.;  Suhm> 
'  Qeschidtte  der  Danen,'  ttbersetot  Ton  Qi&ter,  i.  1 ;  Zeoss,  '  Uige- 
schichte  der  Deutsdhen,'— Alanen.) 

The  QtcAj*,  who  lived  In  Silesia  end  Moravia  In  875,  wars  a  Suflvlon 
pecple.  The  Qepida  perhqn  weio  of  Gothio  (vinn  j  their  kingdom 
m  Transylvania  was  destrojwd  1^  AIb(rin,  who  killed  Kusimtm^  the 
last  king  of  tiie  Gejadss. 

Odoaoer,  the  oommaoder  of  a  band  of  Seyrri  or  Scirri,  Bugiif  and 
Hendi,  put  an  end  to  the  Roman  empire  in  Italy,  and  was  acknow- 
ledged as  empwor,  hot  ha  was  put  to  death  by  order  ci  Hieodinio  the 
Great  In  498. 

The  JZt^  were  Ctennoni}  the  origin  of  the  Seym' and  of  the  BtnM 
is  uncertain.   li  has  been  pretended  that  the  Beroli  were  a  UUiuaaaiaB 

taibe. 

Triba  wUhi»  ike  UnUtt  of  Germany  vihieh  loat  their  ind^>mdenee  under 
the  Frankt. — The  Bosfoam,  B^fobari,  Sa^wmni,  or  BaTonant,  whose 
name  became  known  towards  the  year  480,  were  a  confederation  of 
Sueviao  tribes :  they  lived  betweui  the  Danube,  the  Lech,  and  the 
Ens.  In  £40  tiicy  were  foroed  to  yield  to  the  Frankish  kings,  and  were 
governed  dukee  of  the  dynasty  of  the  A^IolSngians.  Their  laws, 
which  were  collected  betwe^i  618  and  638,  resemble  the  laws  of  the 
Alemanni,  though  they  contain  many  traces  of  the  Roman  law. 
(Mederer,  'Leges  Bajuvariorum,  oder  ^testes  Gesetsbuoh  dsr  Baju- 
varinr,'  fto.,  I7S8-8.)  The  Thttriatgitm*  occupied  the  oountry  north  of 
the  Bavoriiais  as  br  as  the  Unstrot,  and  even  beyond  that  rivw. 
They  were  related  to  the  Goths,  and  their  name  seems  to  resemble 
that  of  the  Thervingi,  the  Hermunduri,  and  Hermionea.  Their  last 
king,  Hermanfrid,  was  deprived  of  his  crown  by  tiie  Franks  in  581, 
Cburlemagne  is  said  to  have  made  the  first  oolleotion  of  their  laws,  but 
there  is  no  evidence  in  support  of  this  statement  Their  code  is 
known  under  the  title  of  'Lex  An^orum  et  Wsrinorum,  hoc  est 
Thuringorum.'  Theee  An^^  and  Warinl  or  Werinl  were  settled  in 
the  northern  port  of  Thuringia,  but  it  does  not  appear  why  their  names 
are  mentioned  before  that  of  the  Thuringians,  who  were  the  more 
numerous  nation.  This  collection  is  brief  and  incomplete.  (Leibnits, 
'  Script,  Rer.  Brunsvic.,'  i) 

The  Scuam  dwelt  north  of  the  Thuringians.  On  the  east  their 
frontiers  were  the  Elbe,  the  Stecknitz,  and  the  Baltao ;  on  the  north, 
Denmark,  the  German  Ocean,  and  Friealand;  on  the  west,  they  cor- 
responded to  the  western  frontiers  of  tiie  rveeent  province  of  West- 
phalia. When  they  had  sent  numerous  settlers  to  Britain,  their  power 
became  less  formidable  to  their  neighbours — ^the  Wends  in  the  east, 
and  the  Franks  in  the  west.  The  Ionics  were  formerly  united  with 
them  against  the  Romans,  but  when  they  had  conquered  Gaul,  the 
Saxons  were  obhged  to  desist  from  their  incursions  into  this  country, 
and  hence  arose  jealousy  and  hostility.  The  south-western  ports  were 
conquered  by  the  Franks  as  early  as  565 ;  the  rich  landowners  were 
compelled  to  give  a  considerable  part  of  their  lands  to  Frankiah  nobles, 
and  the  common  freemen  to  bend  under  the  yoke  of  servitude.  The 
remaining  and  greater  part  of  the  population  was  free,  though  from 
time  to  time  the  Saxons  paid  tribute,  until,  after  the  memorable  wu* 
with  Duke  Wittekind  (772-808),  Charlemagne  became  master  of  all 
Saxony,  But  the  Saxons  were  not  subjugated  Uke  the  Romans.  They 
promised  to  adopt  (^ristianity,  to  admowledge  Charles  as  their  king, 
aad  to  obey  his  governors  (grevee)  and  Itishops.  On  tiie  other  hand, 
Cluu-les  granted  them  equal  "  Wehre  "  (value  of  their  body  and  liberty 
in  cose  of  wounds,  murder,  &c.),  and  the  same  privileges  whioh  the 
Franks  liad,  especially  freedom  itom  tribute,  and  the  privilege  of  being 
tiied  in  their  own  country,  according  to  their  own  laws,  and  by  their 
equals.  (Leibnit^  '  Script.  Rer.  Brunav.,'  i. ;  Compare  Moser,  '  Osna- 
briiokisdie  Geadiichte,'  i.) 

Charienugne  was  tiie  first  kin^  of  the  Saxons  who  formed  a  great 
confederation  of  free  communities ;  tiiey  appointed  dukes  for  thdr 
wars,  and  only  acknowledged  obedience  to  the  "gowding"  and  to 
j  "  grevee  "  chosen  bj  the  freemen  among  the  "  edeltnn  "  tA  the  comma- 
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uitiofl.  The  Uwb  of  the  Saxons  were  collected  by  ordw  o£  Charle- 
magne. They  coDUJSt  of  nineteen  titles,  and  are  so  short  and  incom- 
plete u  to  justify  the  opinion  that  only  a  part  of'them  has  been 
preserved.  Two  "  CamtuUria "  of  Chailnaagne  concern  the  political 
and  ecclesiastical  condition  of  those  parts  of  Saxony  which  were  con- 
quered at  the  time  of  their  publicatioo  (788  and  797).  This  '  Lex 
Saxonum '  must  not  be  confounded  with  the  '  Sachsen-Spic^l,'  the 
•Mirror  of  the  Saxons,'  a  code  of  Saxon  law  which  was  wntten  in 
Latin,  and  afterwards  translated  into  the  Saxon  language  by  Eicke  van 
Bebgow,  between  1216  and  1218.  (Qiutnarj '  Saxonum  Leges  Tree. 
Acceatit  Lex  Frisionum/  178<M.) 

Fruiam.  [Frisuss.]— The  lain  of  the  Frisians  were  coQeotod  1^ 
Charlentagne  under  tite  title  of '  Lex  Friaionum.'  (Qiirtneri  *  Saxonum 
Lagas  Ttm.  Aoceaait  Lex  Frieionum.')  The  '  Statuta  Opttalbomioa,' 
the  lawi  id  the  Seven  Sealands,  which  are  written  in  the  F^risian  lan- 
guage, are  a  different  collection.  The  dialect  of  thia  langnagef  iriiidi 
most  resemblea  the  .Anglo-Saxon  language,  ia  that  ol  the  ntwthem 
Frisian  islands  on  the  coast  of  Sleswig. 

Anglo-Saxont. — An  account  of  their  histoiy  has  been  g^ven  under 
Saxohs  ;  and  under  Ehoiaiid  in  G£oa  Div.  T^e  first  settlement  of 
Teutonic  tribes  in  Great  Britain  previous  to  the  arrival  ol  the  Anglo- 
Saxons,  has  been  treated  with  great  learning  by  Dr.  Clunent,  in  his 
work  '  Die  N<mlgennaniBche  Welt,'  Copenhogen,  1840 ;  and  much 
valuable  information  respecting  their  laws  and  social  habits  will  be 
found  in  Kemble'e  '  Saxons  in  England,'  and  the  works  of  Falgiave 
and  oiher  recent  writers  on  Anglo-Saxon  history. 

The  following  works  contain  full  iiiformation  concerning  the  history 
of  the  Teutonic  nations : — ^Masoor,  '  Hiitoiy  of  tiie  Antient 
Qerm^y  translated  W  Thomas  Lediard ;  QlbbcMi,*  Decline  and  fUl;' 
Eichhom,  'Deutsche  Staats-und  Sechte-Qeechichte ; '  &vigny,  *Ges- 
chidite  des  Romischen  Bechtes  im  Mitt^ter;'  Qrimm, 'Deotadhe 
Sechte-AlterthUmer ; '  and  his  *  Deutsche  Qranunatik.' 

The  Scandinavian  branch  of  the  Teutonic  nations  appears  late  in 
history.  The  Sagas  tell  us  that  in  tiie  fifth  centuiy  B.O.  Odin  led  the 
Scandinavians  to  Sweden  and  Norway ;  but  thia  Odin  ia  a  god.  Less 
fabulous  is  the  history  of  a  second  Odin,  who,  in  the  bo^mng  of  onr 
era,  came  from  Asia  to  Scandinavia,  accompanied  by  nia  ".^n"  or 
perliapa  "Ansen,"  or  fellow-worriora.  The  name  of  the  Suiones  or 
Swedes  was  known  to  Pliny  and  to  Tacitus,  and  Pliny  knew  the  name 
of  Scandia,  now  Scania,  ttie  soutJiem  extremity  of  Sweden,  which 
name  gradually  acquired  its  present  general  meaning.  Qoths  came  to 
Scandinavia  at  a  verj^  early  period,  and  the  seoond  Odin  was  perh^ 
their  chief.  They  mixed  with  the  ScandinaviaiUj  and  traoee  of  their 
language  have  been  found  in  the  dialects  of  the  'provinces  of  East  and 
West  Oothland  in  Sweden,  and  l^eir  name  is  still  preserved  in  many 
localities.  The  aborigines  of  Sweden  and  Norway  bdonged  to  the 
Elnnish  rao&  They  fled  towards  the  north,  but  not  without  leaving 
their  traces  in  the  mountains  of  the  Kjoclen  and  the  Dovre  Fjeld. 

The  Scandinavians,  Northmen,  or  Normans,  became  known  to  the  i 
■outhem  nations  by  their  {trades,  and  they  were  often  leagoed  wiUi 
the  Saxons.  In  the  wars  between  Charlemagne  and  Wittekind,  the 
Danes  assisted  Wittekind,  who  had  married  Gera,  the  daughter  of  their 
king,  Siegfried.  As  early  as  the  banning  of  the  8th  century  the 
Danes  ana  Jutae  appeared  in  the  north  of  England ;  in  the  b€^;inning 
of  the  9th  century  the  Danes  settied  on  the  south-east  coast  of  Ireland. 
Normans  or  Norwegians  occupied  the  Orkneys  before  the  end  of  the 
9th  century :  in  861  they  came  to  the  Fane  Islands,  and  thqr  sent 
colonies  to  Iceland  as  early  as  870.  The  northern  parts  uf  North 
America  were  known  to  these  bold  navigators  four  centuriea  before  the 
time  of  Columbus.  Other  Normans  conquered  N<nTnandy,  Apulia, 
Sicily,  and  the  opposite  coast  of  Africa.  Trom  the  8th  century  the 
Warpgians,  who  came  from  Norway  and  Sweden,  penetrated  into 
RuBsii^  and  founded  the  Norman  dynasty  of  thegrand-duksaoiE  Kiew. 
Some  of  the  first  families  of  the  Busdan  no^fy  are  of  Norman 
ongiiL 

The  Swedes  conquered  the  coast  of  Finland  as  early  as  850,  and 
settied  in  great  numbers  in  the  districts  of  Abo  and  Nyland.  Although 
Finland  ia  fiasAj  inhabited  by  a  nation  of  Finnish  origin,  and  though 
it  has  become  a  Ruaman  province,  the  Swedish  language  ia  tiie  only 
language  used  for  public  acts  and  legal  documents. 

Subm  is  one  of  the  best  authorities  for  the  crituial  hishnr  of  the 
Scandinavians.  He  has  written  in  Danish  on  the  origin  of  the  Scan* 
dinavions,  on  their  mythology,  a  critical  history  of  Denmark,  a 
history  ai  DeonuA,  and  seven^  other  works  concerning  thiR  county.  I 

(Hliller,  in  hla  'Kritischea  Examen  der  Danischen  und  Norwe- 
nsdiMi  Sagengesdiichte/  examines  the  historical  truth  of  the  Sagas ; 
PteringskjoTd,  '  Monumenta  Sueo-Gothica,'  StocUudm,  171<^  foL ; 
Peringskjolt^  '  WUkina  Saga,  sive  Eistoria  Wilkinensiimi/  contains  an 
accoimt  of  the  exj^oita  and  conquests  <tf  the  Scandinsnana  In  Bu^a, 
Italy,  Slc.) 

Table  tjf  the  modem  TaiUmic  Languaga  and  thar  BialeeU. 

J.  HlOH  OSBIUN  LAHOUAOn. 

(The  German  language  aa  it  is  written  or  spoken  by  the  well- 
educated  Germans,  belongs  to  the  Hitdi  German  languages,  but  is  not 

a  dialect) 

A.  Suabian  branch, 
a.  Suabian,  subordinate  branch,  containing  the  dialects  of 


THAMES.  13* 


1,  Buabia,  that  is,  of  the  Black  Forest,  of  the  Nedcar,  aod  of  tli9 

coimtiy  between  the  Danube  and  the  Lech. 

2,  Bavaria,  that  is,  of  the  Alps,  of  Salzburg,  and  of  the  Danube. 

8,  Tyrol,  that  is,  of  Vorarlbetg,  of  the  Inn,  of  the  Etaoh  (Adige),  and 

of  thePuBter-ThaL 
4,  Avttria,  that  is,  of  the  arohducihy  of  Auitria,  of  Styria,  of  Carin- 

thia,  of  Comiola,  of  Southern  Bohemia,  and  of  Moravia. 
b,  Aletaaiuiu,  subordinate  branch. 
Ij  AUnuumic,  conunonly  so  called  in  the  south-west  comer  of  the 

Black  Forest. 

3,  Dialects  of  Switzerluid,  that  is,  of  Bern,  of  the  Obariand  of  Bern, 

of  Wallis,  of  the  counlay  of  the  Qrisons,  and  of  Appeniell,  fto. 
8,  Dialects  of  Elsass  (Alsace),  and  of  Baden. 
A  Oid  TlMriitgian,  subordinate  brandi,  oontainhiK  the  dialects  of  the 
ThUringer  Wold,  of  part  of  tiie  Fiohtedgebiige,  and  of  the 
northern  part  of  the  BShmrawald.  These  dialects  are  generally 
confounded  vrith  those  of  the  adjacent  flat  countries  of  Thii- 
tingia  and  the  Upper  Palatinate,  which  belong  to  the  Franomiian 
bnuDoh. 

B.  JFixmeoniM  branch. 

1,  Dialects  of  F^conia,otthaFltUtinate,  o£  the  KQddla  Rhine,  and 

of  Southern  Hesse. 

2,  Dialecta  of  Thiiringia,  except  the  Thiiringer  Wold,  of  Northern 

Hesse,  and  of  the  Eichsfeld. 
8,  Dialects  of  Lorraine  and  Luxemburg,  which  are  much  mixed  with 
Low  German. 

4,  Dialects  of  Upper  Saxony,  of  Ueissm,  of  the  En^gebirge,  and  of 

Luaatia. 

5,  Dialects  of  Northem  Bohemia,  of  Silesia,  and  of  part  oi  the 

German  ooloniee  in  Hungaty. 

6,  Dialects  of  the  nobles,  the  clergy,  and  the  (dtiuDi  In  Curland, 

LiTonia>  and  Esthonia. 

n.  Sazov  Laitovaqes. 

A.  Frinan  branch,  which  contains  the  dialects  of  West  Frisaland,  of 

Saterland,  of  the  islands  along  the  Dutch  and  the  German  eoast, 
and  of  the  islands  along  the  coast  of  Sleswig. 

B.  Low  German  branch,  divided  into  six  sections,  namely  ; — 

1,  Of  Lotuer  Stxxonj/,  containing  the  dialects  of  Sleawig,  of  Holstun, 

of  Hamburg,  of  Bremen,  of  Brunswick,  of  Huover,  of  Uv 
conntxy  between  the  Han  and  the  Weaer,  and  of  the  Marshes 
with  East  Frista. 

2,  Of  Westphalia,  with  the  dialects  of  Up'per  Miinsterland,  of  Lower 

Hiinsterland,  of  OsnabrUck,  of  the  Upper  Weser,  of  Sauerland, 
of  Mark,  and  of  Eastern  Berg. 
8,  Of  the  Lower  Rhine  between  Neuwied  and  Diisseldorf,  euieoially 
the  dialects  <^  the  Eifel,  of  Cologne,  and  of  Aix-lo-ClupeUe. 

4,  Of  the  Nelhm'iande,  containing  the  Dutch  language,  the  nemish 

language,  and  the  dialects  of  Jiilidi,  of  Cleve,  and  <d  Geldem  in 
Germany. 

5,  The  dialect  of  the  Saxons  in  Trantylvania. 

6,  Of  the  ancient  Wendiih  countries,  colonised  by  the  Saxons,  con- 

taining the  dialects  of  Meoklokburg,  of  Pomerania,  of  Branden- 
burg, of  the  Marks,  and  of  East  Prussia. 

C.  Bnglithonack.  [Saxon  Laitouagb  asd  LnxBATUBB;  EnaLABi), 
in  Gboo.  Div.] 

IIL  SOAXDDTAVIAX  LaXQUAOBS. 

A.  Old  Norman  bunch,  cwtuning  the  dialects  of  the  mountaineen 

of  Norway,  the  loelaadic  language,  and  the  idiom  o<  the  Fena 
Islands. 

B.  Oanitk  branch,  containing  the  Danish  language,  with  the  dialects  of 

theislandsiof  Jutland,  and  of  NwtiiMit  Sleawig^  snd  the  modem 
Norwegisn  langnagSb 

C.  StoetU^  branch,  oontaining  the  Swedish  language  with  the  dialects 

of  Gothland,  of  Daleoarlia,  of  Stockholm  and  the  adjacent 
country,  of  flnland,  and  of  tiie  Aland  Islands. 

(Adelungundyater,'Mithridate8;'  Baibi, 'Atlas Etimogrqdiique;' 
Ober-MUller,  'Atlas  Ethno-g&igraphique  de  I'Europe.') 

TEXTILE  MANUFACTURES.  [Cottok.] 

THAMES,  a  oertsin  jorisdiotion,  though  not  undispntedlr  sxclitsiT^ 
apptmn  to  have  been  imnkonorially  exercised  over  both  the  fisheries 
and  navigation  of  a  laige  portion  <d  the  Thames  by  the  mayor  and 
ootpomtion  of  London.  In  early  times,  when  fisheries  were  probably 
of  miidk  greater  importance  than  they  are  at  present,  the  same  kind  of 
encroachments  upon  them  by  private  individuals  which  were  so  often 
made  the  subject  of  ctHnpladnt  in  other  parts  of  the  kingdom  were  also 
pcBctiaed  in  this  river.  In  1405  an  order  was  issued  from  Sir  John 
Woodcock,  then  lord  mayor,  enjoining  the  destruction  of  wears  and 
nets  from  Staines  to  the  Medway,  in  consequence  of  the  injury  v^tA 
they  did  to  the  fishery  and  their  obstruction  of  the  navi^ition.  By 
4  Hen.  VII.,  c.  15  (1487),  the  mayor  of  London  and  his  succeescn 
were  invested  witii  the  same  authority  as  conservator  of  the  fish  in 
"idl  the  issues,  breaches,  ud  ground  overflown  aa  far  as  the  water 
ebbeth  and  flowath  from  out  of  the  linr  Thames"  m  he  had  within 
the  liver  itMdl  Before  the  river  was  srtifioialhr  embanked  and  the 
adjoining  hmda  drained,  this  extension  was  probably  of  oonaiderable 
importance.  During  the  reign  of  ElizabeUi,  in  1584,  an  order  was  put 
fmth  hy  the  mayor  for  the  purpose  of  setUiiuUie  proper  times  in 
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which  Tftzioui  kinda  of  fish  vere  to  be  taken.  It  probiMted  fiahing  in 
oeruin  parts  of  the  river,  and  forbade  the  taking  of  the  white-bait  or 
"  bloodbaff."  The  right  of  the  corporation,  however,  to  the  conaerva- 
tion  of  we  rirer  about  thia  time  waa  disputed  by  the  lord-high- 
admiral,  tmd  some  litigation  took  place,  in  which  the  corporation  was 
unifonDly  auocewf  uL  James  L  in  the  third  year  of  hia  reign  granted 
a  charter  to  the  dty,  in  which  the  immemorial  rig^t  of  the  city-  to  tiie 
offloaof  bailiff  and  otmservator  of  the  nuunes  is  recited  and  confirmed. 
The  same  rfghW  are  also  confirmed  and  settled  by  variouB  oUier 
chartera  and  acts  of  parliament.  The  result  was  to  rnt  in  the  corpo- 
ration Hm  eonaervation  of  the  river,  the  regulation  of  the  port  and 
harbour  <d  London,  and,  ae  ia  said,  the  acti^  property  in  the  soil  of 
the  river,  aubjecb  only  to  the  jua  regium  of  tne  crown.  The  com- 
menoement  of  tiie  city's  jurisdictiott  was  marked  by  a  atone,  with  an 
apocryphal  date,  called  liondon  Stone,  placed  on  the  north  bank  of  the 
river,  a  short  distance  above  the  present  bridge  of  Staines,  and  ita 
termination  on  the  aouth  shore,  by  the  f  ormerfy  navigable  creek  of 
Yantlet,  separating  the  Me  of  Qrain  from  the  munland  of  Kent,  and 
on  the  nor^  shore  by  the  village  of  Leigh,  in  Eaaex,  placed  directly 
opposite,  and  close  to  the  lower  eztremif^  of  Canrey  Island,  thru 
extmding  a  diatauce  of  eighty  miles,  over  neaily  the  entare  course  of 
that  river  through  the  mebopolitan  valley. 

After  much  litigation  between  the  City  (tf  London  and  the  Crown, 
the  oesnamncy  of  the  river,  which  in'ndveBthe  control  of  the  6aheriea, 
the  regulation  and  control  of  the  watermen  and  of  the .  shipping, 
the  doanaing  of  the  river,  the  removal  of  obstructionB,  erection  of 
stairs,  licensing  mills,  and  other  auch  duties,  has  been  vested,  by  oct  of 
parliament,  in  a  Board  of  Conservancy,  to  whom  the  powers  of  the 
oorpcration  have  been  tmnaferred. 

{QiiBlibBt  OomatnoHejf  of  tie  lUver  S%amet :  Qbaw,  Surve!/ of  Londmt; 
PidUoK  On  tlU  Lam,  Ac.  oftho  Oity  and  Port  of  London.) 

THAMMUZ,  in  Hebrew  ^^ri,  is  the  tenth  month  lA  the  Jewish 

^vil  year,  ooinciding  with  our  June  or  July ;  it  has  twenty-nine 
days,  and  in  the  present  year  (1861),  it  will  b^;tn  on  the  8th  of 
June  and  end  on  the  7th  of  July.  The  name  does  not  occur  in  the 
BiUe,  OS  a  month  at  lewrt;  the  panaga  in  EEeUel  viii  14,  women 
weeping  for  Tammus,"  having  no  known  connection  with  Uie  month. 
Beniey,  who  hu  a  abort  disentation  on  the  name  in  his  '  Uonatona' 
men,'  p.  164,  seq.,  denies  the  identity  of  Thammus  and  Adonis,  first 
advanced  by  St.  Jerome  in  hia  commentary  on  Esekiel.  In  the  copies 
of  the  calenidar  of  Heliopolis  the  name  ia  written  9afuCa,  9aftfMv(,  and 
Sofu^  A  fast  ia  kept  on  Uie  17th  day  of  Thammuz,  in  memory  H  the 
captureof  Jerusalem  by  Titos,  aocoidlng  to  most  authorities,  thoogji 
some  say  it  was  institnted  to  commemorate  the  breaking  of  the  l^blos 
of  the  Law  by  Hoses,  Exod.  zxzil  10.  In  some  calendars  a  feaat  is 
mentioned  on  the  14Ui  day,  to  celebrate  the  destruction  of  a  pernicious 
book  tending  to  discredit  the  ti^tiona  of  the  Babbins.  In  the  Syrian 
calendar  now  in  use,  Thamuz  is  the  fourth  month,  aa  It  mui  among 
the  Hebrews  when  the  year  began  with  NisaiL 

TUANE,  in  An^o-Saxon  thegu,  from  A^ian,  or  thtnian,  "to 
mm"  the  same  wora  with  the  modem  Qermen  dimat,  is  frequently,  in 
conformity  with  this  origin,  translated  minuter  in  the  Latin  charters 
of  the  Anglo-Saxon  period.  In  other  cases  its  equivalent  is  mila,  or 
Jideti*  miles.  So  king  Alfred,  in  his  translation  of  Bede's  'Sccle- 
aiostical  History,'  Tenders  the  king's  minister,  the  king's  thane,  and 
uses  thane  wherever  Bede  has  mila.  The  exact  meaning  of  the  term 
when  employed  as  a  title  of  honour  is  inrdred  in  considerable 
(^Mcurity :  the  rank  or  dignitv  which  it  denoted  was  poaaibly  not  the 
same  at  diffiarent  timea,  and  were  were  also  Uianee  of  more  than  one 
kind.  After  the  Conquest  thanes  {t/uUni  or  totni)  are  frequenUy 
doased  vrith  barons  (baronea) :  in  the  laws  of  Henry  L,  the  two  words 
are  apparently  used  as  synonymous ;  and  where  the  Saxon  Chronicler 
has  thanee  (tA^^enoa),  the  Latin  onmJists  have  commonly  baroitet.  The 
dass  of  oommon  or  inferior  tluuiee  aeems  to  have  answered  nearly  to 
that  <^  the  harones  mintnes,  or  landed  gentry.  One  of  the  few  things 
that  are  toleiably  certain  with  regard  to  the  rank  of  a  thane  is,  that  it 
implied  the  pceaession  of  a  eertun  amount  of  landed  property.  Such  a 
qualification  indeed  seems  in  cartun  circumstances  to  have  conferred 
Uie  dignity  of  thane.  One  of  the  laws  of  Athelstane  declares  that  if  a 
cewl  (or  commoner)  shall  have  obtained  five  hides  of  land  in  full 
property,  with  a  church,  a  kitchen,  a  bell-house,  a  burg^te  seat  (or 
office  of  magfatrate  in  a  burgh),  and  a  station  in  the  king's  hall  (the 
meaning  of  which  last  expression  is  doubtful),  he  shall  henceforth  be  a 
thane  by  right.  Five  hides  of -land  was  [wobably  the  amount  demanded 
even  for  a  thane  of  the  highest  order ;  (dthough  it  appears  from  Domes- 
day-Book that  thia  was  also  the  quantity  which  mode  the  owner  a 
mUee,  or  liable  to  be  called  out  on  the  king'a  miUtary  service.  Many 
lands  aire  mentimed  in  Domeeday-Book  as  thane-lands  (term  tainonim} ; 
and  ii  is  probable  that  the  dignity,  like  the  oldest  of  the  Nonnan 
barooiet,  was  somstimee  attached  to  &  particular  estate.  Thanes  were 
amon^  the  membsiv  of  the  Saxon  Wituia^mot,  or  parliament.  The 
principal  facta  cotmected  with  this  digmty  in  England  have  been 
collected  by  Hr.  Sharon  Turner,  in  his '  History  of  the  Anglo-Saxons,' 
Sto.,  London,  1S23,  vol  iU. ;  by  Sir  Francis  PalgiKve,  in  his  '  Rise  and 
ProgrMs  of  the  Biiglish  Commonwealth,*  4ta,  1882,  and  Mr.  J.  U. 
Kemble  in  his '  Saxons  in  S^lsnd,'  1849, 

There  is  Uttte  moition  ol  the  thanes  in  '^g'*"^  after  fbe  time  of 


Henry  II. ;  but  Lord  Hailes  has  ahown  ('  Annala,'  i.  28)  that  in  Scot- 
land tliane  waaa  recognised  title  down  to  the  end  of  the  15th  century  : 
the  '  Chartulary  of  Moray'  mentions  a  thane  of  Cawdor  in  1492.  It' 
appeara  from  tiie  first  to  have  implied  in  Scotlaad  a  higher  dignity 
than  in  England,  and  to  have  been  for  the  most  synonymous  with  earl, 
which  was  a  title  generally  annexed  to  the  territory  of  a  whole 
ooun^. 

THAW  is  the  reduction  of  Ice  or  snow  to  a  liquid  itate  in  conse- 
quence of  an  increoae  in  temperature.  In  the  ordinary  succession  of 
tne  seasons,  this  efiect  ia  produced  on  the  surfoce  of  the  earth  or  in 
the  atmosphere  during  the  spring  by  the  return  of  the  sun  to  the 
hemisphere  of  the  observer,  the  solar  rays  then  falling  in  greater 
abundance  than  before  on  a  gtven  extent  of  ground ;  or  it  ia  produced 
by  aooidehtol  currents  of  worm  air  which  pass  over  a  frozen  mass. 
Tho  dissolution  of  particlM  of  ice  or  snow  floating  in  tiie  atmosphere, 
and  the  universal  bberation  of  moisture  previously  froaen  up,  are  the 
causes  of  the  humidity  which  accompanies  a  thaw. 

As  the  conversion  of  a  liquid  into  ice  always  commenoea  at  the 
Burboe  of  the  former,  and  about  the  sides  of  the  vessel  contuning  it, 
or  about  those  of  a  solid  body  immersed  in  it,  so  in  ioe  surrounded  by 
air  which  has  acquired  a  higher  temperature  than  the  ice  has,  the  pro- 
cess of  liquefaction  commences  at  the  ^des  and  extends  gradtutlly  from 
thence  inwards ;  ice  being  a  bad  conductor  of  heat,  the  centnl  parts  of 
it,  under  ordinary  circumstoncea,  are  the  last  which  ore  diasolved. 
It  is  observed  that  when  solid  bodies,  whose  temperatures  are 
equal  to  one  another  and  higher  than  that  of  ice,  are  applied  to 
the  latter,  the  ice  is  dissolved  most  rapidly  by  those  which  have  the 
greatest  power  of  conduoting  caloric :  thus  a  piece  of  ice  being 
laid  on  a  plate  of  polished  metal,  and  a  piece  of  equal  magnitude 
on  wood,  the  ice  on  the  metal  will  be  dissolved  before  that  which 
ia  laid  on  the  wood,  not  only  when  the  temperature  of  the  metal 
and  wood  are  equal,  but  even  when  the  temperature  of  the  wood 
considerably  exceeds  Ut&t  of  tilie  metal,  the  latter  conveying  more 
abundantly  to  the  ice  the  c^oric  which  it  is  continually  receiving  &om 
the  atmosphere. 

A  severe  and  long-continued  frost  abetrocta  so  much  caloric  from 
terrestrial  bodies,  aa  the  walls  of  buildings  whidi  are  notexpoaed  to 
the  son,  that  these  are  often  cooled  below  the  temperature  of  ireezing 

water ;  and  while  in  thia  state,  if  a  cmrent  of  worm  ur  pass  over  their 
surfaces,  the  aqueous  vapour  whidi  the  air  contains  deposits  itself  on 
the  walls,  where  it  is  converted  into  ice  or  snow :  it  remains  thus 
frozen  for  a  time  after  a  tiiaw  has  commenced,  but  at  length,  the 
temperature  increasing,  the  ice  is  melted  and  the  walls  are  then  covered 
with  moisture. 

It  is  often  renuoiod  lhat,  at  the  time  of  a  thaw  taking  place,  there 
is  felt  a  d^ree  of  coldness  greater  than  that  which  is  experienoed 
during  the  continuance  <^  the  froet ;  this  has  sometimes  been  ascribed 
merely  to  the  evaporation  of  the  moisture  which  is  then  on  the  akin, 
as  the  thermometer  at  the  same  time  indicates  an  elevation  of  tempe- 
rature in  the  atmos^iere.  But  the  evaporative  power  of  the  i^in 
must  depend  both  upon  the  temperature  ot  the  air  and  the  amount  of 
aqueous  vapour  which  it  already  oontidna,  and  in  part  also  on  t^e  local 
heat  of  the  human  body.  The  sensation  alluded  to  ansee,in  all  probability, 
from  the  continual  conversion  of  tiie  sensible  heat  of  the  atmosphere 
and  the  surface  of  the  earth  and  bodies  resting  upon  it,  into  a  latent 
form  during  the  proceas  of  tiiawing,  the  latent  heat  of  water  being 
greater  thaii  that  of  any  other  aubetance.  Dr.  Fwoday  has  shown 
tiiat  the  ooaTanitni  ui  a  oobic  yard  of  ioe  nmply  into  water  at  82°,  or 
ioe-oold,  would  tintarb  or  render  latent  the  wnole  heat  emitted  during 
the  combustion  of  a  bushel  of  ooaL  [Hail;  Icb;  Water.]  The 
amount  of  heat  t^us  required  in  the  liquebction  of  ice  renders  a  thaw 
so  gradual  This  is  on  important  provision  of  nature ;  but  for  it,  "  the 
ice  that  had  accumulated  during  a  long  winter  would  at  tiie  first  breeze 
from  the  south  be  inatontiy  converted  into  water,  and  sweep  before  it, 
not  mere^  tiie  habitations  of  man  and  their  traaats,  bat  teeea,  rocks,  « 
and  hiUs: "  every  thaw,  In  foot,  would  oooaoion  a  frightful  inundation. 
Conversely,  frost  is  rendered  gradual  by  the  evolution  of  the  latent 
heat  of  water  in  a  sensible  form. 

For  a  remarkaUe  case  of  slow  thawing,  and  illustration  of  the  prin- 
ciple on  which  the  gradual  nature  of  that  procesa  depends,  we  may 
refer  to  some  expuiments  made  by  Dr.  Faraday  for  tiie  investigation 
of  a  difiermt  eobjeot,  that  of  regewiion.  He  prepared  a  bath  of  water, 
which  ooold  be  retained,  by  appropriateoontrivancee,  at  the  unchanging 
temperature  of  32'  Fahr.,  or  the  meltin^-p^t  of  ice,  for  a  week  or 
more ;  but  a  small  piece  of  ice  floating  in  it  for  that  time  was  not 
entirely  melted  away.  Tet  the  temperature  was  adequate  to  the 
liquefaction  of  ice,  for  a  very  slow  thawing  process  was  really  going  on 
in  the  bath  during  the  whole  time,  as  waa  rendered  evident  by  tiie 
state  of  thia  very  piece  of  ioe ;  but  the  glaas  jar  containing  the  water 
being  surrounded  by  a  aystem  of  had  conductors  of  heat,  including  dry 
flannel  and  broken  ice,  tiie  heat  of  the  atmoephere  and  exterior  sur- 
rounding bodies  could  only  veiy  slowly  penetrate  to  the  ice  in  the  batii, 
and  there  supply  1^  heat  required  to  become  latent  in  the  process  of 
thawing  it,  and  hence  the  rate  of  thawing  was  bo  slow  as  not  to  dissolve 
a  cubic  inch  of  ice  in  six  or  seven  days.  (See '  Proo,  of  Royal  Socitfty' 
for  April  26, 1860,  voL  x.,pp.  442,  449.) 

A  phenomenon  observed  ai  In^ruck,  in  the  Tyrol,  which  has  been 
referred  to  the  contrary  operation  of  local  winds,  nrQbaUy  admits  of 
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explanation  upon  the  principle  of  the  absorption  or  rendering  latent  o' 
heat  in  the  thawing  process.  At  that  place  the  snow  is  often  seen 
melting  on  the  mount^ns  abore  the  town,  at  an  elevation  of  8000  feet, 
while  it  continues  very  oold  and  tiiere  is  not  the  least  sign  of  thaw  in 
the  valle;  of  the  river  Inn  below.  It  is  then  popularly  said  that  the 
south  wind  ia  driving  cold  into  the  valley ;  and  this  saying  seems 
to  involve  the  truth.  The  air  above  will  be  greatly  cooled  down  by 
tiie  abstraction  of  its  heat  in  the  melting  of  the  snow,  and,  thus 
becoming  heavier,  will  descend  in  the  atmosphere  and  maintain  tot  a 
time  the  low  temperature  in  the  valley  below. 

The  overflowing  of  riven  by  the  dissolution  of  the  snow  and  ioe  on 
ihe  mountains  above  their  Bourcea  is  well  known  [BnnBBB,  ooL  110]( 
and  to  the  liquefaction  of  the  ice  fonned  by  the  prerioue  congelation 
of  water  which  has  Introduced  itself  into  the  fissures  of  rooks  is  to 
be  ascribed  the  occasional  severanoe  of  large  maaeea  from  the  sides  of 
mountuns ;  the  expansion  of  the  water  in  freeeing  having  dertroyed 
the  cohesion,  so  that  the  parts  are  only  held  together  by  the  ioe,  and 
on  the  liquefaction  of  this  the  disunion  is  complete. 

Two  pieces  of  thawing  ioe,  if  brought  into  contact,  adhere  and 
become  one;  at  a  place  where  liquefitction  was  proceeding,  congelation 
Btiddenly  occurs.  Tlus  is  the  ^enomenon  and  process  of  r^elaHon, 
already  treated  of  in  the  article  Ici.  The  ri<nr  of  the  thawing  or 
melting  of  ice  taken  by  M.  Person,  that  it  is  a  gradual  process, 
resem^ing  that  of  was  and  metals,  and  not  really  a  sudden  one,  and 
its  adoption  by  Professor  James  Forbes,  as  well  as  the  objections  to 
it  urged  by  IVofessor  James  Thomson,  have  been  noticed  in  the 
uiicle  Ice.  Person's  ori^nal  paper,  '  On  the  Latent  Hoat  of 
Fusion  of  Ioe/  will  be  fouud  in  Uie '  Comptes  Rendus '  of  the  Royal 
Academy  of  Sciences  of  Paris,  for  April  29,  1860,  vol.  zxz.,  p.  626. 
The  evidence  he  adduces  of  the  supposed  viscosity  of  ice. 
Intermediate  between  the  states  of  rigid  solidity  and  perfect  Suidity, 
consists  solely  of  an  amount  of  latent  heat  which  a  high  authority 
agrees  with  as  in  considering  to  be  much  within  the  probable  errors  of 
the  delicate  experiments  required.  The  application  made  by  Professor 
Tyndall  of  the  principle  of  r^;eIation,  renders  the  plasticity  of  ioe  in 
the  mass  quite  intelligible,  without  the  necessity  of  attributing  a 
viscous  property  to  that  substnnce,  the  existence  of  which  is  negatived 
by  all  the  other  properties  which  it  possesses. 

Although  the  terms  thawing  and  freezing  were  originally  applied 
only  to  the  solidification  aud  re-liquebctioii  of  water,  1^  Toriatious  of 
temperature,  and  derivatively  to  those  of  other  fluids  in  ordinary  use, 
their  sense  haa  become  extended  in  the  progress  of  that  more  preciae 
knowledge  of  natural  things  which  is  called  soioioe,  to  denote  also, 
generally,  the  solidification  and  re-liquefaction  of  liquids  not  commonly 
observed  In  the  solid  condition.  We  speak,  for  example,  of  the  freezing 
and  thawing  of  mercury;  aud  not  only  so,  but  the  terms  thawing  and 
freezing  are  sometimes  used  to  express  the  drcumstanoes  of  the 
melting  and  re-solidifioation  of  bodies  which  are  ordinarily  solid — ■ 
solid,  that  is,  at  cconmon  temperatures,  an  expression  whiohf  ss  ususlly 
employed,  indudee  a  oonsfderable  thermometrio  range  from  above  the 
freezing  to  below  the  boiling  point  of  water,  and  Is  even  extended, 
though  indefinitely,  somewhat  below  the  former  and  considerably 
labove  the  latter,  though  not  to  a  red  heat,  or  a  temperature  at  which 
bight  is  evolved.  I'hus  these  terms  have  been  applied  to  ihe  melting 
and  crystallisation  of  glass.  In  liks  nunner,  the  term  fusitHi,  originally 
employed  with  reference  to  the  liquefaetum  of  bodies  which  sre  solid 
at  common  or  much  tugher  temperatures,  has  come  to  be  aiq>lied,  as 
equivalent  to  that  of  thawing,  to  the  melting  after  solidification  of 
■ubstances  which  are  ordinarily  liquid.  In  this  manner  we  speak  of 
the  fusion  of  ice,  as  well  as  that  of  wax  or  of  copper;  and  Dr. 
Faraday  has  describod,  in  the  paper  referred  to  above,  an  experi- 
ment in  which  layers  of  ioe  are  produced  "of  greater  and  less 
fuBibility." 

TTTWAt   PTea  3 

TUBATINS,  or  TEATINS,  an  order  of  monks  founded  at  Rome 
in  \524,  principally  by  Qianpietro  Cara&,  who  was  then  archblshiw  of 
Chieti,  in  Naples,  the  Latm  name  of  which  is  Teste,  and  who  after- 
,wards  became  pope  under  the  title  of  Paul  IV,  The  institution  was 
confirmed  at  the  time  of  its  foundation  by  the  reigning  pope,  Clement 
VII. ;  and  a  final  rule,  or  code  of  regulations,  drawn  up  by  a  general 
^apter  of  the  order,  was  authorised  by  Clement  VIIL  In  1604.  The 
Theatins  were  principally  established  in  Italy  and  in  France,  into 
which  latter  country  they  were  brought  in  1644,  and  where  they  sub- 
sisted till  the  Kevolutioa  of  1789.  Their  dress  was  a  black  cloak  aud 
casBock  with  white  sleeves;  and  the  jnincipal  peculiarity  of  their 
institution  was  that  thejr  afiiBcted  to  subsist  not  only  upon  alms,  but 
upon  alms  bestowed  upon  them  without  b^ng  asked  tor.  They  pro- 
cured, however,  oonmaBrable  support  in  this  way,  and  thcw  were  at 
one  time  enabled  to  maintain  misdons  in  Qeorgia,  Circassia,  Mingrdii^ 
and  other  ports  of  Asia.  Their  history  has  hem  written  by  John 
Baptist  Tuffine,  under  the  title  of  '  Annalee  Theatinorum.'  There  were 
also  Theatin  nuns  (in  French,  Theatinea),  so  called  from  having  been 
placed  by  Pope  Gregorv  XV.  under  the  direction  of  the  Theatin 
monks,  theur  original  and  -proptr  deugnrtion  having  been  Sisters  of  the 
Imnuunilate  Cooeeption.  A  notice  (Ja  controwsy  between  tiie  Thea- 
tJns  and  the  Jesuits,  which  was  ixpA  up  for  a  great  pert  of  the  17tk 
century,  is  given  Bt^K  In  *  note  to  his  artide  on  *Ignatius 
Loyola.' 


THEATRE  (from  the  Latin  theAtnm,  which  is  from  the  QnA 
Mrpov. '  a  place  for  seeing '),  a  word  adopted  in  all  modeni  luiguages 
to  signify  a  building  sppropriated  to  dramatic  representations.  The 
oldest  edifices  of  tiiis  (Wtss  are  those  of  the  Greeks  and  Romans,  for  it 
was  with  them  that  the  European  diama  originated,  sndj  in  p^nt  of 
magnitude,  the  Greek  and  Roman  theatres  surpassed  the  most  vadous 
of  their  tamples.  ^e  enormous  extent  of  many  of  tiie  ancient 
theatres,  snd  ths  prodi^ous  solidity  of  their  construction,  are  attested 
by  the  numerous  remuns  of  such  edifioee,  which  have  been  explored 
not  only  in  Greece  and  Italy,  but  also  in  Asia  Minor.  Of  some  of 
them  indeed  little  can  now  be  traced,  but  others  are  suffloiently  perfect 
to  convey  a  clear  idea  of  the  arrangement  and  general  appearance  of 
the  structure  in  its  arif^nal  state ;  that  is,  however,  merely  ss  regards 
the  space  ^mropriated  to  the  spectaton,  for  scarcely  snytldng  remsini 
to  explun  what  is  most  difficult,  and,  as  regards  tiie  dramatic  exhiUtions, 
most  important  of  all  to  understand,  namely,  the  stage  itself,  including 
under  that  term  the  whole  space  requisite  for  the  accommodation  of 
Uie  performers,  and  tar  the  preparation  of  the  exhibition  before  the 
audienofc  Oiring  to  the  want  «  any  evidence  of  the  khtd  aSbrded 
by  the  buildings  themselves,  and  to  the  very  little  that  can  Dow  be 
gathered  from  the  scanty  notices  of  ancient  writers,  we  have  no  oertain 
knowledge  of  many  things  which  now  can  only  be  oonjectured.  The 
character  of  the  performance  has  been  spoken  of  under  Dbajca. 

The  olrcumstances  tiiat  are  mentioned  for  our  admiration,  and  as 
proob  of  the  magnificence  and  sumptuousnsM  of  some  of  the  ancient 
theatres,  prove  how  deficient  in  aoenio  illusion  sod  stage  efieefe  the 
performanoee  must  have  been.  Whether  it  be  at  sill  exaggerated  or 
not,  it  is  evident  from  what  Pliny  ('  Nat  Hist,'  xzxvL,  o.  16)  says  of 
the  theatre  of  Scaurus,  at  Rome,  that  the  soeno  was  a  mere  arthiteo- 
tund  facade,  unmeaning  in  itself,  thou^  lavishly  embellished  vrith 
marble  colunms  and  statues — witit  no  fewer  than  860  of  the  former, 
arranged  in  three  tiers,  and  3000  of  the  latter,  a  most  incredible  num- 
ber, surpassing  that  of  a  modem  audience.  Pliny  puzzles  us  still 
more  when  he  says  that  the  middle  of  the  soena  (meaning  the  second 
of  the  three  orders)  was  of  glass,  "vitro."  The  aotors  it  is  evident 
must  have  i^peared  mere  pigmies  upon  a  stage  of  such  enormous 
extent,  with  a  number  of  statues  behind  them.  This  must  always 
have  been  in  some  degree  the  case,  since  even  in  moderate-sised 
ancient  theatres  the  sbtge  was  enormously  wide  in  oompaiison  with 
what  it  is  in  the  very  largest  modem  theatres.  The  scena  too  was 
always  a  permanent  arohitectural  erection,  incapable  of  change.  It 
has  been  supposed  tliat,  beddea  the  penoanent  scena,  the  ancients 
emidtnred,  oocssioQally  lA  least,  moveable  painted  scenes,  capable  of 
being  let  down  before  ik  Tet  while  this  can  be  only  vagudy  inferred, 
tiie  presumption  against  it  is  founded  both  on  its  impracticability  and 
its  extreme  improwbility.  If  they  even  did,  ns  some  suppose,  in^tise 
scene-painting,  it  is  scarcely  conceivable  that  they  should  have  had 
i»int«l  movaahle  scenes  on  canvas,  which  on  the  average  most  have 
been  300  feet  in  width,  aiqiedal|y  where  the  stage  itself  was  so  shallow 
and  confined  at  its  sides,  and  without  any  space  for  ^iparatus  or 
machinery  over  it.  Vitruvius  does  indeed  mention,  in  the  proem  to 
his  seventh  book,  Agatharchus  as  a  loene-painter,  and  Bemooritua  and 
Anaxagotas  as  writers  on  soenography  ana  perspective ;  but  it  is  with 
such  vagueness  of  expreedon,  that  it  is  difficult  to  draw  any  oonduaion 
from  his  words.  Of  the  former  he  merely  says  "  soenam  fedt,"  which 
probab^  means  no  more  than  th^  he  was  one  of  the  flnt  who  inbxt- 
duoed  some  sort  of  decoration  on  the  scena,  or  bade  wall  of  the  stage, 
where,  if  there  vras  at  any  time  painting  at  all,  it  could  only  hare  been 
very  partial,  and  as  aooessoiy  embellishment  to  that  general  fa^Sh 
The  fixed  arrangement  of  the  scena  itself,  with  three  distinct  entiancea 
assigned  to  the  performers  aooording  to  their  rank  in  the  piece,  the 
centre  one  being  for  the  prindpd  characters,  the  othen  for  tiiose  sup- 
posed to  arrive  on  one  dde  from  the  por^  on  the  other  from  the 
oountry,  was  not  only  an  awkward  oonvantionaliam  in  itodf,  but  an 
expedimt  which  shows  how  imperfect  the  ancient  stsge  must  have 
been,  notwiUistanding  its  alleged  magnificenob  What  there  was  of 
punted  scenery  at  all  was  probably  confined  to  two  Vermra  {wtpixroi) 
at  the  ddes  or  ends  of  the  stage,  which  served  as  "  wings,"  and  which 
were  upright  triangular  frames  made  to  revolve  upon  a  central  pivot, 
so  that  any  of  the  three  ddes  could  bs  tamed  towudstiisaudisnoe;  a 
very  scanty  change  of  soenery  at  the  best,  and  only  luffloient  to  himt 
where  the  action  was  supposed  to  take  plac& 

From  the  use  of  the  term  Aviaa  it  has  been  generally  oonduded 
that  the  whole  stage  was  conceded  by  a  curtain,  both  previous  to  the 
oommenoement  of  the  performance  and  whenever  it  was  requiute  to 
make  any  change  in  the  decorations.  But  we  agree  with  Winokd- 
marm,  that  sodi  oould  tuA  paadUy  have  been  the  caas,  beoauae  in  the 
Gist  place  it  oould  hardly  have  been  praotioable,  and  in  the  next  it  waa 
unnecessary  as  regarded  the  permanent  aeena  or  ardiiteotunl'&fade. 
But  even  admitting  that  there  waa  pdnted  scenery,  and  that  it  was  not 
inferior  to  that  of  our  own  theatres,  dther  in  regard  to  truth  of  per- 
spective or  to  anything  else,  it  still  must  have  fallen  far  short  of  the 
latto'  in  effect,  it  tmly  for  the  reason  that  the  performances  took  place 
by  daylight  At  the  best  the  illudon  oould  have  been  but  axoeediqdy 
imperfect — a  strange  mixture  oi  the  artificial  with  the  red.  The 
naturd  lights  and  shadows  and  the  painted  ones  must  frequently  luve 
been  in  contradiction  to  each  otha ;  nor  was  it  posdUe  to  nuaantct  uiy 
effects  of  h^t,  as  in  our  theatres,  by  dther  inoreaslng  or  diminishing 
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it,  or  br  ooDoentmting  it  on  any  pttrttoular  pai^of  ths  BCenetx,  The 
only  thing  in  &TOur  of  tha  ■ocwnt  atage  in  thit  mpecfc,  is  thit  then 
were  no  "  foot-lights,"  ami  'consequeotly  the  faces  of  the  performers 
were  not  lifted  from  beoeath.  Yet  even  this  comparatirely  unim- 
portant advantage  was  nullified  by  the  use  of  maski,  some  them  ao 
extravagant  aa  to  bear  scarcely  any  resemblance  to  the  human  counte- 
nance, whilst  in  all  a  fixed  expression  of  countenanoe  was  substituted 
for  what  ooukt  properly  be  only  a  momenlaiy  one.  This  ms  however 
of  tiie  less  oonaequence,  because,  owing  to  the  vast  extent  of  the 
theatres,  the  faces  of  the  actors  could  hardly  have  been  distinctly 
seen,  or  erva  seen  at  all  by  tiie  great  majoril^  of  the  ^ectators.  The 
whole  spaas  was  so  great,  Utat  in  regard  to  it  the  actors  could  have 
been  little  more  thaa  as  the  figures  put  by  a  painter  into  a  landscape. 
On  considering  the  audienos  part,  and  the  aocommodation  provided 
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for  the  spectators,  alUiouf^  there  the  arrangehieat  of  an  ancient  theatre 
was  nearly  perfect,  and  in  some  respects  preferable  to  that  of  modem 
ones,  it  was  not  free  from  many  inoonveoiences.  The  most  obvious 
one  is,  that  M  there  yna  no  roof,  there  was  no  shelter  from  the  weather, 
on  wbioh  account  awnings  were  sometimes  msde  use  of  to  screen  from 
ths  heat  of  the  sim,  while  in  ease  of  sudden  and  heavy  rain  the  spee- 
taton  were  obliged  to  ta3ta  shelter  in  the  corridors  behhid  and  beneath 
the  setts,  where  thsre  wsre  at^,  ftiui  in  Uie  poticos  at  UubaokoEthe 
theatre.  Baridea  interruption  to  the  perfomuuioe,  this  must  hava 
occasioned  ooOsidaable  confusion  in  so  nomsrous  an  assemUage  of 
persons.  Beautiful  too  as  the  amooement  of  all  the  seats  in  con- 
eentno  rows  Is  in  itaelf,  it  is  attended  wiib  some  diaadvantage,  as  will 
be  perceived  on  referring  to  the  annexed  [dons,  for  instead  of  being 
fmotdf  M  in  tbe  pit  of  •  modem  tbeatre,  parallel  to  and  immediately 
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facing  the  stage,  a  ooniddaraUe  portion  of  the  aodisnce  must  hare  lafc 

sideways  to  it,  with  part  of  it  behind  Uiem ;  and  those  at  the  ends  of 
the  further  or  upper  benches  could  hardly  have  had  any  visw  of  tiie 
aceca  at  all,  at  least  not  in  the  Qreek  the^re. 

The  Qreek  and  Roman  theatres  so  very  nearly  resemble  each  other 
in  their  general  form  uid  principal  parts,  that  it  is  only  by  oompaiing 
the  plaos,  for  the  purpose  of  seeing  whenin  tiuQr  vaiy,  that  the  diffir- 
ence  between  them  can  be  clearly  understood.  Such  di&rence  however 
is  exceedingly  slight,  the  general  arrangement  and  the  essmtial  parts 
being  the  same  in  both, — the  Coelam  (KoiAov),  Orchettra  {'Opxfy^P'^)i 
and  Seena  (Sin)>i^)  in  the  one,  and  the  Cavea,  Orchetlra,  and  Sctxa  in 
tbe  other.  The  cavea  was  the  general  term  for  the  whole  of  the  space 
apixopijated  to  tlxe  seats  of  the  spectators,  whiuh  were  all  ooncenbio 
with  the  orcheetia,  and  which  were  intersected,  in  one  direction,  by 
aseenta  or  flights  of  steps  (tAlinoKts)  dividing  the  seats  into  so  muiy 
compartments,  termed  KtfnlStt,  or  Cunei,  aad  aerated  into  two  or 
more  "  flints"  or  "  tiers"  by  broader  spaces  or  uading-plaoee,  colled 
AtaQitiara,  or  Pracinetiones.  The  number  of  the  lOdftoKft,  or  ascents, 
and  that  of  the  Aiafiij/mTa,  or  FrsednclionB,  and  also  fhe  breadth  of  the 
latter,  appear  to  have  been  regulated  entirely  according  to  the  extent 
of  the  theatre  and  other  circumstances,  m  general  there  seems  to 
have  been  onj^  one  Pneciodaon  between  the  seats,  dividing  than  into 
two  "  flights,  not  however  so  as  to  ^ve  an  equal  number  of  rows  of 
seats  to  each.  In  the  theatre  near  Epidaurus,  for  instance,  thne  were 
bi  rows  of  seats,  divided  by  a  single  Pnccioction,  and  34  of  tbem 
formed  the  fint  or  lowest  tier  nearest  the  orchestra;  while  in  tliat  at 
Syr<icuse  thwe  were  d2  rows,  with  only  a  ^n^e  Precinction  between 
them,  and  41  were  given  to  the  woona  or  upper  flight,  furthest  from 
the  orchestra.  In  the  theatre  at  Dramyssus,  again,  there  were  two 
Pnecinctiona,  dividing  the  entire  number  of  rows,  54,  into  18, 16,  uid 
20  respectively,  reckoning  from  the  orchestra.  As  regards  tixe  distinct 
"  flights,"  or  sales  of  seata,  there  were  two  modes  of  disposing  them : 
tbe  more  nsnal  one  was  to  break  into  separate  slopes,  retiring  from 
each  other,  like  the  "flights"  in  an  ascent  of  steps;  the  other  was  to 
place  them  fn  a  conMnued  ilope  from  the  lowest  to  the  highest  seats, 
wherebv  at  ea^  pnecinction  the  next  "  flight "  was  considerably 
elevated  above  the  level  of  that  landing,  being  r^sed  upon  a  podium 
or  wall,  which  showed  itself  between  the  lower  and  upper  "  flight." 
Besides  the  mectoctions  between  the  seats,  there  was  anoUier  surround- 
ing the  wfaode  eedKm,  or  auditory  of  the  theatre,  forming  either  an 
upper  uncovered  terrace  as  a  standing-place  for  spectators,  or  a  covered 
gallery  wIUi  columns,  as  is  shown  in  the  plan  of  the  Roman  tiieatre, 
where  sudi  portico  was  assigned  to  fenules. 

Between  the  Qrecian  and  Roman  orchestra  there  was  a  Teiy  wide 
dilEncsioe  as  reguda  the  puipcm  to  lAich  that  space  was  appiwpriatefl^ 
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In  the  Roman  Uieatra  it  was  marely  a  continuation  of  the  rest  of  the 
auditory,  being  occupied  with  seats  and  spectators,  with  no  other 
dififerenoe  than  that  the  spectators  were  smators  and  other  persons  of 
dignify,  and  that  benches  or  chairs  must  have  been  ranged  parallel  to 
the  tt^^g|b.  The  Greek  oroheatra,  on  the  contrary,  was,  as  its  name 
imports,  made  use  of  for  ths  danoen,  musicians,  and  singers,  whose 
pofoniuuices  onutttnted  so  important  a  part  of  the  entertainment; 
and  so  far  nothing  could  have  been  better  planned  than  the  Qreek 
theatre,  for  the  on^estra  was  visible  from  every  part,  whereas  the 
Bcena  could  not  have  been  diatdnotly  seen,  or  hardly  seen  at  all  by 
thoae  on  the  upper  seats  at  either  extremity  of  the  coelum.  By 
refeniog  to  the  plana  it  will  be  seen  that  wliile  the  Roman  orchestra 
does  not  exceed  half  a  circle,  the  Qreek  forms  three-fifths  of  one,  or  an 
arc  216  dagiees,  its  proportions  and  the  depth  of  the  itsge  being 
aaoertained  by  marely  inscribing  a  square  within  a  drde,  taking  one 
side  of  that  square  as  the  boundaiy  of  the  stage,  and  drawing  parallel 
to  it  a  tangent  to  the  circle,  which  tangent  coincides  with  the  scena  or 
back  of  the  stage.  Such  plan  therefore  is  simple  mough,  c<Hnplex  as 
it  may  ^pear  in  the  cut,  where  two  other  squares  are  alw  drawn 
within  the  circle,  sod  the  points  of  the  three  squares  determine  how 
for  the  seats  extend,  and  toe  wtui^<m  of  the  steps  {Mhliuaur)  betweoi 
tbe  seats, — a  fanciful  opwation,  noUnng  more  being  required  after  the 
first  one  than  to  divide  the  arc  or  curved  portion  of  the  orchestra  into 
as  many  equal  parts  as  would  be  requisite  according  to  the  number  of 
ascents.  In  fact  this  last  appears  to  have  been  the  mode  practised,  fw 
there  are  as  many  examples  which  differ  from  as  agree  w^  that  esta- 
blished by  YitruviuB  for  the  Greek  flieatre.  According  to  ^lat,  the 
divisitws,  the  number  of  cunei  and  steps  between  them,  would  be 
uniformly  the  same,  namely,  seven  of  the  former,  and  eight  of  the 
latter,  including  those  next  the  stage,  as  shown  in  the  cut.  This  how- 
ever is  so  for  &om  being  the  case,  that  very  material  difi'wences  occur 
in  that  respects  At  Epidaurus,  for  instance,  there  are  ten  cunei  in  the 
lower  tier,  and  eleven  ascents,  consequently  an  even  number  ot  the 
former  and  an  odd  one  of  tha  latter.  At  Dramyssus  a{^  there  are 
nine  cunei  and  ten  ascents;  and  at  Syracuse  and  Tauromenium  tixo 
same.  The  Roman  ordiestra  and  eoena  were  also  defined  by  a  circle, 
witliin  which  was  inscribed  an  equilateral  triangle,  one  of  whose  sides 
D  D  formed  the  sceno,  while  the  diameter  h  h  of  the  circle,  parallel  to 
the 'scena,  formed  the  boundaiy  between  the  pulpitum  or  stage  and 
the  orchestra,  the  last  being  uways  a  perfect  semicirole.  The  other 
three  trian^es  are  merely  for  the  purpose  of  determining  the  points 
where  the  scalie,  or  steps  between  the  cunei,  are  to  be,  for  which 
noUiing  more  is  requisite  than  to  divide  the  semicircle  of  the  orchestra 
into  as  many  equal  parts  as  thoe  are  to  be  cun^,  whether  the  number 
be  uxor  any  other;  and  the  diameter  of  the  cffdwstraBH  being  given* 
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the  distaoee  of  the  acena  from  it  would  be  aacertained  by  making  it 
equal  to  ooe-fourth  of  that  line.  After  all,  as  has  beoi  remarked  by 
Wetter  in  his  work  on  theatres,  then  is  something  mcve  whimsical 
than  rational  in  sdeh  ao  airangMoent.  In  addition  to  the  dindnn- 
tagea  already  pointed  ont,  as  regards  the  want  of  moveable  scenery,  it 
was  no  alight  inconvenience  that  the  at^  coold  never  be  occasioaidly 
extended  in  depth,  shallow  aa  it  was.  Taking  70  feet  as  the  diameter 
of  the  orchestra  alone,  which  dimensions  are  equal  to  the  whole  of  the 
lai^eat  of  our  modem  theatres,  the  depth  of  the  vtage  in  a  GreeiaB 
theatre  woold  bo  a  little  more  than  10  feet,  or  wm-iownth  of  titat 
diameter;  and  in  a  Roman  one  174  or  jost  one-foorth.  While  so 
confined  a  apace  would  admit  of  very  little  dramatic  action, '  it  would 
Bcarcely  admit  of  any  change  of  acenery.  Tet  ahaUowneaa  of  the  stage 
waa  in  some  measure  matt^  of  necessity,  in  order  that  the  perfonnera 
might  be  aa  near  to  the  front  of  the  stage  aa  posaible,  separated  as  they 
were,  in  the  Grecian  theatre  at  least,  from  the  audience  by  the  inter- 
Tening  orcheatia. 

Strict  aa  were  the  rules  for  ^portioning  the  depth  <A  the  stage  to 
the  aiae  of  the  orchestra,  tiie  relative  eize  of  the  orcheatnt  to  the  emlum 
or  whole  auditory  does  not  appear  to  have  been  subject  to  any  r^i^ula- 
tions :  it  varies  consideraUy  in  dif^rent  tiieatrea,  b^ng  in  some  nearly 
one-half,  in  others  only  one-fifth,  or  even  little  more  than  one-sixth  of 
the  entire  diameter  of  the  interior,  as  in  the  Uieakres  of  Epidaurus  and 
DramyBBiu,  or  Janina. 

When  it  is  aiud  that  the  Oredan  orohegtra  was  oonriderably  larger 
than  the  Roman,  there  is  some  ambiguity  in  the  expression,  for  it 
might  be  inferred  from  it  that  it  was  larger  t^an  the  other  in  propor- 
tion to  the  coelum,  whereaa  the  meaning  is  that  the  orcheb'tia  of  the 
Greeks  formed  a  larger  portion  of  a  circle,  extending  to  220  decrees, 
while  the  Roman  was  oidy  180  degrees,  or  an  exact  aemicircle.  In  the 
Cheek  theatre,  Uieref<»e,  the  orchestra  cuts  into  the  stage,  and  renders 
that  part  termed  Logeion  by  the  Greeks,  and  Pulpitum  by  the  Romans, 
conidderab^  narrower  than  the  extremities,  whereas  in  the  Roman 
theatre  the  stage  was  of  the  same  depth  throug^ioat,  pnlpHum  being  a 
mere  technical  distinction  applied  to  that  portion  corresponding  with 
the  orchoatra,  and  to  which  the  aotOTs  confined  themselves,  in  order 
that  Uiey  mig^t  be  better  seen  and  heard  1^  the  whole  of  the  audience 
than  would  otherwiae  have  been  the  case.  The  andenti  also  hod 
recourse  to  what  aeems  a  atrango  expedient  lor  tnumnitting  tiie  actor's 
voice  to  the  furthest  part  of  we  theatre,  namely,  that  of  placing  in 
cavities  for  the  purpose  beneath  the  seats  hoUow  metal  or  earthen 
vaaea,  termed  Echeia  (4x**")>  that  ie,  "aounding  thing,"  which  aug- 
mented the  Bound.  The  plans  above  given  are  not  drawn  to  any  par- 
ticular scale,  but  supposing  them  to  be  upon  the  same  scal^  and  the) 
diamrter  of  the  ordiestra  in  the  Greek^an  to  be  100  feet)  the  diameter 
of  the  ooelum  or  whole  auditory  will  be  800  feet,  the  width  of  the 
stage  and  scena  180  feet,  and  the  depth  of  the  logeion  only  15  feet, 
"while  in  the  other  the  dimenuona  will  be,  orchestra  100  feet,  auditory 
270  feet,  scena  196  feet,  depth  of  stage  and  pulpitum  25  feet. 

Another  point  of  difference  between  the  Grecian  and  Roman  theatre 
is  that  in  the  former  the  stage  was  consideimbly  elevated  above  the 
orchestra,  12  feet  or  upwards,  ccmsequenthr  there  waa  a  wall  of  that 
height  at  the  back  of  the  orchestn,  to  which  was  gfven  Uie  name  of 
Hyposcenium  (&wofficfi>'ioy),  or  Lower  Scena,  and  which  appean  to  have 
formed  a  sort  of  architectural  basement  to  the  stage,  and  was  adorned 
irith  niches  and  statues. 

Little  more  remains  to  be  aaid  on  the  subject  of  ancient  theatres, 
except  to  remark  that  the  fonn  of  the  orchesfara  also  determined  that 
of  the  exterior  of  the  building;  iriute  the  Bomatt  thsaferfis,  thereftxra, 
did  not  exceed  a  semicircle,  those  of  Qreeos  had  a  greater  carve.  In 
the  Greek  theatres,  however,  the  orchestra  was  not  always  extended 
beyond  a  semicircle  by  the  curve  being  continued,  but  sometimes  by 
strai^t  lines  at  right  angles  to  the  chord  (or  pwallel  to  B  B,  in  the 
plan  of  the  Roman  theatre,  whose  general  form  ts  so  shaped,  tiie  ex- 
ternal semidrde  being  prolonged  by  the  colonnades).  Grecian  theatres 
were  almost  invariably  built  on  the  sloping  nde  of  a  hill,  so  that,  as 
regards  the  ooelum,  it  waa  merely  necessary  to  shape  it  out,  and  erect 
the  seats;  oonaequenUy  there  was  no  other  architectural  exterior  than 
that  formed  by  the  Parascene  (nafiuirit^rTt)  and  colonnade  behind  the 
stage;  for  which  reason  the  d^ree  of  curvature  did  not  manifest 
itaelf.  The  Roman  theatrea,  on  the  contrary,  were  erected  on  level 
ground,  and,  therefore,  the  curved  part  of  the  exterior  waa  confined  to 
a  aemicircle,  a  form  which  unitM  better  with  the  reetUBgnhr  one  and 
its  straight  lines. 

The  theatre  at  Athena  (called  that  of  Dionysus)  waa  by  no  means  so 
i^ious  as  many  others,  its  diameter  being  only  260  feet,  and  that  of 
the  orchestra  72  feet,  which  are  very  moderate  dimensions  in  com- 
parison with  those  of  some  of  the  Aaiatio  theatrea.  The  Odeion 
of  Regilla,  also  at  Athena,  though  similar  in  its  general  plftn  to  the 
usual  theatre,  waa  a  muaic-hall,  and  waa  covered  in  with  a  tent-like 
roof,  with  a  aemicircular  eye  or  opening  lor  light.  Both  struotares 
were  situated  at  no  great  distance  from  each  otiier  on  the  south 
side  of  the  Acropolis;  tiierefore  the  scena  of  the  theatre  had  a  northern 
aq>eot,  and  must  have  been  in  shadow  while  the  performances  took 
plaoe. 

The  following  is  a  liat  of  such  andent  theatres  as  an  known, 
together  with  the  respective  dimeunons  of  tiiur  general  diameter  and 
of  their  mheatra;  vhidi  we  have  bar  the  nuMt  part  taken  upon  the 


authority  of  a  similar  table  given  by  Colonel  Leake,  in  his  '  Toor  in 
Ads  Minor,'  to  which  seTetal  othar  examples  are  here  added. 

DiMm,  OrdMtTBt 

AnemnTinm       ■      .      •      •      •  197  taet. 

Aspendo*      .  .      ■   .  400      X6  tows  of  seats. 

(«eena  loais  aad  CorlBth.) 

Athena,  ThMtre  of  Bacohns .      .      .  3S0  Tl  fbeL 

Odaloa  SO  16 

Cnldoi  400 

Deles  ITS 

Dramytms,  or  Joannhui     .      •      .  440  70 

Ephexu        ......  e«0  M 

Epidanms                                        370  iS 

HereolaiwuBB  180      16  tows  o(  seats. 

BierapolU                                         846  100 

Laodlcea,  Great  Theatre .      ,      .   .  S04  1S6 

LimTTa                                            195  Bot  known. 

lUntlnela  937  not  known. 

HHetns  474  SS4 

Hyia  »0  ISO 

NlcopoUa  [In  Eptrac)  .       .       .       .  SS*  lU 
Orange  (uena  only  ranainiag,  S36  feet 

wide.  114  feet  hi^). 

Patara                                              366  M 

Perga   35  row*  ot  seats. 

PheUtu                                             400  Bcena  ISO 

PolB,  about  200  68 

(dMtroyed  1638,  bat  plan  preserved 
bj  Bcamoui) 

PompeU  100  <S 

PompelopoUs  S19  188 

Borne,  theatre  Hareelltis       .      .   .  617  17S 

Bardes  606  161 

SeUaai  (la  CUIda)  114 

Sicyon  SIS  100 

8fd                                                  800  ISO 

SparU       ......  458  S17 

StraionlMa    ......  390  106 

STraciiH  440 

TannnwDlBni       .....  830     wUUh  oreeena  161 

Tew  S6S  70 

TraUaa                                         640  180 

Of  some  of  these  theatrea  sosrody  anything  remains,  litUe  more 
than  their  general  shape  and  extent  being  now  distinguiahable ; 
accordingly  the  statements  of  their  dimensions  are  not  to  be  atiictiy 
relied  npon,  though  they  are  suffideut  to  enable  us  to  estimate  their 
compotmtive  size. 

Fortnnately  the  andent  theatre  was  not  taken  as  a  model  for  modem 
structures  of  the  kind.  The  revival  of  theatrical  representations  toc^ 
place  before  anytiiingwas  known  relative  to  that  braoch  of  arduoology, 
and  under  very  different  circumstances.  Dramatic  entertainments 
were  in  the  middle  agea  dther  partly  religious,  and  performed  within 
churches,  conventa,  and  colleges ;  or  were  acted  for  uie  amusem^t  ot 
princes  and  nobles  on  occasions  of  state  and  festivity,  in  halls  merely 
temporarily  fitted  up  for  that  purpose ;  consequently  spacious  and 
permanent  structures,  as  public  theatres,  were  not  required  until  long 
afterwards,  when  the  drama  had  become  a  distinct  profession.  In  the 
meanwhile  a  taste  for  scenic  display  had  developed  itself,  whidi  re- 
quired a  very  different  arrangement  of  the  stage  and  its  apparatus  from 
tiiat  of  the  ancients.  Imperfect  as  they  were  in  many  respects,  the 
dramatic  pageants  and  recitationa  performed  before  Leo  X.  were  "got 
up"  with  great  magniQeence,  and  some  of  the  greatest  artiata  were 
employed  upon  phe  decorations;  among  others  Baldasaare  VenxaA 
[PsRUZCT,  ia  Bioo.  Div,],  whose  skill  in  architecture  and  per^iectiTe 
carried  scene-painting  almost  to  perfection  at  once.  Even  in  the  pre- 
ceding century  dramatic  exhibitions  had  been  produced  at  Florence  in 
a  style  tilien  unprecedented;  and  we  are  told  that  the  first  Italian 
theatre  was  one  erected  In  that  city  by  Bernardo  Buontolenti  in  1581 ; 
but  it  does  not  appear  to  have  bean  a  public  theatre,  nor  could  it 
have  been* very  spacious,  as  it  now  forms  merdy  a  saloon  in  the  build- 
ing called  the  UffizL  Theatres  on  the  present  system  were  not  built 
until  the  early  part  of  the  17th  century  :  just  before  which  time  on 
attempt  had  been  made  to  restore  the  form  of  the  ancient  theatre  and 
stage,  with  the  permanent  ardtitecturol  scena  and  its  entrances,  by 
PoUadio,  whose  celebrated  Teatro  Olimpico  at  Vioenaa  is  one  of  those 
things  which  have  guned  a  traditional  reputation  far  beyond  their  real 
meritfl.  Admired  at  first,  because  then  superior  to  anything  of  the 
kind,  it  haa  continued  to  be  admired  dnoe,  partiy  on  account  of  the 
character  attached  to  it,  which  few  care  to  dispute ;  and  partiy  perhaps 
on  account  of  its  singularity,  and  because  it  diows  the  peculiarities  of 
the  ancient  theatre.  By  no  means,  however,  is  it  a  very  accurate 
imitation,  though  its  chief  merit  lies  in  being  a  mere  imitation ;  it  is 
semi-elliiriical  instead  of  aemidroular,  with  the  stage  on  the  loiger 
axis  of  the  ellipse ;  and  on  tiiis  account  it  looks  too  much  squeezed  up 
one  way,  and  stretched  out  the  other,  and  produces  the  same  kind  of 
disagreeable  efiect  which  would  arise  from  placing  the  stage  on  the 
longer  ude  of  a  parallelogram  of  the  same  extent  (96  k  45  feet).  It  is  said 
that  the  spaoe  to  which  the  ardtitect  was  restricted  compelled  him  to 
adopt  that  form,  yet  it  hardly  appears  so  from  the  published  pluis  of 
tlu  DuUdlng,  for  it  would  not  he  difficolt  to  diow  how  a  senudrde 
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might  have  been  brought  in.  The  soena,  for  which  unliioited  admim- 
Hoa  i*  bUimod,  abound  in  architectural  barborimu  and  aoleoisina.  It 
ia,  howBTer,  the  aveauea  aeon  bfyond  the  aoena  through  Uie  centre 
ardi  and  other  openingB  which  attnutt  notice,  and  have  bem  extolled 
hj  eome  as  greatly  superior  to  the  "  flinuy  "  punted  decorationa  upon 
canvas  used  in  modem  theatres.  Those  avenues  represent  aa  many 
■treets,  the  fronts  of  the  buildings  being  modelled  or  carved  in  relief, 
and  attempted  to  be  shown  in  perspective  hy  the  floor  and  ceiling 
sloping  verr  much  upwards  and  downwards,  and  the  other  horiaontu 
lines  wwormne^,  and  by  the  passages  thems^Tes  being  nsrrower  at 
the  further  end.  The  contrivance  ta  puerile  at  the  best;  and  instead 
of  being  more  deceptive  or  natural  than  painted  scenery,  the  imitative 
psTspectiTe  beotmies  distorted  when  viewed  from  any  other  situation 
than  the  oenti«  of  the  theatre  and  the  level  of  the  stage.  It  is  also 
difficult  to  understand  how  thrae  narrow  enclosed  passages  could  have 
been  pn^wly  lighted  at  the  time  of  a  perfmmance;  and  altiion^  they 
•re,  in  ataM  lai^iiag»,'*pnotiaaUe^'*  th^  oonld  hardly  have  been  nnde 
use  of,  at  Mast  not  n«  their  whole  extent,  beeaase  at  thdr  further  end 
an  actor  would  appear  gigantic  We  are  not  aware  of  more  than  one 
other  attempt  to  revive  tne  andent  theatre  in  all  its  strictness,  wUah 
waa  that  built  in  16S8  at  Sabl^onetta,  for  the  Duke  Yespaaiano 
Oonzaga,  by  Scamoasi,  who  oompleted  the  Teatro  Olim^oo  after 
I^Uadro'a  death. 

In  fJMwtiiig  A  decided  superiority  for  the  modem  tiieatre  over  that 
of  the  anoiants,  we  q>eak  onl^  as  rq;ards  tiie  respective  systems ;  and 
as  Ugoni,  in  his  Life  of  Hilizia,  obenres,  to  prefer  the  Oredan  tiieatre, 
with  all  its  ijiconvenienoes  and  the  awkward  expedients  resorted  to  hi 
it,  OS  being  of  more  olasucal  and  dignified  character  than  our  own 
comperatively  small  and  fragile  yet  grs&tiy  improved  structures  of  the 
kind,  is  to  wish  to  limit  art  and  science  within  thdr  fint  bounds. 
Th«e  osrtai&ly  waa  good  reascm  at  me  time  for  exdalmfiK  against 
modem  theatrical  arakiteetore  as  very  defective  in  regua  to  the 
aadieoce  portion  of  the  "house."  Till  within  a  comparatively  late 
period,  scarcely  any  study  waa  bestowed  on  beauty  and  convenience  of 
plan.  The  acoommodationB  were  hardly  so  good  as  those  in  many 
veiy  ordinary  playhouses,  where  for  want  of  space,  there  are  no  other 
seats  than  what  directs  face  the  stage.  The  "  house  "  was  usually  an 
oblong,  either  rectangolar  or  elliptiral,  so  that  the  greater  part  of  the 
audience^  -at  least  titose  in  the  boxes,— were  placed  qmte  on  the 
sides.  Where  the  "  house  "  contracted  towards  the  proscenium,  as  was 
frequently  the  case,  the  side-boxes  were  actually  turned  from  the 
stage ;  and  whether  such  was  the  case  or  not,  they  were  allowed  to 
encroach  upon  the  stage  itself  in  such  manner,  that  when  the  actors 
advanced  to  the  front  of  the  stage  or.  beyond  the  line  of  the  curtain, 
they  nuy  be  said  to  have  mingled  wit£  the  audience,  and  those  in  Uw 
boxes  on  the  OMuU-teene  were  actually  behind  them.  If  we  may  judge 
from  the  plans  and  other  drawings  of  them,  the  two  ^riudpol  theatres 
in  London  were,  even  less  than  a  century  ago,  both  as  moonvenient  and 
as  ugly  aa  can  well  be  imagined.  The  approaches,  too,  used  formerly 
to  be  exceedingly  had ;  not  only  mean  and  inconvenient,  bat  in  many 
places  most  dangerously  narrow.  Such  is  strikingly  the  caee  in  most 
of  the  modern  Roman  weatres,  for  instead  of  the  boz'oorridors  foUow- 
ing  the  outre  of  the  "  house,"  and  being  of  the  same  width  throuf^ut, 
they  are  so  contracted  where  the  other  is  widest,  that  more  thiui  two 
persons  camiot  pass. 

Very  great  reforms  have  now  taken  place,  yet  there  is  still  room 
fw  further  Improvements,  obvious,  though  not  likely  to  be  adopted 
so  long  as  it  is  considered  a  matter  of  course  that  the  space  before  the 
curtain  must  be  made  to  contun  as  many  perstms  as  can  poeaibly  be 
packed  into  it,  and  tiiot  an  audience  must  be  piled  up  around  the 
whole  house  to  the  very  ceiling.  We  do  not  say  that  modem  theatres 
are  too  lofty ;  the  error  does  not  lie  there,  but  in  carrying  up  the 
boxee,  tier  after  tier,  to  such  a  jn^poeteroua  height  that  the  uppermost 
box  ia  aevenl  feet  above  the  top  <A  the  curtain  or  stage- openings,  and 
the  back  seats  ci  the  upper  ffSleecj  ore  actually  on  a  level  mth  the 
ceUing  over  the  pit.  Such  aooumulation  of  diminutive  stories  gives  a 
crowded  appearance  to  the  whde,  and  leaves  no  space  for  andiitectural 
decoration  around  the  upper  psrt.  So  doubt  a  very  striking  appear, 
ance  of  a  different  kind  presents  itself  from  the  pit  arui  from  Uie  stage, 
when  the  house  is  entirely  filled  to  the  very  top ;  and  if  we  consder 
merely  the  coup-tFceil  from  such  points,  u  may  be  allowed  to  be 
imposing.  But  then,  as  regards  that  part  of  the  audience  who  occupy 
the  upper  pert  of  the  house,  the  arrangement  is  bod.  From  the  seats 
which  are  at  all  above  the  levd  of  the  top  of  the  curtain,  there  is  only 
a  bird's-eye  view  of  the  stage  and  the  scenery,  and  that  only  from  the 
front  seats,  and  also  facing  tiie  stage ;  for  from  those  on  the  side  of  it  it 
is  impossible  at  that  hei^t  to  obtain  a  sight  of  the  scene  or  even  of  the 
aetoiB.  unless  when  they  oonie  forward  towards  the  toot-lights.  There 
riKiald  be  no  ssats  at  a  greatw  height  than  that  of  the  centre  of  the 
curtain,  or  the  level  of  what  ia  now  the  second  tier  of  boxes  in  oar 
Urge  tiieatrea ;  for,  as  the  scenery  can  be  painted  only  to  one  horizon, 
— generally  that  of  the  stage  itself, — its  perspective  effect  is  more  or 
less  impured  when  it  ia  seen  from  either  very  much  above  or  below 
that  leveL  Ko  lees  preposterous  is  the  practice  of  continuing  the  side- 
boxes  up  to  the  proscraium,  and  sometimes  (as  in  Her  Majesty's 
Theatre  at  Londni)  quite  up  to  the  very  curtain,  so  that  there  is  no 
proscenium  at  all,  unless  the  space  on  toe  floor  of  the  stage,  between 
the  curtain  and  foot-lights,  can  be  so  called.   While  those  so  seated 
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lose  the  scenery  altogether,  they  have  the  disadvantage  of  seeing 
between  the  wings  on  the  ride  (q>poeite  them ;  and  although  the  posi- 
tive inoonrenieiioe  resulting  from  muih  airangemMit  is  fslt  caHyoy  m 
porticm  of  the  audience,  the  bad  effect  oooatnoned  by  it  exteods  to  the 
whole  theatre.  Xot  only  ought  tiiere  to  be  a  dirtincb  proscenium, 
serving  aa  an  architectural  frame  to  the  stage  and  its  scenery,  dividing 
that  ^trt  of  the  theatie  from  the  rest,  but  it  ought  to  be  of  much 
ampler  proportions  than  are  now  given  it.  It  should  extend  so  &r  ae 
to  leave  some  interval — a  sort  of  neutral  ground— between  the  curtain 
and  the  boxeis  so  as  to  remove  the  nearest  qtectator  in  them  to  a 
tolerable  distance  for  properiy  vuwiog  the  stage  as  a  picture;  toe  it  ia 
possible  to  be  as  inoonvenim^  near  the  stage  as  to  be  inctmvraiently 
distant  from  it.  When,  in  order  to  contract  the  stage,  or  to  render 
the  pit  and  general  diameter  of  the  house  considerably  greater  than 
what  is  required  for  the  width  of  the  curtahi,  the  plan  is  made  to 
approach  a  circle  (as  is  the  case  in  nearly  every  theatre  built  within  the 
last  forty  years),  the  boxes  ahoold  be  to  the  semicircle  fsdnR 

the  stage ;  and,  so  far  from  being  a  blank,  the  curved  space  on  each 
dde  between  tiion  and  the  curtam  might  he  made  to  contribute  very 
much  to  the  architectural  appeaianoe  of  the  whole  house.  This  would 
not  take  away  anytiiing  from  the  pit ;  and  if  it  materially  diminished  the 
number  of  the  boxes  and  seats  in  them,  it  would  be  only  where  there 
ought  to  be  nothinff  of  the  kind.  The  banishin|;  of  boxes  from  sudi 
situations,  and  muing  also  no  more  than  two  tun,  would  certainly 
greatiy  abridge  the  ^-nent  capoeitifls  of  theatres :  a  bonse  of  the  same 
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size  would  not  contain  the  same  number  of  petams  as  at  present,  when 
a  large  part  of  the  audimce  are  pat  where  they  cannot  wau  see  the  par^ 
formaooa^  It  ts  likely,  therefore,  to  be  objected  that  such  a  system 
would  be  too  expensiro,  riuce  a  large  house  would  be  requisite  for  a 

o 


Digitized  by 


Google 


THEATBE. 


IM 


oomporatiTely  moderate  audience ;  but  curtailments  mif  bt  very  well 
'he  made  ekewhere,  for  at  present  Uie  vhole  buUding  u  frequently 
much  larger  and  more  costly  tlian  actual  necerelty  requires,  tne 
"  bouae  "  itself,  be  its  dimensions  what  they  may,  takin^f  up  a  oomparar 
lively  small  area  of  the  entire  plan,  while  the  reat  is  occupied 
stately  approochea  and  saloons,  which,  where  economy  reaaerad  it 
expedient,  might  be  great^  abridged,  and  much  plainer  in  ityle,  and 
■ome  of  them  omitted  alttwetber  at  auperfluoua  aiqpendagei. 

In  some  of  the  modem  Continental  theatota,  plana  of  whioh  are  given 
on  the  preTioiu  page,  tiie  pomp  displayed  in  the  accessory  parts  of  the 
building  far  exceeds  anytning  ei  the  kind  in  Otis  country.  Id  1^  at 
Berlin,  besides  several  other  spamoua  apartments,  !a  a  muaic-salooa 
88  feet  high,  44  wide,  and  106  feet  in  length  in  its  upper  part, 
where  there  is  a  8ci«en  of  aix  lonio  columns  at  each  end;  the  vh6i» 
highly  decorated,  and  forming  one  ot  Sohutkal'a  richest  places  of 
interior  architecture.  The  theatre  at  Uiinich  baa  two  staircases  to  the 
boxea,  with  flights  of  marble  steps  13  feet  wide;  and  bendea  two 
saloons  for  the  public  (each  S2  x  31  feet),  ihere  is  a  very  magnificent  one 
communicating  with  the  royal  box — not  a  mere  ante-room,  but  what 
would  be  termed  a  noble  room  even  in  a  palace,  its  dimensions  being 
49  X  44  feet,  and  2fi  in  height.  In  both  these  theatres,  and  in  that  of 
Qoioa,  the  royal  or  state  box  is  itself  a  room  of  some  slu,  aboot  16  hj 
18  feet,  more  or  less;  and  according  to  the  general  custom  at  the 
Continental  theatres,  this  box  (whioh  occupiea  the  height  of  two  tiers, 
and  is  adorned  with  caryatides  In  front)  is  directly  in  the  centre  of  the 
house,  &cing  the  stage,  consequently  in  the  very  beat  situation  of  all ; 
whereas  the  situation  usually  assigned  to  royal  visiters  in  our  thealree 
is  almost  the  very  worst,  so  iEar  as  seeing  the  stage  and  the  perfor- 
mance is  concmied. 

In  regard  te  the  form  of  the  "  house,"  a  decided  improrement  bs8 
taken  pboe  of  late  yean;  and  the  circular  plan,  or  one  approaching  to 
it  (either  extended  by  the  curtain  being  a  tangent  te  the  circle  or 
Bomewhat  beyond  it,  or  reduced  by  uie  curtain  interaectmg  and 
{(Mining  a  chord  to  the  segment),  may  now  be  considered  the  one 
eBtabliehed  as  being  the  most  pleasing  and  conmiodious — that  which  is 
best  adapted  for  affording  a  distinct  view  of  the  stage  to  the  majority 
of  the  audience.  But  there  la  considerable  difference  of  opinion  as  to 
its  being  the  best  form  in  regard  to  bearing.  In  fact,  the  scienoe  of 
acoustics  is  not  ^et  thoroughly  understood  as  regards  practical  puiposes 
in  biuldhig :  it  is  easy  enough  to  ascertain  beforehand  how  much  of 
tiie  stage  will  be  visible  from  difTerent  parts  of  the  theatre,  but  not  so 
what  will  be  the  result  as  to  sound,  since  that  will  depend  upon  a 
variety  of  circumstances,  some  of  them  counteracting  eaut  other,  and 
not  eveiy  one  of  them  to  be  guarded  against  or  foreseen.  The  shape 
of  the  house  is  but  one  of  these  circumstances  out  of  many :  so  nmcfa 
will  also  depend  upon  size,  upon  the  depth  of  the  boxes  and  galleries, 
and  also  upon  accidental  and  such  trivial  matters,  that  any  defect  or 
advantage  so  occasioned  is  not  likely  te  be  traced  to  them.  Here  the 
chief  guide  is  experience ;  and  experience  seems  at  preeent  to  be  in 
favour  of,  at  least  not  all  against,  the  circular  form;  for  the  new 
theatres  at  Mainz,  Dresden,  and  other  placee  where  it  has  bben  adopted, 
are  said  te  be  satisfactory  in  regard  te  the  actors  being  distinctly  heard 
in  eveiT  part  of  the  house. 

While  in  their  internal  embellishment  and  fitting  up  theatres  afford 
very  great  scope  to  the  architect,  though  not  so  much  as  tliey  might 
do,  they  also  afford  opportunity  for  accomplishing  much  in  regard  to 
characteristic  eztenud  design.  Magnificent  aa  are  the  exterioTS  and 
facades  of  the  theatres  at  St.  Petersburg,  Berlin,  Munich,  Bordeaux, 
and  Kantes,  with  their  poticoes  and  colonnades,  there  is  nothing  in 
them  that  very  clearly  expresses  their  particular  purpose,  because 
nothing  that  corresponds  with,  or  indicates,  the  form  of  the  "  house  '* 
itaelf  within.  MoUer,  we  beheve,  was  the  fiiet  who  made  the  internal 
plan  discover  itself  from  without,  by  making  the  auditory — at  least  the 
corridors  and  saloon  surrounding  it — project  out  as  a  spacious  semi- 
drcle,  in  tite  facade  of  the  tiieatre  at  Mainz.  The  same  form  of 
exterior  has  been  given  ^  Semper  to  the  new  theatre  at  Dresden, 
which  is  also  remarkable  for  the  displw  it  makes  of  sculpture.  The 
new  Covent  Oarden  Theatre,  it  may  be  observed,  is  aa  deficieoit  in 
character  as  any  of  the  earlier  structures  of  the  same  descriptim  men* 
Uoned  above.  Ite  internal  arrangemente  are  also  of  a  very  common- 
^oee  nature.  The  forthcoming  competition  for  the  new  Opera  of 
Paris  may  perhaps  elicit  some  ori^nalit;  of  treatment;  but  as 
modem  habita  interfere  with  the  taste  iac  theatrical  amusemenfa, 
it  IB  to  be  feared  that  theatres  tltemselves  will  bw^y  inspire  any 
great  art 

After  all  it  is  the  stage,  with  its  multl&rious  contrivances  and 
complex  mechanism,  its  scenery  and  pictorial  eSbots,  which  manifest 
the  extraordinary  perfection  to  which  the  modems  have  carried  the 
scenic  art.  It  does  not  enter  into  our  puipoee,  however,  to  qieak  of 
stage  mechanism,  which  is  a  snbjeet  and  stu^  its^,  and  not  other- 
wise connected  wiUi  theatres  and  their  aruiiteotnre  than  as  being 
made  use  of  in  the  former.  Those  who  seek  for  mfoimation  of  the 
kind  will  meet  with  many  plates  showing  the  stage  oonstmotiim  and 
mechanism  of  Plymouth  Theatre,  in  Foulstone's  '  Public  and  Private 
Buildings,  in  Cavo's  '  Arohiteotonique  des  Theatres,'  &c. ;  and,  widi 
mora  general  and  complete  instmctions,  in  Stephenson's  work  on 
the  machinery  of  theatres.  We  will  oi^  observe  that  very  great 
imiaovemmta  and  numomu  oontriTanoea  lor  producing  ab^^  and 


scenic  effects  bad  been  introduced  into  theatres  at  the  commencement 
<d  the  17th  century, 

THEATRE.  Before  the  reign  of  Elizabeth  theatrical  repcesantationa 
appear  to  hare  been  aubject  to  no  legal  restraint  beyond  the  liability 
of  those  who  conducted  them  to  tiie  vagrant  laws. 

But,  although  players,  as  auch,  were  aubject  to  no  geneni  legal 
restrictions,  it  is  probable  that  the  praotios  of  gruiting  hoencea  from 
the  crown  to  auoh  paratnia  preniled  as  «my  as  tba  reign  of 
Henry  VIII.  The  eariieet  theatrical  lieenoe  from  the  orown  now 
extant  is  that  granted  by  Queen  Elisabeth,  in  1674,  to  James  Burbags 
and  four  other  persons,  "  servants  to  the  hWl  of  Leicester,''  whiob  con- 
tains a  proviso  that  the  performances  thereby  authorised,  before  they 
are  publicly  re[atieented,  shall  be  seen  and  flowed  by  the  queen's 
master  of  the  revels ;  a  sUpulati<m  analogous  to  the  Ueanoe  of  the 
lord  obamberlain  under  tiie  Licensing  Act  eA  the  proHBt  diy.  These 
licences  from  the  orown  were  winiially  notidng  more  than  authorities 
to  itioerato,  wliioh  exempted  strdlinf  {dayera  from  being  moleeted  bj 
proceedings  taken  under  the  laws  or  proolamations  agiinst  vagnati^ 
and  also  superseded  the  necestity  of  licenoes  from  local  magistrates 

Although  theatrical  representations  became  much  more  general  in 
the  reigns  <d  James  L  and  Charles  I.,  no  laws  were  enacted  iar  their 
regiilatioD,  with  the  ezoeption  ot  tiie  itath  1  Oar.  I.  o.  1,  whidi  «up- 
proned  the  po^OTmaoce  of  "interludes  and  pb^"  upon  the 

LOTd's  Day.  An  ordinance  of  the  Long  ParliamMit,  m  1048,  was 
directed  to  the  suppression  of  all  stage-playB  and  intrudes,  but 
thouf;^  oceasionally  enforoed  witii  muut  rigour,  it  failed  to  abolish 
these  entertainments.  The  stat.  12  Ann.  stat.  8,  c.  28,  in  general 
terms,  dassed  pla^it  of  Interiudes  as  rogues  and  vagabonds ;  but  the 
stat.  10  Geo.  it,  o.  28,  i,  1,  expounded  the  former  statute,  hj  enacting 
that "  ereiy  person,  who  Should  tat  hire,  gain,  or  reward,  act,  repre- 
sent, or  perfcBin  any  play  or  other  entert^nment  of  the  stage,  or  any 
part  therein,  if  be  sbul  not  have  any  Uf^  settiement  where  the 
ofibnce  shouM  be  committed,  without  authori^  by  patent  from  tiie 
king,  or  licence  from  the  lord  chamberlain,  should  be  deemed  a  rogue 
and  vagabond  within  the  stat.  IS  Ann."  ^niii  provision  is  now 
repealed  by  the  stet.  6  Qeo,  lY.  c  SS,  and  rii^vn  aa  Baah,  whether 
stationary  or  itinerant,  are,  at  the  present  day,  not  amenable  to  the 
law  as  rogues  and  vagabonds.  By  the  3nd  section  ol  the  above  statute, 
10  Qeo.  n.  c.  &8,  whioh,  with  the  exceptions  just  mentioned,  is  still  in 
full  operation,  and  forms  the  law  of  the  metropolitan  theatree,  it  is 
enacted  generally,  that "  every  person  who  shall,  without  a  patent  or 
licence,  act  or  perform  any  entertunment  of  the  stage  for  hire,  gain, 
or  reward,  shul  forfeit  uie  sum  of  SOL"  By  the  Srd  section  it  is 
declared,  that  "  no  person  shalVor  hire,  gain,  or  reward  act,  perform, 
or  ropreaont  any  new  intwlude,  tragedy,  comedy,  opera,  play,  farce,  or 
other  ntertainment  of  the  stage,  or  any  parts  therein  ;  or  any  new 
act,  scene,  or  other  part  added  to  any  old  interlude,  tragedy,  comedy, 
opera,  play,  farce,  or  other  entertainment  of  the  stage,  or  any  new  pro- 
logue or  epilogue,  unless  a  true  copy  thereof  be  sent  to  the  lord 
chamberlain  of  the  king's  household  for  the  time  being,  fourteen 
days  at  the  least  before  uie  acting,  repesenting,  or  performing  thereof^ 
together  with  an  account  of  the  play-house  or  place  where  the  same 
ahall  be,  and  the  time  when  the  same  is  first  intended  to  be  first  acted, 
represented,  or  performed,  signed  by  the  master  or  manager,**  The 
4th  section  authorises  the  lord  chamberlain  te  prohibit  the  perform- 
ance of  any  theatrical  entertainment,  and  subjects  the  persons  infring- 
ing this  prohibition  te  a  penalty  of  501.,  and  the  forfeiture  of  their 
patent  or  licence.  The  5th  section  provides  that  "  no  person  shall  be 
authorised  by  patent  from  the  crown,  or  licence  from  the  lord  cham- 
berlain, to  act,  represent,  or  perform  for  hire  or  reward,  any  interiude, 
tiagedy,  comedy,  opera,  play,  iaree,  or  other  entertainment  of  the 
stage,  in  any  part  of^  Qreat  Britain,  except  in  the  city  of  Westminstfir 
and  within  the  liberties  thereof,  and  in  such  places  whffl^  the  king 
ahall  personally  reside,  and  during  such  residence  oidy."  The  7th 
section  enact^  that  "if  any  interiude,  tragedy,  comedy,  (q>era>  play, 
&rce,  or  other  antertunment  of  the  stage,  or  any  ao^  scene,  or  put 
thereof,  shall  be  acted,  represented,  or  perframed  m  any  boose  or  place 
where  wine,  al^  beer,  or  other  liquors  shall  be  sold  or  retailed,  the 
same  shall  be  deemed  to  be  acted,  represented,  and  performed  for  gain, 
hire,  and  reward."  Within  a  few  years  after  the  pasung  of  this  act  of 
parliament,  the  clause  which  restricted  the  power  of  granting  patents 
by  the  crown  to  theatres  nitbin  the  city  of  Westminster  and  pbces  of 
royal  residence,  was  found  to  be  productive  of  inoonveaienoe;  and 
special  acts  of  parliament  were  passed,  which  exempted  several  large 
towns,  in  which  such  entertainmants  were  desired,  from  the  operation 
of  that  clause,  and  autiiorised  the  king  to  grant  letters  for  estauishing 
theatees  in  such  places, 

A  further  relation  of  the  rule  eeteblished  by  the  stat,  10  Qeo.  IL 
c,  28,  for  the  regulation  of  theatrical  performanoes,  was  efiected  by  the 
statute  28  Geo,  IIL  a  30,  in  favour  of  places  which  could  not  be 
expected  to  bear  t^e  expense  of  a  special  act  of  parliament.  By  thia 
latter  Btetute,  the  justices  of  the  peace  at  general  or  quarter  sessions 
are  authorised  to  license  the  perfmmance  of  any  such  tragedies, 
comedies,  interludes,  operas,  plays,  or  farces  as  are  represented  at  the 
patent  or  licensed  theatres  in  Westminster,  or  as  have  been  snlmiitted 
to  the  Lord  Chamberlain,  at  any  place  within  their  jutiadiotion  not 
within  20  miles  of  London,  Westmhister,  or  Edinburgh,  or  eight  miles 
of  any  patent  or  Uomsed  theatre,  or  ten  miles  pf  the  king's  residenoe 
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or  fourtem  mUee  of  either  of  the  universities  of  Oxford  or  Cam- 
bridge, or  two  miles  of  the  outward  limits  of  any  place  baring  peculiar 
jurisdiotion. 

The  penalUeB  impoeod  by  the  etat  10  Qeo.  11.  o.  28,  being  found  in 
practice  insuEBcient  to  prevent  the  performance  of  theatrical  entertain- 
menta  without  licence,  and  great  evils  being  alle«od  to  follow  from  the 
reaort  of  the' lower  orders  in  London  to  such  entertainments,  the 
legialabure,  in  ^ear  1836,  gave  additional  powers  to  the  metropo- 
litan police  for  their  prevention.  By  the  46th  section  of  the  atat,  2  ft 
3  Vi<^  0.  47,  "  the  oommlssionerB  of  polioe  are  empowered  to  autliorise 
»  superintendent,  with  such  ooDstables  as  he  may  think  necessary,  to 
enter  into  any  house  or  room,  kept  or  used  within  the  metropolitan 
police  district  for  stage  playa  or  drunatie  entertainments,  into  which 
admiBsion  is  obtained  oy  payment  oE  money,  and  which  is  not  a 
licensed  thealx«,  and  to  take  into  custody  all  persons  who  shall  be 
found  therein  without  lawful  escuae."  The  same  clause  enacts  that 
"  every  person  keeping,  using,  or  knowingly  letting  any  house  or  other 
tenement  for  the  purpose  of  being  used  as  an  unlicensed  theatre,  shall 
be  liable  to  a  jpenalty  of  20/.,  or,  in  the  discretion  of  the  magistrate, 
may  be  committed  to  the  House  of  Correotion,  with  or  without  hard 
labour,  for  two  calendar  m(»iths ;  and  every  yenan  performing  or  being 
therein  without  lawful  ezcuw  shall  be  liable  to  a  penalty  at  forty 
shillingB." 

THEBAINE.   [Ofiou,  Alkaloids  of.] 

THSBET,  in  Hebrew  D^fi,  is  the  fourth  month  of  the  ravil  year, 

and  has  twenty-nine  d&js  only.  The  name  occurs  in  the  Bible,  at 
Esther  E  16,  where  it  is  called  the  tenth  month,  in  accordance  with 
the  ancient  reckoning.  It  is  a  winter  month,  and  will  vary  from 
December  to  Januaiy ;  the  month  Thebet  of  the  year  6621  began  on 
ths  14th  of  December,  1S60,  and  ended  on  the  11th  of  Januaiy,  1861. 
Josephus  writes  the  name  TifftSos,  in  the  eleventh  book  of  his  Antiqui- 
tiea,  ch.  6,  §  4,  where  he  speaks  of  the  command  of  Ezra  to  th«  Jews 
to  put  away  their  strange  wives,  but  Ezra  in  x.  9,  plaoea  this  in 
the  9th  month,  and  Josephus  himself  makes  it  to  correspond  vrith 
'ArcAAoIot,  so  Uiat  we  have  a  clerical  error  here.  On  a  monument  at 
Palmyra  it  is  written  as  in  Hebrew,  but  the  Samaritan  read  Tebith, 
according  to  Scaliger.  Benfey  derives  the  name  from  some  ancient 
Faruan  word,  meaning  "  winter,"  which  was  probably  Tapas,  as  in  the 
cognate  Sanskrit.  A  nat  Is  observed  on  the  10th  of  the  month  in 
memory  of  the  of  Jerusalem  by  l!Tebuchadne7.isar,  as  mentioned 
in  ch.  XXV.,  v.  1,  of  the  second  book  of  Kings,  Another  fast  is  men- 
tioned, but  not  generally  observed,  to  show  the  abhorrence  of  the  Jews 
for  the  Septuagint  version  of  the  Bible  j  it  is  given  to  the  8th  day  of 
the  month.  Another  hat  is  attributed  to  the  9th  day,  without  any 
assigned  reason;  and  a  festival  for  the  exclusion  of  tlw  Sadducees  ^m 
the  Sanhedrim :  but  all  theaa,  ezoept  the  first-mentioned,  tn  rarely 
observed. 

THEFT.   [Law,  Cbimikal.] 

THEIEfS.  [Cavfbihe.] 

THE3tIS  (eifus),  »  Greek  divinity,  was,  according  to  Heslod  and 
ApollodoruB,  a  daughter  of  ITranus  (Heaven)  and  Qaea  (E^arth),  or, 
according  to  I^tzes,  a  daughter  of  Helios.  She  was  a  favourite  of 
Zeus,  and  bore  him  aerenu  dau^ters. — the  Hone,  Eunomia,  Dioa, 
Eireae,  and  the  Uoerae.  (HcumI,  '  llieog.,'  135,  901,  Ac. ;  Apollo- 
dorus,  i,  3, 1.)  These  personified  abetractiona,  which  are  represented 
as  her  daughtoi,  show  the  ideas  which  the  ancients  hod  formed  of  her 
character,  and  consistently  with  these  ideas  she  appears  in  Homer  aa  a 
peraonifi<»tioQ  of  the  order  of  things  sanctioned  by  usage  or  by  law, 
and  as  the  goddess  who  rules  in  the  assemblies  of  the  peo^a  (Homer, 
'  Odyas.,'  iL  68,  Ac.)  According  to  the  same  poet  she  hved  with  the 
other  great  gods  in  Olympus,  waa  on  good  terms  with  Hera,  and  occa- 
sionally assembled  tiie  gods  at  the  command  of  Zeus.  (Homer, '  Iliad,* 
XV.  87,  &G.;  XX.  4,  Slc)  Diodorus  (v.  67)  states  that  Euie  waa  believed 
to  have  made  men  acquainted  with  the  will  of  the  gods,  the  mode  of 
thuir  worship,  and  to  have  instituted  laws,  religious  as  well  as  civil, 
Ajb  a  deity  revealing  the  future  she  was  believed  to  have  been  in 
poMssnon  of  the  Delphic  oracle  after  her  mother  Qaea,  and  prerious 
to  the  time  that  it  came  into  the  bonds  of  ApoUo,  whence  the  act  of 
nving  an  oracle  was,  even  in  later  times,  frequently  called  by  a  word 
derived  fnmi  her  name  {OituffrtCtiv).  She  waa  worshipped  as  the  god- 
dess of  law  and  order  in  various  pans  of  Greece,  as  at  Thebes,  Olympia, 
Athens,  Tanasra,  and  Troezen.  She  is  frequently  represented  on  coins 
in  form  reseioblin^  that  of  Athena,  but  carrying  the  horn  of  plenty  in 
one  hkod  and  a  pair  of  scales  in  the  other. 

THENABD'B  BLim.  [Cobalt.] 

THEOBBOUA.  [Chocolate  ahd  Coooa,] 

THE06B0MINE  (C„H,1T.0J.  A  v^table  alkaloid,  homologous 
with  caffeine,  found  in  cocoa.  It  is  obtained  by  extracting  cocoa  with 
bcnling  water,  adding  acetate  of  lead  to  the  clear  solution,  filtering, 
removing  the  excess  of  aoetate  of  lead  from  the  filtrate,  and  then 
svaporatiiig  to  diyness.  The  residue  is  to  be  treated  with  boiling 
aloohoJ,  which  deposits  crystals  of  theobromine  on  cooling.  T^eee  are 
to  be  purified  by  reGrystollifiation. 

Theobromine  is  very  slightly  soluble  in  boiling  water,  and  still  lesa 
■0  io  alcohol  or  ether.  It  possesses  a  slightiy  bitter  taste,  and  can  be 
sublimed  without  decompositioQ.  It  combines  with  acids,  forming 
salts,  which  however  posaeas  little  stability. 


THEOCRACY  (fleoMar/a,  a  ffovemment  by  God)  is  a  term  applied  to 
the  constitution  of  the  IsraeUtirfi  government,  aa  eetabliahed  by  Moses, 
on  acoouni  of  its  being  under  the  direct  control  of  God.  In  fact,  in 
tha  earliest  form  of  the  Israelitish  constitution,  Qod  wu  their  kingj 
and  the  denre  of  the  people  to  have  a  king  at  the  time  when  Saul  was 
raised  to  that  office  is  expreaaly  declared  to  be  so  act  of  rebellion  on 
their  part    (1  Sam.,  viii.  7.) 

The  theocracy  did  not  aupersade  the  establishment  of  a  viaible 
human  government,  consistimt  of  judgae  and  other  ofBoera,  but  all 
these  ofRqent  were  considered  as  snboidinate  to  God  as  the  only 
supreme  ruler  of  the  state. 

THEODOLET,orTHEODOLITB(thawordisftnmdinbothfomis), 
IB  the  name  genendly  ^ven  to  the  ustrununt  used  for  measuring 
horisontal  angles.  In  its  simplest  form  the  theodolet  consists  of  a 
divided  drcle,  which  ia  to  be  set  parallel  with  the  horizon,  and  ft 
telescope  which  has  so  muoh  motion  m  a  vertical  jdane  as  to  enable  the 
observer  to  view  any  object  which  he  may  require  above  or  below  the 
horison.  The  derivation  of  the  word  is  obeoure,  although  the  instru- 
ment and  its  name  are  comparatively  of  recent  date.  The  earlier 
observers  did  indeed  use  divided  circles,  which  they  called  cutrdaba, 
armUtas,  Ac.  [Astkolabk],  for  the  purposes  of  surveying,  but  these 
were,  generally  speaking,  very  rude.  The  quadrant  waa  employed  in 
all  accurate  surveys  up  to  the  latto:  half  of  the  last  oentury,  although 
Boemer  had  shown  hy  reason  and  example  the  superiority  of  the  entire 
circle,  [CiaOLE.]  The  first  instance  of  a  survey  conducted  with  an 
entjre  cucle,  on  a  considerabla  scale,  was,  so  far  as  we  reoolleot,  the 
Surv^  of  Zealand  by  Bugge,  in  1762-8.  (See  Bugge'a  '  Obeervationes 
AstronomicEC,*  p.  64,  where  he  refers  to  a  description  of  this  installment 
in  Danish,  and  p.  61,  where  he  states  its  merits.)  The  horifontal 
circle  was  two  feet  in  diameter,  and  constructed  by  the  Duiish  artist 

Ramsdm  finished  his  great  theodolite  in  17S7,  the  oirolo  of  which  ia 
three  feet  in  diameter.  This  was  nssd  for  a  faiugulation,  to  connect 
the  Observatories  of  Greenwich  and  Paris.  A  vwy  full  docription  of 
it  ia  ^ven  in '  An  Account  of  the  Operations  carried  on  for  accomplishing 
a  Tngononietrical  Survey  of  England  and  Wales,'  London,  1799,  pp. 
107-180,  with  four  phttas;  a  reprint,  in  a  great  measure,  from  the 
'  Phil.  Trans.,'  voL  80  et  $eq.  The  principal  triangles  of  the  English, 
Irish,  and  Indian  survey  have  been  observed  with  tiiis  instrument  or 
with  these  nsarly  identusl  in  rice  snd  construction :  and  though  several 
minor  additions  and  improvements  have  been  mode,  the  great  theodo- 
lite is  still  considered  aa  a  veiy  effioUnt  and  almost  iuMUde  instru- 


ment We  beliBve  that  the  hlj^  reputatioo  of  the  great  theodolite 
depends  in  a  great  degree  on  the  •itpert(i(tot«  care  with  which  it  has 
been  used  and  preserved  :  it  ia  undoubtedly  a  very  fine,  well-divided 
instrument,  but  in  common  hands  its  want  of  soUdity  and  firmuesi 
wouW  probably  have  been  felt.  It  would  be  impossible  m^w^" 
useless  to  give  an  account  of  the  various  CQmrtructimu  (d  di»rens 
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artiatB  at  home  and  abroad;  but  tbe  reader  who  desires  to  see  what  had 
been  doDS  np  to  1851  ia  referred  to  the  Jury  Report,  dara  X.,  where 
the  surreying  and  leTelling  instruments  and  theodolites  of  the  Great 
Exhibition  are  pretty  fully  noticed,  as  to  their  new  points  and  from 
tlie  personal  obserratioiiB  of  Mr.  Qlaisher.  The  general  properties  of 
a  Uieodohte,  that  it  should  be  firm,  well  hslanoed,  ftc,  will  be  easily 
reoogniaed  by  a  persoD  who  knows  how  to  make  good  use  of  tlw 
inatrument,  and  we  diaU  advert  in  the  course  of  this  article  to  some 
of  the  quaUtiea  which  are,  and  to  otheiB  which  are  not,  essential, 

'We  have  givm  on  the  preceding  page  a  sketch  of  the  theodohte  in  its 
edmplest  form,  such  as  would  be  proper  for  the  aecondary  triangulation 
of  a  national  surrey,  or  for  the  most  aocurate  private  survey.  The 
tripod  which  carries  tlie  iostroment  reata  with  three  fooi^orews  in  brass 
notches  lot  into  the  top  of  a  wooden  stand.  Tbe  legs  of  tiie  stand  are 
not  folly  reprosented,  but  the  two  parts  of  which  each  is  composed  end 
below  in  a  strong  and  sharply-pointed  metal  socket.  The  circle  is  fixed, 
and  the  upper  works,  telescope,  Temiers,  levels,  Sm.,  turn  on  a  centre, 
which  may  be  seen  just  under  Uie  cross  of  the  telescope.  The  adjust' 
ments are  very  aimide.  The  wooden  stand  is  first  set  down  with  agood 
(mcoing  of  tiM  legs,  and  the  top  nearly  horlzontaL  The  foot-screws  are 
pboedui  their  notohes,  the  plumb-linie  hung  from  its  hook,  below  the 
centre  of  the  circle,  and  the  telesoope  turned  round  till  one  level  is 
parallel  to  the  line  joining  two  footscrews,  while  the  other  level  ia  in  a 
hne  from  the  third  foot-screw  to  the  centre.  Bring  the  bubble  of  the 
first-mentioned  level  into  the  middle  by  raising  one  of  the  two  foot- 
screws  and  d^resnngtiie  other,  aod  then  adjust  the  oroas-tevd  by  nusing 
or  depressing  the  third  foot-screw  alona.  Mow  tnra  the  teleac^  round 
180",  and  if  the  bubbles  are  not  in  the  middle,  bring  them  half  way 
there  by  touching  the  foot-screws,  and  the  other  half  screws  which 
adjust  the  levels  themselves.  When  this  has  been  mcely  done,  the 
bubbles  will  renuun  in  the  middle  in  every  position  of  the  telescope. 
If  Ute  objects  to  be  observed  lay  all  in  the  horizon,  or  in  a  pLuie 
parallel  to  it,  the  above  adjurtment  would  be  suffieient ;  but  when  the 
objects  are  out  of  the  horizontal  plane  thev  must  be  referred  to  it  by  a 
perpendicular,  that  is,  the  fdane  described  1^  the  telescope  must  be  a 
great  circle,  and  must  also  pass  through  the  zenith.  There  are 
gmmlly  two  wires  at  least  in  the  focus  of  the  telescope,  one  horizontal 
and  the  other  verticaL  Place  the  eye-piece  to  give  sharp  vision  of  tiie 
wires,  and  turn  the  milled  screw,  seen  towards  the  objeot-riaas,  until 
the  objects  you  are  going  to  obsorve  are  distinct  Plaoa  toe  vertical 
wire  on  any  well-defined  object,  making  the  biaeotion  near  the  crossing 
of  the  wire ;  ndse  or  depress  the  telescope  until  the  objeot  is  nearly  at 
the  bottom  or  top  of  1^  field ;  if  it  ia  sttll  Usecied,  the  wire  ia  rightly 
placed,  but  if  not,  twist  the  tube  carrying  tlie  eye-piece  so  as  to  effect 
a  bisection.  To  make  the  telesoope  deacribe  a  great  circle,  select  some 
well-defined  object  near  the  horizon,  and  bisect  it :  now  take  the 
telescope  twy  cartfidly  out  of  its  t's,  reverse  it,  and  IooIl  again  at  the 
object.  If  it  is  still  bisBcted,  there  is  no  arrra-;  but  if  not,  the  Insso- 
tlon  is  to  be  effected  half  by  the  tangent-screw  of  the  instrument  and 
half  b^  the  screws  which  carry  the  wire-plate,  acrewing  up  one  and 
releasmg  the  other.  Restoring  the  telescope  to  its  SSst  position,  it 
will  be  seen  whether  the  adjustaient  is  correct,  and  if  not,  uie  process 
must  be  repeated  until  tbe  bisection  ia  the  same  in  both  poaitiona  of 
the  telescope,  the  clamp  and  tangent-screw  remaining  fixed.  For  the 
adjustment  of  the  axia  of  the  teluoope  a  levd  would  be  coDvei^t,but 
in  this  instrument  the  axis  is  supposed  to  have  been  correctly  placed  by 
the  maker,  and  the  only  mode  of  correcting  any  error  is  by  filing  the 
t's.  It  may  be  ascertained  whether  the  axis  ia  tolerably  correct  as 
follows : — Bisect  an  object  as  far  above  or  below  the  horizon  as  the 
motion  of  the  telescope  will  allow.  Reverse  tbe  teleeoope,  and  if  the 
object  is  still  .bisected,  the  pivoto  of  the  telescope  are  the  same  size ; 
if  not,  the  observer  must  deduce  the  differenoe  of  the  ^ots  from  the 
altitude  and  the  error  observed,  which  is  not  difflcuU.  Vfhm  this  has 
been  satisfactorily  executed,  bisect,  as  in  the  last  instance,  an  object  as 
far  as  possible  from  the  horizon,  and  read  off  the  verniers.  Turn  the 
instrument  round  180°,  return  the  telescope  end  /or  end,  bisect  the 
object  again,  and  read  ofi*  the  verniers.  If  the  mean  readings  differ 
exactly  180°,  the  axis  ia  horisontal ;  but  if  they  do  not,  tiia  observer 
will  have  sufficient  data  from  thI^^  and  the  altitude  or  denrawbn,  for 
dstumining  the  quantity  and  direction  <4  tlu>  errOT,  which  lie  may 
correct  by  uie  file  or  by  calculation,  according  to  Ma  pleasure.  There 
is  a  much  easier  method  of  examining  the  position  of  the  axis  by 
observing  an  object  directly  and  as  seen  by  reflexion  from  a  fluid,  as 
mercury,  oil,  or  water.  The  axis  is  truly  horizontal  when  the  vertical 
wire  bisects  the  object  and  its  reflected  image  without  moving  the 
taogent-acrew.  It  must  be  recollected  that  the  adjustments  <S  the 
horizontal  circle  already  described  must  be  previously  and  very 
scrupulously  performed  before  attempting  the  examination  or  adjoat- 
ment  of  the  cross-axis, 

Aa  the  objects  in  a  survey  are  at  veiy  different  distances,  an  adjust- 
ment is  required  for  forming  the  image  exactiy  on  the  wires.  The  use 
of  the  milled  screw,  seen  towarda  the  object^nd  of  the  telescope  for 
this  purpose,  has  already  been  mentioned. 

In  use,  tiiis  theodolite  should  be  placed  on  a  repeating  table  or  tri- 
pod, auch  as  is  to  be  found  figured  and  described  in  Re? eatihq  Cihclk, 
and  the  repeating-tripod  upon  the  stand.  This  was  not  done  in  the 
present  ^ia  for  the  sake  of  clearness.  To  adjust  the  repeating  tripod, 
plooe  the  levels  as  described  in  the  first  adjustment,  and  damp  the 


tiieodolit&  Bring  the  foot-screws  of  the  theodolite  over  the  foot- 
screws  of  the  repeating-tripod  by  the  motion  of  the  tripod,  BJ}d  then 
by  touching  the  foot-screwa  of  the  tripod  or  theodolite  set  the  level- 
bubbles  in  the  middla  Turn  the  upper  plate  of  the  tripod  half-round, 
and  again  bring  the  bubbles  into  the  middle,  half  by  the  tripod  foot- 
screws,  half  bf  those  of  the  instoument,  and  repeat  the  operation  until 
the  revolution  of  the  repeating-table  does  not  alter  the  poeitaoa  of 
the  levd-bubblee.  The  repeating^tand  is  now  clamped,  snd  the 
instrument  itself  is  to  be  adjusted  exaot^  as  «e  kava  dentibed 
above. 

The  course  of  observation  after  the  instrument  is  adjusted  is  very 
simple.  The  problem  is  to  measure  the  horizontal  angle  between  two 
objects.  Turn  the  telesoope  two  or  three  tames  rouna  in  the  direction 
in  which  you  intend  to  observe,  then  bisect  one  of  the  objects,  read 
off  the  vemiers,  and  take  a  mean ;  bisect  the  second  object,  read  the 
vemien,  and  take  a  mean.  The  difference  between  the  two  means 
is  the  angle  required.  This  is  all  that  can  be  done  by  the  instrument 
as  usually  mounted ;  but  with  a  repeating-table  tbe  operation  is  oon* 
tinned,  thus : — Bring  the  telescope  back  on  the  first  object,  by  the 
motion  of  the  repeating>table,  using  its  elanqt  and  tangent-screw,  and 
by  ^  motion  of  the  instrumoit  bring  the  tdescope  on  the  second 
object.  It  ia  dear  the  motion  of  t£e  repeating-table  has  merely 
restored  the  telescope  to  its  original  direction,  without  altering  the 
readings  of  tiie  circle ;  and  that  If  the  telescope  be  turned  on  the 
second  object  by  its  motion  alone,  without  disturbing  the  circle,  the 
difference  between  the  mean  of  these  new  readings  and  the  preceding 
mean  will  also  be  the  angle  required.  By  continuing  tbe  proosa,  the 
angle  may  be  measured  as  often  as  the  observer  pleaws.  It  is  evident 
that  all  readin^-off,  except  the  first  and  last,  are  auperfluous,  save  as 
checks,  or  aa  giving  the  meana  of  estimating  the  accuracy  of  the  final 
result.  The  series  should  terminate  after  a  whole  number  of  revolu- 
tions aa  nearly  as  possible,  when  the  ezcentricity  of  the  repeating-table 
will  be  eliminated,  a  matter  of  possible  importance  if  the  obpects  are 
near  and  the  repeating-table  cardessly  made,  or,  if  the  objects  are 
pretty  distant  and  this  caution  snpemuous,  when  the  vemias  are 
nearly  at  the  diviaiona  at  which  you  set  out,  which  gets  rid  of  or  at 
lesat  diminishes  any  errora  of  division.  The  latter  condition  is  how- 
ever rather  a  speculative  than  a  practical  one.  Aa  the  error  of  divi- 
sion is  divided  by  the  number  of  observations,  and  the  casual  error  of 
obaervation  only  by  the  square-root  of  the  aame  number,  it  is  evident 
that  a  moderate  number  oi  repetitions  in  our  ezedleutly-divided  drdee 
vritl  reduce  the  error  arinng  from  mal-diviaiott  to  a  much  smaller 
quantity  than  that  which  belongs  to  the  class  of  casual  error  of 
observation. 

Tbe  essential  condition  of  repetition  is,  that  the  motion  of  the  theo- 
dolite shall  not  disturb  the  repeating-table.  The  motion  of  the  latter 
therefore  should  be  as  heavy  as  will  admit  of  nicety  in  the  tongent- 
aorew,  while  the  motioD  of  the  parts  which  move  with  the  tdssnme 
should  be  as  hght  and  free  as  ia  consistent  witii  firmness.  There  u, 
we  bdieve,  no  difficulty  whatever  in  effecting  both  these  points ;  but 
lest  any  error  should  arise  from  repetition,  we  should  recommend  a 
careful  observer  to  determine  his  angles  by  two  aeries, — one  by  always 
moving  the  telescope  and  its  tangent-screw  forward,  and  the  repeating- 
atand  and  its  SOTew  backwards ;  and  another,  by  reversing  tbe  process. 
If  the  tvro  results  agree,  as  they  should  do  within  the  limits  of  casual 
observation,  the  mean  ia  probably  free  from  all  other  error;  and  if 
they  do  not,  the  observation  shoulid  be  repeated  ami  varied  until  the 

auauUty  and  pnibMe  law  of  the  error  is  ascertained.  We  should 
len  be  able  to  say  decidedly  where,  when,  and  under  what  precau- 
tions, repeating  was  a  safe  as  well  as  a  convenient  and  economical 
process,  which  at  present  is  rather  a  vexata  quteiiio,  unless  the 
decision  be  suppossd  to  be  sgainst  all  repetition,  to  which  we  do 
not  bow. 

The  for^dng  description  has  been  confined  to  a  form  of  theodo* 
lite  which  is  not  in  ordinary  use,  thotu^  from  its  simplicity  and 
power  it  is  well  adapted  to  the  purpose  of  explanation.  The  common 
theodolite  ia  generdly  carried  l^  a  pair  of  parallel  plates,  fixed  on 
a  three-l^ged  staff.  Ttie  lower  of  these  circulu-  plates  is  screwed  upon 
the  staff,  and  boa  an  aperture  above  the  screw.  The  upper  plate  hu  a 
strong  descending  sbsjik  which  passes  loosdy  through  this  aperture. 
A  button  of  a  spherical  form  is  fixed  on  the  end  of  the  shank,  the  cur- 
vature uppermost,  and  rubs  against  the  under  surface  of  ijie  lower 
plate,  which  la  dome-shaped  to  fit  it.  Four  strong  screws  pass  throu^^ 
the  upper  plate  and  abut  with  their  lower  ends  against  the  lower 
plate.  When  the  screws  are  turned  the  plates  are  separated  unt^  tbe 
button  and  the  qiherical  surface  on  whidi  it  rubs  are  brought  into 
squeesiug  contact  To  levd  the  theodolite,  set  the  levels  each  parallel 
to  a  diagonal  pdr  of  acrews  of  the  parallel  plates.  Then  screw  one 
pair  until  you  come  to  a  bearing,  and  by  releasing  -one  screw  and 
screwing  up  the  other,  but  not  very  tight,  set  the  coireBpcaiding  levd 
horizontal;  leaving  tUs  pair  and  taking  hold  of  the  other  pair  set  the 
second  levd  also  right,  and  if  the  first  levd  is  deranged,  as  it  probably 
wiU-  be  a  littie,  restore  its  pontimi  hy  sBrewiog  up  the  proper  screw. 
Turn  the  telescope  half  round  ana  correct  the  error,  half  Toy  the 
paralld  plate-screws,  and  the  other  half  by  the  levd-adjustments  them- 
aelves.  It  is  desirable  that,  when  the  fiiiat  adjustment  is  made,  the 
screws  should  bite  pretty  huxl,  otherwise  there  is  a  great  chance  that 
the  upper  plate  'will  turn  a  little  during  the  observation.  This  objeo- 
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t{<m  would  seem  fatal  to  the  uie  of  parallel  plates  where  great  nicety 
IB  required;  they  are  howerer  reaj  convenient  and  of  very  ready  use, 
asd  perhaps  if  the  acrewB  are  strong  and  the  obserrer  is  careful  to  give 
the  telescope  three  or  four  turns  round  in  tiie  directioQ  he  meant)  to 
obman,  before  starting,  and  always  to  move  the  telescope  the  same 
way,  BOrioaa  error  may  be  avoidad.  The  first  object  obswrod  should 
dwa^  be  obBerred  at  the  end  of  the  service,  in  order  to  see  whether 
there  has  been  any  change  in  the  miginiil  pofdtion.  If  one  of  the 
■crews  rest  in  •  notdi,  pcriiapB  the  tendeni^  to  twist  may  be  wholly 
overcome. 

Another  ooutrivance  which  is  to  be  found  in  almost  all  theodolites 
is  much  raore  objection&ble.  The  surveyor  wishes  to  save  himself 
addition  or  snbtnution,  and  requires  an  adjustment  by  which  he  can 
turn  the  whole  circle  about  and  Inlng  the  tdescope  upon  the  first 
object,  ^e  veniiers  bebig  previously  set  to  zero,  There  is,  therefore, 
a  motion  with  a  clamp  md  tans^t-screw  for  this  purpose,  which,  as 
the  damp  has  usually  a  very  uiort  bearing,  is  particularly  liable  to 
yield,  and  so  to  destroy  all  accuracy.  To  remedy  this  unnecessary 
vtO,  a  second  or  wofefc  telescope,  as  it  is  called,  is  attached  to  this  part 
of  the  instrument,  snd  brought  to  bear  upon  a  well-defined  object. 
Any  motion  or  wriggling  of  the  sero-clamp  is  betrayed  by  the  watch- 
teleeoope,  and  when  an  angle  is  taken  It  must  be  first  ascertained 
whether  the  watch-telescope  keeps  its  position,  and  the  position  if  dis- 
turbed  must  be  restored  to  the  zero-tuigent  screw,  before  the  observsr 
tion  is  finally  made.  In  some  theodolites  made  for  the  ladiim  survey, 
under  the  direeticoi  of  Colonel  Everest,  Uie  nero  and  slow-motion  clamp 
take  the  form  of  a  repeating-table,  and  may  be  BO  applied.  It  would  be 
safer  to  have  this  moUon  made  oonaidetably  heavier  than  in  the  pat- 
tenis  we  have  seen,  and  if  the  instrument  is  likely  to  fall  into  dlum^ 
huids  the  watch-telescope  might  easily  be  added  for  greater  caution. 
Such  a  theodolite  would,  bo  far  as  we  can  judge,  have  no  limit  to  its 
accuracy,  except  that  depending  on  the  diminutive  telescope. 

For  many  purposes  of  surveying  it  is  desirable  that  the  telescope 
should  ^iow  of  being  considarabV  elevated  or  depressed,  and  that 
means  should  be  giTen  for  measuring  this  uigle  witii  oonaidorable 
accuraoy.  A  circle,  or  portion  of  a  circle,  is  Uien  fixed  upon  the  tele- 
scope uis,  and  the  necessary  verniers  and  level  may  be  secured  by  a 
tail-piece  or  otherwise  to  the  support.  If  the  vertical  angles  are  to  be 
measured  as  accurately  as  the  horizontal  angles,  the  instrument  becomes 
an  altitude  and  azimuth  circle.  [Circle.]  But  such  instruments  are 
rarely  aj^lied  to  the  measurement  of  terrestrial  angles.  The  direction 
of  the  meridian  was  determined  in  the  Ordnance  Survey  by  obsarving 
Polaris  at  its  greatest  dongations  &  and  W.,  and  taking  the  middle  of 
the  two  readings  for  the  direction  of  the  north.  Hence,  the  telescope 
required  all  the  transit  adjustments  except  that  for  azimuth  [Transit], 
and  was  considerably  elevated  above  the  circle.  Though  the  results 
were  upon  the  whole  satisfactoiy,  yet  we  greatly  doubt  the  prudence 
of  Bscertusing  this  fundamental  and  delioate  point  from  such  an  instru- 
ment, or  of  ruking  the  steadiness  of  the  teleecope  supports  by  raising 
them  so  much  above  the  body  of  the  insb-umentC  It  would  have  been 
better,  we  conceive,  to  have  determined  the  direction  of  the  meridian 
by  a  series  of  careful  transit  obaervations,  using  more  optical  power 
with  greater  steadiness,  and  to  have  kept  the  theodolite  to  ite  proper 
office,  that  of  measuring  horizontal  angles,  greatly  reducing  the  height 
of  the  teleecope  supports.  The  great  theodolite  had  originally  a  aemi- 
circle  fixed  to  the  axis  of  the  telescope,  for  measuring  altitudes  and 
iiepnuaaaa.  This  has  since,  very  properly,  been  removed,  and  a  whole 
cirele  substitxited. 

'Where  a  theodolite  is  merely  used  for  surveying,  the  telracope 
requires  only  a  moderate  vertical  range. ,  Hr.  Troughten  fixed  a  por- 
tion of  a  circle  (which  may  be  more  properly  called  a  dice  than  a 
sector)  to  one  or -two  of  his  IS-inch  theodolites,  and  this  construction 
is  often  found  in  other  m^ers.  The  telescope  in  thus  kept  lower,  the 
instrunuot  is  firmer,  and  the  larger  radius  gi  ves  the  portion  of  the 
drde  a  """ing  advantage  over  the  entire  circle  of  smaller  radius. 
There  is,  however,  something  very  unsatis&ctory  in  a  portion  of  a 
circle,  vui  we  should  prefer  a  srat  of  compromise,  giving  the  supporte 
such  an  elevation  as  would  allow  a  vertical  circle  of  about  half  the 
dimensions  of  the  horizontal  circle.  If  the  direction  of  the  meridian  is 
to  be  determined  by  this  instrument,  the  supports  must  be  at  least  so 
hig^  as  to  see  2'  or  8'  above  the  latitude  of  the  place,  and  the  vertical 
oirde  may  be  increased  accordingly. 

It  is  pttrhaps  requisite  to  give  some  description  of  the  mode  of 
adjusting  the  verti<»l  circle.  Where  the  supports  are  high  enough  to 
allow  the  telescope  to  pass  when  turned  round  in  a  vertical  plane,  all 
the  adjustments  ore  the  same  as  in  the  altitude  and  azimuth  circle. 
[ClROLB.]  When  the  telescope  is  too  long  for  this,  the  circle  must  be 
lifted  out  of  ite  t's,  in  order  to  bring  the  une  of  right  again  upon  the 
object  to  be  Inaeated,  and  tiien  set  down  wun.  .  The  operation  is,  in 
tact,  the  same,  whatever  be  the  nature  oT  the  vertical  arch,  and  the 
adjustment  is  to  be  effected  either  by  altering  the  level  or  the  horizon- 
tal wire  tmtil  the  reading  is  the  same  in  both  positions  of  the  telescope. 
If  the  observer  has  a  T  level,  or  collimator,  he  can  set  the  croea  of  his 
levd-wires  horizontal,  and  this  being  bisected  by  the  telescope  of  the 
theodolite,  tlw  vernier  musfbe  made  to  read  zero,  and  the  bubble  of 
the  level  be  brought  to  the  middle  by  its  proper  screws.  Or  if  tiie 
observer  possess  two  stands  (and  there  is  a  great  convenience  in 
baring  more  stands  than  one  in  survcrying^,  he  may  place  the  stands  at 


a  considerable  distance  from  each  other,  and*  fixing  the  instrument  on 
one  stand,  and  a  mark  of  ezaoQy  the  same  height  as  the  telescope-axis 
on  the  other,  observe  the  mark,  noting  its  elevation  or  depreesion. 
Now,  exchanging  the  instrument  and  mark,  he  must  re-observe  the 
depression  ot  elevation  exactiy  as  before.  On  drawing  the  figure,  it 
will  be  aeen  that  if  light  move  in  a  itnight  line,  90*— dev^aon  at 
lower  8tation=90— de^«8Gdoa  at  higher  station  4-tiie  onrie  between 
perpendiculars  to  the  earth's  sur&oe  at  each  station,  whim  last  quan- 
tity  is  known  &om  the  distance  between  the  stations,  and  may  be 
ea^y  calculated,  that  is,  depression  —  elevaticm  =  a  known  angle.  But 
if  the  zero  is  wrong,  depressions  will  be  increased  while  elevations  are 
dimimshed,  and  vice  vend,  so  that  depression  observed  —  elevatitHi 
observed  —  the  known  aa^,  instead  ai  being  =  0,  will  be  +  2  error 
the  vernier,  which  may  be  ocnected  aooordmgly  either  by  the  adjust- 
ment of  the  level  or  of  the  horizontal  wire.  Or,  lastly,  if  the  telescope 
has  so  much  motion  as  that  a  star  can  be  observed  directly  and  by 
reflexion  from  mercury  or  any  other  fluid,  the  index-error  of  the  verti- 
cal circle  may  be  most  accurately  determined  thus : — Take  any  star  in 
the  meridian,  and  having  obsOTved  it  direotiy,  observe  it  immediately 
after  bj  refleodon.  II  great  nicety  is  required,  the  obserratitms  should 
be  repeated  altematdy  several  times,  and  the  partial  results  reduced  to 
the  meridian.  The  mean  reading  between  the  meridian  altitude  and 
meridian  depresrion  is  the  reading  which  corresponds  to  the  horizon, 
and  the  difference  of  this  from  0,  or  90°,  acording  as  the  circle  reads 
altitudes  or  zenith  distances,  is  the  error  of  the  instrument,  which  may 
either  be  corrected  or  allowed  for.  This  method,  thou^  very  accu- 
rate, requires  some  knowledge  of  the  time^  and  is  n&r  restricted 
by  the  dioioe  of  stars.  It  u  nearly  as  safe  to  observe  a  star  not  far 
from  the  east  or  west  point,  first  directiy,  then  by  reflexion,  and  lastiy, 
directi^,  m^ng  the  contacts  at  following  whole  minutes,  or  at  even  or 
odd  mmutes  if  the  interval  of  a  minute  ia  not  sufficient.  As  the  stan 
rise  nearly  uniformly  in  this  part  of  the  heavens,  the  mean  of  the  first 
and  third  obs^ations  should  give  an  altitude  equal  to  the  depreasi<Ht 
observed  midwa/.  The  discreponor  between  these  results  will  be  the 
double  index-eiTor  as  before,  which  may  be  corrected  or  allowed  for. 
By  some  of  these  methods  the  index-error  of  the  votical  circle  or  eector 
is  to  be  found. 

In  some  of  the  older  theodolitee  the  telescope  rides  in  t'b  at  the  top 
of  the  vertical  arch,  and  is  reversible  as  a  leveL  The  horizontal  posi- 
tion of  the  telescope  y'b  can  therefore  be  found  as  in  any  other  level, 
and  the  vemim  of  the  vertioal  circle  set  to  nro  when  the  telesoc^  is 
horiEontaL  The  ver(4oal  angles  measured  these  instrumente  are 
not,  however,  to  be  greatly  depoided  on.  They  are  usually  greatiy 
out  of  balance  in  all  positions  of  the  telescope,  except  the  horizont^ 
position,  and  therefore  they  make  better  levels  than  altitude  instzu* 
ments.  This  error  may  be  partially  got  rid  of  by  having  a  second  level 
fixed  to  the  instrument  which  is  parallel  to  ttie  plane  of  the  vertioal 
circle,  and  adjusted  to  the  telescope-level  when  uiat  is  horizontal.  If 
this  Bupplementary  level  is  pretty  well  graduated,  it  will  show  the  tilt 
which  is  given  the  plane  of  the  instrument  by  want  of  balance,  and  so 
give  the  correction  required. 

It  may  be  as  wall  to  mention  here  that  tiie  principal  adjustment 
being  that  of  setting  tiie  plane  of  the  theodolite  horizontal,  or,  more 
correctly  speaking,  tiie  principal  axis  vertioal,  any  horizontal  levd  any- 
where plarod  is  auffident  for  the  purpose,  though  the  cross-levels  are  a 
little  hudier.  A  boz-Ievel  is  convenient,  if  a  steud  and  repeating-taiUe 
are  used,  to  bring  the  planes  nearly  horirontal,  and  to  moke  both  ends 
of  the  bubbles  virible  at  first. 

Many  surveyors  give  themselves  and  the  instrument-maker  a  great 
deal  of  unnecessary  trouble  by  being  very  difficult  on  the  chapter  of 
excentririty,  which  they  confound  with  error  of  division.  The  English 
diriding-engines,  up  to  the  present  time,  do  not  divide  the  circles  upon 
their  centree ;  and  therefore  it  frequentiy  happens  that  the  point  round 
which  the  circle  turns  is  not  the  point  roimd  which  it  is  divided. 
When  this  error  is  not  aboolutefy  monstrous,  the  only  efEbct  is  that  one 
vernier  guns  what  another  loses,  and  that  tiie  mean  of  two  opposite, 
or  of  thne,  four,  or  more  equidistant  readings,  is  {Hwisely  the  same  as 
if  there  were  no  excentricity.  The  advantage  of  a  little  excentridty  is, 
that  it  gives  you  the  benefit  of  an  unbiassed  reading  at  every  vernier 
as  well  as  the  first :  again,  if  all  the  verniers  are  recused,  it  is  a  check 
on  the  dishonest  obs^er,  who  might  read  one  vetnier  and  set  down 
the  rest.  The  instrument-maker  must  please  his  ignorant  customer, 
and  so  either  hammer  his  drcle  after  it  is  divided,  which  may  deform 
lus  work,  or  have  an  adjustment,  which  injures  ite  solidity. 

In  Kanuden's  great  theodoUte,  and  several  others  which  have  been 
made,  the  circle  is  read  off  by  micrometer  mioroBC<:^>es,  Sometimes 
the  microscopes  revolve  with  the  tdesoope  (as  the  verniers  do  in  our 
figure) ;  sometimes  the  microscopes  ate  fixed,  and  the  oirde  revolves 
tnth  the  telescopes,  as  in  Bamsden's  theoddite. 

Ertd  of  Hitnich  has  mode  several  agronomical  theodolitee  in  whidi 
the  rays  entering  into  the  telescope  are  reflected  along  tiie  horizontal 
axis  by  a  prism.  The  observer  tlurefore  looks  in  at  the  end  of  the 
horizontal  axis,  whatever  the  position  of  the  star  may  be.  The  eye 
and  body  of  the  observer  are  more  satiafaotorUy  placed,  and  the  sup- 
ports are  kept  olose  and  snug  to  the  horizontal  oirue.  Tbe  instrument 
is  wdl  adapted  to  one  of  ite  principal  objects,  obsnving  atan  at  thdr 
passage  over  the  prime  vertioal  [TBABaiTj ;  but  there  is  some  trouble 
in  finding  on  object  when  you  nave  no  oettn-  direction  to  look  lor  it 
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than  your  eye  affords.  Excellent  latitudes  have  been  defcermined  by 
inBtnimenta  of  this  class  used  in  the  prime  TerticftI,  and  even  the  small 
vertical  circle  seems  from  some  aot^unts  to  possess  more  power  than 
from  its  dimensions  we  should  have  thought  probable.  As  a  general 
rule,  the  greater  the  number  of  leadings,  the  leas  the  effect  of  1»d 
division,  but  beyond  a  limited  number,  the  trouble  and  difficulty  of 
readingKiff  !■  found  in  practice  to  counterbalance  tlie  advantajn.  Two 
opposite  readings  annul  the  effect  of  exoentricfty ;  three  or  four  equi- 
distant readings  destroy  such  an  error  as  woiild  arise  from  the  circles 
becoming  elliptic  after  it  was  divided,  or  any  error  which  follows  tbe 
suae  law.  In  anum  stoutly-made  theodolites  we  think  two  the  most 
oonvenieDt  number,  and  they  can  be  much  more  conveniently  read  off 
than  a  larger  nasUier.  When  the  drde  is  so  mudi  as  8  inches  In 
diameter  and  tha  telsBcope  good,  ve  shoold  preto  three  or  four 
readings.  The  vertical  cirde  or  sector  may  have  two  oi^Hnite  readings. 
For  many  matters  connected  witii  surveying  on  the  most  extensive  and 
accurate  scale,  see  the  memoiiB  pul^lahed  «  the  English,  Scotch,  and 
Irish  Trigonometrical  Survey;  and  the  'Base  M^trique,'  or  account 
of  the  fVraoh  measurement  of  an  an  of  the  meridian,  although 
that  survey  was  oonduoted  br  b  dUforent  iiutniment.  Bhmlar  opera- 
tions  have  been  carried  on  in  many  countries  during  Qm  last  seventy 
or  eighty  yean,  and  the  memoin  whioh  relate  to  these  surveys  contain 
Uie  best  information  which  can  be  had  on  the  subject. 

It  should  be  mentioned  that  Mr.  Simms  has  Introduced  a  TrantU 
TKtodoUte,  or  portable  altitude  and  ofimuth  instrument,  for  the  use  of 
the  acieatifie  traveller  and  engineer.  The  ordinary  vertical  arc  of  the 
tiwodoUts  is  aztaoded  to  a  complete  drole,  and  is  read  by  two  opposite 
vemierB.  The  range  of  the  teleaeopa  ia  unlimited,  and  by  means  of  a 
diagonal  eye-piece  observations  can  be  made  in  the  xeniUi.  The  axis 
is  perforated  for  illuminatioQ  of  the  fiald  of  vler.  ^Hie  instrument  is 
8  inches  in  diameter. 

THEODOSIAN  CODE.  In  the  year  a.d.  429  TheodosiusII.  appointed 
a  oommiasfoQ  of  ei^t  persons,  at  tiie  head  of  whom  was  Antiochus,  to 
form  a  code  ont  of  all  the  eooitatuiions  and  other  lawa  whiidi  hod  been 
promulgated  sinoe  the  time  of  Oonatanl^e  the  Great.  The  code  was 
to  be  formed  on  the  model  of  the  private  compilations  respectively 
called  the  Codex  Gregorianus  and  the  Codex  Hennogsnianus.  Either 
nothing  was  done  by  this  eonmiis^on,  or,  for  some  reason,  a  renewal  of 
it  was  thought  necessary,  and  this  renewed  commission  received  its 
inatouotiona  in  the  year  485.  This  second  comminion  consisted  of 
sixteen  members,  witk  the  same  Antiochus  at  ita  head.  In  remodelling 
their  matetiabi  tha  oommiasion  was  empowered  to  omit  the  suprafluous, 
insert  tiie  neeeaaary,  ohauge  the  ambiguous,  and  reconcile  the  incon- 
gruous. 

Tha  code  was  completed  and  promulgated  as  law  in  the  Eastern 
nnpire  in  the  year  43B;  and  it  was  decUred  that  the  laws  enacted 
aince  the  time  of  Conatantine  should  only  be  in  force  so  far  as  they 
were  inoorporated  into  tiiia  code.  The  oode  ms  forwarded  in  the  year 
488 1^  Theodosius  to  bia  aon-in-law  Yalentinlan  III.,  who  confirmed  it 
and  laid  It  before  the  Roman  senate,  by  whom  it  was  received.  In  the 
year  448  Theodosius  forwarded  to  Volentinian  other  constitutions 
which  he  had  made  since  the  completion  of  the  code,  as  circumstancea 
had  arisen;  and  these  new  constitutions  were  promulgated  in  the 
Western  empire  in  the  nme  year.  The  new  constitutions  were  called 
NovellB^  a^  all  such  now  oonatitutions  which  were  Intenjianged 
between  the  East  and  West,  and  had  reference  to  the  oode  of  Theo- 
dosius, were  called  by  the  name  Novellae.  This  Interchange  subrnted 
as  long  us  the  empire  of  the  West  continued :  the  last  constitution  of 
the  kind  tiiat  we  know  is  one  of  AnthemiuB,  who  was  contemponry 
-with  Leo  I.  in  the  Eastern  empire :  It  bdoigB  to  the  year  468,  and 
relates  to  Bona  Vaoantia. 

TUa  ooda  owisistB  of  dzteen  ^xtoka,  which  are  divided  into  titles,  and 
tbe  tiUes  are  subdivided  into  sections.  The  arrangement  of  the  matter 
differs  from  that  in  the  subsequent  compilation  of  Justinian,  also  called 
ithe  Code.  The  code  of  Theodosius  treats  of  Jus  Privatum  in  the  first 
part,  and  especially  in  the  second  and  fourtii  books,  both  included,  and 
in  tha  beginning  of  the  fifth :  the  following  books  treat  chiefiy  of  Jus 
PuUieum.  The  first  book  treats  of  offices,  and  the  sixteenth  book 
treats  of  matters  pertaining  to  the  Christian  ohurcfa.  The  code  of 
TiioodoBiui  was  the  first  great  compilation  of  the  kind,  and  it  was 
much  used  in  the  O(«ni^tion  of  the  code  of  Justinian.  It  tOso  forma 
the  basis  of  the  code  of  the  Ostrogotiis,  called  the  Edictum  Theoderiei ; 
It  was  incorporated  into  the  code  of  Aiaric  IL,  commonly  called  the 
Breviarium,  in  an  abridged  form,  accompMiied  by  a  continual  interpre- 
tation or  exfdanation;  and  it  was  used  In  the  compilation  of  the  Lex 
Romana  of  the  Buigundian^  whldi  la  often  ineoirectiy  called  Faidani 
Ial>er  Raapmisorum. 

pa  greater  part  of  tiie  Theodoslan  code  and  of  the  Novetlaa  Con- 
stitutiones  exist  in  their  genuine  state  :  the  first  five  books  of  the  oode 
^d  the  begimdng  of  the  sixth  are  chiefly  found  only  in  the  Breviarium. 
The  exoellCTt  edition  of  J.  Gothofrediis  (6  vols,  fol.,  Lyon,  1666,  re- 
edited  by  J.  D.  Hitter,  foL,  Leipzig,  1736-1746),  and  alao  the  edition  of 
*  uS"^*  Antejustiniaaemn,  Berlin,  1815,  have  followed  the  text 
ol  the  Breviarium  for  the  first  five  books  and  the  beginning  of  the 
sixth.  But  Cloesius  and  Peyron  have  subaequenUy  made  additions  to 
^e  first  five  books,  and  pflrtioularly  to  the  finit;  the  former  from  a 
Milan  MS.  of  the  Breviarium,  and  the  latter  from  a  Turin  ptOimpseat 
oi  the  Theododin  Code.  (•  Theodoft  Cod.  Oontdna  P^i^menta/ 4a, 


W.P.  Closaiufl,  Tub.,  1824,  8vo.;  '  Cod.  Theodos.  Fragment.  inedd.,'ftc., 
Amad.  Peyron,  1823,  4to.)    Hiiuel  has  also  added  to  the  Utor  books. 
THEOLOGY  (flfoAuy/a),  the  science  which  relates  to  God. 

1.  Definition  of  Tcrma. — All  that  men  know  of  the  nature  of  God, 
considered  absolutely,  of  the  relations  between  God  on  the  one  hand 
and  themaelves  and  other  bmngs  on  the  otiier,  together  with  the  con- 
sequences resulting  fnnn  those  relations,  and  the  duties  arisiiig  out  of 
those  relations all  this  knowledge  is  described  by  the  word  religiim. 
[Rkligioh.]  To  reduce  this  knowledge  to  a  systematic  form.  Is  the 
province  of  the  science  of  (heology  ;  and  the  truths  of  religion,  when 
arranged  in  a  scientific  form,  constitute  a  tytUm  of  thtobigy.  Theology 
stands  to  religion  in  the  same  rehtion  as  that  in  which  every  oUier 
science  stands  to  its  subject;  for  instance,  natural  ^lilosojdiy  to  matter, 
metaphysics  to  the  mind,  philology  to  language.  By  many  writers  the 
words  theology  and  rdlgim  are  used  as  synonymous  terms ;  but  such  a 
usage  of  them  is  incorrect. 

The  above  definition  applies  to  the  word  as  it  has  been  understood 
for  some  centuries ;  but  ita  earlier  use  was  somewhat  different  from 
this.  The  BtoKorvia  of  the  ancient  Greeks  was  ipiKo<ro^  iripl  tSp 
Stlwi',  the  philosophy  of  divine  existences ;  and  it  included  all  questions 
relating  to  tiie  origin,  the  nature,  and  the  eernce  of  the  gods.  As 
relating  to  the  origin  oiid  mode  of  existence  of  the  gods,  Arietotie  uses 
the  verb  9tD\oy4a  ('  Metaphys.,'  i.  S) ;  and  Cicero  the  noun  Uieologut 
('  De  Nat.  Deor.,'  iii.  21).  In  a  wider  signification  the  word  ia  used 
by  Varro  (Augustin.,  'De  Civitat.  Dei,'  vi,  6;  compare  Eusebius, 
'  Prseparat.  Evang.,'  iv.,  130),  who  diatinguishes  three  different  kinds 
of  theology:  (I)  fuAutiv,  or  fabuiotim,  mythical  or  legendary;  (2) 
^vaativ,  or  naturale,  physical,  or  relatiiw  to  the  nature  of  tho  {pxls ; 
(S)  mXnatAy,  or  dviU,  political  or  popular.  Of  these,  the  first  u  the 
theology  of  poets,  the  second  that  philosophraa,  tiia  third  that  of 
the  people. 

In  the  New  Testament  the  word  Is  not  used.  (The  title  of  the 
Apocalypse,  in  which  the  word  0cJ\o7ot  is  applied  to  the  author,  is 
much  later  than  the  book  itself.)  [ApooALTFaE.]  The  simpler  terms 
hun^edge  {yv&aiz)  and  faith  {-wlmt)  are  tiiose  which  appraadi  most 
nearly  to  the  meaning  of  tiie  word  tkeotogy  ;  but  the  fact  being  tliat 
theology,  as  a  system,  'm  not  taught  in  the  New  Testament,  there  Is 
nothing  surprising  in  the  absence  of  the  word. 

Lastly,  the  modem  usage  of  the  word,  as  eniressed  In  the  above 
definition,  was  first  adopted  by  Peter  Abailard  (ob.  1142),  who  drew  up 
a  system  ot  s^lasUo  diTtoit?,  to  wliich  he  gave  the  title  of  '  Theologik 
Christiana.'  It  should  be  nmaAed  that  uutead  of  the  Greek  word 
theoloffy,  the  Latin  word  divinity  is  often  used  to  describe  the  sciuioe 
of  religion. 

2.  Bivitiom  of  Iht  Sdtnci.—With  reference  to  its  foundation, 
iheology  is  divided,  as  explained  in  the  preceding  pangra^h,  into 
NaturM  and  Revealed,  or  pontivt.  The  latter  word  is  used  to  indicate 
that  the  foundations  of  revealed  theology  are  the  exi^wed  will  of  God ; 
just  as  we  speak  of  positive  laws.  The  term  potitive  Uuolog!/  is  also 
used  to  describe  any  qratem  of  theolojj  wliich  rests  upon  authority,  as, 
for  ezamide,  the  systnn  embodied  in  this  formularies  of  s  particular 
chureb. 

According  to  the  method  of  treating  the  subject,  theology  is  dividad 
into  piqmlar  or  biUieal,  and  tyatematte  or  teholcutic  theology. 

According  to  the  part  of  the  subject  which  is  treated  ol^it  Is  divided 
Into  theoretical  and  practical  theology.  Of  these,  the  former  includes — 
(1)  the  knowledge  of  the  documents  which  contain  the  revelation,  the 
proof  of  their  authority,  and  the  explanation  of  their  meaning,  that  is, 
Exegetical  T/teology  ;  (2)  the  investigation,  arrangement,  and  discussion 
of  the  truths  so  revealed,  tiiat  is,  Sytteinaiic  Theology;  (3)  the  workings 
and  changes  of  religion  among  those  who  have  professed  it,  co'  Sitturi- 
eal  Theology.  Practical  Theology  has  for  its  subjects  the  duties  of 
practical  raugion,  and  the  various  modes  of  enfordng  them  on  men ; 
and  with  reference  to  tiie  latter,  it  is  divided  into— (1)  ffomiUtia,  or 
preaching ;  (2)  Catechctiot,  or  teaching ;  (3)  Littirgict,  or  worship  and 
the  administration  of  the  sacraments;  ajid^4)  Pa«(oni2  Z7iec%jr,orthe 
care  and  government  of  a  ohureh. 

8.  Dogmatic  Theology,  or  Dogmatice,  means  more  than  the  term 
tematic  theology.  The  province  of  the  latter  is  simply  to  give  to  the 
scattered  truths  of  revelation  the  scientific  form  of  a  connected  ^stem, 
in  wtiatever  manner  may  seem  most  convenient  to  the  framer  of  the 
ayatem ;  but  dogtiuaie  theology  aims  at  forming  a  system  which  shall  be 
accepted  as  binding  by  a  Urge  body  of  religionists,  and  then  views  all 
reli^ous  truth  in  tiie  light  of  that  system.  It  is  QwteDuUM  theology, 
with  the  idea  of  authority  superadded. 

Out  of  Dogmatic  Theology  springs  Controver$iai  Theology,  or  that 
mode  of  treating  the  subject  of  religion  in  which  some  particular 
system  of  dogmatics  is  daf  raded,  or  some  other  system  attacked. 

See,  further,  the  sriadee  Canok;  Miraole;  Rationalism;  and 
Rbvelatioi)  ;  in  which  many  of  the  subjects  of  dogmatic  controversy 
are  discussed. 

THEORBO,  a  musical  instrument  of  the  lute  kind,  which  has  long 
fallen  into  disuse.  This  instrument  has  been  called  the  Cithain 
Bijuga,  its  two  heads  having  been  erroneously  considered  as  two  necks ; 
and  it  was  oommonlr  known  under  the  name  of  Aroh-lute,  on  account 
of  its  magnitude.  The  upper  and  middle  ataings  were  attached  to  the 
lower  head  or  nut ;  tiia  lower,  or  base  strings,  to  an  upper  or  addi- 
tional one.   According  to  MaiMer  Mace  (1876),  the  Theorbo  was  tho 
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old  EngUab  lute  nry  mueh  enlarged,  and  oasd  oUaflj,  if  not  only,  u 
on  occtanpanimeQt  to  the  vfAot. 

THEOREM  {9nifnifM)  means  properly  a  thing  to  be  looked  at  or 
seen ;  and  u  lued  in  mathematics  to  signify  any  proposition  which 
atates  ita  conclusion  or  makes  any  affirmation  or  station ;  as  disttn- 
gui^ed  from  a  Pbobleh,  which  demands  or  requires  a  conclusion  to 
be  arrived  at,  without  ho  much  as  stating  whethw  that  conclusion  ia 
eren  possible.  Thus :  "  Required  to  draw  a  tangent  to  a  cdrde  at  a 
^ven  point,"  Is  a  problem ;  but "  If  a  strught  line  be  dnwn  at  right 
angles  to  a  diameter  from  its  extremity,  that  straight  line  is  a  tangent 
to  the  circle,"  ia  a  theorem.  The  problem  asks  discovery  bot£  of 
method  and  demonstration ;  the  theorem  asks  demonstration  only. 

This  distinction,  as  noticed  in  detail  in  Problem,  was  not  made  by 
the  older  Greek  geometers.  Theodosius  is  the  first,  so  far  as  we  know, 
who  usee  the  word  tiieorem,  but  none  of  Us  ivtmonUons  are  proUema. 
Fanpua  is  the  first  who  uses  both  terms  in  the  distinctive  geose. 

THEORY,  THEORT  AND  PRACTICE.  If  articles  upon  the 
mere  meaning  of  words  be  admissible,  it  is  the  consequence  of  the 
manner  in  wluch  tiie  wintls  are  used.  Of  all  the  fallacies  which  infest 
society,  the  most  common  is  that  of  applying  to  one  sense  of  a  word 
ideas  or  associations  derived  from  anotiber ;  and  of  all  the  words  is 
use,  there  are  few  which  are  mure  often  subjected  to  saoh  process  than 
those  wluch  stand  at  the  head  of  this  article. 

By  theory,  properly  speaking,  Is  meant  the  mode  of  making  seen  and 
known  the  dependence  of  trutlu  upon  one  another :  A  theory  ia  a  con- 
nected body  of  such  truths  belonging  to  one  or  more  common 
principles.  The  use  of  this  word  has  eidarged  with  the  boundaries  of 
the  Ktences.  For  example,  before  the  discovery  of  universal  gravita- 
tion, all  that  was  known  of  any  one  planet  was  the  empirical  formuhe 
for  one  or  two  of  its  inequahues.  This  constituted  the  tiieoty  of  the 
]danet  (then  so  called) :  thus  the  theory  of  the  moon,  so  far  as  peeuliar, 
consisted  in  the  statement  of  the  laws  of  tiie  ineqmditiea  called  the 
equation  of  the  centre,  the  evection,  &c  In  our  day  the  point  of 
view  i*  changed ;  it  is  no  longer  the  mere  exhibition  of  these  ine- 
qualities which  constitutes  the  theory,  but  the  deduction  of  them,  aa 
necessary  consequences,  from  the  principle  of  gravitation.  The 
thcOTeUcal  astronomer  now  stuia  from  this  principle,  and,  taking  only 
on*  pontioa  and  velocity  for  his  numeriral  data,  finds  out  every 
ineqnalify  of  tiie  planetary  motions,  those  which  were  previously  known 
from  observation  and  more,  osd  shows  how  to  form  them  into  tables. 
The  practical  astronomer  makes  these  tables,  computes  places  from 
them  for  the  current  year,  compares  these  places  with  tiie  results  of 
observation,  and  returning  the  comparison  into  the  hands  of  the 
tiieorist,  enables  him,  if  need  be,  to  correct  the  original  numerical 
data  to  which  be  amjied  bis  methods,  or  to  deteot  new  inequalities. 
The  process  is  now  deductive :  bnt  before  the  time  of  Newtnn  it  was 
the  other  way.  The  observer  had  the  first  task ;  the  ineonalitiei  were 
to  be  collected  from  comparison  of  observations,  and  their  lavs,  reduced 
to  the  simplest  form,  were  the  data  for  future  tables. 

Again,  before  the  introduction  of  the  undulatory  hypothesis,  the 
theory  ot  li^^t  consisted  in  the  exhibition  of  the  laws  of  reflexion  and 
refraction,  witii  a  certain  extent  ot  explanation  from  the  emanatory 
hypotheas  of  Newton.  Since  that  time  the  theory  of  li^t  has 
become,  though  at  a  distance,  a  resemUanoe  of  the  theory  of  gravita> 
tion  in  its  diaracter :  prediction  has  oommenoed,  that  u  to  say,  the 
^enontena  which  would  appear  under  certain  new  ctrcunutances  have 
been  announoed  before  any  experiments  were  made  to  discover  them ; 
and  oorreetiy  announced.  This  is  the  end  to  which  theory  ouglht  to  be 
flonataotlj  tending;  namely,  the  diacovery  of  laws  of  aotion  in  so 
complete  a  manner  that  the  necessary  consequences  of  those  laws 
never  fail  to  moke  thdr  appeennoe,  so  that  everything  which  is  seen  is 
found  to*  be  a  consequence  of  the  laws  when  examined,  and  every  con- 
sequenoe  of  the  laws  is  seen  in  phenomena  whm  looked  for.  .Whatever 
fulSls  these  conditions  may  be  called  a  perfect  theory,  or  a  peifeot 
matktmatical  ibeoij. 

The  next  it^  ia  tbe  chain  of  discovery  is  one  which  may  in  most 
cases  be  inoapaUe  of  attainment.  For  example,  nothing  is  more 
OBitain  than  that  the  assumption  of  every  particle  of  matter  attracting 
every  other  particle,  according  to  the  Newtonian  law,  leads  to  the 
complete  deduction  of  the  celestial  motions,  and  gives  tiie  complete 
power  of  prediction  just  alluded  to.  But  whether  this  attbaotiok 
does  actually  take  place,  or  whetiur  any  intermediate  i^{ent  is 
employed,  thou^  it  matters  nothing  at  praent  to  the  mathematical 
theory,  ia  the  next  object  of  inquiry.  Could  this  pc^t  be  aaoutained, 
it  is  more  than  probable  that  the  knowledge  of  the  omstitution  ot 
matter  to  whu^  it  would  lead,  would  open  hundreds  of  important 
consequences  even  in  the  application  of  science  to  the  arte.  [Cavsb  ; 
Htpothbsib.] 

Before  coming  to  the  distination  between  theory  and  practice  we 
most  observe  that  theoriea  may  be  divided  into  two  dosses,  tiie  more 
perfect  and  the  leas  perfect.  We  cannot  say  that  any  theory  is 
abeolntc^  perfect;  but  there  are  some  of  which  the  defect  are  hwlly 
perceptiUe,  and  othen  in  which  the  contrary  is  the  case.  For  exampl^ 
tiie  theory  of  the  statics  and  dynamics  of  rij^  bodies  is  tolerably 
perfect ;  but  that  of  bodies  composed  of  portides  acted  on  by  moIecuW 
forces  is  in  its  infancy.  We  know  a  great  deal  more  of  tiie  connection 
of  the  planetary  worlds  with  each  other  than  we  do  of  the  particles 
iriii^  when  oonaeoted  togethw,  fonn  a  bar  of  iron  *x  of  oak.  We 


know  that  the  bar  is  not  perfectly  ri{^;  that  ib  bends  and  breaks : 
and  the  degree  of  bending  whioa  a  given  force  will  cause,  and  the 
amount  of  pressure  necessary  to  i^oduoe  fincture,  miut  be  sought  for 
In  experiments,  from  which,  impei^eot  as  they  are,  the  laws  which 
would  follow  from  a  good  Uieory,  if  we  had  one,  are  to  be  deduced. 
In  such  a  subject  our  theory,  inst^  of  being  on  all-sufficient  guide,  is 
only  a  htlp,  the  services  of  which  are  to  be  used  to  an  extent  which 
diBcrimination  derived  from  practice  and  experience  must  point  out. 
Many  a  peraon  who  thinks  be  ia  proceeding  upon  experience  only  is 
really  iQ&kbg  use  of  a  mixture  in  which  there  is  theory,  thou^  hia 
own  knowledge  of  the  process  he  uses,  and  of  its  hishwy,  m^y  not  be 
sufficient  to  inform  him  of  it. 

A  person  who  uses  an  imperfect  theory  with  the  confidence  due 
only  to  a  perfect  one  will  naturally  fall  into  abundance  of  mistakes ; 
his  raedictloos  will  be  crossed  by  disturbing  droumstances  of  which 
hia  Qieory  is  not  able  to  take  aooount.  and  his  credit  will  be  lowered  by 
the  failure.  And  inasmuch  as  more  theories  are  imperfect  tiian  are 
perfect,  and  of  those  who  attend  to  anything,  those  who  acquire  very 
sound  habits  of  judging  are  few  compared  with  those  who  do  not  get 
BO  far,  it  must  have  happened,  aa  it  has  happened,  tiiat  a  great  quantity 
of  mistake  has  been  made  by  those  who  do  not  understand  the  true  use 
of  an  imperfect  theory.  Heuoe  mueh  disoredit  has  been  brought  upon 
theory  in  geneml ;  and  the  schism  of  theoretical  and  practical  men  has 
arisen,  liortunately  there  are  many  of  the  former  who  attend 
properly  to  the  improvement  of  imp^ect  theory  by  practice;  and 
many  calling  theniBelvea  practical  who  seise  with  avidity  all  that 
theory  can  do  for  them,  and  who  know  that  step  by  step  theory  has 
been  making  her  way  with  giant  strides  into  the  territory  of  practice 
for  the  last  oentury  and  a  hidf . 

By  imctioe,  as  ^tinguished  from  theory,  is  meant  (not  by  us,  but 
by  thoee  who  contend  for  tiie  distinction)  the  application  of  that 
ciowledge  which  comes  from  experienoe  only,  and  is  not  sufficiently 
connected  with  any  general  principles  to  be  entitied  to  the  name  of  a 
theory.  The  distinction  of  labourers  in  the  field  of  science  or  art  into 
theoretical  and  practical  is  not  strictly  a  just  one,  for  there  a  no 
theorist  whose  knowledge  is  all  theory,  and  there  is  no  practical  man 
whose  skill  is  all  derived  from  experienoe.  But  the  terms  will  do  well 
enough  to  distinguish  two  class ea  whose  peculiarities  it  mi^t  be 
difficult  to  define  exactly. 

The  practical  man,  when  he  is  really  nothing  more,  ia  one  who  can 
just  do  what  he  has  been  taught  to  do,  and  who  has  acquired  skill  and 
judgment  in  a  small  range  of  occupations.  Alt  who  pride  themsdves 
upon  the  tiUe  would  be  displeased  at  this  definition,  and  we  readily 
admit  that  ro&Qjr  of  them  are  entitied  to  a  higher  ohataoter;  but  only 
because  the  title  W  which  th^  delight  to  describe  themsdves  is  a 
wrong  one.  Th^  desire,  under  the  name  of  a  workman,  to  claim  the 
qualities  of  a  master.  The  term  theomical  serves,  as  one  of  oontompt, 
to  designate  any  thing  of  which  they  disapprove ;  and  as  there  nevw  is 
any  fallacy  which  is  not  carried  to  a  fool's-cap  extent  by  the  lower 
order  of  users,  it  would  not  be  difficult  to  make  a  most  amusing  sdec- 
tion  of  instances  of  the  manner  in  which  the  distinctioa  has  been 
worked  the  large  number  who  are  at  the  bottom  of  tha  class,  and  in 
whose  heads  it  runs  that  thdr  own  igMnmee  is  practical  and  others' 
bunetedge  theoretical  Our  attention  was  called  to  this  dasa  in  eady 
youth  by  hearing  an  educated  person  state  that  he  was  a  "  practical 
man,"  by  way  <a  declining  a  question  which  involved  knowledge  of 
fractifitu  ;  it  was  then  extracted  from  him,  to  the  delight  of  bystanders, 
that  all  above  int^en  is  theory.  And  from  that  time  whenever  we 
wish,  in  adelioate  WBy,to  find  out  how  mudi  a  person  knows  of  his 
subject,  we  manage  to  asoertain  to  what  extent  he  oondders  it  praeH- 
ca%  Vi^fid.  And  we  have  thus  discovered  that  what  h^pens  to 
oursdves  happens  to  others,  namdy,  that  all  knowledge  which  ts 
possessed  is  practically  useful,  and  aU  which  it  not  possessed  is  noU 
It  is  very  often  noticed  that  men  are  unduly  given  to  puff  and  vaunt 
their  own  professions ;  whsreby  tb^  provolu  Uie  retort  of  "  nothing 
like  leather,"  being  the  wrada  the  currier  used  irtien  he  was  aakeS 
what  the  city  walls  should  be  made  of.  The  ssnasm  is  often  unjust 
The  exaggerator  ia  frequently  givitig  a  true  aeoount  of  the  effects  ol 
knoiole^:  his  mistake  lies  only  in  restricting  those  effects  to  the 
knowledge  of  things  in  his  own  line,  the  only  Imowledga  he  has  ever 
suffidently  cultivated. 

We  say  nothing  about  those  to  whom  (Aeety  is  but  a  name  under 
which  thqr  may  safdy  sneer  at  Jmoiekdge,  except  this:  two  amdl 
oommeroiaJ  companiea  sometimes  prolong  their  existenoe  by  amalga- 
mating, as  they  oaQ  it ;  would  it  not  be  desirable  that  thsy  dioBkl  join 
those  who  use  the  word  infoUlity  instead  of  theory  1  We  give  a  pasdiw 
word  to  the  many  who  blind  themsdves  to  the  d^rence  between  trutti 
and  falsehood  by  disguising  the  latter  under  the  name  of  praotioe.  It 
chanced  to  us  long  ago  to  advise  a  very  worthy  man  of  business,  no  w  dead, 
upon  the  terms  of  an  advertisement.  On  one  of  our  altemtions  he  re- 
marked "  Don't  you  think  tiiat,  practically,  it  would  read  better  my 
way  I " — "  It  would,"  said  we,  "  the  objection  i^  that  it  would  not  be 
true."  Our  friend  stared  as  if  a  light  had  tarokea  in  upon  liim,  and 
said,  "  Well,  Sir,  there  it  something  in  that."  We  remember  seeing  a 
theorist,  as  he  was  called,  endeavour  to  make  the  managers  of  a  certain 
undert^ng  comprehend  tiiat  thdr  profits  oould  not  exceed  the  essess 
of  the  gross  returns  over  the  outlay,  after  th^  had  been  trying  to 
cft<at  ihit  iqaalion  by  inveittiog  names  for  what  they  would  have  lued 
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to  have,  but  which  the  theorist  assured  them  they  would  not  get,  for 
the  preceding  reason.  The  answer  was,  "  That  is  veiy  true  theoretimllg, 
bat  now  let  us  look  at  it  praeHcaUtf."  We  sluJl  say  no  more  of  the 
gross  abuse  of  the  terms,  except  to  remaric  that  were  it  worth  while 
reaUy  to  make  a  contest  between  theory  and  practice,  it  would  bo 
difficult  to  say  on  which  side  the  balance  of  absurdity  would  incline ; 
or  whether  the  man  who  is  too  ooufident  in  his  theory,  or  too  confident 
in  his  experience,  has  done  most  mischief  for  the  time  being. 

Coming  now  to  the  higher  class  of  practical  men,  and  sprnking  as  of 
13x9  balance  between  two  methods  the  tbIub  tA  both  of  whioh  is 
admitted,  we  observe  there  are  obvious  faults  to  iriiich  both  parties  are 
subject,  both  in  conduct,  and  in  argument  respecting  their  pursuits. 
Great  care  is  necessary  to  secure  the  theorist  from  pushing  an  im- 
perfect theory  too  far,  and  ne^ecting  causes  of  disturbance ;  but  at 
least  as  much  is  necewary  to  prevent  the  practical  man  from  general- 
ising into  the<»7  from  imperfei^  experience,  or  from  restraining  mquiir 
a  notion  formed  from  laactice.  This  is  hii  besetting  ain,  to  suds 
an  extent  that  we  should  almost  be  iucUned  to  say  that  the  fault  of  a 
practsoal  man  is  a  tendency  to  form  false  theory,  as  that  of  tho  theorist 
is  to  make  false  applications.  We  have  often  been  surprised  at  the 
boldness  with  which  the  former  assert  generalities,  upon  evidence 
which  would  only  make  a  pure  theorist  look  for  further  information. 
Analogies  are  of  all  things  the  most  deceptive.  Much  and  frequent 
attention  to  men's  arguments  has  left  UB  witnaieeling  which,  whenever 
we  hear  a  person  begin  with  "I  am  a  praoMesl  maa^  makes  us  sayto 
ouiBelves, "  Now  for  a  smack  of  false  theory." 

In  argument  there  is  one  mode  which  is  common  to  both  parties, 
and  which  is  exceedingly  detrimental.  It  lb  the  selection  of  instances 
from  the  very  highest  mmds  of  the  two  orders,  to  illustrate  the  efl^cts 
of  theory  or  practice  upon  the  general  mass  of  understandings  :  minds 
the  superior  calibre  of  which,  and  their  power  of  adapting  Uiemselves 
to  urcunutaDoes,  uid  making  the  moat  of  what  they  have,  render  them 
exceptions  to  all  rules,  and  no  proper  examples  of  the  most  advantage- 
ous course  of  training.  Every  one  likes,  no  doubt,  to  draw  consequences 
about  and  concerning  his  own  self  from  a  contemplation  of  the  minds 
and  methods  of  the  Newtons  or  the  Qalileos  of  a  higher  sphere  of 
intellectual  exiatonce,  or  the  Arkwrights  or  Telfords  of  a  better  state 
of  power  of  adiqitatim.   "  What  is  your  theory  good  for ! "  says  the 


may  do  without  it  too."  ITie  answer  is — T^ord.  THe  opinioD 
of  Bacon  was,  that  "  the  root  ot  all  the  mUehief'm  Uie  sciences  is,  that, 
falsely  magnifving  and  admiring  the  powers  of  the  mind,  we  seek  not 
its  real  helpa,''  a  maxim  full  of  meanmg,  and  a  lesson  to  him  who  rates 
titeoiy  too  highly^  and  also  to  one  who  thinks  that  the  only  use  of 
his  mind  is  to  arrange  the  results  of  experience,  his  own  or  oUiers. 
What  are  the  majority  of  men,  that  they  should  look  down  vcpaa  any 
course  of  training,  theoretical  or  practicai  f 

Another  fault  of  argumrat,  but  almost  peculiar  to  the  practical 
world,  who  have  the  force  of  numbers  on  their  own  side,  is  the  habit 
of  claiming  all  who  are  successful  in  application  as  instances  of  their 
own  method  and  knighta  of  their  owm  onlcr.  Suppose  tiiat  one  indivi- 
dual should  discover  a  mine,  work  it  with  his  own  hand,  purify  the 
ore,  and  beat  the  metal  into  a  horse-shoe ;  whidi  is  he,  a  geologist, 
miner,  fumace-man,  or  blacksmith  f  He  lus  done  the  work  of  aU,  but 
the  community  of  blacksmiths  would  hardly  be  allowed  to  claim  him  as 
peculiarly  belonging  to  themselves.  When  a  person  who  has  mastered 
the  difflctdties  of  theory  has  also  successfully  applied  them,  he  is  free 
of  both  coriiorations ;  but  those  who  attend  only  to  application,  never 
fidl  to  i^ropriate  hia  merits.  Watt  is  a  striking  instance ;  he  was  a 
hi^I^  accomplished  theorist  on  every  point  on^£ioh  he  worked :  and 
yet  his  name  has  been  frequently  cited  as  a  proof  that  theory  could  be 
dispensed  with.  And  his  career,  when  compared  with  that  of  Telford, 
will  illustrate  theory  applied  to  practice,  as  distinguished  from  practice 
alone,  however  acute.  It  is  impossible  to  contemplate  the  career  of 
Telford  without  a  feeUng  of  high  interest,  created  ^  Wie  comparison 
of  his  apparently  inadequate  education  with  his  startiing  successea. 
Looking  at  the  individual  himself,  there  is  everything  toe  his  age  to 
admire;  and  so  long  as  hia  structures  last,  each  of  them  ia  the  mo»K< 
WMwfuw,  but  not  ore  permm'w.  The  time  will  come  when  h^  name 
shall  be  Uke  that  of  the  builder  of  the  old  London  bridge,  who  was  no 
doubt  the  Telford  of  the  day,  a  stimulus  to  his  contemporaries,  useful 
and  honoured,  but  not  the  remranbered  of  succeeding  ages.  On  the 
other  hand,  the  disooveriee  of  Watt,  though  equally  startling  in  what 
ia  called  the  practical  point  of  view,  have  tbe  mind  of  t^dfsooverer 
imposed  upon  them,  and  have  been,  and  must  be,  the  guide  of  his 
suooeesofs,  not  merely  to  repetitions  of  what  he  did  himself,  but  to 
enlargement  of  ideas,  and  to  tiie  conversion  of  principles  into  forms 
useful  in  art.  Take  away  the  honourable  qualities  which  enabled  the 
two  men  to  outstrip  their  contemporaries,  each  in  his  line,  qualities 
which  are  the  fvopertiee  of  the  individual  minds,  and  considor  what  is 
left,  namely,  their  modes  of  proceeding :  consider  the  effect  at  theee 
two  modes  upon  men  in  general,  and  there  is  nothing  in  that  of  TeUotd 
which  would  raise  the  workman  above  a  workman,  while  in  tiiat  of 
Watt  there  is  the  vital  principle  to  which  we  owe  all  the  mechanical 
triumphs  of  civilisation  and  all  the  theoretical  successes  of  physical 
philosc^hy. 

This  oountry  has  been  l<»g  and  happily  distinguished  for  the  great 


attention  which  has  been  pidd  to  application ;  but  it  is  a  mistake  to 
suppose,  as  some  do,  that  our  supremacy  in  practical  matters  has  been 
co-ordinate  with,  still  leas  owing  to,  neglect  of  theory.  It  would  foe 
easy  to  show  that  though  the  oompttrative  neglect  of  theory  alone, 
at  apwrtuit,  added  to  its  diligent  cultivation  on  the  Continent,  under 
the  encouragement  of  government,  had  given  to  foreign  countries  a 
dedded  preponderance,  now  very  much  on  the  wane,  of  theoretical 
inquiren  and  writere,  yet  that  there  has  been  no  country  in  Europe  in 
wMch  a  competent  knowledge  of  tbe  mathematica  and  their  i^plica- 
tions  has  been  spread  over  so  large  a  mass,  or  raiBed  to  so  hipi  an 
average.  At  any  time  since  the  beginning  of  the  17th  century  the 
total  amount  of  theory  in  Britain  has  been  larger  than  in  any  other 
European  country,  on  account  of  the  numbers  who  have  possessed 
a  useful  amount  of  knowledge ;  the  diffusion  of  education  in  Germany 
may  have  altered  our  position,  but  of  ttus  we  are  not  sure.  For  our- 
selves we  are  perfectly  s^sfied,  however  littie  those  moot  conoemed 
may  know  i^  tiiat  this  greater  diffum&n  of  theory  has  been  the  original 
moving  cause  of  the  practical  exoeUoioe  to  which  we  have  alluded. 
If  those  who  have  become  known  for  splendid  achievements  in  the 
former  are  few,  the  same  may  also  be  said  of  the  latter ;  but  a  country 
owes  its  excellence  in  either  department,  not  to  one  or  two  of  the 
highest,  but  to  the  mass  of  those  who  have  competent  knowledge, 
producing  good  habits  of  thought  and  action.  It  is  a  new  Utiog  to 
bear  one  branch  set  agunst  the  other,  and  would  make  our  writen  of 
a  oentury  back  think  that  posterity  had  lost  its  senses.  The  onfy 
addition  wanted  has  been  some  means  of  qrstematically  Durtaiing  the 
growth  of  theory,  so  that,  well  as  we  have  done  with  what  we  have, 
we  may  do  better  with  more.  The  efforts  which  are  making  on  every 
side  to  extend  education  will,  it  may  be  hoped,  do  what  is  wanted  in 
this  particular ;  they  vrill  at  least  nave  the  effect  of  making  it  clear 
that,  whatever  the  force  of  genius  may  do  for  an  isolated  ezoeption, 
the  mass  of  mankind  must  pbu»  thur  best  hope  of  progress  u  the 
union  of  theory  and  practitw. 

There  is  also  a  mode  of  viewing  what  we  may  call  the  action  of 
theory,  which  is  absolutely  necessaiy  to  a  true  conception  of  tiie  vtdue 
of  their  labours  who  employ  their  time  in  its  advancement.  Watch  the 
arguments  of  a  peraon  who  colls  himself,  distinctively,  a  practical 
man,  and  it  will  be  always  found  that  a  weU-^stablished  theory,  fifty 
yeara  old,  is  practical  knowledge,  so  called.  To  this  there  cannot  m 
the  slimiest  objection  in  the  non-dtBtinotive  sense  :  »  well-ettaUldied 
theory,  which  has  been  shown  to  be  sufficient,  is  highly  praotioal,  as 
c^p<Ked  toone  of  which  the  investigation  is  more  recen  t,and  the  complete- 
ness not  BO  well  ascertained.  But  when  the  question  is  theory,  as  theoiTj 
against  practice,  as  practice,  tbe  advocates  of  the  latter  frequentJy 
find  it  convenient  to  assume,  for  their  own  share  of  the  matters  in 
contest,  «dl  the  best  theories  pint  the  most  recent  practical  knowledge, 
leaving  to  the  other  aide  the  onus  of  suppnting  tberay  upon  the  most 
imp^wct  part  at  the  mass  of  doctrinea  which  it  contains,  being  that 
part  whidi  is  not  yet  off  the  onviL  Suppose  a  merchant  going  into  the 
boil  court  to  prove  his  being  worth  a  certain  sum  :  he  is  asked  whether 
his  businesB,  all  debts  and  risks  allowed  for,  would  produce  that  sum  : 
he  replies,  that  his  ventures  must  be  beyond  record  luisucceasfuJ,  if  it 
would  not  be  so,  over  and  over  again.  "So  then,"  he  is  further 
questioned,  "  you  cannot  podUve^  awear  that  your  busineaa  will  make 
you  worth  the  sum  in  question."  "  I  cannot,"  he  replies,  "positively 
swear  any  such  thing ;  but  I  have  enoi^h  not  employed  in  busineBS, 
in  land  and  mortgages,  and  in  the  funds,  to  pay  twenl^  shillings  in  the 
poimd  five  times  over  upon  every  risk  which  I  am  liable  to."  What 
would  be  thought  of  counsel  who  should  retort, "  That  is  nothing  to  us ; 
you  are  deuribed  as  a  mwohant,  and  your  solvency  must  be  Med  by 
the  state  of  that  part  of  your  pK^ierty  whidi  ia  now  uitdergi^g  the 
fluctuations  of  trwMf"  Suw  is  and  alwi^  must  be  the  state  M  tlwory; 
the  amount  which  is  actually  realised  is  enormously  greater  than  the 
floating  balance  which  is  being  worked  out.  Those  who  are  engaged  in 
producing  fixed  capital  from  the  latter,  have  a  right  to  the  credit  which 
arises  from  the  interest  of  the  former ;  their  labonn  for  tiie  time 
being  are  not  to  produoe  their  return  at  the  instant 

We  have,  in  complionoe  with  common  notions,  not  adverted  to  the 
consequences  of  theoiy  upon  the  mind  vaA  thou^te  of  men,  but  have 
treated  it  as  if  ite  sole  ol^ect  wore  to  advanoe  the  mechanical  arts  and 
better  the  physical  condition  of  society.  But  this  is  under  protest 
that  even  it  it  could  not  be  proved  that  rational  investigation  of 
nature  had  added  one  single  atom  to  the  physical  comfort  of  life,  there 
would  remain  such  an  enormous  mass  of  social  ameliorations  which 
ean  be  traced  to  that  sonroe  as  would  ontweie^  even  the  triumphs  cA 
steam.  This  is  often  forgotten  1^  the  highest  men  of  the  highest  and 
most  valuable  practice,  meaning  the  beet  appliuation  of  the  truest 
theoiy.  They  oonfound  practice  with  application  to  maUer  as  opposed 
to  mind.  On  this  point  we  quote  something  we  have  printed  else- 
where, "  There  is  a  strong  impression  in  the  world  of  physical  inquiry 
that  a  mathematician  is  almost  bound,  whatever  his  pursuit  may  bef 
to  make  his  sdenoe  the  means  of  investigating  or  registering  some 
facto  connected  with  the  material  world.  A  leather  of  mathematica 
for  example,  whose  business  it  is  to  study  the  mind  and  its  diacipline, 
that  he  may  make  his  teaching  permanently  useful  te  those  who  will 
not,  in  nineteen  coses  out  of  twenty,  ever  have  any  need  to  apply  it 
professionally,  would  be  tiiought  quite  in  the  right  way  if  he  should 
take  to  inveBtigating  the  force  of  steam,  or  the  strength  of  l}eams,  or 
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the  orbits  of  binuy  stord :  they  would  call  him  a  praeiiad  man.  I 
should  give  him  quite  another  nune  if  he  took  up  ateam  or  star  for 
anything  beyond  relaxatioa,  supposing  his  taste  to  turn  that  way. 
The  di^>oBition  to  hold  material  appUcation  to  be  alvayt  {oaotioal  is 
one  of  the  consequences  of  the  want  of  uyidKdogjoal  1]u>witb  Aud  viH 
vanish  before  sound  logical  traioingf  iriili  other  myopumo^  ('  Qunlv. 
FhiL  Trans./  toL  z.  p.  1.) 

In  conclusion,  the  word  practice  as  opposed  to  (heory  takes  an 
advantage  from  its  meaning  as  opposed  to  profetdim.  There  are  many 
persons  who  have  so  hasy  a  view  of  the  two  meanings  as  to  imagine 
that  the  two  antitheses  are  one  and  the  same. 

THEORY  OF  COUPLES.  The  two  motions  of  idiiah  any  ri^ 
mtem  is  eusoeptible  are  those  of  Tbaksl&tioh  and  of  Rotatioit. 
Bach  of  these  baa  this  Ddoiiliarity>  namely,  that  one  particular  cose  of 
ita  application  yields  the  oUier  kind  of  motion.  Every  motion  of  a 
^jBtam  can,  for  any  one  inBtant,  be  reacdved,  at  moat,  into  a  motion  of 
translation  of  the  whole  e^stem,  combined  with  a  motion  of  rotation 
about  an  axis ;  and  every  application  of  a  system  of  forces  to  any  rigid 
body  ,  produces,  generally  speakings  this  compound  of  tramilation  and 
roMion.  Also,  if  eqou  and  of^xMite  farcea,  such  as  would  produce 
simple  tnuwlation,  be  applied  at  the  same  point,  or  if  equal  and  oppo- 
site foroea,  such  as  would  produce  rotation,  be  applied  about  tite  same 
axis,  the  result  is  that  uie  equilibrium,  or  previous  motion,  of  the 
■yatem  remuns  undistorbed. 

But  U  the  equal  and  opposite  forces  oi  tnuulation  be  applied  at 
dtfibrent  punts,  the  result  u  rotation  only,  for  the  first  instant ;  and 
if  the  equal  and  oppodte  foroM  of  rotation  be  applied  about  axes  not 
coinciding,  but  toiW  parallel,  tiie  effbct,  at  the  trkb  instant,  is  transk^ 
tion  only.  And  t&ou^  the  doctrine  of  motion  is  now  properly  ex- 
cluded from  statiot,  yet  the  preceding  theorems,  together  with  othera 
mentioned  in  Rotation,  shoold  be  well  understbod,  and  viewed  in 
oonnecti<m  with  tiu  sdenoe  of  equUUnium,  ^nitich  is  always  illustrated, 
though  it  may  not  be  demmatrated,     auith  oundderations. 

It  WH  for  •  kn^  time  a  ouiiooa  but  barren  exception,  tiiat  though 
any  two  foroea  acting  in  the  same  plane  may,  ganerally  speakiuK,  have 
their  joint  effect  supplied  by  one  single  third  force,  yet  if  the  two 
forooa  be  equal  in  magnitucle,  and  opposite  in  direction,  no  such  single 
third  force  will  do.  If  indeed  they  be  applied  in  the  some  lino,  as  o  F 
and  g  s  in  the  first  figure,  they  equilibrate  each  other ;  but  if  not  in 
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the  suae  line,  sa  o  f  and  q  b  in  the  aeoond  figure,  no  one  single  force 
can  be  feond  which  will  either  equilibrate  thsm,  or  j^cducc  their 
oSbcta  Some  years  ago,  M.  Fdnsot,  already  mentioned  fM  his 
beautiful  thetar  of  RoiATIOif,  applied  a  remarkable  theorem  con- 
nected iritfi  aneh  nbs  of  foroea  to  the  establiahmeot  ai  the  theoiy  of 
the  statiiM  of  rigid  bodies,  in  a  manner  which  has  made  his  system 
rapidly  take  ita  place  among  the  fundamental  bases  of  the  science.  We 
shall  in  tlus  article  point  oat  t^  manner  in  which  this  can  be  done, 
vitlumt  much  deoonstration,  with,  a  view  to  draw  the  attmtion  of 
thoM  who  have  learned  the  doctrine  of  equiUbrium  in  the  old  way  : 
we  cannot  make  it  intelligible  (without  too  great  length)  except  to 
tlKwe  irtio  have  leaned  the  piinoii^  of  ant^ytical  atatics. 

If.  Poinsot  called  a  pur  of  equal  snd  c^posite  forces,  not  equili- 
brating each  other,  by  the  nuue  of  a  w»ple — too  general  a  term 
perhaps :  by  it  is  to  be  understood  a  couple  which  cannot  be  made 
ai^thiog  bnt  a  oonplei,  or  cannot  be  replaced  by  one  force :  an  iMom- 
pofi&fe  couple.  The  plane  o<  the  oou^e  ia  the  plane  drawn  through 
the  pamllwl  fcrcee ;  the  am  of  the  couple  is  any  line  drawn  perpen- 
cHoirar  to  the  fences  from  the  direction  of  one  to  that  of  the  other; 
the  axi*  <Mf  tiie  cou[Je  is  any  struct  line  perpendicular  to  ita  plane. 
And  if  we  ciHuider  any  axis,  it  wUl  be  apparent  that  the  moment  or 
kfenge  of  the  ooiqib  [Lbvib]  to  turn  th«  ^yst«n  about  that  axis  is 
repweanied  by  the  produst  of  one  trf  the  foroea  and  the  arm.  For  if, 
wiUt  rrfirenoe  to  the  axis,  x  be  the  arm  <rf  me  of  the  f  oicea,  s  +  a  is 
that  of  the  other,  a  being  the  arm  of  the  couple.  Hence  if  p  be  one 
of  the  forces,  the  united  uverage  ia  p  (j;  +  a)  —  Px  or  ±  Po.  This 
pt>duct  p  a  is  called  the  momait  of  the  coupTe. 

The  hat-mentioned  property  will  give  a  high  probability  of  itself  to 
the  ftdlowing  thecawns,  wnioh  are  tlw  basis  of  the  theoiy  of  couples, 
and  can  be  pinmd>  the  first  by  aid  of  the  onnpodticn  of  Imrcea  only, 
the  seoond  W  the  prindide  of  the  lew.  Ai^  couple  may  have  the 
direction  oi  Its  arm  changed,  and  oonsequentiy  of  ita  forces,  in  any 
manner  whatsoever,  eiUier  in  its  own  plane,  or  in  any  plane  parallel  to 
il^  provided  mily  that  the  direction  in  which  it  tends  to  turn  the  qre- 
tem  remains  unaltered.  Secondly,  any  couple  may  be  replaced  by 
another  which  has  Um  same  moment,  the  plane  and  direction  u 
tnming  reanainiog  unaltered;  that  the  arm  may  be  shortened  or 
lengthened  in  any  manner,  provided  tiie  forces  be  increased  or  dimi- 
ni^ed  in  tiie  same  propraiion.  If  the  system  were  in  equilibrium 
before  it  will  remain  in  eqailibrium,  liowever  its  couples  may  be  altered, 
in  any  manner  described  in  the  above  theorems.  Hence  it  follows 
that  a  couple  is  entirely  gjven  when  there  are  given  : — 1.  Its  axia  or 
any  line  petpcmdiculsr  to  its  plane,  which  is  also  perpendicular  to  any 
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of  the  plan^  into  which  it  may  be  removed.  2.  The  moment  of  the 
couple ;  specific  forces  or  arms  are  uaneceasary  for  its  description,  so 
long  as  their  product  is  given.  3.  The  direction  in  which  ib  ttiud^  to 
turn  Uie  aystem.  Tlie  easiest  way  of  describing  a  couple  is  then  as 
foUowB ;  Buppoie,  for  ezampJe,  a  lutrizontol  one : — ^Take  any  vertical 
line  for  the  uda  of  the  couple ;  on  that  axia  lay  down  a  line  propor- 
tional to  its  mommt,  and  agree  that  vertical  linea  drawn  upwards  siiall 
represent  moments  tending  to  turn  the  aystem  from  west  to  east ;  snd 
downwards,  those  tending  to  turn  the  system  from  east  to  west.  But 
a  sign  must  also  be  agreed  upon;  positive  moment  must  consist  in 
tenden<!y  to  turn  in  one  direction,  and  n^jative  in  th^  other. 

The  composition  and  resolution  of  conpleg  is  easUy  shown  to  be 
done  in  a  manner  which  perfeotiy  resembles  that  of  Rotations.  When 
the  couples  can  have  a  common  axia  (act  in  the  same  plane  or  parsllol 
planes),  the  moment  of  the  resultant  ia;  in  sign  and  magnitude,  the 
simi  of  the  moments  of  the  compdbenta,  with  their  proper  aigns.  To 
find  the  resultant  of  two  couples  which  cannot  have  a  common  axis, 
take  axes  to  them  which  pass  through  the  ssine  point,  and  on  tiicee 
axes  lay  down  linei  representing  the  momenta  of  the  couples  in  their 
proper  direction.  On  those  linas  complete  a  parallelogram  ;  the 
direction  of  the  diagonal  is  the  axis  of  tiie  resulting  couple,  and  ita 
length  represents  the  moment  of  that  couple.  Care  must  be  taken  to 
lay  down  the  directions  of  the  moments  properly  on  the  axes ;  the  best 
isolated  rule  (when  reference  ia  not  made  to  diatinct  co-ordiuate  pJaues) 
is  aa  follows :  Let  the  parts  of  the  plane  uf  the  axes  which  lie  in  the 
angle  made  by  the  Imes  r^irssentiog  momenta  be  turned  the  two 
couples  in  opposite  tUreobiom.  To  the  atudent  to  whinn  such  a 
direction  would  bo  useful,  we  should  say,  appeal  in  all  cases  to  the 
perceptions  derived  from  Rotatioit. 

To  apply  the  preceding  theorems  to  the  atatics  of  a  rigid  body,  we 
fint  taJce  the  following  conventions ; — Assume  an  origin  and  three 
rectangular  axes  of  co-ordinates,  as  usual.  Let  the  forces  which  sob  at 
each  point  of  the  system  bo  deoompoBed  into  three,  parolld  to  the 
axes  of  SB,  y,  and  a.  Let  each  frarce  be  called  positive,  when  it  acta 
towards  the  positive  part  of  the  axis  to  which  it  ia  parallel ;  if,  for 
instance,  the  axis  of  «  be  Tortioal,  and  if  its  positive  part  tend  upwards, 
all  forces  in  the  direction  of  s,  wherever  they  act,  are  called  positive 
while  they  act  upwards,  and  negative  when  downwarda.  Aa  to  couples, 
let  their  moments  be  called  positive  when,  acting  in  the  planes  of  x 
and  y,  y  and  s,  z  and  x,  th^  tend  to  turn  the  positive  part  of  the  first- 
named  towards  the  positive  part  of  tiie  seoond  {xy,  ye,  er).  L.et  f,  be 
tiie  first  point  of  the  system ;  let  its  co-ordinates  be  2„  y^,  ;  let  the 
forces  in  the  three  directions  aotong  at  that  point  be  x„  t„  z,.  Let  f, 
be  the  second  point;  a:^  V„  z„  its  co-ordinates ;  x^,  x„  the  forces 
there  applied;  and  ao  on.  All  oo-urdlaates  and  forces  have  their 
proper  aigna.  At  the  origin  v^j^j  the  following  pairs  of  equilibrating 
forces:     and  -x^, and  — T^.i^and— z,;  x,and-Zv  T.and— t„ 

and  — z,,  and  ao  tm ;  which  m  oourse  do  not  affect  the  equilibrium, 
and  are  over  and  above  those  already  applied.  Again,  at  the  extremity 
of  x^,  in  the  axis  of  x,  a^ly  the  equilibrating  forces  T„  — Y, ;  at  the 
extremity  of  y,,  in  the  axis  of  y,  apply  z,,  ~  z, ;  at  the  extremity  of  z^, 
in  the  axis  of  x,  apply  x;,  — ;  and  so  on  for  the  other  points.  Lastly, 
let  the  points  of  apjOication  <Hf  the  original  forces  x„  Y„  z„  bo  dianged 
so  thai  each  shall  act  at  the  projection  of  the  point  of  appUoatjon  made 
by  ita  co-«rdinate ;  and  the  same  for  the  other  point&  Ifothing  is 
done  but  the  application  of  mutually  destroying  forces,  or  the  chimge 
of  the  point  of  application  of  a  force  to  another  point  iu  ita  direction, 
and  the  following  figure  will  show  the  {H'eseut  arnuigement  for  one 
point.  The  original  forces,  teutsferred,  ore  miu*kedz,Y,z;  the  original 
point  of  ^iplication,  f  ;  and  the  other  f  orcee,  equilibrating  two  and  two, 
have  ^eat  and  antiUl  letters  at  tlieir  exU-eiuiliad. 


We  now  see  that  the  forces  X,  y,  z,'are  equivalent  to — 

1,  The  foroea  x,  T,  z  (maiked  a,  b,  c)  appUed  at  the  origin. 

2.  A  pair  of  couples  to  the  axis  of  z  (l,  b)  (x,  n),  the  first  poativa 
with  the  moment  Yx,  the  second  negative  with  the  moment  xy.  These 
two  are  equivalent  to  one  couple  with  the  moment  yjc— xy. 
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8.  A  pair  of  oonplu  to  the  asu  of  x  (u,  c)  (t,  I),  the  total  moment ' 
of  which  is  zy— K. 

4.  A  pair  of  couploB  to  the  axis  of  y  {v,  a)  {%,  «),  the  total  moment 
of  whioU  MXi—ix. 

Apply  tiiiB  to  every  point  in  the  system,  and  let  2x  stand  for 
z,  +  + ,  &&,  and  Bo  on :  henoe  it  appears  that  the  whole  of  the  forces 
m  eqnir^ent  to  forces  3x,  3r,  Si,  applied  at  the  origin  im  the 
diraotions  of  x,  y,  and  z,  together  witii  oou^  in  the  phuea otx^,ifh 
ax,  of  which  the  moments  are— 

a  (M-xy),  S  (zy— k),  a  (xz— z*). 

Let  ak3x,  l=3  (zy— ts) 
b=3t,  ll.=.t(Z2~Zx) 
0=Ss,  M  =  a(Yx— xy) 

T=v'tA'  +  B'  +  c')i  W=  V(l'  +  »^  +  H') 

Then  it  appean  that  all  Uie  forces  can  be  reduced  to  one  force,  y, 
acting  at  the  origin,  making  angles  with  the  axes  whose  cosines  are 
A :  T,  B :  T,  o :  T ;  and  one  couple  having  a  moment  w,  and  whose  axis 
makea  witth  ilw  ozea  of  oo-cndinatcs  anglea  whoae  oonnea  are  l  :  w, 
II :  M  :w.  Bat  when  there  is  equilibrium,  both  the  force  and  the 
moment  ot  the  couple  must  Tonish,  for  the  single  force  cannot  equili-  ' 
Imteaoouple.  Consequently  the  conditions  of  equilibrium  ore  v=0, 
w  =  0,  which  (pve  a  —  0,  b — 0,  c  ■=  0,  l = 0,  m = 0,  M  =  0,  ttie  six  well-known 
oonditiotts  of  ec^uilibrium. 

The  forces  will  haTe  a  siD^le  resuttaot  when  T  falls  in  the  plane  of 
tile  couple  iriiOM  moment  u  w ;  that  io,  when  the  direction  of  t  is  at 
right  an^ea  to  the  axis  ^  the  couple  Ttibi  takes  place  when 
AL+Bi[  +  cnt=Oj»  well-known  condition. 

(For  farther  information,  we  may  refer  to  Poinsot's  ^iment  de 
Statique  :  or,  in  English,  to  Pratt's  SfaihmatictU  PrineipU$  of  Natural 
Philotopk^  ;  or  Pritchard's  7%eory  of  Coitplei,) 

THEORY  OF  EQUATIOKa  Under  this  term  is  ezDrassad  aU 
that  part  of  algebra  vhioh  tieata  of  the  propeitisB  tA  Tationsl  and  inte- 
gral fonotioDa  of  a  single  TariaUe,  auoh  as  ax+b,  <a?+bx+c, 
a3^+b3:^+ex  +  e,Knd  so  on;  a,  &,  e,  ftc,  being  any  algebraical  quanti- 
ties, positiTe  or  negative,  whole  or  fractional,  real  or  imaginary. 
Unless  however  the  contrary  be  specified,  it  is  usual  to  suppose  these 
co-efBcients  real,  not  imaginary. 

The  great  question  of  the  earlier  algi^jraists  was  the  finding  of  a 
value  for  the  variable  nhidi  ahoold  make  the  expreasliMi  equal  to  a 
^Ten  Domber  or  fraction :  as  what  must  x  be  so  that  Sa?+  2x  may  be 
11,  or  a^— d^  +  0x  may  be  40,  and  so  on.  In  modem  form  it  wouul  be 
asked  what  value  of  :e  will  make  Sa^+2«— Il^O,  or  a^— x^-f6s— 40 
=  0,  and  BO  on.  To  find  values  of  a  variable  which  should  make  an 
expression  vanish,  or  become  equal  to  nothing,  was  then  the  first  desi- 
dfiratum ;  and  these  values  are  now  called  root»  of  the  expresuons. 
Later  algebraists  made  the  finding  ol  these  roots  safasarrient  to  (he 
discovety  of  other  properties  of  the  expresdoBs. 

The  Hindu  algebiusts  communicated  to  the  Arab%  and  through 
them  to  the  Italians,  tiie  complete  solution  of  equations  of  tiie  first 
and  second  degrees.  Tlie  Itauans  added  the  solutiw  of  equations  of 
the  third  degree,  and  of  the  fourth  imperfectly.  These  last  two 
degrees  have  been  completed  in  more  recent  times,  eo  that  it  may  be 
now  s^  that  the  equations  of  the  first  four  depws  have  been  eom- 
pletcQy  conquered:  that  is  to  »j,  having  given  the  equation 
aae»-i-&^  +  cc*  +  ea;-f-/—0,  an  algeloaical  expression  can  be  found,  hav- 
ing four  values,  and  four  values  only,  and  being  a  function  of  a,  b,  e, 
«,/,  which  being  substituted  for  x  on  the  first  side  of  tiie  equation, 
Mall  make  that  first  side  vanish.  But  the  student  would  look  in  vain 
through  the  books  of  algebra  to  see  this  expression  :  it  is  both  oom- 
pUoatedand  useless,  and  it  is  more  desirable  to  indioate  how  it  Is  to 
be  found,  than  to  find  it. 

The  equation  of  the  fiftii  degree  was  attempted  in  aU  quarters,  witii- 
out  success  :  means  were  found  of  approximating  to  the  arithmetical 
value  of  one  or  another  root  in  any  one  given  equation ;  but  never  a 
definite  function  of  the  co-efficients  which  womd  apply  in  all  coses. 
A  proof  was  given  by  Abel,  in  Crelle's  Journal  (reprinted  in  his  works), 
that  such  an  eiprenion  was  impossible,  but'  this  proof  was  not  gene- 
rally reodved  :  it  was  admitted  by  8ir  W.  HamiltOD,  who  illustn^ 
the  argument  at  great  length  in  the  '  Transactions'  of  the  Ro^ 
Irish  Academy,  voL  xviiL,  part  ii. ;  but  the  singular  complexity  of  the 
reasoning  will  probably  prevent  most  persons  from  attending  to  the 
subject.  We  do  not  mean  in  this  article  to  enter  into  the  history  of 
the  theory  of  equations,  but  only  to  place  its  general  state  befm 
the  reader  by  on  exhibition  of  the  prindpal  theorems,  without 
prool  For  works  on  the  subject  we  may  refer  as  follows : — Hutton, 
'*  Traots,'  vol.  ii.,  tract  83,  which  contains  a  full  account  of  the  earlier 
okebraists ;  Peacock,  "  Report  on  certain  Parts  of  Analyus,"  in  the 
I^R^wt  of  tile  Third  Meeting  of  the  British  Association;'  or  the 
TSOnit  works  of  Murohy,  Young,  or  Hymers ;  all  of  which  are  good, 
and  written  on  such  different  plans  that  any  one  who  makes  a 
particular  study  of  the  subject  will  find  it  advantageous  to  consult 
them  alL  In  French  the  standard  works  are  utose  of  Budan, 
'Lagrange,  and  Fourier,  whidi  however  all  treat  U  particular  topics : 
the  algebraical  troatiies  U  Bourdon  and  Lefebna  de  Fourqy  tnat  it 
more  geoentUy. 


The  particular  points  relative  to  equations  of  the  first  four  degrees 

are  as  follows : — 

1.  The  expression  of  the  first  degree  can  be  reduced  to  the  form 
ax  +  b ;  it  vanishes  whm  x—  —  i :  a,  and  has  only  this  one  root. 
And  ax  +  biB  of  the  sune  sign  as  a  wnot,  aeoonUog  ss  a  is  greater  or 
less  tliau  the  root. 

2.  The  expression  of  the  second  degree  is  more  important  It  can 
always  be  reduced  to  the  form  a«>  +  &x -f  c,  and  its  propeitiM  are  beat 
developed  hj  taiiafonning  the  preceding  into 

(3ax+b)*+iac~V 
4a 

There  ue  three  distinct  cases,  socwding  as  ft^  is  greater  than,  equal 
to,  or  less  than,  iac 

When  b^>iae,  the  expression  a3fi*bx+c  has  two  real  and  diifaring 
roots,  Mmtsiued  in  the  formula* 

-  ft+ V(y-4ac) 
2a 

and  has  always  the  same  ugn  as  a,  except  when  ae  lie«  between  dioee 

vootfl.  Evoy  change  of  signs  in  pasaug  from  a  to  6  and  bom  6  to 
e  indicates  a  positive  root,  sad  every  continuation  a.negative  root  : 
and  when  one  root  is  pceitive  and  one  root  negative,  the  positive  or 
native  root  is  numerically  the  greater,  according  as  (o,  o)  shows  a 
change  or  continuation.  When  x=  — b  :  2a,  the  expression  is  at 
its  numerical  mffiPT"'™  between  the  two  rot^  its  then  value  being 
{iac-b^  :  4a. 

Wheni3=4ac,tiie  exprearion  oa^+Ax+e  is  a  peifsot  square  with 
respect  to  X,  and  absolntely  so  if  a  be  a  square^  The  two  roots 
become  equal,  and  eodi  equal  to  — i  :  2a.  Tbg  expression  now  never 
difiers  in  sign  from  a. 

When  J*<4ae,  the  two  roots  become  imaginary,  the  expression 
alvays  has  the  sign  of  a,  and  is  numerically  least  when  x=  —b  :  2a, 
being  then  (4ae-&*)  :  4*. 

3.  The  equation  of  the  third  degree  (or  cubic)  has  been  seporstely 
considered  in  the  article  iRREDtrciBLE  CaSX. 

4.  Nothing  belongs  particularly  to  the  equation  of  the  fourth  degree 
(or  biquadratic)  except  the  recitd  of  the  various  modes  in  which  the 
solution  is  reduced  to  that  of  a  cubic.  The  various  modes  are  dia- 
tinguislwd  by  the  names  ot  their  inventors. 

FerrarL  Let  x^  +  ax?  -t-b  +c  =  0.  This  can  be  tranafonoed  into 

(a* +•)'=(  2»  —  o)  a:=  -  6*  + 1* —« ; 

make  the  seoond  dde  a  perfect  square ;  tliat  ii^  find  the  value  of 
V  iron  A^eA  (*■— e)  (3«  —  aji  or 

8«s- -  8» -h  4a«  -  i>  -  0 ! 

the  extractitm  of  the  squani  root  then  reduees  the  Uquedntie  to  m 
couple  of  quadratics. 

Del  Gartet.  hebx*+tafi+bx+t^(3fl+ii/p,x+/){a^-'>/p-x+g), 
which  gives 

+ /-P  =  «.(?-/)  Vp  »       "  e,  or 
ii"  +  2ap* -f  (o«  —  4c)  p  -  ft»  =  0 : 

find  a  positive  root  of  this  equation  (it  certainly  has  ose),  and  from  it 
find  jr  and/;  thm  the  roots  of  ■\fp.x+f^Ofaaia?—'i^p-x*g''0, 
are  those  of  the  given  equation. 

Thomas  Simpson  save  a  mo^oation  of  Ferrari^  method,  and 
Euler  one  of  that  of  Des  Cartes.  (Murphy's  Theory  of  Equations 
('  Iiibrsry  of  Useful  Knowledge'),  pp.  54, 65.) 

The  theory  of  equations  of  all  degrees  is  to  be  divided  into  two  dis- 
tinct parts ;  the  numerical  solution,  and  the  general  properties  of  the 
roots  and  the  expressions  themselves.  Hie  nHeimeaf  «ofMlMiit  mustbe 
carefully  distinguished  from  the  general  toboiom ;  the  former  term 
applying  to  any  mode  of  ^iproximotiog  to  a  single  root,  the  latter  to 
any  mode  of  exhibiting  a  general  expression  lor  the  roots.  We  ahall 
begin  by  the  general  propoiies  of  the  roots :  the  expreawn  in  que*- 
tion  bdng^,  w 

+  o,«»-*  -I-  +  ....  -I-  o^i*  -1-  Oa. 

L  Urbearootof^,  orif  ^=0,  tlienfsisdivislblebyd;— r,  and 
the  quotieot  is  another  gaok  expree^on  of  the  (»— l)Ui  degree,  every 
root  of  which  is  also  a  root  of  and  eveiy  number  irtiich  is  not  a 
root  (r  excepted)  ia  not  a  root  of  iftx.  Hence  fx  cannot  tiave  more 
roots  than  it  has  dimensions,  or  cannot  have  more  than  n  roots. 

2.  Whoi  the  expression  ^  is  divisible  by  {x — r)**,  it  is  said  to  liave 
ffl  roots  each  equal  to  r;  and  when  thia  is  the  cose,  the  substitu- 
tion of  r+y  fm  x  mnild  give  an  e^renini  In  which  is  the  lowest 
power  of  y. 

5.  Every  expression  has  as  many  roots  as  it  lias  itimenriwifc  This 

*  This  formula  ilionld  be  commltlod  to  mcmorr,  and  qoadratfe  eqaatfams 
always  solved  by  It.  NoiUng  is  mora  amtulng  than  ttie  Titallty  of  the  oM 
method  ctf  oompletlng  tbe  squsre  and  extrsetiug  tba  root  la  every  psrtteoUr 
case.  No  doubt  ■  studoit  shonU  have  nme  tiaininf  in  this  laat-oaeatloBed 
ptooMs ;  but  bU  ultimata  uelhod  Shonld  be  that  of  romnberiav,  obos  fbc  aU, 
the  fM^nls  in  t])p  text 
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propOHition  a  of  complex  proof,  but  it  begins  to  occupy  Ita  proper 
place  in  elementary  woil:8,  especially  on  the  continent. 

4.  Wfl  may  nov  refer  to  Stdrk's  TaEORKH,  to  Fourier's  theorem 
(giTflB  in  the  article  jnat  dted),  to  Dea  Cartes'  tiiDorem,  a  very  Uiiuted 
paitioular  case  ot  Fouriei'i,  mm  to  Homer's  Adaptation  ^,  and  addition 
to,  the  old  method  ot  nnmarioal  aolution  by  Vieta  (an  account  of  the 
history  of  this  laet  problem  Is  gjren  in  ibo '  Companion  to  the  Almanac' 
for  18S9).  [IxTOLOTios  and  Evolutioh.I  We  have  then,  since 
the  beginning  of  this  century,  a  complete  tneoretical  mode  of  deter- 
mining the  number  of  roots,  real  or  imaginary,  between  any  given 
limita;  bc^  exceedingly  difficult  in  the  eomjuiooition  of  the  opera- 
tions  which  Uiey  require.  Also,  a  mode  of  easy  spjdicafeloti,  though 
not  tbaoretioally  perfect,  of  determining  the  limits  between  which 
ihs  red  roots  lie ;  and  a  process  for  the  numerical  solution  which 
}>Iaoee  that  question  upon  the  same  footing  as  the  common  extrac- 
tion of  square,  cube,  oc,  roots;  making  those  extractions  them- 
selves, except  only  in  the  case  of  tiie  square  root,  much  earner  than 
before.  In  Conchy's  theorem,  now  begiiming  to  be  generally  known, 
and  which  was  given  in  the  '  Penny  Cyelopcedia,'  we  am  a  theoretical 
mode  of  determining  the  imaginary  roots.  And  Homer's  method  has 
been  extended  to  their  computation.  But  it  seldom  happens  that 
the  actual  determination  of  imaginary  roots  is  required. 

6.  The  Newtonian  method  of  approximation  is  in  the  following 
thecran.  If  a  be  nearly  a  root  of  f>x=>>0,  and  if  ^  :  f^a  be  small, 
then 


a— 


Is  more  nearly  a  root.  See  Apfbozikatioit  for  tiie  use  of  this,  and 
Tatlor'b  TnEORF.li,  for  a  more  extennve  result.  But  the  use  of 
Ucmier's  method  is  very  much  more  easy  than  that  of  Newton :  the 
former,  in  faai,  includes  and  systemattsas  the  latter.  But  this  remark 
apjdies  only  to  algebraical  equations :  iat  all  others  Newton's  form  just 
giTon  remung  practically  unamended. 

8.  We  refer  to  the  arUde  Root  ior.tlM  solution  of  :r  +  l«0.  The 
Mlowing  equaticm,  «*"  +  2  cos0.a5-hl  =  0,  admits  of  complete 
■ulution  on  tiie  same  prin^ples. 

7.  If  ^  and  ^  have  different  ugns,  one  or  some  other  odd  number 
of  roots  ot  ^  lies  between  a  and  b :  but  if  they  have  the  some  signs, 
eithn  no  cue  or  an  even  number  of  roots  lies  between  a  and  b.  Every 
equation  of  an  odd  degree  has  at  least  one  real  root,  ne^ptive  or  posi- 
tive, according  as  the  nnt  and  last  temu  have  like  or  nnlike  aigmi 
Eveiy  equation  of  an  even  decree  having  the  fint  and  last  terms  of 
unlike  signs  has  at  least  two  real  roots,  one  pomtive  and  one  negative. 

8.  If  all  the  coefUcients  of  ^be  real,  and  one  of  the  two,  a+ 

be  a  root,  so  Lb  the  other :  and  if  all  the  coefficients  be  rational,  and 
one  of  the  two/  a+  V6,  a  and  h  being  rational,  be  a  root,  so  is  the 
other.  If  there  be  a  rational  fractional  root,  its  denominator  must  be 
a  divisor  of  the  first  coefficient,  and  ite  numerator  of  the  lost,  as  soon 
astheequation^=OiscIearedof  fractions.  N.B.  Among  the  divisors 
of  a  number  we  reckon  I  and  itself. 

9.  In  tiie equation  a^x"  -|-o,a:"-^  +  o,a'*-' -f-  ...  -i-o^iai-Ho,  =0, 
the  sum  of  all  the  roots  is  —  a, :  Oq,  Uie  sum  of  the  products  of  every 
two  is  a,  :  that  of  the  products  of  evety  three  is  —  Og  ■  (1(1,  and  so 
OQ.  Finklly  the  product  of  all  the  roots  is  +  a  a^,  according  as  »  is 
even  at  odd.  And  if  r„r„...ra  be  the  roots,  then  ...is  tlie 
same  as     (a:  -  r,)<a:  -  r,) . . . .  (a:  —  r,  ). 

1(X  If  the  preceding  expression  be  called  and  no^^i^' (•  — 1) 
a,«*~*  +  . . . ,  its  derived  nmetionj  ba  called  ^x,  we  have 


1 

x—r. 


**"  a  —  r,  —  r- 


and  if  fix  be  any  rational  or  integral  algebraical  function  of  x,  the  sum 
fr,  -f  ....  -I-  iffais  the  ooofflcient  of  the  highest  power  of  «  in 
the  remamder  <rf  the  division  ot^x'x  4«  by 

11.  IfsHiaaUausaatandforuusumof  the  nth  poven  of  the  roots 
of  the  equation,  we  have 

and  to  on  np  to 

+afi^i-i-afi»-t+ ....  -mc-O, 
after  iibfeh.  In  all  oana, 

OoS. +*  +  +  . . . .     +  a»  B*  =:  0. 

Hoice  also  the  coeffitaenta  of  the  expression  may  be  found  in  terms  of 
B,  Ba,  as  B0on,aB     ia  given. 

12.  AH  ratitmal  aymmetrieal  fonetlonB  of  the  roots  nu^  be  eadly 
expressed  in  terms  8,,  fto.^  md  thence  in  terms  of  the  coefficients 
<rf  the  expresnon. 

13.  If  it  be  required  to  find  a  function  ^  the  roots  of  which  shall 
be  given  functions  of  those  of  so  that  in  all  cases  y=ra;,  proceed 
as  in  finding  the  highest  oommon  diviacw  of  fx  and  rx—y,  and  take 
for  ^  the  final  renuunder.  But  if  tlUs  final  remainder  should  be  of  a 
h^wr  dinMHiaion  than,  firom  the  known  number  of  its  roots,  It  ought 
to  it  wSl  be  a  rign  that  some  of  the  babon  introduced  in  tiie  pro* 
MSB  have  affected  the  remainder,  and  these  must  be  exanuned  and 


removed.  The  treatinent  of  this  ease  belongs  to  the  general  question 
of  elimination,  but  the  foUowing  particular  oasea  are  almost  all  that 

are  necessary, 

14.  To  decrease  all  the  roots  of  ^  by  a  given  quantity,  or  to  m'lke 
y^x—a,  or  x=y  +a,  observe  that  the  resulting  equation  must  be 


where  the  coefficients  fa,  p'a,  \  ^'a,  &c,  nuy  be  the  most  roadily 
found  by  the  process  described  in  Ihvolutiok  Tha  same  proceae 
may  be  applied,  by  using  ~  a  instead  of  a,  to  Increase  all  the  roots 
of  ^  by  a  given  quantity.  It  Ib  by  this  [ffoOMB  that  the  eeoond 
term  of  an  equation  is  taken  awi^;  thua,  the  equaUon  beii^ 
a^x*  +  n^x^  +  ...  0,  assume 

1 

the  sum  of  the  roots  of  the  equati<m  in  x  being  —a^  :  tXg,  that  of  the 
equation  in  y  will  be  0. 

15.  To  multip^  all  the  roots  of  an  equation  by  m,  multiply  its  suc- 
cessive terms,  b^inning  from  the  highest,  by  1,  m,  m*,  in\  Ac.  And 
to  divide  all  the  roots  of  on  equation  by  m,  multiply  aU  Uie  terms  by 
the  some,  beginning  from  the  lowest.  N.B.  Torms  apparently  ipiwit^g 
in  an  equation  must  never  "be  neglected.  Thus  1=0 
ought  to  be  written 

a?  +  0sfi+0si^— 3x^+ 03^  +  0^  + tx -1-0. 

This  caution  is  of  the  utmost  importance  ;  in  fact  no  process  oug^t 
to  be  applied  to  any  equation  without  a  moment's  thought  as  to 
whether  all  the  terms  be  formnlly  written  down,  and  if  not,  whether 
the  process  about  to  be  applied  will  not  require  iU 

16.  To  change  the  signs  of  idl  the  roots  of  an  equation,  chaage  the 
itigns  of  the  ooraScients  of  all  the  odd  po  wen,  or  all  the  evw  powers, 
as  most  oonvenient. 

17.  To  change  an  equation  into  another  whose  roots  shall  be  reci- 
procala  of  the  former  roots,  for  every  power  of  x  write  its  oomplement 
to  the  hi^est  dimension.  Thus  in  on  equation  of  the  seventh  degree, 
for  afi  write  for  x  write  for  a:*  write  afl,  and  so  on :  lastiy,  for  a:* 
write  af,  N.B.  Consider  the  independent  turn  of  the  equation  as 
affected  by  af>.  From  the  re<ui»ocaI  eauation  can  be  found  the  sums 
of  the  negative  powers  of  the  roots  of  the  original.  • 

18.  The  old  methods  ot  finding  limits  to  Uie  mstfoitude  of  the  pon- 
tive  and  negative  roots  of  an  equation  are  so  n^id  Oat  they  can  hardly 
be  said  to  be  superssded  by  tiuKW  of  Sturm  or  Fourinr.  In  enunciating 
them  we  speak  of  coefficients  absolutely,  without  their  signs,  when 
mentioning  any  increase  or* decrease  the^  are  to  receive. 

If  A  be  the  greatest  of  all  the  quotients  made  by  dividing  the  oo- 
effidents  by  tiie  first  co-efficient,  no  root,  positive  or  negative,  is  nume- 
rically so  great  as  A  ■<- 1.  And  if  b  be  the  greatest  of  all  the  quotienta 
made  by  dividing  the  co-efficients  by  the  lost  co-efficient,  no  root, 
positive  or  negative,  is  numerically  so  small  as  1  :  (b  -i- 1).  Better 
thus :  if  L  be  the  firat  co^cient,  x  the  greatest,  and  M  the  last,  signs 
not  oooBideredf  then  all  the  roots,  numerically  speaking  lie  between 


K+L 


and 


19.  If  L  be  the  first  oo-efficient,  and  it  tiie  greatest  coefficient  which 
has  a  different  sign  from  that  of  L,  no  positive  root  is  so  great  as 
(h  +  l)  :  l.  And  if  L  be  the  lost  co-efficient  and  h  the  greatest  whidi 
has  a  difEbrant  sign,  no  ponUva  root  is  so  small  as  l  :  (h  +  l).  And  to 
apply  this  to  the  negative  roots,  change  the  signs  of  all  the  roots  of 
the  original  (S 16),  and  find  limits  to  the  positive  roots  of  the  new  one. 

20.  It  L  be  the  first  oo-efficient»  m  the  greatett  which  has  a  different 
ugn,  and  if  the  Jir^  which  has  a  diffbent  sign  be  in  the  mth  i^aoa 
from  the  first  term  exditsive,  or  belong  to  the  (»+l)thtann;  then 
no  positive  root  is  su  great  as 


If  £  be  the  number  of  terms  which  elapse  at  the  banning  before  a 
dumge  of  siga,  L  the  least  of  their  oo-efficients,  and  x  the  greatest 
oo-effiofent  of  a  diflbrmt  sign,  any  value  of  x  which,  being  >  1,  maksB 

a5-*+i(L»»  — L  — M)  +u 

poeitlTe,  ht  greater  than  the  greatest  root :  for  in«4^mff«j 


The  following  method  is  very  convenient  when  the  number  of  terms 
Is  large.  Divide  the  whole  expression  into  successive  positive  and 
negative  lota,  a^  —  B,  -|-  <v  —  Df  +  . . .  j>,  s,  »*, »,  ic,  representing  the 
last  exponent  of  X  in  each  lot  Divide  a^  —  B,  by  a;*,  and  ascertain  a 
value  of  X,  say  \,  which  makes  a,  —  b,  podtive  and  equal  to  I  Do 
the  same  with  tx*  +a,-~it,  ,  which,  for  a;  =  jk  (peihaps  do  greater 
than  A)  beoomes  m.   Repeat  the  proccsB  with  sec  -(-  >t  -  '« ■  luid  so 
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on  to  tlie  onJ.  Tho  Innt  value  of  x  used  ui  greftter  tban  any  root  of 
the  eqtutiOD  :  and  the  first  value  of  x,  h,  is  very  often  the  last  alBO. 

21.  If  eacli  co-efficient  which  differs  in  sign  from  the  first  term,  be 
divided  by  tho  sum  of  all  which  precede  and  agree  with  the  first  term 
(the  flmt  term  itself  included),  the  greatest  resultii^  fraction,  increased 
hj  unity,  is  greater  tban  any  positive  root  of  the  equation. 

22.  Newton's  method  of  finding  a  linut  greater  than  the  greatest 
poflitive  root  of  any  equation  now  merges  m  Fourier^s  theorem.  It 
consists  in  finding  a  \^  inspeotion  and  trial,  m  that  ^  ^u,  ffn,  tos., 
shall  all  be  positive. 

23.  Any  mode  of  ascertaininx  a  limit  greater  tban  the  greateit  pon- 
tive  root  of  an  equation  may  be  thu>  treated.  Apply  it  to  the  reci- 
procal equation  (§  17),  and  the  reciprocal  of  the  renult  attained  is  lees 
than  the  least  positive  root  of  the  originaL  Apply  both  to  the  equa- 
tion of  roots  with  signs  changed,  and  the  results  give  limits  for  the 
negative  roots  of  the  original. 

24.  A  celebrated  mode  of  examining  the  roots  of  equations,  but  too 
complicated  for  ordinary  use,  consists  in  forming  the  equation  whoee 
roots  are  the  squares  of  the  difibrencee  of  the  roots  of  the  originaL 
Any  quantity  being  found  leas  than  the  least  positive  root  of  tliis  new 
equation,  its  square  root  is  lees  than  the  difference  of  any  two  roots  of 
the  original.  If  such  a  quantity  could  be  readily  found,  the  theoretical 
imperfection  of  Fourier's  theorem  would  be  greatiy  diminished,  and, 
[vactic^y  speaking,  much  advuitage  w»uld  be  gamed  in  numerical 
nolutton.  What  is  wanted  to  add  to  both  Fourier's  and  Homer's 
method,  is  a  ready  mode  of  finding  out  when  two  roots  are  nearly 
equal 

26.  Logmnge's  mode  of  approximation  is  as  follows : — Having  found 
that  a  root  of  an  equation  lies  between  the  integers  a  and  a+1, 
diminish  all  tho  roots  of  that  equation  by  a,  and  take  the  reciprocal 
equation  to  Uio  result.  I<'ind  a  root  of  tiie  lost  lying  between  the 
integers  b  and  & -I- 1>  diminish  all  tlie  roots  by  b,  and  take  the  redprocal 
equation  of  the  reaulL  Find  a  root  of  iJus  last  between  c  and  e+ 1, 
and  pneaad  in  the  same  w^.   Then  the  continued  fraetiaa 

«+  b+ 

is  a  root  of  the  originaL  The  det^  of  the  woik  are  much  abridged 
by  use  of  Homer's  [vooess. 

26.  When  an  equation  has  eqnal  roots,  those  roots  can  be  found  by 
an.equation  depending  entirely  on  the  different  sets  of  equal  roots. 
If  fKT  have  m  roots  equal  to  a,  has  m— 1  of  them,  ^'x  has  2  of 
them,  and  BO  on ;  finally,  ^-^Dx  has  one  of  them.  If  then  ^  and 
^'x  be  found  to  have  a  common  measure,  every  root  of  that  oommon 
measure  enters  in  ^  one  time  more  tium  in  ^e  common  measim 
itself. 

27.  When  an  equation  has  an  integer  root,  which  must  be  one  of 
the  divisors  of  the  laet  co-efficient,  it  may  be  discovered  \tj  successive 
trial,  OS  follows;  — Suppose  Oq«*  + a,ar*  +  asa!'  +  Osa!+o,  =  0,  <»„,  ftc, 
being  integers.  Lot  i  be  a  divisor  of  a„  and  let  a^  :  fc=(,  an  integer. 
Then  if  k  bo  a  root,  we  have  Oofc^  +  aj^-HOji -hOj  +  i—O,  and  a^  +  f  is 
divisible  by  k,  giving  m,  an  mtegor.  Hmoe  + o,*  +  o  +  m  •=  0,  and 
Oa  +  »  divided  by  h  givea  an  integer,  say  «,  Hence  aot+a.+»~0, 
and  a^  +  n  divided  by  i  gives  If  all  tiieae  condititHiB  be  fnlfilled, 
£  is  a  root.  All  the  divisors  of  a«  being  tried  in  this  mKDiaxt,  settie 
tiie  question  of  the  integer  roots  entirely, 

28.  If  the  co-efficients  of  an  equation  read  backwards  and  forwards 
be  the  same,  both  in  sign  and  magnitude,  every  root  has  its  reciprocal 
alio  among  the  roots.   By  reducii^  it  to  the  form 


P  + 


which  can  always  be  done  by  division,  when  the  dimension  is  even, 
and  assuming  y=«+a;-»,  an  equation  of  the  2tith  degree  can  be  re- 
duced to  one  of  the  ntii  and  n  qnndratloa.  Bat  when  the  dfmenrion 
is  odd,  either  —1  or  -hi  taust  be  a  root,  and  the  equation  can  be 
dew'essed  to  an  even  degree  by  division  by  as-fl  or  x—1. 

Ths  student  who  is  acquainted  with  the  preceding  results,  namely, 
surfl  u  are  either  ateted  or  referred  to  in  this  article,  will  find  no 
difficult  either  in  reading  on  the  history  of  this  subject,  OT  in  its 
application.  It  is  peculiarly  a  subject  on  which  selection  diould  be 
made  for  the  beginner. 

THERIACA  i^tmi)  was  the  name  given  orginally  by  the  andents 
to  all  those  medicines  which  were  intmded  as  antidotes  to  the  bite  of 
venomous  animals  (ff^pio),  as  those  which  counteracted  poisonous  drugs 
were  called  iAcji^^vuwa  (Galen, '  Comment,  in  Hippoor.'  '  De  Alim.,' 
Iiij  cap.  7,  torn,  iv.,  p.  279,  ed.  Kiihn ;  id., '  Comment  in  Hippoor.' 

£!L^°?' y™^- "^P-  Pt-  ^>  P-  »87); 

sfterwMds,  however,  the  word  seems  to  have  been  somewhat  restricted 
in  its  signification,  or  at  least  0t)/»ain$(in  the  Angular  numberyis'i^pUed 
to  one  particular  compound,  while  at  the  some  time  this  one  drug  was 
considered  to  be  a  safeguard  not  only  against  the  bites  of  Venomous 
animals,  but  also  figainst  poisonous  drugs  and  unwhdesome  food. 
(Oalen,  Do  Antid.,'  lib.  i.,  c.  1,  tom.  xiv.,  p.  1.)  Many  of  these  old 
prqnrabona  are  preserved  iu  the  writings  of  the  ancient  phynieianaL 
bnt  of  these  it  will  bo  enough  to  mention  hei«  the  two  mort  tenoi^ 


namely  the  HffiOindaiiiim  (HftfoiSffrcioi',  or  'Ai^ffioroi  Ht0f>iSj!r<ioi)  and 
the  Tkeriaca  Andi-amacki. 

The  Mitiiridatium  received  its  name  from  the  great  Mithrtdate^ 
king  of  Pontus,  who  had  a  atranga  aflbctation  of  aiqpeiior  skill  in  the 
powers  of  simples.  He  tried  the  etEbcta  of  these  upon  condemned 
malefactors,  and,  finding  that  difierent  drugs  counteracted  difi^arent 
poisons,  he  thought  that,  by  putting  all  of  toem  together,  he  should 
be  able  to  make  a  compound  that  would  render  him  secure  against  any 
poison  that  could  be  given  him.  (Qolen,  '  De  Antid./  p.  2.)  Accord- 
ingly he  is  commonly  said  to  have  so  fortified  his  own  body  by  the 
constant  use  of  this  antidote,  that  he  afterwards  tried  in  vain  to 
put  an  end  to  Us  life;  but  this,  if  tme^  "was  ^bably  "  as  Dr.  Heber- 
den  says  ('Antither.,'  p.,  10),  "less  owing  to  the  strength  of  his 
antidote  than  to  the  wetness  of  his  poison. 

Andromachus  the  Elder  (who  was  physician  to  the  emperor  Nero, 
and  the  first  person  who  is  Imown  to  have  received  the  titie  of  Archia- 
ier)  made  conddeiable  alterations  in  tiie  Hithridatium  1^  omitting 
some  of  the  ingredients,  adding  others  (espedally  the  dned  fiesh  cA 
vipers),  aad  by  increasing  the  proportion  of  opium.  His  receipt  wu 
embodied  in  a  Qreek  elegiac  poem,  in  order  that  it  might  be  the  more 
easily  preserved  without  alteration ;  and  this  has  been  inserted  1^ 
Galen  m  two  of  hia  works  ('  De  Antid.,*  lib.  i,  ca^.  vi,  et '  De  Ther. 
ad  Pison.,'  c  6),  and  has  been  frequentiy  published  m  a  se^iarate  form. 
Andromachus  likewise  changed  the  name  of  the  Uithiidatram  thus  re- 
formed to  ToAi^ ;  but  in  ^jan's  time  it  obtained  that  of  ■  Thariaca,' 
either  from  the  vipers  in  it,  or  from  its  good  effeets  in  curing  the  tntea 
of  venomous  (Golen, '  De  Antid.,'  lib.  i.,  cap.  6 ;  '  De  Ther.  ad 

Fison.,'  cap.  S.,  torn,  xiv.,  pp.  S2,  232.)  The  formula  for  the  Theriooa 
of  Andromachus,  as  well  as  for  others,  is  to  he  found  in  Gdger's 
'  Fharmao.  Universalis.  Pars.  Posterior,*  p.  281. 

It  is  much  to  be  regretted  that  Uie  wora '  Theriaca '  is  applied  to  the 
uncrystoUisabte  juioe  which  flows  frcnnmigar  in  theprooeas  of  refining; 
for  distinction's  sake  tills  diould  always  he  termed  "  Vtm.  Sacchari," 
or  "  Syrupua  Empyreumatiou^"  anglio^,  "  Holaase^"  u  in  the  Dublin 
*  Phimnacopoeia.'   The  uses  of  molansoB  (or  melaases)  an  well  known. 

THERUOCHROSIS.   rRASUTion  or  Heat.] 

.THERMO-ELECTRICITT.  It  has  been  shown,  under  Galvanish, 
that  any  obatnmUon  to  the  paassn  of  an  deotrio  current  produces  heat 
fai  the  conductor ;  so  converaelyft  has  been  found  that  any  obstruction 
to  the  equal  propagation  of  heat  in  a  conducting  circuit  produces  a 
currrent  of  electricity.  The  discovery  of  this  principle  was  made  in 
1822,  by  Dr.  Seebeck  of  Berlin,  while  engaged  in  rcseturches  c<moeniing 
electro-magnetism,  which  but  two  years  before  had  been  discovered  by 
I^feesor  Oersted  of  Copenhagen;  and  the  name  thermo-electTici^ 
was  givoi  to  the  fluid  l^  the  latter  idulgHmher  in  order  to  diatinguiau 
it  from  ^lat  which  is  produoed  the  uauu  gahanio  apparatus,  whioh 
he  proposed  to  call  Aj/dfo-electricity. 

Some  of  the  most  simple  experiments  by  which  the  effects  of  thermo- 
electricity may  be  illustrated  are  those  which,  soon  after  the  discovery, 
were  made  by  Frofessor  Uoll  of  Utrecht.  ('  Edinburgh  Philosophic^ 
Journal,'  No.  xviL)  A  slip  of  copper  bent  in  the  form  of  a  semicircle 
was  attached  (in  close  oontact),  at  its  extremities,  to  the  ends  of  a  bar 
of  antimony  about  15  inches  long ;  and  tiw  bar  being  laid  in  the 
direction  of  the  magnetic  meridian  with  the  wire  above  it,  a  small 
compass  needle  was  suspended,  or  supported  on  a  pivot  between  them. 
On  heating  the  northern  extremity  of  the  bar  by  the  flame  of  a  lamp, 
the  north  end  of  the  needle  was  observed  to  deviate  towards  the  west. 
Again,  when  a  sUp  of  cine  and  one  of  copper  were  bent  so  that,  on  the 
extremities  being  applied  tcwether,  thoe  was  formed  a  ponllelogram 
having  the  junctions  ot  the  wps  in  the  middle  ot  the  shorter  aides,  and 
a  compass  noedle  was  suspended  within  the  circuit,  on  placing  the 
apparatus  in  a  plane  coinciding  with  the  magnetio  meridian,  with  the 
longer  sides  parallel  to  the  horizon  (the  copper  slip  being  uppermost) 
and  heating  the  northern  point  of  junction,  the  needle  dented  towards 
the  west:  the  t^iaratas  being  imwied  so  that  tiie  siaoalip  was  u{^ier- 
most,  on  heating  the  northern  iimotion  as  brim,  the  aeeale  deviated 
toirords  the  east  It  follows  mm  these  experiments  that  the  fluid 
current,  if  stich  It  be,  which  nflTects  the  magnetism  of  the  needle,  circu- 
lates about  the  copper  slip  iu  suoh  a  manner  that  when  the  latter  is  in  a 
horisontal  position  its  direction  is  from  west  toeaet, passing  above  the  slip, 
in  a  plane  perpendieular  to  its  length :  this  effect  is  nmilar  to  that  whidi 
takes  place,  though  in  a  contrary  direction,  when  a  magnetised  needle 
is  brought  near  a  wmducting  wire  joining  the  poles  of  an  ordinary 
galvanic  apparatus ;  for  if  thp  cotiducting  wire  be  {daced  in  a  hori- 
zontal pontioD  in  ^be  direction  of  the  magnetic  meridian,  with  the 
coppA^  of  the  n^;ative  end  of  the  apparatus  towards  the  north,  and  the 
needle  be  below  the  wire,  the  north  end  of  the  needle  deviates  towards 
the  east ;  if  above  the  wire,  towards  the  west 

Kffoots'iiDdkr  to  those  which  remit  from  the  Upplication  of  heat 
take  place  when  one  extremity  of  the  bar  of  antimony,  or  one  of  thtf 
junctioiiB  of -Uie  alne  and  copper,  ia  nuue  colder  th!m  the  other  hy^ 
means  of  ioe. 

When  both  ends  of  the  bof  were  heated,  no  deviation  was  produced 
in  the  needle ;  and  after  deviation  had  taken  place  by  heating  one  enfl 
only  of  the  bar,  in  proportion  as  the  heat  tended  to  a  uniform  difftuion, 
the  needle  gmduolly  returned  to  the  direction  of  the  magnetid 
nMridiML 
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Tho  foUowing  fieuro  shows  the  general  airftngement  of  those  wtperi- 
menU.   A  wctanglo  ia  composed  of  antimony  (shaded)  and  UHmuth. 


On  beating  on«  of  (he  Sanations  a  Uiermo-electrlc  cnirent  will  wt  in 
ID  the  direction  of  the  arrows  and  the  needle  will  be  deflected. 

Th€Tmo-electrio  circuits  may  be  formed  in  a  ring  eoaslBting  of  two 
inrved  ban  of  different  ntetals,  as  bismuth  and  copper,  each  being  in 
tho  form  of  a  aemidrole,  and  tiie  two  being  attached  together  in  the 
direction  erf  a  diameter ;  or  they  may  be  produced  in  a  rectangle  made 
by  pUciog  in  close  contact  four  bars  of  metal,  of  two  different  kinds, 
following  one  another  alternately.  Al.  Oersted  formed  a  hexagonal 
circuit  with  six  pieces,  three  of  bismuth  and  three  of  antimony,  which 
were  disposed  in  alternate  order :  on  heating,  by  means  of  a  w^rit- 
lamp,  one  of  the  plaoea  of  junction  in  the  ring,  or  in  the  rectanjB^e  of 
four  pieoee,  a  oompass. needle  i4aoed  within  or  below  the  [due  of 
circuit  was  found  to  deviate;  and  it  deviated  still  more  when  the 
ompoeite  anglea  of  the  rectangle  were  heated.  In  tiie  experiment  with 
toe  hexagoml  circuit  the  deviation  was  greater  in  proportion  to  the 
number  of  alternate  joints  which  were  heated.  Similar  effects  were 
produced  when  the  iJtemate  joints  were  artificially  eooled ;  but  the 
deviation  was  the  greatest  when  the  attentate  joints  were  heated  and 
the  others  were  cooled. 

By  doubling  the  lengths  <rf  the  bars  in  a  rectaittle  oom posed  of  four, 
tlie  delation  was  kaa  than  tiiat  wUoh  was  prodnoed  m  the  amaller 
reetaiq^Ie ;  but  lihm  the  larger  reetangle  was  compoaed  of  dgfat  jneoea, 
the  deviation  was  greater. 

In  this  country  the  subject  of  thermo-electricity  vraa  punued  by 
Professor  Cumming  of  Cambridge,  who  appears  to  nave  entered  upon 
it  witJiout  any  other  knowledge  of  the  discovery  of  Seebeck  than  the 
rimple  fact  that  eleotro-magttetical  action  was  produced  by  heating  one 
end  of  a  bar  of  antimony,  to  the  extremities  of  Whidi  were  made  fast 
thoM  of  a  braas  w^.  The  det^ls  of  his  Toseorehee  are  published  in 
the '  Cambridge  Philosophical  Tmnsactions,'  for  1828.  FVom  these  It 
appears  tiiat  all  perfect  oonductore  of  electeictty,  on  bnng  heated  or 
cooled  in  any  part,  exhibit  in  general  magnetical  phsnomma ;  but  the 
intensity  of  uie  action,  which  is  indicated  by  the  amount  of  the 
deviations  produced  in  a  magnetised  needle,  is  not  the  same  in  all 
snbetances,  md  with  some  the  direction  of  the  current  is  contrary  to 
that  which  is  produced  in  others.  When  a  single  bar,  of  symmetrical 
form,  is  heated  in  the  middle,  it  produces  no  effect  on  the  needle, 
probably  because  the  opposing  currents  counteract  each  other ;  and  in 
a  ring  formed  of  two  metals,  whoi  heated  at  one  of  the  points  of 
junction,  the  fluid  seems  to  pass  from  one  metal  to  the  other ;  so  that 
one  loses  positive  eleotritrity,  or  becomes  negstive,  while  the  other 
beoomes  positive.  If,  however,  the  ends  of  a  senaitive  galvanometer  be 
united  by  means  of  a  pbttinnm  wire,  no  current  will  be  peroeived  on 
heating  the  wire  until  a  portion  of  it  be  twisted  into  a  loop;  the 
molecular  tension  thus  produced  will  interfere  with  the  oonducting 
power  of  tiie  wire,  and  a  current  will  flow  through  the  appwatos 
from  right  to  left  when  heat  is  applied  close  to  the  loop  and  to  the 
ri^t  it.  Or  if  the  wire  be  foftned  into  two  flat  spirals,  and  one 
be  heated  to  redness,  and  brought  into  contact  with  uie  oold  spiral, 
m  eorrent  w{]l  Bow  from  the  hotter  to  the  colder  porUon.  Or  if  portions 
of  a  metallic  wire  be  stretched  by  weights  while  otiier  portions  are 
free,  a  eurrent  will  flow  from  the  former  to  the  latter  on  applying 
heat  to  the  junctions.  These  last-named  facts  are  due  to  Professor 
"W.  Tfacanson. 

Professor  Cumming  having  ascertained  from  experiments  on  bars  of 
bismuth,  which  were  made  aHfmately  hot  and  oold,  and  were  placed  in 
coDtaetwith  each  other  (eocb  potrof  titehot  and  oold  parts,  and  also 
the  two  extremities  of  the  whole  compound  bar,  being  connected 
together  hj  wires),  that  the  action  of  the  whole  bar  on  a  needle  was 
greater  than  that  of  any  two  portions,  one  hot  and  the  other  oold,  was 
led  to  the  discovery  that  electro-niaguetlsm  may  be  exhibited  by  the 
mere  juxtapoution  of  on  indefinite  number  of  small  plates.  He  vras 
also  enabled  to  detennine  the  thermo-electric  relations  of  different 
metals  by  merely  placing  in  contact  wftii  ea/A  otiter  a  small  portion  of 
eseh  of  the  two  kimls  of  metal  to  be  examined,  and  touching  first  one 
of  them,  and  then  tho  other,  with  one  end  of  a  silver  or  copper  wire 
wUeh  was  connected  with  the  heated  bar.  When  the  metals  were 
bisnniUi  and  antimony,  the  former,  on  being  touched,  caused  the 
-eompaasttcedle  to  devbte  so  as  to  indicate  positive  electricity,  and  the 
•latter  |o  a«  to  indioate  negstive  elcotricity ;  and  in  the  memoir  above 
quoted  there'fs  -given  a  table  of  the  electrical  relations  of  metoEs 
■fat  terml  tUfferent  Mmbinations.  In  the  Bomo  memoir  there  is  also  an 
•aeoonnt  of  eevenl  cnrtous  aftomaliee  which  were  ohearved  in  the 


magnetle  action:  oneolfluiB  is,  that  when  iron  wire  is  used  to  touch 
the  metals  examined,  of  wUdi  one  is  iron,  the  needle  deviates  a  cotoin 
number  of  degrees  in  the  positive  direction ;  then,  as  the  heat  ol  the 
wire  is  increased,  the  deviation  in  that  direction  gradually  diminiahea 
tin  it  becomes  zero ;  after  which  the  deviation  t^es  place  m  a  neptive 
direction,  and  it  becomes  a  marimnm  in  this  direirtion  wlien  the  wire 
acquires  a  red  heat. 

Metals  witii  a  marked  crystalline  straoture,  and  an  Inferior  power  for 
conducting  eleotiidty,  display  thermo-deetne  eflbots  most  perfectly. 
Thus  bismuth  and  antimony  are  favourable  metals,  and  even  the 
warmth  of  the  hand  applied  to  one  of  the  junctions  of  a  pair  will 
deflect  tho  galvanometer  needle.  Indeed  for  small  differences  in 
temperature,  no  instrument  Is  so  sensitive  as  a  thermo-electric  pile  or 
thermo-multtplier.  An  instrument  of  this  kind  ma  Invented  by 
Cumming,  UM  improved  by  Nobilli  who  introdoeed  tiie  astatic  needle 
into  it. 

If  a  thermo-electric  pair  have  one  of  its  junctions  kept  at  82°,  whilst 
the  other  junction  is  gmdually  raised  in  temperature,  the  current  will 
gradually  increase  in  intensify  up  to  a  certain  point,  then  decline,  and 
become  reversed.  If,  for  example,  the  metals  be  sine  and  silver,  the 
cutrent  will  decline  at  248°,  then  cease,  and  set  in,  in  tije  opposite 
direoticm  as  the  temperature  continues  to  rise.  ^Hiis  imlMkbly  arises 
from  the  efibet  of  heat  mi  the  Ciystalline  strueture  of  nno.  Iron  and 
antimony  produce  the  same  eff^  to  a  lees  extent.  The  thermo-electric 
order  of  the  metals  is  quite  different  from  their  Tcdtiio  order.  It  ii 
fcff  a  iew  of  the  prindpal  metals  as  follows : — 


Bismuth. 
FlatinuDk 
Lead. 
Tin. 


Copper  md  Silw 

Zinc. 

Iran. 

Antimony. 


but  for  further  details,  see  Matthiessen, '  PhiL  Trans.',  1858. 

Tbenno-dectric  circuits  have  been  formed  betwen  non-meialUo 
bodies.  Thus  the  praat  of  a  heated  cone  of  porcelain  clay,  brou^t 
into  contact  with  a  oold  cylinder  of  the  same  material,  and  connected 
witii  the  galvanometer  by  means  of  mcnstened  cotton,  caused  a 
deflecti<ai  of  the  needle.  This  effect  has  been  ascribed  to  the  mutual 
re-action  of  two  portions  of  water  of  different  temperatures. 

TVmo-miiMpner. — Bars  of  antimony  and  bismuth  a  and  B  may  be 
arranged  into  a  thermomultiplier  or  thermo-dectrio  pile,  'so  that  a 
high  temperature  may  be  applied  to  one  series  of  joiurtions  and  a  low 
one  to  the  other.  The  current  is  then  measured  by  its  effect  on  the 
galvanometer  needle,  as  shown  in  the  figive.  By  means  of 
a  thermo-electric  pile  chemical  afiects  may  be  produced,  such  as 
decomposing  a  solution  of  iodide  of  potassium,  and  with  one  hundred 
paiiB  of  platinum  and  iron  wire,  each  1  inch  long  and  ^th  irf 
an  inch  in  diameter,  vrater  acidulated  with  anl[4iuric  acid  has  been 
decomposed.  Wires  of  iron  and  German  silver  make  a  very  good 
thermo-electric  pile,  but  in  all  oases  the  current  is  feeUe,  and  the  sise 
of  the  elements  do  not  add  to  the  effect,  except  by  increasing  tike 
conducting  power.    The  thermo-eleotric  pile  used  by  Nobili  and 


Uellont  formed  a  very  delicate  measure  of  temperature.  It  oonststed 
of  tiiirty-rix  pain  of  ban  of  bismuth  and  antim<«y  packed  into  a 
small  space,  connected  with  a  delicate  astatic  galvanometer.  When 
the  alternate  junctions  of  tiie  bars  at  each  end  of  the  pile  were  oovered 
with  lamp-bbwk  the  pile  was  so  sensitive  to  radiant  heat  as  to  be 
aflboled  1^  the  wunth  of  the  hand  at  a  distance  ol  SO  feet  Even 
the  amount  of  beat  radiated  Inr  insects  could  be  estimated  by  means  of 
this  apparatus.  Ur.  Jonle  plaoed  the  Instrument  In  vacuum,  with  a 
steel  magnet  near  it  to  ditnimMi  the  action  of  the  earth's  magnetism, 
and  so  far  increased  its  sensibility,  as  to  indicate  by  means  of  a  single 
pcur  of  Usmnth  and  antimony,  a  ehange  of  temperature  amounting  to 
only  the  part  of  a  centigrade  degree.  By  means  of  thSi  instru- 
ment Helloni  was  able  to  prove  the  instantaneous  tionsmisidon  of  heat 
through  gloss  and  other  bodies,  and  the  thermo-tranaporency  ol  rock' 
B.ilt.  By  its  xoeajx  Forbes  was  able  to  show  the  poliuisation  of  l>eat. 
The  fineness  of  the  wires  used  for  the  junction,  together  with  its  great 
sensibility,  allow  the  use  of  this  instrument,  where  a  common  thermo- 
meter could  nut  be  qtpliod,  as  In  measuring  the  tempmtare  of  tiM 
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mmclca  of  tho  humnn  body.  It  has  also  been  emj^oyeal  by  Mr.  Joule 
in  ooufinnitig  the  .deductions  of  Profeaaor  Thomson's  theory  of  the 
thernULl  efiects  of  stretching  solid  bodies  iUready  alluded  to.  Hr. 
Juule  hss  fouul  that  if  a  strip  of  Tulcaniud  tn^-mbber  is  stretched 
by  a  weight  wbieb  doublea  its  length,  an  elevs^on  of  its  temperatim 
by  fiO°  C.  Bhortens  it  by  as  much  aa  ^h  of  ita  whole  length ;  and 
Peltier  has  discovMod  that  a  cooling  meet  ia  produced  hy  an  electric 
ourrenb  in  Sowing  from  bismuth  to  antimony  across  a  surface  of 
contact.  This  result  has  been  applied  by  Professor  Thomson  to  the 
Mtabiiflhmeoit  of  a  "  Hschsnical  Theory  of  Thermo-elecbric  Currents  " 
(■TraBUOttoiB  of  Soyal  Socie^  of  Ediaburgh/  1S51). 

The  term  t>jm>-(2c«fWeify  ia  sometimes  applied  to  the  phenomena 
jiroduced  hf  neaUng  certain  minenila,  such  as  boracite,  topaz,  axinite, 
meso^rpe,  tourmaline,  prehnite,  calamine,  and  sphena  It  was  shown 
.by  (Epiaus,  so  far  back  as  1757>  that  the  two  electricities  are  to  bo 
found  on  opposite  sides,  or  ends,  of  the  some  pieoe  of  tourmalise  when 
heated,  and  it  was  proved  by  Haily  that  electric  ciTStala  exhibit 
diflbrrat  seta  ot  oiTBtaUiiie  faoea  on  the  two  iddes  on  which  the  contrary 
dectrio  effects  are  obsrarred.  It  ia  remariuble,  also,  aa  lately  pointed 
out  by  Sranberg,  ^t  in  bismuth  and  antimony,  where  there  is  one 
particular  {Jaoe  of  cleavage  more  brilliant  than  tlie  rest,  when  bars  of 
the  metals  are  placed  with  this  plane  of  cleavage  perpendicular  to  the 
direction  of  the  current,  such  hsn  are  more  highly  negative  than  in 
any  other  poaitioD,  whilst  if  a  leas  brilliant  plane  of  cleav^  be  plaoed 
acroas  the  tine  (tf  current^  the  bar  is  more  highly  posLtive  than  m  any 
other  poaitiou. 

TaERHO'MGTEE  (from  the  Greek  words  Btpix6s,  hot,  bxA  i^trpw,  a 
mauwt)  is  an  instrument  bv  which  the  temperatures  of  bodies  are 
ascertained.  It  consists  of  a  ^asa  tube  with  a  oq>illai7  bora  containing, 
in  general,  alcohol  or  merouiy,  which  expanding  or  contracting  by 
TuiationB  in  the  temperature  of  the  atmoephere,  or  on  the  instrument 
b^DK  immersed  in  the  liquid  or  gas  which  is  to  be  examined,  the  state 
of  me  atmosphere,  liquid,  or  gas,  with  respect  to  heat,  is  iodiooted  by 
a  BCble  which  is  either  applied  to  the  tube  ac  oigraTen  on  its  exterior 
surface. 

The  end  proposed  by  a  thermometer  ia  the  measurement  of  the 
temperattu^  of  any  body  with  relation  to  the  temperature  of  some 
other  substance,  as  of  water  at  the  point  of  freesing ;  but  the  measure 
■o  obtained  must  not  be  understood  to  erm-cM  the  abeolnte  qoantity 
or  density  of  heat  in  any  body,  it  being  well  known  that  diflbrent  suD- 
ataoces,  though  exhibiting  Uie  same  apparent  tampmtnre,  oonbain 
very  difiercmt  quantities  of  heat  according  to  their  eapeuilia  for  that 
dement.   [SFSciFia  Heat  ;  Latkkt  Hbat.] 

The  thermometer  must  have  been  in  use  in  the  beginning  of  the 
17th  century,  but  it  is  not  known,  precisely,  to  whom  ^e  honour  of 
the  innntion  la  due,  A  phyaiohm  of  ^dua,  named  Santotio,  and 
Comeliua  Drebbel,  of  Alkmaor  in  Holland,  are  the  persona  to  one  of 
whom  that  honour  is,  with  most  probability,  ascribed ;  and  the  former, 
in  his  '  Commentariea  on  Avicenna'  (1628),  actually  claims  it  for  him- 
selt  It  may,  however,  have  happened  wiUi  this,  as  with  other  aden* 
tifio  discoveries,  that  the  idea  of  the  instrument  ooeoired  to  two 
persons  or  mora  at  or  about  the  same  time. 

The  first  thermometers  were  intended  to  indioate  Tariatloiw  in  the 
temperature  of  the  atmoqifaere  merely ;  and  the  most  dn^ple  of  tiian 
consisted  of  a  hollow  glass-bAll  at  one  extremi^  of  a  long 
tube  which  was  open  at  the  opponte  extremity.  The  air 
within  the  ball  and  tube  being  rarefied  bytiie  heat  of  a  lunp, 
and  the  tube  being  in  a  vertical  position,  the  open  end  was 
plunged  into  a  vessel  containing  a  coloured  spirit;  aa  the 
enclosed  air  cooled,  tiw  presrare  of  tiie  atmoephere  on  tiie 
liquid  oBDsed  it  to  asoend  in  the  tube  till  the  ezpausiTe  force 
of  the  air  in  the  ball  and  the  upper  part  of  the  tube  became 
equal  to  the  iH^esure.  In  Una  atate,  an  increase  of  the 
temperature  of  the  atmosphere  caused  the  air  in  the  boll  to 
expand  and  press  down  the  spirit  in  the  tube ;  on  the  other 
hand,  a  diminution  of  temperature,  by  causing  that  ur  to 
eoQtiiuit,  allowed  tiie  external  nnaare  to  raias  the  i^irit. 
A  aosle  was  adapted  to  the  tabe  In  order  to  express  tlw 
degree  of  temperature  by  the  number  of  the  groduaUon  at 
the  upper  extremity  of  the  qiiritk 

An  efibrt  was  mode  to  render  the  instrument  portable  by 
bending  the  lower  part  of  the  tube  upwards,  and  teiminatmg 
this  branch  also  wiA  a  ball ;  uid  a  small  apertura  was  made 
in  the  latter  in  <«der  that  ^le  external  air  might  have  aocess 
to  the  loww  surface  of  the  spirit.   Mr.  Boyle  subsequently 
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—  .....  '°<''^fi*<l  the  ur-thennometer  by  making' the  tube"  quite 
Air^ner-  ■'^'vis''^  agva  at  both  ends :  uie  lower  end  was  inunetaed 
AKHneter,  ^  ^  small  glass  vessel  contaming  both  air  and  coloured  spirit, 
and  the  vessel  being  formed  with  a  neck  whidi  closely 
oodrcled  the  tube,  it  was  hennetically  smded  to  the  latter.  The 
voriatkma  in  Uie  temperature  of  the  atmoephwe  caased  tibe  air  in  the 
vessel  to  expand  ex  contract,  and  thus  to  with  more  or  leas  force 
on  the  Bur&ce  of  the  spirit ;  the  latter  was  consequently  made  to 
ascend  or  descend  in  the  tube. 

The  air-thermometer  invented  by  Amontona  (1702)  consisted  of  a 
tube  nearly  four  feet  long,  open  at  both  ends,  and  curved  upwards  at 
bottom,  where  it  terminated  in  a  ball.  This  tube  carried  a  column  of 
mcrcuiy  about  28^  En^idi  indies  high,  so  that  tho  air  in  the  ball  was 


compressed  by  tho  wuight  of  two  atmospheres.  A  light  body,  in  which 
was  mserted  the  lower  end  of  a  wire,  floated  on  the  upper  extremity  of 
the  column  oi  mercury  in  the  tube ;  and  near  the  upper  end  of  the 
wire  was  an  index  by  which  the  number  of  the  graduation  on  a  aeale 
was  shown.  The  variations  of  the  temperature  of  the  air  in  tho  ball 
caused  the  meronrial  column  to  ascend  or  descend  in  the  tube ;  and 
dlUB  were  produced  corresponding  movements  in  the  index.  By  this 
inatniment  it  was  [MYnxMed  to  measure  high  temperatures  on  a  scale 
whose  length  was  omy  half  of  that  wluch  was  required  with  the  dmple 
oir-thermumeter. 

The  defects  inseparaUe  from  all  the  above  thermometers  are,  that 
the  dilatadona  oi  toe  ur  an  not  proportional  to  the  increments  of 
heat;  that  the  lengtji  of  the  column  of  spirit  or  mercury  varies  with 
the  temperature  of  the  atmosphere ;  also,  that  the  air  which  is  in  con- 
tact  wiu  the  surface  of  Uie  spirit  in  the  open  vessd,  in  the  first  kind 
of  instrument,  or  with  the  top  of  the  column  of  the  spirit  or  mercury 
in  the  others,  exerts  more  or  lees  pressure  aooording  to  its  density ; 
and  thus  the  indicatimB  aflbrded  tiie  thennometer  ore  rendered 
erroiMoas,  or  require  otMrecticHis  whidi  it  is  difficult  to  ap[dy.  The 
air-thormometer  propoeed  by  Dubuat,  and  ot  which  the  following  is 
a  brief  deaoription,  poaaeases  some  advantages  above  those  which 
have  been  mentioned ;  but  not  being  portable,  it  has  never  been 
einployed. 

It  consists  of  a  column  of  mercury  in  a  tube,  like  that  of  a  baro- 
meter, hennetically  sealed  at  the  upper  end,  and  bent  bdow  so  aa  to 
form  a  short  brandi  indined  at  about  40'  to  the  strdgbt  part  of  the 
tube;  this  brsnoh  twminating  wltii  a  hollow  ball.  The  merouiy 
oocupiea  the  atrai^t  part  of  the  tube  to  the  hds^t  of  about  294 
inches  above  the  heoA. ;  and  at  this  bend  it  terminates  witliout  altering 
into  the  ball,  whidi,  by  the  conatructioa,  is  a  little  above  the  bend. 
The  part  of  the  tube  which  is  above  the  cdumn  of  mercury  ia  free 
from  air,  and  when  the  bend  is  plunged  in  boiling  water  the  tube  ia 
to  be  in  a  slightly  indined  position,  so  that  a  vemed  line  may  pass 
tiirough  the  two  extremitiea  of  the  mercurial  oolunm ;  thm,  upon  the 
ball  becoming  cool,  and  the  elaatidty  of  the  air  in  it  bdng  diminished, 
the  weight  of  the  mercury  will  cause  it  to  descend  in  the  long  branch 
and  rise  in  the  other.  The  mercury  is  to  be  prevented  from  entering 
the  ball  by  making  tiie  tube  decline  farther  fnMu  the  vertical  podtitm, 
BO  that  the  lower  extremity  of  tiie  mercury  mi^  remain  in  the  vertical 
line  before  mentioned;  and  the  tenqiaratttre  <n  the  air  ia  to  be  deter- 
mined by  the  heij^t  of  the  top  ot  the  odumn  of  merouiy  above  a 
horiamtal  line  passing  tiirou^  the  lower  extremity,  that  is,  by  the 
cosine  of  the  dedination  of  tile  tube  from  the  vertical.  Since  the  air 
in  the  ball  preserves  constantJy  the  aame  volume,  the  elasticity  com- 
municated to  it  the  heat  of  tJbe  atmosphere,  or  by  the  fluid  in  which 
tiie  inabmmant  is  plunged,  ia  always  in  equilibrio  with  the  pressure  of 
tiie  odumn  of  mercury,  which  !s  tiie  force  acting  against  it,  and  is 
proportional  to  the  vertical  height  ot  that  column. 

About  the  middle  of  tiie  17th  century  the  members  of  the  Aceadcatia 
dd  Oinkenio  caused  thermometers  to  be  constructed  in  which,  instead 
of  air,  alcohol  or  spirit  of  wine  was  employed.  The  fluid  was  intro- 
duced, as  at  present,  into  a  gjaes  tube  terminating  at  bottom  in  a 
bdlov  ball,  from  which  the  lur  had  been  ex^ed  by  heat.  The  oppo- 
dte  extremi^  of  the  tube  was  then  hermetiedly  aeued,  and  a  scale  of 
equal  parts  was  ai^lSed  to  the  stem,  by  means  of  small  beads  of  coloured 
enamel,  for  the  purpose  of  expressing  the  temperature  of  the  atmo- 
sphere, or  of  the  liquid  which  was  to  be  examined.  Alcohol  dilates 
uid  contracts  considerably  with  the  variations  of  temperature  to  which 
it  may  be  subject,  though  not  in  so  great  a  dc^pee  as  dr.  It  is  also 
capable  of  nuaauriog  very  low  temperatures;  but  as  it  is  brought  to  a 
boiling  state  much  aooner  than  water,  it  banoot  be  employed  to 
ascertain  a  hi^  degree  of  heat,  fipirit-thermomsters  ware  intivduced 
into  this  oonntiy  by  Mr.  Bcgrle,  and  th^  are  still  used  iat  low  tem> 
peratures. 

Sir  Isaac  Newton,  being  dissatisfied  with  the  smallness  ot  the  range 
of  spirit-thermometers,  em^oyed  linssed-oil  In  tubes  for  the  puipoM 
of  meaaming  degrees  ot  tentpomtara.  This  liquid  haa  nearly  the  nme 
amount  of  ezpanaibllity  fay  innemmta  of  heat  aa  doohd;  and  it  is 
capable  of  beiuing  a  condderable  amount  of  heat  and  of  cold  without 
dtiier  boiling  or  freedng ;  but  from  ita  viscidity  it  adheres  so  mudi  to 
the  interior  dde  of  the  tube  as  to  raider  aecutate  obaervationa  quite 
imposdble,  and  on  this  account  it  luu  not  ainoe  Newton^  time  beu 
employed  for  tbermnneters. 

The  tromometer  whidi  is  now  In  genenl  use  ia  a  alender  tube  ot 
glass  terminating  in  a  ball  oontuning  mereuiy,  the  air  having  been 
expelled  and  the  tube  afterwards  hermetically  seded.  The  idea  of 
emplt^ing  this  fluid  fOTthe  purpose  ot  measuring  degrees  of  heat  by 
its  expansion  is  supposed  to  have  first  occurred  to  Dr,  Ualiey ;  and  the 
reason  why  it  was  not  employed  by  that  philosopher  appears  to  have 
been  that  the  range  of  ita  enansion  is  much  less  than  that  of  alcohoL 
.According  to  Bomiaave  ('  Blementa  Chmnia),'  1732),  the  honour  of 
having  been  the  first  to  recommend  a  mercurial  thermometer  ia  to  be 
ascribed  to  Romer,  the  disooverer  of  the  motion  of  lig^t,  who  is  asid 
to  have  invented  it  in  1709 ;  but  it  was  not  till  the  year  1724  that 
such  a  thennometer  was  known  in  this  country.  In  that  year  an 
account  of  a  mercurid  thermometer  which  had  been  invented  by 
Fahreulicit,  of  Anutodam,  in  17^0,  was  read  before  the  Boyd  Sodety, 
and  was  published  in  Uie  '  niilosophicd  Trauaactiona'  (voL  xxxiii.). 
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nw  advaiitigM  ot  mercury  ov«r  aloohol  umI  air,  m  »  meaaure  of  tern- 
peniure,  mm  that  itM  expanaiotu  kts  mwe  nearly  proportional  to  the 
increments  of  heat  than  tboae  which  take  place  in  either 
^ — of  the  other  fluids ;  it  ia  easily  deprived  of  air,  and  its 
power  to  otmducfc  heat  bung  coiufdarabls,  tha  changea  irf 
na  Tolnme  by  changes  of  temperature  in  the  ■urroonding 
medium  take  {dace  toore  rapidly  than  thoae  of  any  other 
fluid  except  the  gaaea. 

At  first  the  scales  for  measuiiog  degreea  of  tempe- 
latore  were  arbitraiy,  and  cousequentiy  no  two  thenoo- 
meten  could  be  compared  togeUwr.  The  aoale  of  the 
Fknentiiie  thennuneter  was  determined  by  the 
place  iriiflre  tiie  top  of  the  spirit  ocAomn  stood  in  the 
tube  when  the  latter  was  immersed  in  anow,  and  the 
tAbm  at  which  it  stood  at  the  time  of  the  greyest  heats 
In  Vlormet :  the  interval  between  the  pdnta  waa  divided 
into  60  parts.  Subsequently,  in  this  ootmtry,  Hr.  Boyle 
and  Sir  Isaac  Newton  formed  aoalea  for  determiniiw  the 
expannon  of  tha  sj^t  or  oil  1^  making  the  moa  inchided 
in  eadk  d^ree  of  tlie  tube  equal  to  a  eertun  porUtm  of 
the  whole  volume.  Thus,  supposing  the  boll  of  the 
thennometcr  and  part  of  the  tube  to  be  divided  into 
10,000  equal  parte,  and  to  be  wholly  occupied  by  Uifl  oil 
when  the  instrument  is  plunged  in  melted  ice.  Sir  Isaac 
found  that  by  the  heat  of  the  human  the  oil 

expanded  256  such  parts,  and  by  that  of  boiling  water 
725  parts ;  then,  considering  the  point  at  which  the  top 
of  the  column  stood  in  ttw  tube  when  the  latter  was 
placed  in  the  ice,  aa  the  aero  of  the  scale,  he  divided  the 
nknnhdt^i  interval  between  Uiia  iv>int  and  that  at  which  the  top  of 
Iksianislsr,  the  column  stood  when  tiie  ball  of  the  thermometer  was 
placed  under  the  arm  of  a  man,  into  12  parts.  After- 
wards 1^  prnportim  lie  found  tliat  the  distance  from  the  ioe-pc^t 
to  that  of  boinng  water  was  equal  to  Si  such  parts  ('  FhiL  Trans.,' 
ToL  zxiL).  This  method,  being  of  difficult  exoootion,  was  soon 
abandoned. 

The  scale  which  has  been  in  general  use  in  this  counttr  since  the 
year  1724,  is  auppoeed  to  have  been  invented  by  Fahrenheit.  It  is 
quite  unkiwwn  on  what  ground  he  made  choice  tA  the  fixed  points  on 
his  Msl^  or  at  the  number  of  graduationa  betwera  them ;  but  it  is 
HuHigbt  thai  one  the  fixed  p^is  waa  that  of  b<uling  water,  and 
tliat  tlu  other,  which  is  the  zero  of  the  scale,  waa  that  at  which 
Urn  top  of  the  column  stood  when  the  instrument  was  exposed  to  an 
intense  cold  in  Iceland,  in  1709.  The  extent  of  the  scale  between 
tUs  last  point  and  that  of  boiling  water  is  divided  into  212  parts, 
and  the  point  of  freezing  water  is  at  the  thirty-secwtd  division 
imn  the  nro  pdnt  See  the  eoala  on  tiie  of  the  tube  in  tlie 
above  figure. 

M.  R&umor  constrncted  a  thermometer  in  which  roirit  of  wine  was 
employed,  and  he  formed  a  scale  in  a  manner  nearly  similar  to  that 
whidi  had  been  put  in  practice  by  Sir  Isaac  Newton.  He  computed 
the  volume  toe  (flass  boll,  and  graduated  the  tube  so  that  the  space 
between  two  divisions  was  equal  to  wo'thousandth  put  of  that 
v^me:  he  then  found  tha  nro  of  the  aoale  marking  the  place 
where  the  top  ot  the  column  stood  whm  the  tbennraneter  waa  placed, 
in  water  just  freerang :  and  afterwards,  plunging  the  instrument  in 
boiling  water,  he  obeerred  whether  or  not  the  sfniit  rose  exactly  eighty 
diviaions.  If  not,  he  strengthened  or  diluted  the  spirit  till  it  did  so  ,* 
and  the  point  at  which  the  top  of  the  spirit  stood  became  the  point  of 
bmling  water.  Of  this  instrument  an  acoouni  was  published  in  the 
*M&noirea'<KtthaAo>damy  of  Soiences  f(w  1780,  hot  the  construction 
has  been  kvig  rinee  abandoned ;  for,  beddae  the  difflotil^  of  giving  a 
proper  degree  of  stomgth  to  the  spirit,  it  is  well  known  that  the 
liutter  cannot  be  made  to  take  the  temperature  of  boiling  water,  so  thai 
the  detennination  of  the  upper  point  in  the  scale  must  be  very  errooecos. 
Thai  whicii  is  now  called  B^aumur'a  thermometer  is  an  improvement 
on  the  fbrmer,  M.  Deluc,  who  determined  the  pcdnts  of  freesing  and 
boiling  water  by  expeibnent,  and  divided  the  dutanta  between  them 
into  ei^^  perta,  the  aero  <d  the  aoale  bong  at  the  fmner  pcnnt  See 
the  Bttle  on  the  left  of  the  tube  in  the  above  figure. 

A  tiurd  scale,  called  "  Centigntde,"  has  been  much  in  use  among  the 
philoeophera  of  the  Continent  within  the  last  eighty  years :  it  was 
invented  by  Cdsiua,  a  Swede,  and  it  differs  from  that  of  Reaumur  or 
Dduo,  ooi^  in  Uto  distimce  between  tiie  points  of  freezing  and  boiling 
water  being  dividad  into  100  parts.  The  length  of  each  dwea  in  this 
thennomater,  as  well  aa  in  toat  of  B&umur,  is  greater  uion  in  the 
■ode  oif  Fahrenheit;  and  oonsequently  the  indications  of  temperature, 
when  the  top  of  the  spirit  or  mercury  is  between  the  lines  of  division 
are  rather  uncertain,  from  the  difficultly  of  estimating  them  accurately 
by  the  eye ;  also,  ^e  temperatures  required  to  be  determined  being 
vitm  below  the  pcunt  of  freeaing-water,  the  employment  of  negative 
■isiis  is  vi  toon  frequent  oeourrenee  with  these  thermometen  than 
wnh  those  of  Fkhrenhett. 

The  following  fonhulie  will  serve  to  convert  any  given  number  of 
degrees  on  Fahrenheit's  aoa^e  into  the  oorroBpondiiig  number  of  degreoi 
on  Rifaumur's  and  the  Centigrade  scales,  and  met  tend. 

Let  w,  B,  and  c  express  any  oorrespcmding  namben  of  degreei  on 
the  three  ecaka  reepeotivdy :  then— 


4  6 
(F-32°)g  =B,and(ir-32'')^  =o: 

9  9 

2  B+S2=r,  and  j  o+Z2~t: 

,      *  i  * 

also,  ^  o=B,  kdA  ^  B~a 

N.&  When  V  is  between  zero  and  82%  the  values  of  r  and  o  ore 
nmtiv^  mi  express  the  required  nomber  of  d^reee  beW  too  on 
Reaumut'h  and  we  Centigram  scale*.  Also,  when  r,  b,  or  o  expresses 
any  ^ven  number  td  degraea  below  zero  on  its  proper  scale,  it  must  be 
considered  as  ncfi;ative. 

The  scale  invented  by  De  I'lale  of  St  Petersburg,  in  1738,  being 
still  occasionally  in  use,  it  may  be  neceBavry  to  mention  that  it  is 
formed  by  mating  the  space  included  in  each  degree  equal  to  one 
hundred-uionaand'Ui  part  of  the  whole  volume  of  the  merotoy;  the 
zero  of  the  scale  ia  at  the  poiai  at  Ixuling-water,  and  betwew  Uus 
point  and  tliat  of  freezing-water  the  space  is  divided  into  150  parts. 

It  may  be  observed  ^t  the  situation  of  the  frooung-point  on  the 
scale  of  a  thermometer  can  be  det^mined  with  greet  aoourooy  if  the 
ball  and  part  of  the  tube  be  immersed  in  pounded  ice ;  for  it  is  known 
tiiat  water  containing  ice  and  snow  remoiiw  of  the  same  tompwatuie 
till  the  ice  is  entirely  dissolved,  eveiy  accession  of  heat  to  the  water 
being  employed  in  promoting  the  dissoluti<HL  But  the  point  ot 
boiling  water  is  for  trma  being  so  precisely  known,  since  it  variea  with 
the  tunsity  of  the  atmosphere  at  the  time  of  matring  ^  deter- 
mination. Distilled  water  in  an  open  vessel,  and  under  a  given 
IvesBure  of  the  atmosphere,  boils  at  an  invariable  tomperature,  except, 
aa  &r  as  the  nature  of  the  vessel  may  moke  some  differmoe ;  for  if  the 
heat  oommnnicated  to  the  water  be  increasedj  the  <Hily  effi»Dt  [noduoed 
ia  that  o(  driving  off  a  greater  quontitj  of  steam  in  a  given  tune  :  in  a 
vessel  exhausted  of  the  air  rae  water  will  boil  at  a  tempOTature 
expressed  by  about  70"  of  Fahrenhnt's  scale,  white  in  a  veMel  con- 
structed so  aa  to  prevent  the  steam  from  escaping  it  will  remain  in  a 
liquid  state  at  a  temperature  of  400°  and  upwards.  In  order 
therefore  that  the  tttuperatures  indicated  b^  different  instriunenta 
may  ^rse  together,  it  is  recommended  that  this  ^oint  should  be  found 
from  water  bdling  in  the  opm  air  at  a  Uxaa,  if  possible,  when  the 
height  of  the  mercurial  ooluum  in  the  barometer  is  80  hiches,  and 
when  the  temperature  of  the  air  ia  indicated  by  5fi'  at  Fshrralieit'B 
scale. 

This  effect  of  the  pressure  of  the  atmosphere  on  the  boiling  of 
water  was  noticed  by  Fahrenheit  in  1724,  and  H.  Deluc,  in  his 
'  Recherohes  sur  las  Modifications  de  TAtmoaphini,*  haa  invectigtted  a 
formula  for  detomining  the  hoj^t  of  the  boil^ig-point  above  the 
freezing-point  of  the  scale  in  terms  of  the  height  of  the  mercuir  in 
the  barometer ;  but  the  En^ish  artist,  Bird,  was  the  first  who  apiMied 
a  correoUon  on  acoount  of  the  state  of  the  barometer,  for  the  puipose 
of  fixing  the  point  of  boiling  water  on  the  scales  of  thermometoa. 

The  Boyal  Society  having,  in  1776,  wpointed  a  committee  to  om- 
sider  the  best  nuana  vi  adjusting  iJie  fixed  points  ot  iheimoueten, 
the  formula  ot  Deluo  was  verified  and  reduced  to  Enriish  meaautas 
for  the  benefit  of  artists,  in  the  event  of  their  bong  obliged  to  nu^e 
the  instruments  under  different  states  of  the  atmoephere  with  respect 
to  density  and  temperature ;  and  the  following  are  some  of  the  cor- 
rections which  are  given  by  Sir  George  Shut^burgh  for  determining 
ttie  true  place  of  the  boiliog-poiot  of  water.  The  fint  oolumn  oontoins 
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the  height  of  the  barometer  in  inches ;  and  the  second,  the  correo^a 
which  la  to  be  applied  with  its  proper  sign  to  the  number  SIS  on 
Fahrenh^'s  scale.  In  order  to  give  the  correct  number  of  d^rees  at 
which  the  water  will  boil  under  the  pressure  expressed  by  the  height 
of  the  mercurial  colilmn.  The  committee  observe  that  in  bying  the 
heat  of  liquors,  the  quicksilver  in  the  tube  of  the  thermometer  should 
be  heated  to  the  same  degne  as  that  in  the  boll ;  or  if  tJiis  cannot  be 
done,  a  oorreotion  sLonld  be  applied  on  that  account.  ('  PbiL  Tnma..' 
ToL  IxviL) 

Thermometer-tubes  should  have  then:  bores  very  slender,  and,  if 
posrible,  perfKtljr  equable  in  the  whole  of  thcdr  length.  When  there 
is  any  inequality  in  the  transverse  sectiona,  the  best  artists  make  the 
graduations  of  we  scale  vaiy  so  that  they  may  correspond  to  the  equal 
divisions  of  a  cylindrical  tube;  and  in  order  to  ascertain  the  relative 
dimensions  of  the  sections,  tlusy  cause  a.8mall  quantity  of  mercury, 
abtnit  an  inch  in  length,  io  slide  along  the  interior  of  the  tube, 
measuring  its  length  in  diflbrent  places ;  then,  since  the  lengths  are 
inverady  proportional  to  the  areas  of  the  sections,  the  variations  of 
the  former  will  immediately  show  the  corresponding  variationa  of  the 
latter.  The  method  of  eal^mtium,  as  it  is  called,  recommended  by 
the  Eew  committee,  will  be  noticed  presentiy.  It  is  usual  to 
give  to  the  bore  an  oval  form,  with  the  broader  side  towards  the 
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front,  la  order  tluit  tlie  morcuiy  or  spirit  mfty  be  euity  dutinguiBhed 
at  a  certun  dintaaoe,  as  by  ^proaching  very  near  the  itwtrament,  the 
heat  of  the  obaerver's  person  may  aStni  the  length  of  the  column, 
llr.  Sheepsbaoks  found  that  tubes  with  round  boras  -wex^  far  more 
nearly  true  than  those  with  flat  ones.  He  also  approves  of  bulbs 
three  or  four-tenths  of  an  inch  in  diameter.  They  should  not  be  too 
small,  or  the  graduations  of  the  scale  will  be  close  together^  hot 
too  laig«,  or  the  instnuuent  will  not  be  Mnutive  on  aooount  at  the 
large  body  of  meroon  required  to  be  heated.  The  bulb  should  not  be 
blown  by  the  breain,  lest  moisture  be  introduced,  but  by  an  india- 
rubber  bag. 

It  is  of  oomm  Msential  that  the  extent  of  the  thermMoeter-acale 
should  be  great  enough  to  comprehend  all  the  temperatorea  at  which 
the  suhgtaneea  genemlly  required  to  be  examined  exist  in  a  state  of 
fluidity;  and  this  extent  may  be  obtained  when  mercury  is  employed. 
Aooording  to  liw  aqperinuDti  of  Mr.  Dalton,  mercury  does  noi  boiX 
till  it  haa  acquired  a  temperature  equal  to  666*  of  Fahrenheit's  scale ; 
and  it  does  not  freeae  till  it  is  subject  to  a  degree  of  oold  expressed  by 
S9  dinsionB  below  the  aero  of  that  scale,  (—39*)  or  71°  below  the  frees- 
tng'p<rint  of  water.  Pure  alcohol,  on  the  other  hand,  has  never  been 
fniwn,  though  it  hai  been  exposed  to  a  degree  of  cold  exceeding  that 
irtubh  is  exproMoa  hv  166"  below  the  nro  of  Fahrenheit;  (-166*) 
thoog^  at  uat  nmanaUy  low  temperature  it  became  viscid.  Hmoe 
a  spirit- thermometer  is  to  be  preferred  to  one  of  merouiy  when  It  is 
intended  to  asoertain  the  temperature  of  the  air  in  high  northern  or 
southern  latitudes :  but  since  the  t^irit  boihi  in  air  with  a  degree  of 
heat  expresBed  by  173°  of  Fahrenheit,  it  is  unfit  for  many  of  the 
purpoeea  for  winch  a  thermometer  is  required.  For  instruments 
maUe  oC  mawuring  rery  high  temperatures,  eee  PriioUETEa. 

In  tin  ooaatraoUon  of  a  thermometer,  the  air  should  be  carefully 
s^eUed  from  the  tube,  and  even  from  the  mwoury  or  qiirit  within 
it :  the  wiatitKu  in  tiie  deudty  ol  the  atmoqahere  cannot,  under 

□?er  pncaution,  afibct  the  instrument,  since  the  tube  is  hermetically 
ed.  This  precaution  ocnuosts  in  not  graduating  the  tube  for  some 
months  after  it  has  been  sealed,  or  until  the  glass  has  aoeommodated 
itself  to  the  altered  oircunistaQoea  of  a  vacuum  within  and  atmoepharic 
preMure  without.  The  most  carefully  oonstructed  thermometers  will 
shift  their  fixed  points  if  graduated  too  soon  after  fHHag.  It  must 
also  be  observed  uiat  the  indications  of  temperature  are  not  precisely 
ajqswMd  in  terms  of  the  dilatation  of  iho  mercury  or  spirit  only,  but 
in  tcnna  (rf  the  ezoesa  of  that  dilataticm  above  the  dilatation  of  glass. 
The  apparent  dilatation  of  mercury  io  a  Vibe  is  equal  to  ^  of  its 
volume,  between  the  temperaturea  of  freeing  and  boiling  water ;  and 
its  biM  dilatatiiMi  between  the  same  limits  is  ~  of  its  volume. 

AporfootthennometarwonldbeoneinwbichtheexpansionBfd  the 
fluid  in  the  tube  were  exactly  {Hvporiionid  to  the  increments  of  heat 
wfaidi  it  might  receive  from  the  substance  whose  temperatura  is  to  be 
detennined ;  but  it  cannot  be  said  that  any  of  the  fluids  which  as  yet 
have  been  employed  in  the  oonstructkia  ol  thsrraometen  strictly  pos- 
BOH  this  ptofttiy.  If  eroury  is  the  fluid  in  which  it  exists  in  the 
greateit  degree;  but  from  the  experiments  of  Delocit  baa  been  asosr- 
taiied  that,  between  the  points  of  freedng  and  boiling-water,  the  tem- 
penture  mdioated  1^  tlw  mercurial  thnrmometer  is  lower  than  the 
true  temperature,  the  greatset  difference  (wldch,  however,  is  only  equal 
to  V'i  of  Reaumur's  seal^  or  8°*lfi  Fahrenheit),  being  in  the  middle 
between  thoee  two  points  on  the  scale.  From  the  same  experiments 
it  is  also  finmd  that  wiien  thermometers  are  regulated  so  aa  to  agree  at 
the  points  of  freeidng  and  boiling-water,  whether  the  liquid  be  oil, 

r'  't,  or  water,  the  indications  are  always  below  those  of  merciuy, 
diffisrence  beiiu  the  greatest  at  the  middl^  between  those  points. 
With  oil  of  olives  the  difference  is  V  of  lUaumur's  scale  (S'-SS  Fahr.) ; 
with  highlv-rectified  aloohd,  ^'-ftlWaumur  (11''02  Fahr.);  with  half 
alcohol  and  half  water,  6'-7  B^aumur  (Ifi'-O?  Vaht.) ;  and  with  water, 
1  B^S  B^umor  (4S''-87  Fahr.).  It  mnst  be  observed  that  great  irregu- 
larities take  place  in  the  oxgaoEion  of  alt  fluids  when  near  their  boilLig 
state,  and  tint  mercury  contracts  very  suddenly  when  at  the  point  ol 
its  congelation.  The  deviations  of  tiie  sjurit-thermometer  from  the 
true  indications  of  heat  ore  known  to  be  raUier  greater  than  those  of 
the  mercurial  thermometer.  It  may  be  added,  uat  the  alcohol  in  a 
thermometer-tube  loses,  in  time,  part  of  its  strength;  and  that,  in  con- 
aequenoe,  the  d^^  of  expansion  by  a  given  incremetit  of  heat  Le  not 
the  same  as  when  the  instrument  was  made.  The  expansion  of  alcohol 
for  temperatures  greater  than  about  173'  Fahr.,  at  which  the  spirit 
boils,  cannot  be  ascertained  practically,  because  tiie  spirit  at  that 
temperature  passes  into  a  state  of  vapour ;  and  the  companson  between 
the  mercurial  and  the  qiirit  thermometer  ought  not  to  be  carried 
hitler  than  that  temperature;  or  the  aoalei Tor  mercury  and  spirit 
ou^t  to  be  regulated  lo  aa  to  agree  with  one  another  at  the  freeung- 
pomt  of  water  and  at  the  temperature  of  173^  Fahr. ;  if  this  were 
attended  to,  the  differences  between  the  indioUiona  of  the  mercurial 
and  siHrit  thermometers,  above  that  point,  would  be  less  than  they 
appear  to  be  1^  the  tables  of  Deluo. 

Later  measurements  by  Regnault  of  the  total  expansion  of  mercury 
far  three  progreadve  intervals  of  180"  Fahr.,  give  the  following  lesulta : 
Between  82' and  313°  it  ia  1  dart  In  fifi'OS;  between  213°  and  392°  it 
is  1  in  M-61;  and  between  »D2°  and  673"  it  U  1  in  64-01.  In  the 
mercurial  thermomoter  it  may  be  oMumodj  without  sensible  eixw,  that 


between  32*  and  212*  equal  innenunts  of  heat  raise  the  thermometer 
through  an  equal  number  of  d^rees.  The  increoso  in  the  capacity  of 
the  ^aas  bulb  (especially  for  crown  glass)  almost  exactly  compensates 
for  the  increasing  rate  of  the  expansion  of  mercury,  ahhougfa  for 
temperatures  above  212°  the  compensation  ia  not  so  exact.  It  has 
been  found,  also,  that  the  temperature  of  £72°  Fahr.,  aa  measured  by 
an  air  thermometor,  is  6SS°  by  a  mercurial  thermometer,  on  account  at 
the  increasing  dilatation  of  mercury,  with  an  increased  temperatureb 
Mr.  Dixon,  in  his '  Treatise  on  Heat,'  says :  "  Different  glaoas  have 
different  co-efficients  of  expanuon,  and  also  vary  in  the  law  of  their 
dilatation  at  high  temperatures,  and  as  the  amount  of  absolute  dilata- 
tion of  mercury  is  small,  this  variation  in  the  expansion  of  the  g^asa 
envelope  produces  irre^ularitiee  of  considerable  ma^tade  in  the 
apparent  dUatation  of  uiercury.  As  the  real  expansibility  of  air  ia 
much  greater,  its  apparent  expansion  in  glass  fs  not  affected  to  the 
same  extent  by  these  variations  in  the  rate  of  expansion  of  the  latter, 
and  accordingly  in  an  lur-thermometer  the  rate  of  exponrion  of  the 
glass  may  be  considered  as  sensibly  unifonn.  When  corrected,  there- 
fore, for  the  expansion  of  its  envelope,  such  an  iiutrument  forms  the 
most  perfect  thermometer  with  which  we  are  acquiunted  in  the 
present  state  of  science."  An  air-thermometer,  corrected  for  the 
ezpanuon  of  its  envelope,  being  compared  with  a  mercurial  thermo- 
meter made  with  the  pecniliar  description  of  glass  employed  by  M. 
BeguauH,  the  agreement  between  the  two  instruments  was  perfect 
up  to  SOO"  C. ;  whereas,  in  a  mercurial  Uiermometer  mode  of  ordi- 
nary tub^  com  pared  with  one  of  crystal  glass,  although  they  agreed 
from  0*  to  100'  C,  yet  at  higher  temperatures  the  diserepuicifls  were : — 
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Water,  like  other  substances,  suffers  a  dimiautloa  of  volume  by  the 
abstraction  of  heat,  but  when  it  is  cooled  to  a  temperature  between 
38°  and  40°  of  Fahrenheit's  scale,  it  seems  to  have  attained  the 
ti^ftTiimiim  of  density ;  and  if  the  process  of  cooling  be  continued,  it 
then  increases  in  volume  till  it  is  converted  into  ice.  Therefore,  if  a 
thermometer  were  made  with  water,  and  the  top  of  the  column  were 
at  £0°  Fahr.,  it  would  be  im]M>Bsible  to  know  whether  the  temperature 
were  60°  or  30°,  the  expansion  being  nearly  OQual  at  equal  distances 
within  10°  above  and  below  40*  of  tJie  scale.  The  cause  is  uncertain, 
but  it  ia  probably  owing  to  a  partial  crystalliaation,  which  may  begin 
to  take  place  in  water  when  at  a  teii^eisture  expressed  by  about 
8°  above  ita  freezing-point. 

The  mercurial  and  spirit  thermometers  formerly  differed  conraderably 
at  tempemturea  below  that  of  freezing  water.  By  observations  mo^ 
during  Sir  Edward  Party's  second  voyage,  the  diSbrences  between  the 
indicaUons  of  Uie  spirit  and  mercurial  thermomet^  varied  from  3**05 
to  8*  Fahr.  between  the  temperatures  +  fiS*  and  —  SO*,  the  alcohtd 
being  always  too  low.  At  very  low  temperatures  alcohol  thermometers, 
unless  ver^  carefully  preptu^,  differ  greatly  among  themselves. 
Dr.  Eane  m  hit  Arctic  voyage  reuords  temperatures  oa  low  as  from 
—60*  to  —  75*;  but  he  admits  that  "  it  was  not  uncommon  for  ther- 
mometers whidi  had  given  us  correct  and  agreeing  temperatures  as 
low  as  —40°  to  show  at  —60°  differences  of  from  fifteen  to  twenty 
degrees."  In  r^narkable  contrast  with  this  ore  the  results  obtained 
by  Sir  E.  Belcher  in  his  Arctic  voyage  with  the  thermometers  fumuhed 
to  him  by  Mr.  Welsh  of  the  Eew  Observatory.  While  wintering  in 
Northumberland  Sound,  76°  62'  N.,  97°  W.,  he  made  a  compariscm  of 
seven  thermometen,  marked  2, 6, 8,  20, 3,  i,  S,  with  a  standard  instru- 
ment, with  the  fidlowiDg  reauus.  The  temperatures  ware  all  natural 
ones: — 
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The  lowest  temperature  observed  was  on  12th  January,  1853, 
namely  — 62°'6.  The  indices  of  the  minimum  thermometers  read  nsxt 
day  at  8  a.m.,  gave  — 62%-6r-«,  -66*,  -63*-2.  «  Tfaenigfat  was  bright 
and  calm ;  no  seusatjou  of  cold.  — 63**2  is  the  external  exposed  thermo- 
meter, but  wss  never  read  excepting  its  index  of  that  graduation." 
Parry's  coldest  was  — 64°  for  16}  hours.  InBeldier's  Expedition,  the 
following  tempmiturcs  were  observed  : — 

—46'  and  below,  for  13C  codUduoiu  bottra. 
-aO»       ,.       „       8U  „ 
—52*       »       „       88       ..  .. 
— **        i»       »       *>       )•  ■> 
— JtS'tO  6S^S  14       „  ,t 

In  the  preparation  of  wirit  thermometers  the  alcohol  diould  he 
abtviuU,  and  the  stem  should  be  deprived  of  air  by  boiling,  the 
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inatrument  is  intflnded  to  mark  veiy^low  temperaturea,  it  is  desirable 
to  gradoate  it  by  meana  of  two  fixed  points,  namely,  the  freezing  point 
of  water  (32°)  and  the  freezing  point  of  mercury  (—39°).  Professor 
Miller  has  alao  proposed  a  third  fixed  point,  namely,  the  fusion  of  sohd 
carbonic  acid  when  it  ahtdl  hare  been  determined.  The  ray  low 
artificial  temperatures  that  have  been  recorded  must  not  be  inaisted 
upon,  as  the  law  of  ooQtracti<m  of  alcohol  (which  seems  to  form  a  con- 
Tciging  aeiiea)  is  not  yet  accurately  koown,  and  upon  it  the  indioatioos 
of  the  spiiit  thermometer  must  of  course  depend.  Even  the  low 
natural  temperatures  which  are  sometimea  recorded,  are  not  always 
trustworthy.  During  the  severe  cold  of  the  winter  of  1860-61,  some 
very  low  readings  have  been  proved  to  be  erroneous,  in  consequence  of 
the  distillation  of  a  portion  ot  the  sjorit  in  the  minimum  thermometer 
into  the  further  extremity  of  tiie  horistontal  stem.  It  has  been  shown 
that  suoh  a^thermometer  requires  to  be  tilted  from  time  to  time  to 
coonect  this  portion  of  alcohol  with  that  in  the  stem,  unless  indeed  the 
new  make  come  into  general  use,  in  which  the  end  of  the  stem  is 
turned  upwards,  and  the  stem  itself  a  little  raised  in  the  frame. 

StgiiUr  Thermomelen. — It  is  of  great  importance  in  meteorology 
that  the  observer  ahould  be  able  to  aacertun  the  highest  or  lowest 
point  of  a  thermometer  scale  at  which  the  column 
of  mercury  may  have  stood  during  his  absence ; 
and  a  very  lar^ge  number  of  contrivances  liave 
been  made  to  obtain  this  end.  '  Of  these,  one, 
which  is  not  quite  gone  out  of  use,  was  invented 
by  Mr.  Six,  whose  name  the  instrument  bears,  and 
ia  described  in  the  '  Philosophical  Transactions ' 
for  1 782.  We  retain  it  in  thia  place,  as  it  shows 
the  principle  of  construction  in  a  very  large  num- 
ber of  register  thermometers.  Six's  contrivance 
consists  of  a  long  tube  bent  so  as  to  form  three 
parallel  branches.  A,  b,  and  0 :  the  part  a  is  an 
elongated  bulb,  and  the  rest  of  the  tube  has  a 
capillary  bore.  The  lower  portion,  i,  contains 
mercury,  which  rises  in  b  and  o  to  certain  points, 
as  a  and  c,  and  the  bulb  is  filled  witli  spirit  of 
wine,  which  pasdi^  over  the  bend  at  d,  descends 
to  this  upper  extremity  of  the  mercury  in  B :  above 
e  the  branch  o  is  also  filled  with  spirit  to  near  the 
upper  extremity,  which  ia  hermetically  sealed. 

Two  small  indices  of  steel  coated  with  glass, 
which  are  represented  at  m  and  «,  are  introduced 
in  the  branches  B  and  o:  these  are  capable  of  being 
forced  upwards  hy  the  rising  of  the  column  of 
mercury  m  either  tube,  and  ^ey  have  about  them 
a  fine  wire  or  a  bristle  or  a  thread  of  glass ;  so 
that  they  will  remain  stationary  where  they  happen 
to  be  when  the  heads  a  and  c  of  the  columns 
recede  from  them.  Their  lower  extremitieB  oon- 
sequently  indicate  Uw  pmnts  at  which  the  ends 
of  the  columns  may  have  stood  before  such 
recession. 

It  is  evident  that  the  expansion  of  the  spirit  in 
A  by  increments  of  heat  will  cause  that  which  is 
io  B  to  press  down  the  column  of  mercury  in  that  branch  and  force  up 
the  extremity  c,  moving  the  index  n  before  it,  while  by  its  friction  the 
index  m  ia  prevented  from  descending.  On  the  other  hand,  the  con- 
traction of  the  spirit  in  a  allows  the  dastioit^  of  the  ur  in  the  ball  n 
to  force  the  column  in  o  downwards,  the  index  n  remaining  at  the 
highest  point  to  which  it  had  been  previously  raised ;  the  mercury  in 
B  then  rises  up,  carrying  the  index  m  before  it,  till  an  augmentation 
of  temperature  causes  the  spirit  in  A  to  expand,  and  again  foroe  the 
merciiiy  in  B  downwarda. 

The  graduntioDs  on  the  scale  belonging  to  branch  a  on  numbered 
upwards ;  while  the  graduations  on  toe  scale  belonging  to  b  are  num- 
bered downwarda.  The  points  a  and  c  should  always  indicate  the 
same  degree  on  the  two  scales ;  and  by  means  of  a  magnet  the  indices 
m  and  it  may  be  brought  down  to  those  points :  &om  thence  after- 
wards the  former  ascends  by  a  decrease,  and  the  latter  an  inerease  of 
temperature. 

This  instrument  is  apt  to  get  out  ot  ordw,  and  has  given  way 
to  simpler  forms.     The  flumntin  thermometer,  as  uow  ^erally 

made,  ia  a  mercurial  thermometer  with  a  horizontal  stem.  Witiiin  the 
bore  is  a  small  piece  of  ateel  wire,  which  is  pushed  forward  by  the 
expanding  mercury,  and  ia  left  stationary  when  the  mercury  begins  to 
contract  and  recede,  thus  marking  the  highest  temperature  in  the 
absence  of  the  observer.  The  iastrumeut  can  be  reset  for  another 
(^Mervation,  by  tilting  it,  or  by  applying  a  magnet  to  the  outside 
of  the  stem.  The  mininum  thermometer  ia  arranged  like  the  maxi- 
mum, only  it  contains  coloured  alcohol,  the  index  being  a  small 
piece  of  enamel  terminating  in  a  bead,  and  resting  just  below  the  sur- 
face of  the  liquid  column.  As  the  liquid  contracts  by  cold  it  carries 
the  index  with  it  by  capillary  adhesion,  but  as  soon  as  the  liquid  begins 
to  expand,  it  passes  by  the  enamel,  and  leaves  it  at  the  lowest  point  to 
whidi  the  liquid  had  descended,  thus  marking  the  minimum  temper- 
ature. To  resst  the  instrument  it  may  be  tilted  a  litUe  fwward,  or 
the  enamel  may  contain  a  piece  of  iron  wirOj  which  can  be  acted  on  1^ 
a  magnet  on  the  outside.  Another  form  of  «n*^miiin  thermuoeter, 
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by  "Segretti,  is  to  contract  the  tube  just  above  the  bulb,  so  as  to  allow 
the  mercury  to  pass  when  it  expands,  but  not  to  return  when  It  con- 
traeta.  The  maximum  temperature  is  thus  marked,  and  the  inatru- 
ment  can  be  react  by  giving  it  a  slight  swing.  The  advMitage  of  this 
instrument  ia  that  tiiere  ia  no  index  to  get  out  of  order,  but  there  is 
some  trouble  in  determining  tiie  corrections  necessary  to  bring  its 
readingH  into  unison  with  a  standard  thermometer.  Professor  Phillips 
has  a  maximum  thermometer,  in  which  a  portion  <d  the  mercurial 
column  is  detached  from  the  rest  by  means  of  a  small  bubble  of  air, 
which  detached  portion  remains  stationary  in  the  tube  when  the 
mercury  in  the  bulb  contracts,  and  thus  marks  the  highest  reading. 
The  inati-ument  is  react  hj  swinging  or  inclining  it  A  good  minimum 
thermometer  may  still  be  considered  as  a  desideratum.  Messrs. 
Kegretti  and  Zambra  have  contrived  <nie  of  very  ingmious  cons^uc 
tion,  in  which  a  slender-pointed  needle  ia  brought  down  to  the  surfaoe 
of  the  mercury  in  the  tube,  the  latter  being  of  wide  bore,  and  in  a 
vertical  position.  As  the  mercury  contracts  the  needle  deeoends  with 
it,  but  on  rising  the  mercury  presses  the  needle  to  the  glass,  and  rises 
up  by  the  side  of  it,  instead  of  raising  it.  There  are  difficulties  in  the 
manufacture  of  this  instrument,  and  also  in  the  method  of  observing 
it,  and  all  we  can  say  of  it  is,  that  it  is  under  trial.  The  introduction 
of  photogn4)hio  r^tration  fSaLi'-RKGiSTKRiKo  iNSTRoitaifTs]  in 
meteorologi(»l  observatories  has  greatly  limited  the  necessity  for 
mechanical  registration.  Even  the  wet  and  dry  bulb  thermometers 
[Htoboheter]  are  now  ref^istered  photographically. 

The  0/iromatie  ThmtumOer  is  a  contrivance  by  Sir  D.  Brewster,  in 
which  a  number  of  superposed  plates  of  glaas  exert  under  differences 
of  temperature  a  polarising  action,  which  is  estimated  when  the  plates 
are  held  in  a  beam  of  light  polarised  by  raSection. 

W<Ma»t(m'»  Tkermometer,  for  determining  heights  l^'  variations 
in  the  boiling  point  of  water,  ia  described  under  BoiLiNQ  of  LiQums. 

Differential  Thermometer. — This  imitrument,  which  was  invented  1^ 
M.  Sturmtua,  of  Altdorf,  before  the  year  1676,  and  was  revived  by 
Professor  Leslie,  in  1804,  consists  of  two  ther- 
mometer tubfls,  terminating,  at  one  extremity  <^~N 

of  each,  in  a  hollow  glass  ball,  and  containing  \  p 

<»loured  sulphuric  add  :  the  opposite  extremities 

are  imited  by  the  flame  of  a  blowpipe,  and  an 

enlargement  of  the  bore  is  made  at  the  place  of 

junction.    The  tube  is  then  bent  so  as  to  form 

three  sides  of  a  rectangle,  the  two  baUs,  which 

are  of  equal  diameter,  fcnming  the  upper  extre- 
mities of  two  sides;  and  the  instrument  is  on  a 

stand  with  the  branches  <tf  the  tube  in  vertical 

positions.   When  the  temperature  of  the  air  in 

the  two  balls  is  the  same,  the  acid  occupies  one 

aide  and  the  base,  and  riaes  a  littie  way  up  the 

other  side  of  the  rectangle.   To  the  Utter  aide 

ia  attached  a  graduated  scale,  with  the  zero  of 

which  the  uimer  extremity  of  the  acid  in  that 

branch  should  coindde.   In  the  event  of  this    DiArentUl  Tbormo' 

adjustment  being  deranged,  it  may  be  restored     meter,  invented 

by  causing  a  small  quantity  of  air  to  pass  from  M.  Stnrmlas  oT  Xltdorf. 

one  baH  to  the  other,  .which  u  done  simply  by 

the  warmth  oi  a  hand  i^lied  to  that  ball  bom  whence  the  air  Is  to  be 

driven. 

The  variations  of  temperature  in  the  apartment  evidently  have 
no  eflect  on  tiie  instrument,  since  the  action  apon  the  two  bula  will 
be  equal :  but  if  one  ball  alone  be  heated,  the  rise  of  the  acid  in  the 
other  wUl  immediately  indicate  the  difierence  between  the  tempera- 
tures of  the  media  alx>ut  the  two  balls  by  the  excess  of  the  expansion 
of  the  air  in  one  ball  above  the  expansion  in  the  other.  The  delicacy 
of  the  instrument  ia  such  that  the  least  difierence  of  temperature  is 
immediately  made  sensible  by  the  movement  of  the  acid. 

Badiating  Thermometer,  w  Actinomefer, — For  the  purpose  of 
measuring  the  intensity  of  solar  or  terrestrial  radiation,  an  instrument, 
called  an  Aotinoheteb,  has  been  contrived,  for  the  u^  of  which  we 
must  refer  to  that  head ;  but  it  may  be  remarked  that  an  approxima- 
tion to  the  measure  of  solar  radiation  may  be  obtained  hy  simply 
exposing  a  register  thermometer  with  a  blackened  ball  to  the  direct 
action  of  the  sun's  rays.  [BADTATioif.]  The  thmnometw  should  be 
placed  a  few  inches  above  the  ground,  and  be  screened  from  currents 
of  air;  and  the  graduations  should  be  made  on  the  stem  of  the  thermo- 
meter, in  order  to  avoid  the  errors  arising  from  the  expansion  or 
warping  of  the  scale.  The  force  of  terrestrial  radiation  may  be 
measured  by  the  minimum  temperature  of  a  register  thermometer, 
whose  ball  is  placed  in  the  focus  of  a  concave  mirror :  the  face  of  the 
mirror  is  to  be  turned  towards  tiie  face  of  the  sky,  but  away  from  the 
rays  of  the  sun. 

Since  the  establishment  of  the  Eew  Observatory,  the  construction  of 
meteorological  instruments  has  received  the  earnest  attention  of  com- 
petent minds.  Under  Baroueteb  will  be  found  the  method  by  which 
the  Kew  standard  was  formed  by  Mr.  Welsh,  the  late  superintendent. 
He  has  also  given  directions  for  the  construction  and  comparison  of 
thermometere;  his  Report,  presented  to  the  Royal  Society  in  18£2 
(and  printed  not  in  the  '  Transactions'  but  in  too  '  Abstracts  of  the 
Fapera,' &&,*),  being  founded  in  great  measure  on  the  pjan  pnqxwed 
•  Bes  also  British  AmotMhn  Xspor^  un. 
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hj  U.  Rflgnaoli.  Our  limits  will  not  allow  ub  to  do  more  thm.  just 
indiciite  the  metbodB  adoptod.  And  Jbvt,  as  to  the  ealibratimi  of 
the  tube.  A  short  column  of  mercury  (less  than  1  inoh  in  length) 
having  been  introduced  into  it,  the  tube  is  attadied  to  the  frame 
of  Perreaux's  dividing  engine,  and,  hj  means  of  flexible  tubing,  is 
connected  at  both  ends  with  india-rubber  air-bags,  the  pressure  on 
which  is  regulated  by  screws.  The  mercury  ia  brou^t  to  that  part  of 
tiw  tube  where  the  graduation  is  to  he  commenced.  The  outting- 
frame  of  the  en^e  carries  a  emaQ  mieroeoopo  with  crow-wireB  fai  its 
focus ;  on  turning  the  dividing-screw,  the  microscope  wire  is  made  to 
coincide  with  the  first  ezb«mity  of  the  mercniy,  and  the  screw  is  then 
turned  forward  until  the  wire  reaches  the  second  extremity ;  so  that 
the  length  of  the  column  ia  thus  given  in  revolutions  of  the  screw.  The 
mercury  is  then  made  to  move  along  the  tube  by  pressing  on  one  of  the 
iodia-rubbn  baga  nntil  the  first  end  again  coincides  with  the  mierowime 
wire,  when  the  length  of  the  column  is  again  measured,  and  tU 
meroury  again  moved  forward ;  this  process  is  repeated  until  the  column 
has  been  measured  for  each  length  itself  through  the  whole  extent  of 
the  proposed  scale.  Permanent  marks  are  made  on  the  glass  at  the 
points  of  commencement  and  ending  of  calibration.  If  the  progress  of 
the  numbers  shows  any  oonsidenible  irregularity  in  the  tube,  tad  as  a 
verification  of  the  first  set  of  measures,  the  adibiation  may  be  re- 
peated, commencing  at  a  point  one-half  the  length  of  the  oolnmn  in 
advance  of  the  original  starting  point.  A  -  series  of  measures  intor- 
polated  &om  the  two  seta  may  Uien  be  adopted.  In  this  operation 
the  mercury  should  be  very  pure  and  the  tubes  clean.  Seeon^,  with 
respect  to  the  graduation,  measured  lengths  of  the  column  of  mercury, 
in  its  successive  stc^  idong  the  tube,  correspond  to  equal  volumes,  so 
that  assuming  Uie  calibre  of  the  tube  not  to  vary  throughout  the 
■mall  length  of  the  calibrating  column,  it  is  evident  that  by  dividing 
the  spaces  occupied  successively  by  the  mercury  into  an  equal  number 
of  ports,  the  divisions  will  represent  the  same  capacity,  although  they 
may  be  of  different  lengths.  Before  making  the  tube  into  a  ther- 
mometer, the  divifflons  of  the  scale  may  be  verified  by  introducing  a 
longer  column  of  mercury,  and  examining  whether  the  column  occu- 
pies an  equal  number  of  divisions  in  different  parts  of  the  scale. 
Should  there  be  any  irregular!^,  a  table  of  correctionB  Is  to  be  fonned, 
but  this  is  seldom  required.  The  diviuons  are  out  with  a  fine  needle- 
point upon  a  coating  of  engraver's  varnish,  and  are  afterwards  etched 
by  means  of  hydro-nuoric  acid.  The  required  dimensions  of  the  bulb 
may  be  found  approximately  by  weighing  a  measured  length  of  the 
mercurial  column,  and  from  the  known  expansion  of  mercury  and  its 
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pro- 


spaBifle  gnvit^,  oompnting  the  capadly  of  the  bnlb,  7%tnKy,  as  to 
determination  of  the  scale  co-efficients.  The  thermometer  being 
perly  filled  with  mercury  and  sealed,  the  divisions  of  the  scale  evidratly 
represent  equal  increments  of  the  volume  of  the  fluid,  but  their  value 
ia  quite  arbitraiy,  The  advantage  of  this  plan  ia,  that  the  divisions 
can  be  tested  before  the  instrument  is  converted  into  a  thermometer. 
The  instrument  is  knit  sufficientiy  long  to  allow  of  the  settlement  of 
the  freezing  point  llie  tendency  of  VbaB  pc^  to  shift,  if  the  p«dua- 
tion  take  place  soon  after  the  filling,  has  already  been  noticed,  but 
Mr.  Welsh  has  pointed  out  another  peculiarity  in  this  respect :  after  a 
thermometer  has  been  exposed  for  some  weeks  to  the  ordinary  tempe- 
rature of  the  air,  if  its  freezing  point  be  ascertained,  and  it  be  suddenly 
exposed  for  a  short  time  to  the  temperature  of  boiling  water,  and  again 
inmiediately  placed  in  ioe,  the  latter  detormiuation  of  the  freezing 
point  will  be  lower  than  the  former,  as  much  as  from  0'*1  to  0"'2, 
and  the  freesing  pcnnt  does  not  recover  its  former  poidtion  for  some 
time,  probably  two  or  three  weeks.  The  freezing  point  is  found  by 
placing  the  thermometer  in  finely  pounded  ice,  from  which  the  wiiter 
is  drained  off  as  it  melts.  The  boiling  point  is  taken  at  Uie  temperature 
of  steam  (from  diatilled  water)  of  the  same  elasticity  as  tiiat  of  the 
atmosphere.  The  barometer  is  observed  at  the  time,  and  the  correction 
to  a  uniform  height  of  80  inches  (reduced  to  82°)  ia  found  from 
B^;nault^  Table,  The  fixed  points  are  detenidned  in  (he  position  in 
whidk  the  thermometers  are  to  be  used. 

_  In  the  graduation  of  mercurial  thermometers,  it  is  customary  to  con- 
udermerementa  of  volume  as  proportional  to  increments  of  temperature, 
a  plan  which  cannot  be  adopted  in  the  case  of  spirit  thermometers. 
In  testing  some  spwit  thermometers  graduated  for  low  temperatures 
(namely,  to  — 75°  Fahr.)  intended  for  the  Arctic  Expedition  under  ffir 
E-  Belcher,  Mr.  Wdah  jwoceeded  to  determine  the  rate  of  expandon 
of  alcohol  in  glass,  as  compared  with  that  of  mercury.  The  alcohol 
had  been  carefully  prepared  by  Prof,  Miller,  and  its  8[jeciflc  gravity  at 
fiO"  was  0796.  _  A  tube  was  calibrated  and  divided  with  an  arbitrary 
scale,  and  its  divisions  were  found  upon  verification  to  be  of  exactly 
eq-ial  capacity  throughout.  The  tube  was  then  furnished  with  a  bulb 
of  tne  some  dimensiona  as  those  intended  to  be  supplied  to  the 
Admiralty,  and  was  filled  with  alcohol.  Comparisons  were  then  mad4 
between  the  readings  of  this  instrument  and  those  of  a  standard  mercu- 
rial thermometer  tiirough  as  wide  a  range  as  was  found  pmcticable. 
The  comparisoQs  above  the  freezing  point  were  taken  in  water :  those 
below  SS"  were  taken  in  freezing  mixtures  of  ice  and  salt,  or  diloride 
of  calcium.  From  thme  comparisons  the  law  of  expansion  was 
dednced,  but  for  the  details  we  must  refer  to  Mr.  Welsh's  report. 

The  appmatot  used  at  Kow  for  comparing  the  indications  of  different 
thenaaneten  coosists  of  a  (7lindrical  glass  vessel,  15  inches  deep,  kcA 
8i  inches  diameter^  togetiter  with  a  stand  for  aoppOTting  the  ther- 


mometers, and  an  a^tator  or  fist  ring  of  tinned  iron,  fitting  easily 
witinn  the  vase,  for  agitating  the  water  ao  as  to  preeerve  an  equate 
temperature  throughout  The  stead  ie  a  vertioal  rod  supported  by  a 
small  tripod,  resting  on  the  bottom  of  the  vessel  Hooks  sUiEag  on 
this  rod  serve  for  su^>ending  the  thermometers.  These  are  arruiged 
with  thefa*  balbs  at  the  aame  height  in  a  eirdo  of  8  inches  diamnter 
round  the  rod,  and  are  kept  fixed  hy  means  of  elaetac  bonds  to  a  [wo- 
jeoting  six-nlyed  ihone,  attached  to  the  supporting  rod.  In  this  way 
riz  thermometars  oan  be  omnpared  at  once.  The  irikole  atqtatatus  is 
placed  on  a  wooden  revolving  stand,  sad  iu  taking  the  obeervaticaia, 
the  observer  lirst  agitates  the  water  briskly  for  some  time,  then  turns* 
the  revolving  stand  until  each  thermometer  is  brought  opposite  to  his 
eye,  and  he  reads  off  the  scales  as  quickly  as  posdble  to  an  asriatsnt, 
who  takes  down  the  numbers.  The  six  thermometers  can  be  read  off 
and  reoorded  in  80  ssooads.  More  than  tme  set  of  readings  ahonld  be 
made  for  «oh  temperature,  and  the  order  of  obeerviag  the  mstnuneata 
should  be  reversed,  to  avoid,  as  much  as  possible,  <£e  changes  which 
m^  occur  during  the  reading  off. 

In  graduating  a  thermometer  for  meteorological  purposes,  the 
freezing  point  is  determined  as  usual  with  melting  ice  or  snow,  and  an 
nppw  reading  is  fixed,  by  placing  the  thermometer  in  water  of  a  certain 
temperature,  together  frith  a  standard'  instrument  Instruments  are 
now  sold  wUeh  hare  undergone  comparison  with  the  standards  of  the 
Kew  Observatory,  and  as  their  price  is  modstate,  there  is  no  reason 
why  the  observations  made  by  amateurs  in  vvious  parts  of  the 
kingdom  shouM  not  be  accurate,  and  comparable  with  each  other.  The 
scalee  are  engraved  on  the  tubes,  so  that  no  correction  ia  required  for 
the  scale.  When  the  instrument  is  intended  to  record  the  external 
temperature,  it  should  be  placed  in  the  shade  away  from  the  reflected 
uid  radiated  heat  of  waDs  and  buildings,  and  the  bulb  should  be  kept 
perfectly  dry.  Convenient  thermometer  stands  have  been  coabived 
by  Mr.  Ghdsher,  Mr.  Lamon,  and  Dr.  Drew,  for  sheltering  the  instru- 
ments from  disturbing  influences.  The  best  hours  for  observation  ore 
9  a.m.,  8  p.m.,  and  9  p.m.  The  readings  should  be  taken  rapidly, 
especially  m  cold  weather,  to  prevent  <^  warmth  of  the  body  from 
mflujmdig  tiieiD. 

TEfBRMO-MTTLTIPLIER.  ^Thbrko-Eleoteicitt.] 

THERM0lPH0!7E.  When  a  bar  of  copper  s%ht!y  curved  and 
famished  witii  a  wire  for  a  handle,  is  heated,  and  its  convex  surfaoe 
placed  on  a  notch  cut  In  tiie  upper  surf^  of  a  stout  ring  of  lead  rest- 
ing on  a  sounding  board,  it  will  vibrate  and  evolve  a  variety  of  musical 
sounds  resembling  those  of  an  aolian  harp,  and  also  the  drone  of  the 
bagpipes,  changing  in  the  moat  fltful  and  irregular  manner,  and  Tszying 
with  the  pressure  applied  by  means  fA  a  point  to  the  concave  surface 
the  copper.  He  sounds  will  continue  until  the  temperatures  of  Uie 
lead  and  the  cof^ier  approach  each  other.  9uoh  an  arrangement  is 
called  s  thtrmo-phme.  The  experiment  sncceeds  beat  with  metalB 
whose  conducting  powers  for  heat  ore  very  different,  such  as  copper 
and  lead,  the  conducting  power  of  the  former  being  =  845,  and  of  the 
htter  ^287  (rilver  =1000).  The  experiment  vhich  ii  due  to  Vx. 
Trevelyan,  was  investigated  by  Professor  Forbes  ('  Phil.  Journal  *),  who 
showed  that  it  could  be  performed  with  various  other  metals  of  dif- 
ferent conducting  powers,  and  the  subject  has  been  more  teoently 
investigated  by  ftofessor  Tyndal  ('  Phil.  Trans,') 

THERMOSTAT,  or  heat-governor,  is  an  apparatus  invented  and 
patented  in  1831  by  Dr.  Ure,  for  regulating  temperature  in  the 
processes  of  vaporisation  and  distillation,  in  heating  baths  and  hot- 
houses, in  adjusting  the  draught  of  stoves  and  furnaces,  in  ventilating 
apartments,  oa  It  acts  npon  tiie  principle  that  when  two  thin  metallic 
'wiTB,  of  difiierent  degrees  of  expansibility,  are  riveted  or  soldered  side 
by  side,  any  change  of  temperature  will  cause  a  sensible  flexure  in  the 
compound  bar ;  the  side  consiating  of  the  least  extensible  metal  be- 
coming concave,  and  the  other  convex.  By  this  flexure  of  the  com- 
potmd  bar,  which  takes  place  with  considerable  force,  a  movement  is 
effected,  which,  by  the  intervention  of  levers,  may  be  made  to  open  or 
close  stop-coclw,  dampers,  ventilators,  or  any  description  of  valves, 
and  thereby  to  r^ulate  the  flow  of  heated  liquids  or  the  admission 
and  emission  of  air.  The  prindple  of  the  thermostat  may  bo  applied 
in  many  different  ways,  of  which  the  following  may  serve  as  examples. 
l,aiBtiiecompoundbar,firmlyfixedat6.  To  the  other,  or  free 

riff.  1.  nr.  a. 


end  of  the  compound  bar,  is  attached,  1^  means  of  a  connecting  rod, 
the  short  and  of  a  lever  mounted  upon  the  axis  of  a  eironlsr  revolving 
v^lve,  or  ventilatn',  e;  and  from  tiie  longer  end  of  tiie  lever  is  ens- 
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pcndedaBtiding'ralre,  crrd&mpEir,  rf.  B;  increuiag  the  temperatore 
of  the  dumber  or  Ytmel  in  which  the  thennoBtst  ia  placed,  the  com- 
pound b»r  will  assume  the  curved  fona  indicated  by  the  dotted  lines, 
hj  wluoh  meane  the  poution  of  tlte  lever  will  be  altered,  the  valve  e 
will  be  turned  on  its  axis,  voA  iha  dampw  will  be  lueed.  J^g.  2 
dtows  another  arranganenb,  in  which  two  eonqtouad  ban,  a,  a,  fixed 
at  b,  en  made  to  open  and  close  a  valve,  e,  in  a  pipe  through  which 
air,  water,  or  any  otner  fluid  is  passed.  By  increasing  the  tMnperature 
of  the  appaiatoB,  the  upper  or  moveable  ends  of  the  bars  would  recede 
from  each  other,  and,  consequently,  alter  the  po8itj(Hi  of  the  valve. 
Fiff.  3  shows  the  prinoipal  part  of  a  thomoitatio  apparatus  in  whidi 
tbne  pairs  of  ownpound  bara,  a,  a,  e,  ore  used  to  give  motiaa  to  a 
riiding-rod  d,  d,  wiUi  wbioh  any  Und  of  valve  may  be  ocauwoted  by  a 
nek  and  noion,  a  obun  and  pulley,  or  otherwise,  ^  in  thia  flgture, 
b  a  ateai^  gnide-xod,  which  is  fixed  at  one  end  \fg  •  aonV'Sut  &  The 


Fig.  S. 


n».  4. 


thermostatic  bars  are  nearly  or  quite  straight  when  cold,  and  become 
more  or  lass  curved  by  the  action  of  heat;  but  in  some  modifications 
of  the  apparatus  the  bars  ore  always  curved,  and  the  acti<ni  of  the 
apparatus  depends  upon  the  increase  or  decrease  of  the  ordinary 
^aure.  Fig.  4,  for  example,  represents  a  thermostatic  hoop,  a,  a, 
which  may  be  immersed  horizontally  beneath  the  surface  of  the 
water-bath  of  a  still.  The  hoop  is  fixed  at  6,  and  to  its  free  ends  are 
attached  short  liob  c,  c,  which  impart  longitudinal  motion  to  the 
rod  d.  c  is  a  lever-huidle  moved  by  the  diding-rcd,  and  turning  a 
Tolve  on  its  axis  /.  The  outer  end  of  this  lever  oorriee  an  index, 
which  moves  against  a  graduated  scale.  ^  is  a  screw-nut,  moveable 
upon  the  sliding-rod  to  adjust  the  wparatus  before  graduating  the 
BcaJe  or  arc  travened  by  the  index.  [Ftsouetxb.] 

THESMOPHO'RIA  (Bcir/to^pia),  a  festival  with  mysteries  in  honour 
of  Demetek,  to  whom  all  the  institutions  of  civilised  life,  especially 
of  civil  and  religious  laws,  were  attributed.  The  festival  of  the 
Thesmophoria  especially  referred  to  this  part  of  the  character  of  the 
goddess,  as  is  clear  from  several  of  the  ceremonies  observed  at  its  cele- 
bration, and  from  the  surname  of  the  goddess, "  Theamophoros,"  from 
which  the  festival  derived  its  name.  It  was  celebrated  in  various 
towns  in  Greece,  and  in  the  Greek  colonies,  as  Sparta,  Thebes,  Eretrio, 
Ephesus,  Syracuse,  Agrigentum,  and  others.  But  the  place  where  it 
was  held  with  the  greatest  solemnity,  and  where  the  paorticulars  of  its 
cdebration  are  best  known,  was  Athens.  It  was  introduced  at  Athens, 
according  to  some  writers,  by  Orpheus,  and  according  to  Herodotus 
(n.  171)  oy  the  daqghters  of  Banaus  from  Egypt.  Its  celebration  was 
confined  to  women,  especially  married  women.  It  commenced  every 
year  on  the  11th  of  Fyoaepsion,  and  lasted  three  days,  though  some 
writers  extend  it  to  four  or  even  five.  The  discrepancy  in  wis  case, 
as  well  as  in  that  of  other  Greek  and  Roman  festivals,  seems  to  have 
arisen  ham  the  ciroumstonoe  that  the  real  festival  was  in  many  instances 
preceded  by  one  or  mora  days  devoted  to  i^eparations  and  puiifica- 
tiona,  and  that  some  writers  reckoned  these  days  as  bnlonglng  to  the 
festival. 

Previous  to  its  oelebration,  the  women  of  each  demoe  elected  from 
among  tluniBelves  two  matrons  to  conduct  tiie  solemnities,  whoee 
husbands,  provided  they  had  received  a  dowry  of  not  less  than  three 
talents,  had  to  pay  the  expenses  of  the  festival  as  a  liturgy.  (Issus, 
'  De  Cironis  Heredit,'  p.  208).  The  first  din^  of  the  festival  was  called 
imltot  or  xAAolat,  that  is,  tbe  prooesuon;  beoanse  the  woman  went 
from  Athona  to  Eleuua  in  a  prooesaion  in  which  they  carried  on  their 
heads  certain  laws  (Btviui)  written  either  in  boou  or  upon  tablets. 
During  the  night  between  the  first  and  second  day  the  women  solem- 
nised their  mysteries  at  Eleusis.  The  second  day,  called  ruartia,  or 
"  The  Fast,"  was  a  day  of  mourning,  on  which  the  women  were  not 
allowed  to  take  any  otiier  food  than  cakes  of  seiame  and  honey,  and 
the  greater  ptui  of  it  they  spent  titting  in  mournful  attitudes  on  Ute 
ground  around  the  statue  of  the  goddess.  Ueursius  and  others  think 
that  the  prooessiaa]  to  the  Tfaesmophorion  (the  temple  of  Demeter 
Theamophoroe)  at  Athene,  which  is  alluded  to  hj  Aristopbanes 
('  Thesmophor.,'  276,  &c.),  and  in  which  the  women  walked  behind  a 
waggon  laden  with  IxuAeta  containing  mystic  ^mbols,  took  place  in 
the  afternoon  of  this  day,  the  whole  of  which  was  a  sacred  day  at 
▲thenai,  on  which  neither  the  MDsto  nor  the  pei^le  were  allowed  to 
hold  their  usual  meetinga.  The  third  day  was  called  icatiXtyiwtia,  a 
surname  of  Demeter,  by  which  she  was  invoked  on  this  ocoasion. 
(Aristoph., '  Thesmo|dior.,'  29S,  with  the  Scholiast)  On  this  day  the 
women  made  up  for  the  day  of  mourning,  and  indolsed  in  various 
kinds  of  merTlment,  in  imitation  of  lambe,  who  was  believed  to  have 
created  a  omile  on  tlie  face  of  the  goddess  duting  her  grief. 


THESSALONIANS,  EpISTUB  to  the.  Christianity  was  introduced 
among  the  Theesalonians  in  a.d.  £0,  by  St.  Patd,  when  he  fii-at  passed 
over  from  Asia  Minor  into  Europe  to  preach  the  goapeL  St.  Paul 
found  at  Thessalonica  a  synagogue  of  the  Jews,  "  and  went  in  unto 
them,  and  for  three  Sabbath  days  reasoned  with  them  out  of  the 
Sorif^ures,"  endeavouring  to  convince  tiiem  that-  Jesus  was  the  Chrirt 
or  Messiah  expected  by  them.  Though  some  of  them  believed,  his 
success  with  the  Jews  does  nut  appear  to  have  been  great ;  but  a  con- 
siderable number  of  the  "  devout  Gentiles  "  were  converted,  and  many 
women  of  distinction ;  so  that  tiie  Christian  church  at  Thessalonica 
was  composed  both  of  Je«n  and  Geutilea,  of  whom  the  latter  were  the 
more  numerous.  The  unconverted  Jews  stirred  up  a  persecution 
a^piinst  him,  so  that  himself  and  his  companions  "  were  sent  away  by 
night  by  the  brethren"  to  the  neighbouring  city  of  Bercea.  Here, 
again,  the  Jews  of  Tliessalooica  stirred  up  a  tumult  against  St.  Paul, 
so  that  he  was  obliged  to  retire  to  Athens,  leaving,  however,  Silos  and 
Timothy  at  Beroeo.  At  Athena  he  was  subsequently  joined  by  them, 
and  bemg  anxious  about  his  recent  converts  at  Thessalonica,  "  when 
he  could  no  longer  forbear  "  (1  Thes.,  iiL,  1),  he  sent  Timothy  from 
Athens  "  to  estabUsh  them,  and  to  comfort  them  concerning  the  fiUth." 
St.  Paul  then  visited  Corinth,  and  on  the  return  of  Timothy  witii 
"  good  tidings  of  their  faith  and  charity,  and  that  they  hod  a  good 
remembrance  of  him  always  "  (1  Thes.,  iiL  6),  he  wroto  his  first  epistle 
to  them,  A.D.  52,  from  Corinth,  and  not  from  Atiiena,  as  the  subscrip' 
tion  of  the  episUe  imports. 

It  was  one  of  the  earliest,  if  not  the  very  first,  of  all  St.  Paul's 
episties,  the  doubt  lying  between  this  epistle  and  that  to  the  Corintii- 
ions,  written  from  the  same  place.  That  to  the  Galatians  was  also  pro- 
bably written  from  Corintii  before  tiie  Second  Epistle  to  the  Thessa- 
loniane.  The  genuineness  of  the  first  epistie  has  always  been  admitted  : 
together  with  the  second  epistie,  it  is  quoted  and  recognised  as  the  work 
of  St.  Paul,  by  Irenceus,  Clement  of  Alexandria,  Tertullian,  Origen,  and 
aU subsequent ecclesisBticBl writers,  Theimmediateoooasionof  Stl^ul's 
writing  tois  epistle  was  the  favourable  inteUigmice  brought  by  Timothy 
of  the  steadiness  with  which  the  Thessalonians  adhered  to  Christianity, 
in  spito  of  the  persecution  with  which  they  w^  assailed  by  their  own 
countrymen.  Besides  being  exposed  to  direct  paiseoution,  there  can 
be  little  doubt  that  they  were  slso  in  danger  of  being  moved  by  the 
reasonings  of  their  reli^oua  adversaries,  to  which  the  sudden  disappear- 
ance of  St.  Paul  from  Thessalonica,  and  his  apparent  desertion  of  ubem 
at  a  critical  moment,  mi^t  give  some  plausibility  and  apparent  oon- 
firmaUon.  To  counteract  the  natural  result  of  all  this  was  one  of  the 
chief  objecte  of  Timothy's  mission,  and  the  First  Epistie  to  the  Thes- 
saloniana  was  written  with  the  some  design.  Accordingly,  in  chap,  i., 
after  a  short  introduction,  in  which  he  couples  the  names  of  Timothy 
and  Sylvanus  (the  Roman  form  of  Silas)  with  his  own,  he  enresses  ma 
f^a«^fn^na«  for  their  "  work  of  faith  and  labour  of  love,  and  patience 
of  hope  in  the  Lord  Jesus  Christ,"  and  then  (v.  fi-IO)  reminds  them 
of  the  "  proofs  of  power  and  of  the  Holy  Ghost "  with  which  the 
preaching  of  the  gospel  among  them  wa«  accompanied,  as  evidences  of 
its  truth,  and  commends  them  for  the  constancy  of  their  faith. 

The  Second  Epistie  to  the  TheeaaJooianB  was  undoubtedly  written 
soon  after  the  first;  S^vonus  and  Timothy  being  joined  with  the 
apostle  in  tlie  inscription  of  this  Epistle  as  well  as  a.  the  fonner ;  and 
as  in  cluq>.  iiL,  v«r.  2,  he  requests  the  prayers  of  the  TheasalcDlans 
for  his  ^uveianoe  from  wid^  men,  it  u  not  improbable  that  he  wroto 
it  soon  after  the  insurrection  of  the  Jews  at  Corinth,  when  they  dragged 
him  befOTe  Gallio,  and  accused  him  of  persuading  men  to  worship  God 
contrary  to  the  law.  This  Epistle  seems  to  have  been  occasioned  by 
the  information  which  St.  Paul  received  on  tiie  stato  of  the  tdiuroh 
Tbautkaam  from  tin  messangor  who  cosT«yad  bis  first  letter  to  the 
elders  of  the  diurch,  and  his  rejiort  of  the  ^bct  podnoed  \tj  its  con- 
tents. From  some  expresnons  in  that  Einstie  (iv.  15 ;  v.  4-^},  com- 
pared with  chapter  iL  of  the  second,  it  would  seem  that  a  number  of 
Thessalonians  hod  come  to  the  oonduaion  that  the  d^  of  judgment 
was  at  hand,  and  woulcl  happen  in  their  generation.  To  correct  thia 
misi^ppreheoBion,  and  to  prevent  tbe  anxiety  wid  the  neglect  <^  secular 
offiurs  which  rswlted  frinn  it,  ajqwws  to  have  bera  the  main  object 
and  design  of  St.  Paul  in  writing  this  Second  E|nstle  to  them. 

This  Second  Epistie  to  the  Thessalonians  is,  next  to  that  to 
Fhilemoi,  the  shortest  of  St.  Paul's  Epistles,  but  not  inferior  to'  any 
in  style  or  sinrit,  and  it  is  also  remarkable  as  containing  a  distinct 
prophecy  of  the  corrtqptioDS  and  delurions  whidt  were  to  arise  in  the 
Christian  Church. 

The  imdesigned  eoincidenoes  between  ibesa  Epistles  and  the  "  Acts 
of  the  Aposties  "  are  ^ven  in  trey's  "  Horn  Paimnse." 

THIACETIC  ACm  (H3,  C.H.O^).  Tlw  product  of  the  Botiou  of 
tersulphide  at  pentasulphide  of  pho^thoma  upon  mooohydiated  acetic 
acid.  It  is  a  colourless  liquid,  possessing  at  the  same  time  on  odour  of 
aoetic  acid  and  a  sulphurous  smelL  It  unites  with  bases,  and  may 
also  be  made  to  yield  an  anhydride— fAiooetie  mksdride  (C^HaO^-t- 
C.HjOS). 

TEaa.CETOiriNE  (C„H,o(C.H,),NS.).  An  arUfldal  onsnie  base 
produced  by  the  simultaneous  action  m.  ammonia  and  sulphuretted 
^drt^toi  upon  acetone. 

THIALDINE  (C„H,,NS.).  An  alkaloid  produced  by  the  action  of 
su^uretted  hydrogen  up<m  aldehydide  of  ammonium.  It  is  volatile 
and  cryBtoUine,  very  slightiy  soluble  in  water,  but  readily  so  in  alcohol 
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Mid  in  ether.  It  foriDfl  ciystallme  salts  with  acids.  A  similar  base 
oontaioing  selenium  in  the  place  of  sulphur  and  termed  telenaldine, 
may  be  prepared  by  an  analogous  procesa. 

THIANI30L  (C„H,0,S,).  Hydride  of  tidphanityL  A  white  pul- 
veruleDt  organio  subetuice,  formed  by  the  action  of  bydrosulphate  of 
ammonia  upon  hydride  of  azoanieyl. 

THIN  PLATES.    [Ukdulatobt  Theoey.] 

THIOFORMYLIC  ACID  (C.H,O,S,0-  A  ciyetalline  body,  formed 
by  the  action  of  d^  sulphuretted  hydix)g;en  upon  formiate  of  lead. 
It  possesses  a  slightly  alliaceous  odour,  and  is  insoluble  in  water,  but 
freely  soluble  in  boiling  alcohol  and  ether,  Ito  alcoholic  solution  does 
not  redden  litmus  paper,  and  it  has  not  yet  been  made  to  form  definite 
salts. 

THIOFUKFOL  (Cu,H.O.S,}.  An  unimportant  ragamo  nibstanoe, 
formed  by  the  aoticsi  of  njpcln»u^>fa«t6  of  ammonia  upon  solution  of 
furfurol. 

THIONAPHTHAMIC  ACID.    [Naphthalic  Oeoup.] 
THIONAPHTHIC  ACID.   [Naphthauo  Qeodp.] 
THIONESSALE.  [Stilbiens.1 
THIONUBIC  ACID.   [Urio  Aoid.] 
THIOSALICOL.    [aALioYwo  QaoDP.] 

THI03INAMINE  (C.H.N.S,).  ShodalUne.  A  compound  of 
ammoiua  with  the  oil  of  mustard,  or  sulphocyanide  of  aUyL  It  crys- 
tallises in  brilliant  white  right  rhombic  prisms,  which  are  inodorous 
and  bitter.  Thiownamine  is  easily  soluble  in  hot  water,  in  alcohol, 
and  in  ether.  It  forms  salts  which  are  very  instable  ud  rar^  crys- 
talline.  Treated  with  oxide  of  memiiy  it  yieldB  fiHonuie.- 

C,H,N,8,  +  HgOa  ^  C.H.N,  +  HgS,  +  SHO. 


Thiosinsailiic. 


Treated  with  ethylamine  instead  of  ammonia,  oil  of  mustard  yields 
thiosinethylaTBiM  (C^Hi^N^S,).  Whilst  by  treatment  with  oxide  of 
mercury  the  latter  body  yields  nneihylamine  (C,,HjoN,).  [Mdbtabd, 
Oil  op.] 

THIOSIIfETHYLAMINE.  [TniOBmAiiiNE.] 

THIRD,  an  interval  in  music,  classed  among  the  imperfect  concords, 
because  liable  to  alteration ;  that  is,  the  third  part  may  be  either 
majar  or  minor.  The  ratio  of  the  Majw  Third  is  5  ;^ ;  of  t^e  Minor 
Third,  6  : 6.  The  former  comprises  one  major  and  one  minor  tone, 
as  0  B.  The  latter  compriaee  a  major  tone  and  a  semitone,  as  a  a 
Szample : — 

M^lor  Third.  Utnor  Tblrd. 


Or,  aocordiDg  to  the  mode  of  description  adopted  by  many  writora 
on  the  aubject,  the  Major  Third  comprises,  inclusively,  five  semitones ; 
the  Minor  only  four.   Example : 


Mijor. 


Uinor. 


-THIKLAGtE,  a  tenure  or  custom  formerly  very  oommon  in  Scotland, 
"by  which  the  owners  or  occupiers  of  certain  lands  were  compelled  to 
take  their  com  to  a  particular  mill,  to  which  the  lands  were  said  to  be 
thirled  or  astncted,  and  to  pay  a  certain  proportion  of  it,  voiying  iu 
jdiffirent  oases,  as  a  remuneration  for  the  grinding,  and  for  the  expense 
of  the  erection  and  matnteuiuioe  of  the  ndlL  This  kind  of  servitude, 
having  become  in  many  cases  exoeedingjy  oppressive,  has  fallim  veiy 
much  into  disusa 

THISTLE,  ORDER  OF  THE,  an  ancient  Scottish  order  of  knight- 
llpod,  sometimes  called  t^e  order  of  St  Andrew.  The  claim  to  a  high 
antiquity  reets  on  no  other  authority  than  .the  legendary  account 
redtedin  the  warrant  for  the  restitution  of  the  order  in  1687,  and 
given  most  minutely  by  several  Scottish  antiou^wies,  attributing  its 
formation  to  Achaius,  king  of  the  Soots,  in  commemoration  of  a  victory 
obtained  by  himself  and  Hnngus,  king  of  the  Picta,  over  AtbcJstiJi. 
CNicolas  observes,  as  a  fitting  illustration  of  this  legend,  that  Achaius 
died'  upwards  of  a  century  before  the  reign  of  Athelstan.  The 
investigation  of  Sir  Nicholas  Harris  Nicolns,  in  the  third  volume  of 
fail  *  History  of  the  Orders  of  Knighthood  of  the  British  Empire,'  diows 
that  the  Order  of  the  ThiaUe,  as  an  organised  fraternity,  did  not  exist 
until  the  reign  of  James  VII.  of  Scotland  and  IL  of  EngUnd.  The 
warrant  of  J ames  IL  for  the  re-institution,  aa  it  is  styled,  of  the  "  most 
ancient  and  honourable  order  of  tlie  Thistle,"  which  is  printed  at  full 
by  Nicolas,  and  which  asserts  that  by  authentic  proofs,  documents,  and 
records,  the  order  "  continued  in  great  glory  ai^  splendour  for  many 
hundreds  of  years,"  bears  date  Windsor,  May  29,  1687.  Statutes  were 
issued,  and  eight  knights  were  nominated  by  James  II.,  but  the 
patent  for  the  rMtitution  of  the  ordu-  never  passed  the  great  seal ;  and 
Ml  the  abdication  of  James  IL,  the  order  fell  into  abeyance,  imtil  it 
was  revived  by  Anne  in  1703.  The  statutes  then  authorised  were 
much  the  same  as  those  framed  in  1687,  and  are  still  in  use.  The 
OTder  consisted  originally  of  tie  king  and  twelve  bretiiren.  This  cou- 
tinoed  without  alteration  until  July  16, 1821,  when,  in  consequence  of 
the  oorooatioQ  of  Qeorge  IT.,  an  ordinance  was  issued  for  the  aj^int- 


ment  of  four  extra  members,  who  should  become  regular  knights  as 
vacancies  should  occur ;  and  in  May,  1827,  the  number  of  knights  was 
permanently  extended  to  sixteen.  The  decorations  worn  by  the  knights 
consist  of  a  collar  of  enamelled  gdd,  composed  of  sixteen  thisties, 
interlaced  with  sprigs  of  rue,  fontened  to  the  mantle  by  a  white 
riband;  asmallimageof  St.  Andrew, also  of  enamelled  gold, suspended 
from  the  collar ;  a  medal  or  badge  of  gold,  having  an  image  of  St. 
Andrew  within  a  circle  containing  the  motto  of  the  order,  "  If  uio 
ME  lUPUNE  lacessit"  (No  one  provokes  me  with  impunity),  and  a 
thisUe;  a  green  riband,  to  which  the  medal  is  attached,  and  which  is 
thrown  diagomdiy  over  the  left  ahoulder ;  and  a  star,  consisting  of  a 
St  Andrew's  eross  of  silver  in  the  centre  of  which  is  a  thistle  enamelled 
in  its  natural  colours  upon  a  field  of  gold,  and  surrounded  the 
motto  and  rays  of  silver.  The  stg^'  is  worn  on  the  left  Moulder,  on  s 
mantle  of  green  velvet,  which,  with  other  parts  of  the  dress,  are 
minutely  described  by  Nicolas.  The  officers  of  the  order  are  the 
dean,  the  secretary,  the  lordly  king-«t-armB,  and  the  usher  of  the 
green  rod,  each  of  whom  receives  an  annual  salaiy,  and  a  fee  on  the 
election  a  knight  A  complete  list  of  knights  of  the  l^iistie,  from 
tiie  revivd  or  creation  of  Ahe  order  in  1887  to  1810,  is  given  by  Sir  N. 
H.  Nicolas  in  the  work  above  cited. 
THORINA.  [Thobindm.] 

THORINUM  (Th).  A  metallic  body  discovered  by  Berzelius  in  an 
earth  to  which  he  hnd  given  the  name  of  tkorina.  When  this  was 
converted  into  chloride  of  thorinum,  and  treated  with  potassium,  after 
washing  the  mass  a  heavy  metallic  powder  was  left  of  a  deep  leaden- 
gray  colour,  which,  when  pressed  in  an  agate  mortar,  acquired  «0  iron- 
gray  tint  and  a  metallic  lustre.  It  is  not  oxidised  by  water,  either  hot 
or  cold,  but  when  heated  in  the  air  it  bums  brillianUy,  and  is  con- 
verted into  oxide  of  thorium,  or  thorina,  which  is  perfectly  white,  and 
devoid  of  any  trace  of  fusion.  Thoriuum  is  scarcdy  at  all  acted  upon 
by  nitiio  acid,  and  slowly  by  the  sulphuric ;  but  hydrochloric  acid 
dissolves  it  readily  with  the  evolution  of  hydrc^en  gas.  Its  equivalent 
is  89-6. 

Oxygen  and  Tkorinam  combine  to  form  oxide  of  thorinum,  (ThO)  or 
tiiorina,  by  heating  the  metal  in  the  ur,  or  by  decomposing  the  chloride 
by  means  of  an  alkalL  When  it  has  been  strongly  heated,  its  density 
is  9'402,  and  it  is  then  insoluble  in  any  acid  but  the  sulphuric,  and  in 
that  with  difficulty.  It  is  precipitated  in  the  state  of  borate  from  its 
solutions  by  the  alkalies,  sod  m  this  state  it  is  reaoi^  tolabla  in 
acids,  and  is  converted  into  carbonate  by  exposure  to  toe  air.  The 
alkaline  oarixmatea  disw^  the  hydrate,  carbonate  and  sabsalts  of 
th<Hina ;  thoiina  is  preoiiuteted  from  solntion  by  the  fecrooyanide  of 
potassium. 

Besides  combining  readily  with  oxygen,  as  already  mentioned, 
thorinum  unites  eneiKetioally  with  chlorine,  sulphur,  and  phosphorus; 
but  the  oomponnds  which  they  form  have  not  been  minutdy  examined. 

THOBOUOH.BASE,  the  art  of  playing  (on  keyed  instilments,  and 
according  to  the  rules  of  harmony)  an  accompaniment  from  figures 
representing  chords,  such  figures  being  placed  either  over  or  under  the 
notes  of  the  instrumental  base  stafT.  This  is  one  of  the  many  absurd 
terms  employed  in  music,  and  its  meaning  is  altogether  arbitruy. 

The  figures  used  in  Th4>nmgh-Bau  are  the  nine  unite.  These  repre- 
sent certain  hitervals  or  sounds.  Thus  a  6  placed  over  a  c  in  the  base, 
points  out  A  as  an  aocompaniment :  and  that  figure  also  implies  two 
other  notes  attendant  on  it,  namely,  the  Srd  and  8th,  which  are  called 

the  accompcmimenU  of  the  6th.  A  6  and  a  5  placed  under  it  indi- 
cate the  intervals  of  the  6th  and  5th  played  together ;  and  also,  aa 
accompanying  notes,  the  Srd  and  8th.  The  figures  8,  5,  and  8,  singly, 
or  together,  represent  the  perfect  or  common  ^ord.  But  in  llwrougk- 
Baae  a  base  note  without  any  figure  is  sup|X»ed  to  carry  a  perfect 
chord.  The  chords  are,  as  a  general  rule,  assigned  to  the  right  band 
of  the  performer,  and  the  intervals  are,  in  most  cases,  counted  from  an 
octave  above  the  figured  note.  Tills  will  be  more  clearly  understood 
by  referring  to  the  articles  Accovpanihent,  Chobd,  and  Harmoht. 

The  following  is  a  tabular  view  of  the  figures  used  in  Thorough- 
Bate  to  represent  chords,  together  with  those,  nut  written,  but  under- 
stood, r^resenting  the  accompaniments  which,  with  the  base,  form  tlw 
chords : — 


Chords  detignated 
by  figures. 


Std, 
Cth, 
8th, 

6th, 

\^ 
7th, 
«tii. 

*rd, 

^nd, 

4th, 


aooompanied  by  a 


J  sometimes  called  the  lllh, 
\    aooompanied  by  a 


Accompanrlng 
isterrals, 

SthuidStiL 
Srd  and  8th. 
5th  and  Srd. 
Srd  and  8th. 

Sbb. 

3rd,  6th,  and  8th. 
Sid  and  Sth. 


.    major  6th. 
.  6th. 

jfithandSth, 
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VHBfiAB  AND  TA^. 


OhordB  detigDatod 


Mb, 


■q  (sharp  7Ui) 


Aeeompujinff 
iBtemla. 

.  8th. 

.  Snl«ad  5Ul 

.  3H. 

.  5th,  4th.  and  2Dd. 


Some  other  chords  of  aa  extraordinaiy  kind  are  ocoaaioQall;  foimed; 
but  th^  m  alvaya  clearly  denoted,  m  Uum^Btm,  "by  aa  anqtb 
number  of  flgom. 

TA£  aiove  cAon^l  txempHfied. 


VheD  two  flgurea  are  placed  in  Buoceesion  over  one  base  note,  the 
time  of  the  latter  is  divided  between  than.   Example : — 


5,  or  flat,  or  natural,  placed  alone  over  a  base  note,  relates 
I  Srd.  Example : — 


When  other  intervals  «re  to  be  niised  or  lowered,  the  proper  cha- 
meters  for  the  purpoae  are  prefixed  to  them.  A  daah  through  a  figure 
ifl  equivalent  to  a  snarp. 

lite  practice  o£  figuring  a  base  staff,  whether  in  a  score  or  in  the  part 
aarigned  to  a  keyed  instrument,  has  fallen  into  disuse,  the  harmony 
being  now  full;  and  clearly  presented  to  the  eye  of  the  accompaoyist 
in  notes  placed  in  a  treble  staff  over  the  base.  But  a  knowledge  of 
what  ia  yet  too  commonly  misnamed  ThorovfMxue,  that  is. to  say, 
hannonjr,  ia  absolutely  inmapenaable  to  the  good  muaioiaii,  and  very 
much  abbreviatea  the  labour  of  those  who,  as  amatean.  only  aspire  to 
a  practical  aUIl  either  as  vocal  or  instrumental  performen,  Tbo  rales 
of  hannooy  atand  in  the  same  rdatitm  to  mtuic  aa  those  of  grammar 
do  to  language. 

The  invention  of  a  Ftgured  Bate  {Bono  Oifrato,  as  the  Italians  so 
well  denominate  it)  has  been  stated  to  have  taken  place  in  )605,  and  ia 
oommmly  attributed  to  Ludovioo  Yiadana,  Mautro  di  Cbf^Mfla  at  the 
cathecbal  of  MantuiL  But  this  kind  of  musical  abbreviation  was 
eariier  praotiaed,  and  by  an  English  composer.  Richard  Deering,  who, 
in  1597,  publidied  his  (hntiona  Sacra,  at  Antwerp,  in  which  a 
figured  base  appears.  And  we  have  now  before  us  Jacopo  Peri's 
serious  opera  Bmidiee,  printed  at  Florence  in  1600,  in  which  the  base 
is  figured  throughout.  Lying  by  us  also  is  Caccini's  Ifamit  Muiidu, 
likewise  printed  at  Florence,  bat  one  year  later,  and  here  we  find  the 
base  regularly  figured. 

THREAD  AND  YARN.  The  distdnction  between  tiiread  and  yam 
18  such  as  to  render  it  desirable  to  describe  them  together  under  the 
present  heading. 

Yam  is  the  general  name  given  to  the  threads  which  are  woven  into 
the  various  kinds  of  textile  &bricfl,  whether  cotton,  ailk,  flax,  hemp, 
wool,  or  worsted;  the  terms  imtt,  Mtde-w^,  orgamane,  tnm,  M,  me, 
Ac.,  being  particular  names  ^>died  to  particular  sorts.  Tarn  toe 
eoUoit-weaving  ia  of  two  distinct  kinds,  aocording  aa  it  is  intended  for 
warp  or  y>0  ;  each  kind  being  varied  to  suit  different  fabrics.  WaUr- 
tmtt  or  throitle-f/arn.  (the  first  name  having  been  derived  from  the 
water-fnme  by  which  this  kind  of  yam  was  formerly  spun,  and  the 
second  fnnn  the  throsUe  now  employed)  is  smooth  and  wiry,  and  is 
usually  employed  for  warp  in  heavy  goods,  such  as  fustians,  corduroys, 
or  for  nwiVjny  sewing-thread.  Muu^am  (nanied  from  the  mule  macJune 
hy  whii^  it  is  spun)  is  of  a  soft  mu  downy  nsiure.  eskulated  for  the 
ireft  in  coarse  goods,  and  for  both  warp  and  weft  in  finer  fabrics.  The 


spun  yam  is  distinguished  by  certain  numerals,  which  indicate  vthe 
number  of  hanks  contained  in  one  pound,  each  hank  consiBtiag  of  840 
yards  of  yam.  The  two  kinds  of  machines  are  adapted  for  diSerent 
numbers ;  thus,  the  iJiroiiU  is  not  now  often  employed  for  yams  finer 
than  No.  SO  or  40,  the  higher  numbers  being  genetally  spun  by  the 
mvU.  By  sucoeesive  improvements  in  the  machinery  emph)yed,  yam 
is  now  spun  to  an  exquisite  degree  of  fineness,  several  hundred  miles  of 
yam  bdng  spun  from  one  pound  of  cotton.  The  excellence  and 
cheapness  of  the  yam  spun  by  modem  machinery  has  led  to  very  latge 
exports.  Ftax-jam  is  not  estimated  by  'So.,  like  cotton,  but  by  terms 
peculiar  to  that  branch  of  Sfonning.  Three  hundred  yards  form  a  lea 
of  flax-yam;  38  leas  form  a  ipvuUe;  6  leas  form  a  rand;  72  leae,  or 
21.600  yards,  or  12  rands,  form  a  dozen.  There  is  this  difference,  how- 
ever :  in  Scotland,  flax  yam  ia  designated  by  the  number  of  lbs.  in  48 
leas ;  thus  the  same  yam  is  known  in  England  as  No.  48,  and  in 
SooUand  as  1  lb,  yam.  In  the  process  of  preparation  by  spinning, 
the  flax  becomes  separated  into  two  qualiti^,  the  finer  obtaining  the 
name  of  line,  and  the  coarser  that  of  tow ;  imd  the  yam  spun  from 
these  two  qualities  is  applied  to  different  purposes.  Modem  improve- 
meats  have  led  to  the  production  of  su<m  fine  qualities  of  line,  that 
it  is  now  used  in  oombination  with  silk  in  pocket  handkerohie& 
and  other  fabrics.  "With  regard  to  hemp,  besides  the  yam  employed 
for  weaving  into  sacking  and  other  ooarse  goods,  the  temi  yam  is 
-applied  in  rope-making  in  a  different  sense.  The  yam  in  this  case 
is  a  loose  kind  of  string  or  cord,  and  it  receives  a  No.  ocoordiog  to 
the  number  of  such  stringa  required  in  making  ropes  three  inchee  in 
droumference;  thus,  Noa.  18.  20,  or  25  imply  such  thicknesses  of 
yam  tiiat  18,  20,  or  26  of  them  are  required  in  rnnfcing  a  rope  of  the 
dunenaions  just  stated.  SUk-jsm  has  names  wplied  to  it  not  known 
in  the  examples  just  givMi.  The  silk  is  imp(nied  as  a  fine  filament,  or 
in  the  state  of  raw  ailk ;  it  is  twisted  as  a  means  of  giving  it  greater 
firmness  of  texture,  and  then  obtains  the  name  of  tingles ;  two  fila- 
ments are  twisted  together  rather  loosely,  and  formed  into  a  yam 
called  tram,  which  commonly  forms  the  weft  or  cross-threads  of  manu- 
factured goods ;  hutiy,  two  or  more  filaments  ore  twidted  separately  into 
hard  tit^/Ui,  and  then  twisted  together  in  an  oppoute  direction,  fomung 
a  strong  mlken  yam  called  orgamuu,  used  generally  for  warp.  Silk< 
yam  in  the  form  of  tram  or  organzine,  that  is,  ready  for  the  weaver,  is 
called  tkrtnim  silL  Tam  made  from  vxml  is  called  woUen  or  wonted, 
BOcoiding  aa  it  is  fomted  from  short  or  from  long  wool,  from  clothing 
or  from  combing  wooL  Tho  former  of  these  is  so  spun  that  the 
elementary  fibres  shall  be  in  a  fit  state  for  felting  or  fulling ;  while  Uie 
latter  has  the  filaments  ranged  more  nearly  paralleL  The  worsted 
yams  are  further  divided  into  the  oOarse  and  the  fine,  acoonUng  as 
they  are  to  be  used  for  hosiery  or  for  such  goods  as  moussdjUw^le- 
lalnee,  fine  merinoes,  &c. 

Thread  is  a  stronger  kind  of  yam.  Whether  or  not  it  is  composed 
of  a  greater  number  of  filaments,  it  is  twisted  more  closely,  and  has  a 
harder  and  smoother  suifacei  Most  of  it  is  used  in  needlework,  as 
tewtng-thread but  soma  is  en^iloyed  in  net  end  lace  making,  and  in 
other  ways,  though  seldom  in  achul  weaving,  ^e  manufSoture  of 
thread  was  first  attempted  in  this  country  by  Mrs.  MUlor,  of  Bal^uran, 
in  1722,  on  having  received  some  iaformation  and  machinery  from 
Holland,  Her  example  was  speedily  followed  by  several  fanuliee  in 
Paisley,  where  the  manufacture  soon  became  of  considerable  impor- 
tance. The  first  manufitcturCTS  imitated  the  kind  called  Nuns'  or 
ounce  thread,  which  was  made  up  in  hanks  of  forty  threads  etch, 
reeled  upon  reels  a  yard  in  dicumferenoe ;  but  when  the  ^o&ta  of  tiie 
manufacture  were  diminished  by  competition,  it  was  injured  hy  the 
Sttireptitious  praotioes  of  some  of  tlw  manufacturers.  It  was  even 
deemed  necessary,  in  1788,  to  pass  an  act  of  parliament  requiring  all 
manu&cturera  of  thread  to  use  uniform  standard  reek  of  thir^-aix 
indies  in  circumference,  and  to  put  thirty  threads  or  rounds  of  the 
reel  in  eseh  hsnk. 

The  nunu&oture  of  thread  from  fibres  of  ootton-wool,  lor  sewing 
and  other  purposes,  is  one  of  the  many  important  departments  oi 
British  industry  called  into  exercise  by  the  improvements  effected  by 
Arkwri^t  and  his  successors  in  spinning-machinery.  The  operation 
of  combining  yams  of  cotton  or  linen  into  -thread  is  performed  by  a 
machine  called  a  doubling  and  twisting  frame,  somewhat  resembling 
the  throstle  of  the  ootton-q»inner.  Ahmg  the  centre  of  the  machine  is 
an  elevated  creel  or  frame-work,  which  supports  two  parallel  rows  of 
cops  or  bobbins  of  yam.  The  cops  are  placed  vertically,  or  nearly  so, 
and  the  lower  ends  of  their  axes  rest  in  oiled  steps  or  hollows,  while 
the  upper  ends  are  supported  by  wire  eyes,  so  that  they  may  revolve 
with  facility.  The  number  of  cops  is  twice  as  great  as  that  of  the 
twisting  spindles  when  the  thread  ia  to  consist  of  two  yams,  three 
times  as  great  for  thread  formed  of  three  yams,  fta  The  yam  with 
which  they  are  charged  is  frequently  gatted,  or  passed  quickly  through 
a  series  of  gas  flames,  to  sii^  off  any  loose  downy  fibres.  fVom  the 
cops  the  yams  are  conducted  over  horizontal  glass  rods,  which  are  fixed 
parallel  viih  the  creel,  and  thence  downwards  into  troughs  filled  with 
water  or  very  thin  starch-paste.  To  ensure  the  equal  moistening  of 
the  yams  they  are,  while  being  drawn  through  iha  troughs,  made  to 
pass  either  undo:  a  glass  rod,  w  throudi  ^es.  After  being  wetted  the 
yams  pass  over  the  rounded  edge  of  the  trough,  which  ia  oovered  with 
flumeffor  the  pui|K>Be  of  absorUng  the  supnfluous  moisture:  and 
thence  under  and  partly  around  an  iron  roller,  whioh  is  made  to 
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THBEAD  AJETD  TASK. 


THREE,  BULE  OF. 


S3t 


Mrolve  with  any  nqniivd  nAotA^  hy  a  tnio  of  vbed-woifc.  Upoa 
tliii  roU«r  mta  aoouter^  <^  box-wood,  vliich  rerolvefl  soldy  hy  eontuA 
■mith  the  iron  roller,  iU  %vb  playing  in  Tcrtual  slots.  In  psaoing  under 
the  iron  roller,  then  between  it  and  the  wooden  roUer,  and  finally  over 
tlie  latter,  ttie  yaraa  requind  to  form  Urn  thread  are  Inwigbi  tagethor  and 
ilig^Uy  eompcesrod;  but  although  thua  pryradtera  more  iniamate 
vnioUj-ih^y an  not  yet  twiited  together,  an  the  aaBaxed  Sgnreaa 
Mpraaents  the  unitm  yatna  which  are  to  {orm  the  tbssad,  add  6  u  a 
find  ^let  through  which  they  ers  conducted  to  the  flyer  e,  which  is 
mounted  upon  and  revolves  with  a  long  vertieal  S[midle  «et  in  motion 
by  ft  whorl  or  pulley  and  etr^  at  e  is  the  bobbin  upon  which  the 
finiahed  thread  ia  wound  the  revidQtim  id  the  flyer,  whidi  slao 
ipra  to  Ht  any  fcedetMsuned  iitffm  wt  tiriit.  Tb9  a|ihidls 


freely  through  a  hole  in  the  oentre  of  this  bobbin^  which  rests  opon  a 
bar  oE^ed  the  coi^ung-rail,  the  tnnsvene  eeotton  of  which  is  indioated 
tqr  a  tint  in  the  cut;  and  the  otmiing^aU,  whkh  MftewlU  ^  whole 
width  of  the  machine,  is  supported  at  iBtwvala  by  vertietl  rods,  one  of 
which  is  shown  at  /.  To  tima  rods,  aitd  eonsequcvt^  to  the  copping- 
nil  and  bobbins  suj^xated  by  them,  a  reci|Hrocirijiig  Ter&al  motion  is 
imparted  through  the  cwmecting  [ueces  g  and  A,  from  the  bent  lever 
•  i,  which  is  pivoted  at  it,  and  reoeivea  its  motion  through  theadjustable 
Iriction-roUw  I,  from  on  eooeotrio  or  heart  wImcI  m.  Thus  by  the 
ixunbined  rotatory  motion  of  the  windle  and  flyer,  and  the  rising  and 
idling  motitm  of  the  bobbin,  the  tbreadia  at  once  twisted  and  wound 
Mgularly  upon  the  bobUns,  which  m^  be  easily  removed  when  full 
By  chsQgea  in  the  relative  eiws  of  8<Hne  of  the  toothed  wheals  by 
which  the  moviag-power  is  disbributed  from  the  main  shaft,  the 
spindles,  which  always  revolve  much  faster  than  the  roUera,  may  be 
made  to  do  so  to  any  required  degree,  so  as  to  imoatt  a  greater  or  less 
dwM  of  twist  to  the  thread. 

These  few  illustrations  will  auffioe  to  show  the  nature  of  the  twist- 
log  processes,  aided  by  details  givoi  in  ni6hartiQlflBasC!oTTOH;  Lihsn; 
Saj: ;  SPDraniQ ;  and  WooLum  W«  may,  however,  menUoD  that  the 
poimmg  of  sewing  thread  is  a  process  on  which  ita  s^Ue  quality 
much  depends.  Mr.  Adam,  of  Faidey.  ^liahes  sewing  thread  by  pass- 
ing it  through  a  drefising  oompoeition,  over  »  guide  roller,  ttirou^  ihe 
teeth  of  a  reed,  over  a  metal  drum,  under  a  brush  rriler,  i^un  throng 
a  reed,  and  finally  under  a  poliahmg  roller  cov«red  with  cloth.  Mr. 
Brooks,  of  Derby,  has  invented  a  mode  of  producil^  a  polish  on  tht«ad, 
which  he  called  patmt  glacS  ,-  and  the  aasumption  of  the  name  glad 
Oatad  by  Mr.  Evans,  of  Huddorsfield,  led  to  litigation  between  the 
two  inventors.  The  poliJiing  of  sewing  tli^read  has  indeed  led  to 
more  than  one  appeal  to  the  law.  Mr.  Bwen  pateiOed  a  proeess  where- 
to he  dips  a  hank  of  thread  into  size,  aqueeeas  it>  passes  it  ovwtwo 
Kdlera  rapidly  revolving,  and  awliea  it  against «  oyliadar-brudi,  whi^ 
rnnoves  all  aspenUes.  Mr.  Liddell,  another  inventor,  used  two  aeta  of 
rdleis  instead  of  one,  and  teasles  iiwtead  of  bruahes;  but  in  some 
other  respects  he  was  conaiderod  to  have  infringed  Ewen'a  patent. 
Other  appeals  to  the  kw  have  been  made  in  reference  to  Uie  2efu(A  of 
tlttead  wound  upon  a  reel  A  manuiaoturer  of  Perriw*  liirtad  put 
labda  on  his  reda,  denoting  the  quantities  to  be  100,  200,  or  300 
yarda;  wherMs  the  real  lengths  were  lees.  Thie  was  done  at  the 
request  of  Manchester  firms  which  bad  luc  notions  of  faoneaty.  The 
manufacturer  refused  to  continue  this  system;  whereupon  a  Man- 
chester man  pirated  his  trade-mark,  and  used  it  for  short-meaaur* 
cotton  thread  obtamed  elsewhere— thua  committing  a  douWe  fraud. 

The  exports  of  yam  and  thread  have  now  readied  an  enOTmoua 
quantity.   In  1860  there  were  exported 


CottoajraiB 
OottonUimd 
Linen  Tain  . 
Linen  thmd 
Bilk,  thrown 
Bilk,  twist  and  yim 
Woollen  1 
Worated  /I*™ 


Qoantltj'. 

197,184,947  lbs. 

e,360,7S4  „ 

Sl,19S,flI«  „ 

a,SSO,877  „ 

436,218  „ 

456,661  „ 

S7,S8S,9S8  „ 


BeotMvd  Value. 

£9,875,073 
;4e,87« 
1,8OO,0S7 
SSS,S86 
6».«I8 
394,878 

8,848,386 


....  268,439,905  lbs.  £17,428,789 

THRBAD-GILDIITO.   [Ooid  Uos  MainjFAOtraa] 


THREATS  AND  THEEATENINa  LETTERS.  Threats  of 
personal  violence,  or  any  other  threats  by  which  a  man  of  ordinary 
firmness  and  prudence  may  be  put  in  fear,  and  by  means  of  whi(^ 
money  or  other  property  is  extorted  from  him,  amount  in  law  to  the 
crime  of  robbeiy.  [Bobbsbt.]  And  by  the  statute  7  WilL  IV.  &  1 
Vict.  o.  87,  sect.  7,  a  panon  demanding  Iqr  menaces  any  property  of 
another  «i^  intent  to  steal  the  same,  is  declared  to  be  guuty  of  felony, 
and  is  liable  to  imprisonment  for  uiy  term  not  exceeding  three  yeaia. 
It  is  also  a  misdemeanor  at  common  law  to  threateii  another  in  order 
to  deter  him  from  doing  some  lawful  act,  or  to  compel  him  to  do  an 
unkwful  one,  or  to  extort  money  or  goods  from  him,  or  to  obtain  any 
other  benefit  to  the  j)erBon  who  makes  the  threat. 

The  offence  of  sending  or  delivraing  lettera  or  wriUngs,  threatening 
to  hill  or  injure  the  person  to  whom  they  are  Boit  or  Slivered,  or  to 
bum  bis  house,  or  to  acouae  him  of  some  heinous  crime  for  the 
purpose  of  extorting  money,  waa  formerly  considered  to  be  high 
treason  (stat.  8  Hen.  V.  c.  6} ;  and  under  the  stat.  9  Qeo.  I.  c.  22,  con- 
tinued for  more  than  a  century  to  be  punishable  as  a  capital  felony. 
By  the  statutes  4  Qeo.  IT.  c.  S4,  8.  3,  A  10  &  11  Vict.  c.  66  s.  6,  a  less 
punirfiment  ia  substituted ;  and  any  peaon  ftmiiing  or  ddivering  any 
writing,  with  or  without  any  name  or  signature  subscribed  tha«to,  or 
with  a  fictitious  name  or  signature,  threatening  to  kill  or  murder  any 
person,  or  to  bum  or  destroy  his  house,  out-house,  bams,  or  stacks 
of  com  or  grain,  hay  or  straw,  is  declared  guilty  of  felony;  this 
ofience  being  now  pumshabla  with  penal  servitude  for  life,  or  not  less 
than  three  years,  or  impriaonment  for  any  term  not  exceeding  four 
yean.  By  statute  7  &  8  Geo.  lY.  c  2d,  a.  8,  any  person  sending  or 
delivering  any  letter  or  writing,  demanding  of  any  person  with 
menaces,  and  vrithout  any  reasonable  or  probable  cause,  any  chattel, 
money,  or  valuable  security ;  or  accuung  or  threatening  to  accuse,  or 
sending  or  deliverlog  any  letter  or  writing  accusing  or  threatening  to 
accuse,  any  person  of  any  crime  punishable  by  law  with  death,  trans- 
portation, or  pillory,  or  of  any  assault  with  intent  to  commit  any  rape, 
or  of  anyhtfamouB  crime  {die  meaning  of  which  term  is  defined),  with 
a  view  or  intmt  to  extort  or  gain  from  auch  person  any  chattel,  money, 
or  valuable  security,  ia  declared  guilty  of  Islony ;  the  offence  being 
now  punishable  with  transportation  for  life  or  not  less  than  three 
years,  or  with  imprisonment  not  exceeding  four  ^eara,  with  or  without 
whipping  Threatening  to  publish  a  libel  is  a  miBdemeanor  punishable 
by  imprisonment  witii  or  without  hard  labour  not  exceeding  three 
yean. 

THREE,  BULE  OF,  the  technical  name  of  the  rule  in  arithmetic 
by  which,  three  quantities  being  given,  the  first  and  second  of  one 
kind,  a  fourth  is  found  such  that  the  four  are  in  proportion,  or  that 
the  first  is  the  same  multiple  part,  or  parts,  of  the  second,  which  the 
third  is  of  the  fourth. 

In  the  earliest  modem  treatises  are  fotmd  the  explanatory  headings 
of  this  process,  from  whi^  the  denomination  ntU  of  three  has  been 
formed  by  aUn-eviation.  'Almost  all  such  abbreviations  date  from  the 
time  when  qyatems  of  comqaenualarithmetic  began  to  be  written— that 
is,  about  the  beginning  of  tiie  16th  century.  Before  that  time,  such 
books  as  were  writt^  always  contained  demonstrations  from  full 
definitions ;  and  it  was  not  judged  neoessaiy  to  provide  the  simple  case 
of  finding  a  fourth  proportional  to  three  given  numbers  with  a  separate 
name,  or  to  divide  the  rule  for  doing  it  from  others.  This,  however, 
was  done  by  traders  in  their  daily  practice,  who  separated  the  rule  of 
three  from  the  other  ports  of  arithmetic,  and  called  it  the  j/oMm  nt^^ 
an  older  term,  probably,  than  ruU  of  three.  Biahop  Toiuta],  ('Ara 
aupputandi,'  1622}  begins  his  chapter  on  the  "  liegula  de  tribus  notia 
quartum  ignotum  oommoQBtnuit4.buB "  in  this  manner :  "  Pr^ccipua 
omnium  regula  eat  quie  de  tribus  notis  quartum  ignotum  in  nodciam 
educentibus  ab  Arithmeticis  traditur.  Vulgus  re^utam  auream  vocat ; 
quia  hjec  cteteris  Arithmetics  regulia  velut  occterta  motallis  aurum 
prsestet"  Robert  Recotde  (1510)  ooUa  it  the  "feate  of  the  rule  of 
proportions,  whiche  for  his  eocdlaicie  ia  ci^led  the  golden  rule." 
Humphrey  Baker  (1562)  uses  the  phrase  "  rule  of  three,"  and  SBys  that 
"  the  philosopheFa  did  name  it  the  golden  rule,  ....  but  imwe  in 
these  latter  dales,  by  us  it  is  called  the  rule  of  three." 

The  immense  variety  of  questions  which  are  to  be  solved  by  finding 
a  fourth  proportional  defiea  all  cloaaification ;  but  they  mt^  all  be 
reduced  to  one  form,  though  ^  may  in  inrtieular  cases  not  be  eo^y  to 
see  the  mode  of  reduction.  That  form  is : — a  produoea  b  ;  what  will  o 
produce  f  It  may  be  that  it  is  money  which  produces  £^>ods,  or  goods 
which  produce  money,  or  money  which  produces  interest,  or  money  of 
one  country  which  produces  money  of  another,  or  time  wluch  produces 
distance  travelled,  &c.,  &c.,  &c.  The  difficulty  to  beginners  is  iha 
reduction  of  the  question  giv^  to  the  above  simple  fonn,  which  must 
be  done  before  what  is  (or  used  to  be)  called  tiie  tUUtncnt  of  tho 
Question  can  be  made — ^namely,  the  writing  down  tlw  numbers  a.,  B,  c, 
m  the  proper  order,  with  the  marks  of  proportion  between  them : 

A  :  B  :  :  c  :  the  answer  required. 

It  is  pr(^>er  enough  to  say  that  this  is  a  question  of  proprntion  when 
numbers  only  are  considered,  but  absurd  wh«i  the  tl^iga  represented 
by  the  numbers  are  used  instead  of  the  numbers.  Thus,  if  6  pence 
bu^  10  ap^es,  7  pence  will  buy  14  aptdee,  and  tite  number  5  is  to  7  as 
10  ia  to  14,  or  6  is  the  BBme  fraction  of  7  aa  10  ia  of  14.  But  it  ia 
absurd  to  aay  that  5  poaoe  bear  the  aame  proportion  to  10  applea  that 
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7pMieabMr-to  14 ablest  rim^bccMUB  S  peiiMaMBOtaay-«rig&- 
able  frasHm  <tf  10  iq>plefl.  Tlutibwe  b  a  refofm  Is  Wne;  tnik  thai 
ralation  is  not  proportioa,  Thiu,  ii  is  not  absurd  to  mj,  in  the 
common  kngnsgs  of  th»  nile,  As  S  peace  are  to  10  appi««,  so  «e 
7  pence  to  14  aisles ;  for  (he  first  does  stand  to  the  aeoood  in  the 
flame  relation  as  we  thud  to  tiM  fooith :  fi  pence  must,  at  all  rates,  d» 
IS  nmch  towards  tba  parebase  of  10  apples  7  peM»  toward*  that  irf 
Uai^Iea;  'WIl^iliMuiidarBtaiifflnKaereUiMobieofeiontotheoomiaoa 
mode  of  Btebnaent,  and  the  pro<rf  in  ^  rale  U  aa  foUowa : — It  a  of  the 
first  produce  b  of  the  ssomid,  tiwn,  at  the  same  iste  of  pvodastioii,  1  of 

kba  first  must  produce  ?  of  the  seoond;  wbniee  o  of  the  first  must 
wodnee  ox     or  £2  of  the  second. 

■       •  A  A 

The  importance  of  ihe  rule  o£  three  induced  ariihmaticiaqs  to 
attach  two  <^er  rales  to  it:  the  inverse  rule  of  three  (called  b; 
Becorde,  Saker,  &o.,  the  btuktr  rule) ;  and  the  double  rule  of  three. 
Some  the  vriten  of  Cooker's  aehool,  apfoteaify  hj  an  abbreriation 
of  his  mntls,  tella  us  that  the  rule  of  three  inverse  is  used  "  when  less 
requires  more  aod  more  require  less ; "  meauiqg  that  the  greater  the 
third  of  the  given  numbers,  the  less  will  be  the  answer,  and  vice  versA. 
Thus,  suppose  that  101.  has  been  lent  me  for  3  months,  and  I  want  to 
know  bow  long  I  ought  to  Iwd  a  given  sum  (other  than  102.)  in  return : 
evident^  the  more  I  load,  the  less  the  time  for  which  Z  ou^t  to  lend 
it.  If  tiuiambelS/.,  then  3  months  is  to  the  time  required,  not  as 
10  to  16,  but  in  its  invene  ntio,  aa  16  to  10,  or  15  : 10  : :  8  :  3  x  IQ-i-U, 
or  S ;  and  3  months  is  the  answer  required. 

The  doable  rule  of  three  (at  least  in  the  dass  of  ^eddoos  whidi 
ai*  ngnaUy  ctmsidOTed  as  falling  under  it)  is  applied  vhere  time  is  an 
element  in  the  production  which  Uio  question  supposes.  For  example ; 
Buppoiiing  it  known  that  a  men  can  pave  b  square  feet  in  c  days,  it 
nay  be  asked  how  many  men  can  pave  o  square  feet  in  «  da^  or  how 
many  square  feet  can  a  men  pave  in  c  daya^  or  how  numy  dajs  vrill  it 
take  a  men  to  pave  6  square  feet.  If  we  write  down  the  data  and 
answer  in  two  lines,  and  in  the  following  order — force  employed— effect 
prodttoed— time  of  prodoctien — thus : 


the  rule  is — Take  such  an  answer  as  will  make  the  estrooMe  of  eaeh 
hDe  multiplied  bv  the  mean  of  the  other,  the  same  in  both.  That  ia, 
let  A&a=iiBi^  and  aeocnding  aa  ft,  or  e,  ia  to  b»  found,  the  mode  of 
wmUag  ia  as  foUows : — 

aAo  .      cBc  Afta 


The  proof  is  aa  folio wa: — Oac  man  in  o  days  oenld  pave  -  square 
B 

Iae4^aiid  in  om  day —sqaanfeeL  ^  rinular  Mioning  one  man  in 


one  day  oonM  pave  —  square  feet.  Hence 


B  ft 


ae' 


Afta 


The  principal  caution  whidi-a  beelmier  requires  not  to  suppoee 
that  ihe  rule  of  three  (<h^  the  rule  of  finding  a  fourtii  quantity  which, 
which  three  others,  shall  constitute  a  proportion)  is  to  be  applied  in  all 
earns  in  which  three  quantities  ore  given  to  find  a  fourth.  That  such 
a  caution  is  necessary'  arises  from  the  defect  of  workft  on  arithmetic, 
which  fretjuentiy  exhibit  this  rule  without  any  mention  of  proportion, 
and  leave  it  to  be  inferred  that  tiiere  is  but  one  way  of  obtaining  a 
fourth  quantj^  from  three  otitara. 

THRESHINO.  The  amaration  of  the  grmn  from  the  ear  in  com 
has  always  been  one  of  tiie  most  laborious  operations  on  a  furm. 
Where  the  quantity  grown  is  merely  sufBcient  to  supply  food  for  the 
cultivators  of  the  soil,  the  simplest  methods  answer  the  purpose  suffi- 
ciently. The  com,  taken  by  handfuls,  may  be  beaten  on  a  piece  of 
wood  or  a  table,  and  by  repeatedly  turning  the  straw  the  whole  of  the 
grain  maf  be  readily  beaten  out.  Tliis  mode  of  tiu-eshing  may  be  still 
adopted  in  order  to  obtain  the  finest  and  ripest  grains  for  seed ;  but 
then  tiie  straw  is  afterwards  threshed  over  agdn  witii  the  JhU. 

Where  the  com  is  tbreahed  out  immediatdy  after  harvest,  to  be  put 
into  a  granary,  aa  is  the  cose  in  those  countries  where  extensive  tracts 
of  rich  land  are  sown  with  com  two  or  three  times  without  much 
tillage  or  manuring,  and  then  left  to  be  recruited  by  several  years'  rest 
and  pasture,  the  moat  common  praotioe  n  to  level  a  portion  of  a  field, 
and,  laying  the  com  in  the  stasw  in  a  large  circle,  to  drive  oxen  and 
horses  over  it  tilt  it  is  aU  trodden  out.  This  is  the  method  alluded  to 
in  Scripture,  and  can  only  take  place  where  the  climate  is  serene  and 
dry.  Till  ingenuity  had  product  mocliines  to  supersede  the  flail,  this 
was  the  only  instrument  in  use.  The  first  idea  of  a  machine  for 
threiAting  was  tiiat  of  imitating  the  motion  of  the  flail ;  but  so  much 
de^tendi  on  the  qre  of  the  thresher,  thai  no  mechanism  covdd  mil 
imitate  fbe  motimi  of  his  anns,  'Sbo  jmaeni  improved  tiueahiog^ 
machine  la  now  ao  common  tiiai  it  will  sufBoe  to  give  the  general 


pin^ple  of  aettoD.  A  motlen  ia  given  to  a  h<^ow  eyUndop 
round  a  lunisontal  axii ;  oa  the  outer  surface  there  sm  projecting  ritp 
paaalM  to  the  axis  at  equal  distanoSB  from  each  other;  the  width  of 
theaeisfrain  two  to  mx  inehes.  Aronnd  half  the  cylbidw  ia  a  oas^ 
the  inner  smriaoe  ol  which  is  lined  tnkk  i^teaof  cast-iron  grooved  in 
the  dinotion  ol  tiie  axis.  The  ribs  or  baatsm  oome  quite  close  to  tiieae 
groovea>  >o  Oak  aa  ear  of  wheafew  other  own  ouBOt  well  pass  betwoMi 
theea  without  being  ftattened  The  sheaves  of  oom,  having  been 
untied,  are  spread  on  a  skntlng;  table,  and  in  some  machines  are  drawn 
in  between  two  iion  rollers,  of  wbioh  one  n  phdn  and  the  otiier  fiuted 
The  motion  of  these  roUers  ia  slow,  vridle  that  of  tiie  cylinder  or  drum 
ia  rapid.  The  beaters  act  on  the  sti«w  aa  it  oomee  through,  and  beat 
out  most  of  the  ootn;  but  what  rsmains  ia  canied  in  between  til? 
beaters  and  the  fluted  oaae,  and  w^an  it  has  made  half  a  revolution  all 
the  gvahi  has  been  btaten  and  nibbed  ooi  It  fslla  on  a  shaker  whidi 
lets  the  grain  through,  bat  toesse  off  the  straw.  Moveable  threshing- 
machraeB  are  very  genera^  in  use  in  England.  "Hie  price  of  thrvahing 
in  this  way  u  about  half  of  what  is  usually  paid  for  thrediing  witii  the 
flail ;  it  is  more  rapidly  done,  there  ie  lees  ohanoe  of  pitftwiny,  and 
fewer  grains  reoaainin  ihe  straw. 

On  veaylaigefHrmslthaalMen  iSaand  eecmomieal  to  erect  a  steam- 
engine  to  vock  the  lAreditne^maehlDe,  ohaffeutter,  and  other  domestic 
imfdementa.  Bat  travelling  maohinee  thresh  out  much  tite  lai^^ 
quanti^  of  the  com  that  is  grown  in  England.  ^Hie  moveable  steam- 
Mugines  which  are  need  for  working  such  machines  are  now  made  in 
rmmotwe  numbws,  and  no  doubt  15,000  to  20,000  horse-power  la  thna 
every  year  added  to  the  fbroee  used  in  agrioulture. 

TUROHBUB  is  a  iamour  formed  by  blood  eflbsed  from  a  vein  after 
bleeding,  and  coagulated  fa  the  adjacent  cellalw  tiuue.  It  is  a  kind 
of  intense  eotAjaoe^  or  bruise,  and  usually  arises  from  the  puncture 
in  Ute  vein  not  having  been  made  exactiy  opposite  that  in  the  akin,  so 
that  some  of  the  blood,  instead  of  flowing  out,  is  infiltrated  between 
the  vein  and  the  snrfeoe.  It  is  rarely  of  sufficient  importance  to 
require  treetment,  and  is  usually  removed  like  the  eOused  blood 
of  an  odinavy  braise.  ScHnetimee,  however,  inflammation  ensues 
around  the  tumow,  whioh  should  be  treated  by  leeches  and  cold ; 
<n-,  if  ii  ^HTooeed  to  Buppi»ation,  should  be  managed  like  a  common 
absoesn. 

THRUSH  or  APHTHA  is  a  dSsease  to  whioh  young  children 
are  particularly  liable.  It  is  a  disease  of  the  mucouis  membraoe  of 
the  mouth  and  faoeee,  and  manifests  itself  in  the  forin  of  small 
points,  rit^,  conical  or  hemispherical  elevationa.  These  some- 
times increase  in  stee,  and  become  large  spots,  whidi  are 
covered  witii  a  membnne  of  milk  or  petu-l-wliite  colour  gassing 
Into  a  gray  or  yellowirit  colour.  This  membranous  matter  u  of  a 
more  or  leas  soft  connstence,  and  varies  in  thickness.  It  is  at  first 
firmly  adherent  to  the  mucous  membrane,  but  eventually  peels  06", 
leaving  the  mucous  membrane  uninjured.  These  spots  ore  found  oq 
the  inner  edge  of  the  lips,  on  the  cheek,  the  gums  and  the  palate ;  on 
tite  upper  and  lower  aur&oe  of  the  tongue,  in  the  tluxHil^  and  in  the 
OBBo^agua  doi^  to  the  stonuK^ 

On  pladng  thli  membranona  secretion  under  the  miorosoope,  ii  in 
found  to  consist  of  epithelial  cells,  a  certain  amount  of  exuded  matter, 
and  of  thx  fiiimmt$  and  tpora  0/  a  fangut  known  by  the  name  o( 
Oidium,  aiaiatu.   [Ehtofhita  ;  Omnrir,  in  TSat.  Hist.  Div.] 

The  filaments  of  the  fungus  ore  cylindrical,  elongated,  stniight,  or 
curved  and  tubular,  Tha  interior  of  the  tube  is  trtmsparent.  In  the 
midst  of  these  filaments  are  found  minute  bodies  composed  of  two  to 
four  oval  oellfl.  These  are  ttie  germinating  sporea  from  which  ornate 
the  irue  spores ;  whioh  lie  together  frequently  in  masses  and  vary  in 
number  according  to  the  age  of  the  fungua. 

There  is  no  doubt  that  thrush  entirely  depends  on  the  presence  of 
tills  fungus.  It  appeara,  however,  that  certain  states  of  the  system 
invite  their  attacks.  When  children  are  we^dy  or  have  been  subject 
to  derangement  of  the  bowels  from  any  cause,  the  fungus  appears  to 
find  a  fit  nidus  for  its  development.  In  some  cases  ihe  irritimon  pro- 
duced by  the  fungus  engenders  inflammation  wtiich  ends  in  uloeratio^, 
and  this  may  spr«id  and  even  produce  destructive  efiects. 

Old  people  as  well  as  children  are  subject  to  attacks  of  tiie  same 
fungus  when  the  conditions  are  present  which  Invite  their  attacks. 
Such  being  the  nature  of  thrush,  it  is  very  dear  that  ii  ia  not  critical 
of  any  general  state  of  the  nstem. 

Tluiish  is  often  confounded  wltii  various  affections  of  the  moutli, 
snch  as  idlonathic  infiammation  with  ulceration,  accumulation  of 
epithelial  ceUs,  the  fur  of  the  tongue,  and  the  remains  of  food 
especially  milk,  from  all  of  which  it  may  be  easily  distinguished  by  the 
presence  of  the  filaments  and  spores  of  the  fuugus. 

In  the  treatm^t,  tiie  object  should  be  to  destroy  the  fungus  by 
 file  diseased  condition  of  the  chiloL 


external  ajndiaBtion,  and  to  _ 
A  dUote  solution  of  nitiate  of  silver  painted  over  the  aphthous  spots 
has  been  found  useful  as  an  external  aj^lication,  Acidity  of  tiie 
stomach  and  bowels  may  be  corrected  by  the  carbonates  01  potuh, 
magnesia^  or  soda.  The  preparations  of  iron  with  cod-liver  oil  are 
amongst  the  beet  remedies  for  the  oonatitutional  state  in  whi(di  thrash 
oocurs. 

(Kficfaemeister  On  ^ntnaZ  and  V^etaite  Paranta,  translated  by 
Dr.  Lankester.) 

THUO  (from  HlndartaiUB  thagna,  to  deoeiveUtteana  a  deosiver. 
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ftnd  is  the  special  appellation  of  secret  murderem  in  India.  Of  their 
origin  nothing  can  be  said  with  any  decree  of  certainty.  The  Thugs 
thei:iB«lvcB  refer  it  to  the  remotest  antiquity,  and  there  in  no  doubt 
tliat  the  ceremonies  m&  which  they  carry  on  their  murderous  trade 
can  be  traced  as  &r  back  aa  the  K&lika  Pur&na.  where  find  them 
described  with  the  utmost  accuracy.  Their  gangs,  consistiDg  of  from 
ten  to  two  or  three  hnsdred  men  of  all  racea,  castes,  aects,  and  religions, 
yet  all  joining  in  the  worship  of  KAli,  moved  about  all  parta  of  India, 
Bacriflcing  to  their  tutelary  goddess  every  victim  that  they  could  seize, 
and  sharing  the  plunder  among  themselvea.  Still  they  shed  no  blood, 
except  when  forced  by  circanutuices ;  murder  being  their  religion,  the 
perform anco  of  its  dutiea  required  secret^,  sjid  the  initrum«it  of 
death  was  a  rope  or  a  handkerchief,  which  could  excite  no  BUBpi(»oii. 
Thev  were  itranglers.  Kveiy  gang  had  its  leader,  the  Jemadar  or 
Siraixr;  ite  teacher,  the  Guru,  whose  duty  it  was  to  initiate  the  novice 
into  the  secret  of  using  the  roomal,  or  handkerchief.  Then  came  the 
Bkuttotea,  that  is,  stranglers ;  and  the  SotJuu,  or  entrappers ;  and  at 
last  the  Luffhaeet,  or  gravediggen.  In  a  country  like  India,  the 
striking  ohamoter  whose  iohabitanta  is  an  almost  incredible  apathy, 
it  was  ea^  tor  them  to  ctnnmit  the  most  outrageous  murders  without 
exciting  the  interest  of  the  victim's  rdationa.  The  immense  jungles 
which  border  the  roads  a&brded  the  Lugbaeee  every  facility  for  eSec> 
tually  concealing  the  bodies ;  and  the  prevailing  custom  of  travelling 
in  parties  prevented  the  designs  of  the  Sotha  from  being  suspected, 
whenever  he  succeeded  in  offering  the  ivotection  of  his  Jemadar  to 
travellen  whom  their  wealth  indooed  mm  to  entn^.  The  Thugs 
generally  assumed  the  appearance  of  mendiants,  which  in  creased  the 
confidence  of  their  victims,  whom  they  despatched  with  the  gnateet 
celerity  whenever  the^  found  a  convenient  pUee.  Whilst  the  Bhuttotes 
arranged  themselves  in  a  manner  to  eBect  their  purpose  with  &cility, 
the  Lughaeee  dug  the  hole;  and  at  a  given  signal  the  noose  was  passed 
round  the  neck  of  the  traveller,  and,  being  taken  unawares,  he  was 
drang^  without  being  able  to  make  any  radatanoe.  He  was  then 
thrown  into  the  hole,  and  larae  inoisiona  were  made  in  the  abdomen  to 
iprevent  the  corpse  from  swelfing,  and  the  whole  was  covered  over  with 
la  layer  of  dry  sand,  another  of  thorns  and  bushes,  and  over  all  n-as 
thrown  the  earth  which  had  been  dug  out,  which  they  smoothed  down 
BO  as  not  to  attract  the  notice  of  travellers.  Aiter  every  murder  they 
offered  a  sacrifice  to  Kali,  whiohtheg-caUed  JV^wtHwe.  It  was  performed 
in  the  following  manner A  la^  sheet  was  spread  over  the  cleanest 
Bpot  they  could  select,  and  on  Uiia  was  oast  a  pile  oonsisttng  of  one  rupee 
and  four  anas'  worth  of  coaTse  sugar ;  near  this  they  placed  the  conse- 
crated pickaxe  (an  instrument  sacred  to  Siva  and  BhAvanl),  and  a  piece 
of  aUver  as  a  ripa  dartana,  or  silver  oBering.  The  leader  then  sat 
down  on  the  sheet,  and  the  best  stranglers  placed  themselves  on  each 
side  of  him  with  tiieir  faces  to  the  west.  Tli^  then  distributed  the 
sugar  and  ate  it  in  solemn  silence.  But  for  this,  aa  wdl  aa  other  cere- 
monies, we  must  refer  to  the  works  of  Colonel  Sleemaa  and  Captain 
Meadows,  as  well  as  to  an  article  in  the  130th  number  of  the 'Edinburgh 
Keview.' 

We  have  already  observed  that  Thugs  were  found  oxerdsing  their 
fearful  trade  in  all  parts  of  India.  In  the  Deccan  they  were  called 
PhAnstgars  (from  Sanskrit  pdta,  a  noose)  or  noosers,  and  on  tiiem  we 
have  a  very  interesting  paper  in  the  18th  volume  of  the  'Asiatic 
Beeearchea.'  Thdr  curtoms  are  the  same  aa  those  of  the  northern 
Thugs ;  but,  having  fewer  Mohammedans  among  them,  they  are  more 
strict  observers  of  the  duties  which  their  religion  imposes ;  ihey  kill 
neither  women,  nor  old  men,  nor  any  of  the  subjects  which  the  Kftlika 
Purdna  (in  the  'Rudhira  Ady&ya")  declares  to  be  unfit  for  a  sacrifice  to 
Devt.  In  the  same  volume  ot  the '  Asiatic  Beeearchea '  there  is  another 
article  on  them,  by  Mr.  Shakeapear :  both  were  written  in  1816. 

The  origin  of  this  atrocious  worship  is  undoubtedly  Hindu.  The 
Thugs  maint^  Uist  their  occupation  is  represented  in  tiie  caves  of 
Ellora,  aswell  as  all  other  trades.  Moreover,  the  terms  they  oseare 
chiefly  of  Sanskrit  origin  ;  and  the  worship  of  Kflii,  as  described  in  the 
KAlika  Punlna,  corresponds  so  well  to  the  religious  ceremonies  of  the 
ITiugs,  that  there  can  be  little  doubt  as  to  then-  identity.  ('  Asiatic 
Researches,'  vol.  v.)  All  the  ceremonies  of  the  Thugs  are  fixed  by 
Purftna,  the  date  of  which  it  is  difficult  to  aseertun ;  but  frequent 
aUuBioDB  am  made  to  it  in  the  Vlra  Charita,  a  dnuna  of  ^vabhAU, 
who  lived  at  the  court  of  King  Bhoja  in  the  beginning  of  the  8tii 
century  of  our  era. 

Th^venot,  in  his  'Travels'  (part  iii.,  ch.  22),  is  the  first  to  notice 
the  Thugs  :  he  describes  them  as  infesting  the  road  from  Agra  to 
Delhi,  and  uung  a  long  rope  furnished  with  a  noose,  whjch  they  throw 
with  great  dexterity  round  the  traveller's  neck;  and  he  relates  that 
their  Sothas  were  frequently  women.  About  ten  years  after  Th^venot, 
Dr.  Fiyer  found  them  at  Surat,  where  a  gang  of  them  were  executed. 
He  describes  them  as  Th^venot  does ;  and  it  appears  from  the  descrip- 
tion that  they  belonged  to  the  Mwltanem,  a  peculiar  olaas  of 
Mohammedan  Thugs. 

Althoiigh  the  wiole  of  the  ceremonial  is  Hindu,  the  Thugs  them- 
sdvea,  whether  Hmdu  or  Mohammedan,  maintain  that  ihej  descend 
from  seven  Mohammedan  clans,  Thugs,  Bh^,  Bursoto,  Kachunee, 
Huttar,  Ganoo,  and  Thqndee  (' Ramaseeana,'  p.  11);  the  seven  clans 
are  admitted  to  bo  the  most  ancient  and  the  original  stock  on  which  all 
the  others  have  been  engrafted.  This  circumstance  may  lead  us  to 
siiBpect  that  Mohammedans  were  indeed  the  fiist  to  give  a  sort  of 


political  system  to  the  Thugs ;  and  the  seven  dans  of  IsmaCis,  whote 
occupation  waa  murder  as  dreadful  aa  that  of  the  Thugs,  may,  when 
persecuted  in  the  last  d»B  of  their  political  existence,  have  joined 
themselvea  to  the  Hindu  Phftnslgars,  tad,  adt^tin^  their  ritual,  have 
given  rise  to  thmr  present  institution.  Thia  point  la  investifEated  with 
much  ingenuity  in  an  article  on  the  'Seoret  SodeUes  of  Asia,'  in  the 
49th  voL  of  '  Blackwood's  Magazine.'  Shah  Jehan  and  Aurengaebe 
instituted  criminal  proceedings  against  them.  After  this  we  again 
lose  sight  of  them  until  the  time  of  Hyder  Ali,  who  proceeded  against 
them  in  a  summary  way.  Mysore,  however,  seems  to  have  been  their 
&vourite  resid«H)e ;  for  in  order  to  auppress  them,  in  the  reign  of 
Tippoo  Sultan,  many  of  them  were  apprehended  and  sentenced  to  bard 
labour,  and  othere  suffered  mutilation.  It  was  in  Mysore  also  that  the 
Engli^  government  first  discovered  them  soon  after  1799  ;  but  it  waa 
not  before  1810  that  any  measures  were  taken  for  their  extermination ; 
and  a  plan  for  their  suppression,  whioh  was  suocessf ul,  was  adopted  in 
1830  by  the  then  governor-general.  Lord  William  Bentinck. 

(AuKOteeona,  or  Voeabularif  of  the  Peculiar  Language  vted  fijr  the 
l%iiga,  Calcutta,  1836 :  tiiis  work  is  written  by  CoL  Sleeman;  The 
OonfesiioHt  of  a  Thug,  by  Captain  Meadows,  1840,  Londcoi.) 

THUJONE,  A  hydrocarlxm  moduced  hy  the  action  of  iodine  upon 
the  easential  oil  of  Arbor  Vitse  {Tk^ja  oceideatalu). 

THUNDER  is  an  explosion  accompanied  by  a  loud  noise,  which  is 
heard  after  a  discharge  of  lightning  from  the  clouds.  The  character  of 
the  noise  is  variable  :  it  sometimes  resembles  that  which  is  produced 
when  a  single  piece  of  ordnance  ta  fired ;  at  other  times  it  is  a  rolling 
sound  like  the  suocessive  discharges  of  several  great  gans ;  and  oooa- 
sionally  it  may  be  compared  to  a  series  of  sharp  reports  from  a  fire  oi 
musketry. 

Hie  identity  of  lightning  with  the  electric  fiuid  is  now  well  known 
[LiaHTNiMo],  but  the  phyracal  cause  of  the  detonation  whi(^  accom- 
panies the  flash  is  still  the  subject  of  conjecture ;  in  general  it  is  con- 
sidered that  lightning,  by  ite  heat,  creatca  a  |»rtial  vacuum  in  the 
atmosphere,  and  that  the  sudden  rushing  ot  air  into  the  void  space 
produces  the  sotmd ;  but  various  reasons  have  been  assigned  for  ite 
prolongation.  It  waa  formerly  supposed  that  tiie  rolln^  noise  is 
merely  the  result  of  several  eohoee  caused  by  the  sound  being  reflected 
from  mountains,  woods,  buildings,  or  olou^,  or  from  the  latter  alone 
when  a  thunder-storm  takes  place  over  the  ocean :  this  opinion  seems 
to  have  been  founded  upon  the  fact  that  the  report  of  a  fire-arm  dis- 
charged in  a  mountainous  tract  ie  prolonged  by  the  echoes  during  at 
least  half  a  minute,  which  is  about  the  time  that  the  rolling  of  tiiunder 
continues.  But  thou^  the  reflections  of  sound  are,  very  probably,  in 
part,  or  at  times,  the  causes  of  the  prolongation  of  the  report  arising 
from  the  explosion,  yet  it  must  be  admitted -that  these  will  not  always 
afford  a  satisfactoTy  explanation  of  the  phenomena.  It  may  happen, 
for  example,  that,  when  the  sky  is  uniformly  covered  with  clouds,  a 
flash  of  lightning  will  dart  from  the  zenith,  and,  after  a  few  seconds, 
the  crash  of  thunder  will  take  place  accompanied  by  a  rolling  sound : 
soon,  a  second  flash  may  pierce  the  clouds  in  the  senith  and  thunder 
may  follow,  but  now  the  crash,  though  loud,  may  cot  be  prolonged. 
It  is  justly  observed  by  M.  Arago  that  this  is  very  different  frt>m  the 
phenomena  of  echoes ;  and  the  explanation  whioh  was  first  proposed 
by  Dr.  Hooke  ('  Posthumous  Works,'  1705)  is  perhaps  that  which 
possesses  the  highest  degree  of  probability.  The  flashes  of  lightning. 
Dr.  Hooke  obe^vee,  are  either  simple  or  multiple :  the  first  occupies 
but  one  small  portion  of  space,  and  gives  rise  to  an  instantaneous  re- 
port ;  the  multiple  flash  tuea  place  at  different  parte  of  one  long  line ; 
if  these  parte  should  be  situated  In  a  circular  arc,  and  the  observer 
should  be  in  its  centre,  all  the  reporte  would  arrive  at  his  ear  at  the 
some  time,  and  still  one  loud  crash  only  would  be  heard ;  but  if  the 
parte  were  nearly  in  a  straight  line,  and  the  observer  were  at  one  of  ite 
extremities,  the  reporte,  whether  tiiey  take  place  at  the  same  instent 
or  in  succession,  would  arrive  at  his  ear  at  different  times,  depending 
wholly  or  partly  on  tiie  distences.  It  may  be  considered  therefore 
tiiat  the  rolling  arises  from  the  cireumstonce  that  the  pointe  of  ez- 
plosion  are  at  different  distances  from  the  observer ;  and  it  will  follow 
that  the  duration  of  the  noise  is  equal  to  the  time  in  which  sound 
travels  through  an  interval  equal  to  uie  difference  between  the  lengths 
of  two  lines  drawn  from  the  observer  to  tiie  two  extremities  of  the 
fiadL  The  flash  of  li^tning  and  the  report  of  the  thunder  take  place 
in  reality  at  the  same  moment ;  but  since  sound  travels  at  the  rate  of 
1100  feet  per  second,  while  the  passage  of  light  from  the  cloud  to  the 
observer  may  be  considered  as  instantaneous,  it  follows  that,  on  count- 
ing the  number  of  seconds  which  elapse  between  the  time  of  seeing 
the  flash  and  hearing  the  report,  the  distance  of  the  thunder-cloud 
from  the  observer  may  be  ascertained  if  1100  feet  be  multiplied  hy 
that  number  of  seconds. 

An  opinion  prevails  that  thunder  has  been  heard  when  the  sky  waa 
without  a  cloud,  but  the  fact  can  scarcely  be  said  to  be  satisfactorily 
esteblisbed ;  for  the  sounds  which,  in  countries  subject  to  earthquakes, 
have  been  supposed  to  be  thunder,  proceed  from  under  the  ground, 
and  may  result  from  a  diSerent  cause.  Volney  however  relates  that, 
being  one  day  at  P(mtchartrain  near  Teraulles,  when  no  cloud  was 
visiUe,  he  beard  <^inctly  four  or  flve  daps  of  thunder ;  he  adds,  that 
about  an  hour  afterwards  the  sky  became  overcast,  and  a  violent  hail- 
storm  followed.  On  this  relation  M.  Arago  observes,  that  the  sounds 
could  not  have  been  heard  if  they  had  come  from  douds  at  %  greater 
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distance  than  six  loagues ;  and  if  the  clouds  bad  been  at,  or  »  little 
within,  that  distance,  they  must  have  been  visiblej  unleas  it  be  &up- 
poeed  that  they  were  not  more  than  a  few  yards  above  the  ground ; 
bat  the  hail  which  followed  the  thundo:  must  have  proceeded  front 
clouds  having  great  elevation,  though  at  the  time  tiie  ciaf*  were  heard 
they  were  too  remote  to  allow  any  sound  from  them  to  rmsk  the  ear ; 
and  therefore  he  ooncludes  that  uie  sounds  must  have  been  produced 
in  the  ur  itselL 

fVom  the  meteorological  observatdons  made  by  Dr.  Sooreaby,  and 
Captains  Fhippo,  Parry,  and  Rosa,  it  appears  that  neither  thunder  nor 
lightning  is  Imown  to  take  place  beyond  the  75th  degree  of  north  lati- 
tude ;  even  so  low  as  the  7uUi  degne  thoee  phenomena  are  very  rare : 
and  in  the  taUes  of  Captain  Parry  the  ocoorrenoe  of  thunder  and 
lightniof  is  mentioned  but  once  between  Jime,  1821,  and  September, 
1823.  Obtain  Franklin  also,  in  67^°  N.  lat.,  heard  thnnder  on  one 
day  only  between  September,  1826,  and  August,  1826. 

THURSDAY.  [Wok.] 

THTMKNE  (CJH,a).  A  hydrocarbon  isomeric  with  oU  of  tnrpen- 
tine,  forming  one  of  the  constituents  of  the  essential  oil  ot  thjrme. 

THYMINE.  An  organic  base  found  in  the  thpnut  gland  of  the  calf 
(sweetbread).  It  erystalliaes  in  needlee,  and  also  forms  ciyitalUne 
salts.    Its  composition  has  not  been  detenniiied. 

THYMOIL.  [THTMotB.] 

THYHOLE  (C|oH„0,  HO).  SydraU  tif  thymyl  The  oxidised  por- 
tion of  the  essential  oil  of  thytne,  forming  about  one-half  of  tiiat  eaaenoe. 
It  crystidliaes  in  oblique  rhomboidal  prisms,  which  are  nearly  insoluble 
in  water,  but  very  soluble  in  alcohol  and  in  ether.  Under  the  in- 
fluence of  oxidising  agents  it  yields  a  oi^vtalline  substance  termed 
ikymiiil  {C„H,aO,),  which  is  homologous  with  quinone. 

THYHTL-SULPaUBIC  ACID  (CJH„0,  UO*  8,0^  An  miim< 
portant  acid,  obtaiiwd  the  HUoa  M  ooncentntM  sul^tuurie  add 
upon  tkymot. 

TUYMTL-SULPHtTBOFS  ACID.  a^aajmavmwiihJStdpkoe^Ue 
udd  [CtholbI. 

TIA'RA  {riipcL  at  ridfNtt),  a  high  kind  of  hat,  which  was  in  ancient 
times  worn  by  the  inhabitants  of  Middle  and  Western  Asia,  especially 
W  the  Assyrians,  Peraians,  Parthians,  Armenians,  and  Phrygians. 
Inhere  were  two  kinds  of  tians :  the  upright  tiara  was  only  used  by 
kings,  priests,  and  other  persons  of  the  liighest  rank,  and  the  upper 
part  had  frequently  the  shape  of  a  crown ;  the  tiara  worn  by  other 
people  was  of  a  soft  and  flexible  material,  so  that  it  hung  down  on  cue 
aide,  as  in  the  ease  of  the  so-called  Phrygian  bonnet.  (Hesyobius  and 
Suidas,  t.  V.  tkC^)  The  tiaras  of  persons  of  hig^  rank  were  of  the 
most  coetly  colour^  such  as  purple,  and  adorned  w^  gold  and  precious 
■tones.  * 

In  modem  times  the  term  tiara  is  applied  to  the  head-dress  of  the 
popes,  whiah  is  worn  on  eolemn  occasions,  and  consists  of  a  triple 
crown.  The  peculiar  form  of  the  papal  tiara  has  led  some  archseologUts 
to  trace  its  origin  back  to  pagan  antiqui^.  Triple  crowns  bearing  a 
marked  reeemblanoe  to  the  papal  tiara  are  worn  by  the  Aamian  kings 
as  represented  on  the  slabs  found  at  Nineveh  by  Botta  and  Layard. 

TIDAL  HARBOURS.  The  enoloeuies  iot  the  protection  of  vessels 
which  are  situated  upon  the  sea  shore,  or  the  portions  of  rivets  affected 
by  the  rise  of  the  tides,  are  usually  known  by  the  distinguislung  name 
of  Hdal  AsrfioMra,  on  account  of  the  peculiar  arrangements  adopted  in 
them  in  oonsequence  of  the  variations  of  level  in  the  watersj  and  of 
the  currents  which  may  prevail  in  the  oflQng.  Tidal  harbours  may  be 
JtooHitg  or  dry,  according  to  the  rise  of  the  tide,  or  the  depth  of  water, 
when  no  artificial  basins  .are  formed ;  or  they  may  be  classified  as 
tkotund  or  ort^^ool  harbours,  according  to  the  configuratioQ  of  the 
eoast,  and  the  mode  of  construction  adopted  in  them. 

A  natural  footing  harbour  is  cme  wherein  Uiere  is  at  all  times  ot  the 
tide  a  sufBcient  depth  of  water  to  maintain  a  vessel  afloat ;  a  natural 
dry  harbour  is  one  which  is  left  without  water  at  low  tides,  and  in 
which  the  vessels  are  obliged  "to  beach,"  or  "  to  take  the  ground," 
that  is  to  aay,  are  left  temporarily  high  and  dry.  Artifli^  harbours 
present  oocasion^y  one,  or  both,  of  these  conditions ;  bat  as  th^  are 
usually  formed  in  posititms  where  the  navigation  ia  sufficiently  active 
to  require  great  facilities  for  the  commerce  carried  on  in  them,  it  is 
nre  tiist  artificial  tidal  harbours  are  constructed  without  the  forma- 
tion ot  floating  basins  in  which  large  vessels  may  be  kept  constantly 
afloat.  Dry  tidal  harbours  are  only  of  use  for  coasting  tnffle,  or  toe 
TMds  Mf  small  burden.  The  outer  harbours  of  pmis  of  greater 
ImportaDce  are  often  in  fact  nothing  but  tidal  harbours,  dry  at  low 
tides ;  bat  in  sunh  cases  they  are  accompanied  by  half-tide  bauns,  and 
iniwr  harbours  or  docks.  In  which  the  level  of  the  water  is  coiutantly 
muntained  at  that  of  the  high  tide  by  means  of  look  gates,  or  pontoons. 
Qzaving  docks,  gridirons,  scouring  sluices,  wardiousee,  and  other 
q^lianoea  are  added  in  such  cases  aeeording  to  the  local  physiaal 
eondttions  of  the  aitnation,  to  the  nature  of  the  tnde,  mr  to  toe  fiaesl 
oTgamaation  of  the  country  in  irtiioh  the  harbours  watf  be  dtaated. 
These  details  have  already  been  discussed  under  Docks ;  ind  they 
ovideiitly  must  be  the  same  in  all  import  harlwurs,  whetbsr  tidal,  or 
otherwise;  or  whether  the  outer  harbour  be  wet  or  dry. 

Upon  an  open  coast,  like  that  of  the  southern  counties  of  "Rnglanri, 
•Koepting  betwera  the  Baoe  ot  Portland  and  Sebea  Punt,  the  harbouts 
most  all  be  tidal,  and  dry  at  low  water,  onleas  tb^  should  be  placed 
•t  the  mooths  ol  riTats,  or  at  the  head  of  deep  inl«ts  from  the  whl. 
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Milford  Haven  and  Plymouth  are  instances  of  this  favourable  natural 
configuration,  and  there  ia  little  neoeesity  for  the  formation  of  dosed 
docks  in  either  of  thnn.  Southampton  aod  Portsmouth  present  very 
great  advantages  also,  and  tl^y  are  almost  entirely  devoid  of  the 
inconvanienoes  usually  attadied  to  tidal  harbours,  for  msSBla  eaa  lis  in 
the  inoloeed  eninnees  to  the  floatiQ(|  basins  of  either  of  those  ports 
without "  touching,"  unless  when  their  burden  is  very  great  indeed. 
In  the  case  of  ordinary  tidal  harbours,  it  therefore  follows  that,  unless 
there  should  exist  near  them  a  good  ^leltered  roadstead,  vessels  cannot 
safely  "  make  "  tiiem,  unless  at  high  water ;  ncn*  can  they  ever  beoome 
really  "harbours  of  refuge,"  which  should  be  accessible  at  all  times  of 
the  tide.  H&vre  and  Liverpool  are  instanoee  of  tidal  harbour* 
senting  tolerably  favourable  conditions  of  aooeas  in  oonsequence  of  the 
existence  of  roadsteads.  Cherbourg  is  an  instanoe  of  a  tidal  harbour 
rendered  safe  by  die  crestitm  tA  an  artificial  roadstead ;  for  thougii  the 
military  port  of  Cherbourg  has  a  sufficient  depth  of  water  to  allow  the 
largest  veaeds  to  enter  at  any  time  of  the  tide,  y«t  the  commercial 
port  is  left  his^  and  dry  twice  a  day.  Banufptte,  Dieppe,  and  the  littla 
harbour  of  refuge  (so  called)  ali  Fort  en  Besam  are  instances  of  the  true 
tidal  harbours,  with  all  their  oharaoteiistioa  and  all  their  iuconveniencee. 
They  oan  only  be  entered  at  high  tide;  thdr  jetties  are  so  mut^ 
exposed,  tiiat  if  a  vessel  should  hj^pen  to  miss  the  entrance  she 
would  almost  inUIibly  be  wrecked ;  and  thOT  are  all  liable  to  be  silted 
up  by  the  alluvial  matters  carried  forward  bj  the  flood-tides  on  tbdr 
shores.   [Tidal  Watibs  and  Cubbehts.] 

^  Under  Pubs,  the  modes  of  oonstruotiilg  and  the  prindples  of 
designing  the  walla  wbkh  inclose  the  spaoss  intended  to  form  harbours 
have  bera  already  discussed ;  and  it  may,  under  these  dreumstancea, 
aufilce  to  say  that  the  area  to  be  inclosed  in  a  tidal  harbour  designed 
to  receiTe  ordinuy  ooasting  vessels  should  not  be  leas  than  six  acres  of 
water  surface ;  and  tiiat  the  area  should  increase  from  this  minimum 
dimension  in  proportion  to  the  depth  of  water  and  to  the  activity  ot 
the  oommaroial  ralatioDS  of  the  locality.  In  the  case  of  tidal  harbours 
of  ratuge,  the  area  must  be  proportioned  to  the  number  of  veasds 
likely  to  resort  to  them.  Thua  the  tidal  harbour  of  Southampton 
Docks,  in  which  there  is  18  feet  of  water  at  low  tides,  has  an  area-of 
l(t  acres ;  the  area  of  the  tidal  basin  of  the  new  port  of  St.  Nazaire,  at 
the  mouUi  of  the  Loire,  is  about  22|  acres ;  tiiat  of  the  tidal  harbour 
of  Port  en  Beesin,  is  about  27  acres ;  that  of  the  outer  harbour 
Ramwate  ia  ^wut  80^  acres.  Even  in  dry  tidal  harbours  it  ia 
dedrt^le  that  liie  extremities  of  the  jetties  should  be  carried  out  into 
6  feet  water  at  low  neap  tides ;  for  the  minimum  depth  of  water  at  the 
estraaoe  should  never  be  less  than  18  or  20  feet. 

It  may,  perhaps,  be  advisable  to  state  that  tidal  harbours  whose 
entrances  are  expoaed  to  be  swept  by  a  strong  flood  current  should, 
generally  speaking,  have  the  jetty  against  which  the  flood  strikes 
earned  beyond  the  jetty  on  the  oppoaite  side ;  whereas  in  deep-water 
harbours  the  relative  lengths  of  the  jetties  are  regulated  hjf  their 
positions  with  respect  to  ue  direction  ot  the  prevailing  wind.  In  fact 
the  exteniion  of  the  jetty  on  the  outnde  of  the  flood  may  give  rise  to 
a  local  countetHmrrent  which  would  facilitate  the  entry  into  the  har- 
bour J  and  in  some  respects  it  may  even  cause  the  tide  to  "  stale,"  as 
seamen  say,  or  to  remam  for  a  short  time  at  a  oonatant  height  in  the 
inoloeed  space,  in  conaequenoe  of  the  resistance  ofTercd  by  the  great 
ebb-tide  in  the  offing  to  the  afflux  of  the  small  quantity  of  water  in 
the  port.  The  various  currents  which  prevail  in  Uie  British  Channel, 
at  the  mouth  of  the  Seine,  and  of  the  Southampton  Water,  may  ba 
rtf  erred  to  as  illustrations  of  these  peculiar  ctrnditions ;  and  at  Hftvra 
they  occur  in  such  a  manner  as  to  render  the  tidal  outer  harbour  of 
nearly  as  great  value  as  an  ordinary  floating  harbour  during  two  hours 
of  each  high  tide,  whilst  at  the  same  time  they  create  a  strong  current 
setting  into  the  tidal  harbour  during  tiie  flood/  or  precis^  at  the 
period  when  vessels  are  entering.  Sometimes,  however,  these  local 
currente  ^^to  rise  to  bars  or  sand-banks,  either  aoroas  the  mouth  of  the 
harbours  or  on  the  down  side  (to  the  flood)  of  the  main  chsnnel,  in 
oonsequence  of  the  interferences  they  produce  with  the  advance 
the  aUavlcaa  carried  forward  by  the  floo«L  Thus,  at  Dieppe,  Boulogne^ 


Kewbaven,  Harwich,  Harlingan,  Ac,  bars  exist  at  the  mouths  of  the 
tibial  harbours,  and  they  are  uaually  of  a  veiy  dangerous  diaracter, 
although  oooasiooally,  aa  at  tha  last-named  harbour  in  tha  Zqydsr  Zas^ 
tha  ban  n^f  fono  naiatal  brealnntaia,  iaalaw^ 
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toadsteMls.  There  are,  in  fact,  very  few  peaitioiu  la  yrhialt.  tidal  hw- 
bean  are  free  from  inconTeniAnee,  arising  eitiier  frotn  lwr«  or  from  tho 
■dranee  of  alluvial  in&tteTH.  The  tidal  harbonr  of  refoge  of  Fort  en 
Bnsin,  in  the  department  of  the  Calradoe,  prwmtfl  In  thh  relpMt 
some  peculiarities  to  which  it  may  be  desirable  to  call  attentlMi,  on 
aoeonnt  of  the  geological  intenat,  quite  as  much  as  on  aoconnt  of  the 
lessoni  in  eogioaering,  which  they  fumiah.  Port  es  Bessin  li  erected  on 
a  coast  entirely  open  to  the  north,  north'^ast,  and  oorth'Wevt;  the  moat 
dangerous  storrtu  blow  from  the  north-east ;  and  tiie  flood-Ude  comes  in 
from  west  by  north.  The  jet^  on  the  west  side  has  hem  bttilt  wi^ 
openingB,  for  the  avowed  object  of  atUrwing  the  flood  to  nreep  thnragh 
the  hsad  of  the  harbour ;  and  an  a^etnhg  u  left  in  Ae  eartem  Jet^  to 
allow  a  fresh-water  rifer,  which  rues  nom  between  tiie  olay  beds  of 
the  lower  oolitia  foraationa  on  the  shore,  to  escape.  This  river  would 
appear  to  be  the  continuation  of  the  little  river  Drome,  whitih  loses 
itself  about  two  miles  in  the  ittterior,  there  pudag  between  the  forma- 
tion known  locally  as  the  **  afgile  dtt  Port  en  Bwsln*  and  the  lower 
oolite  Itself,  until  ft  thas  escapes  on  the  sea^dlote. 

In  consequence  <tf  the  frequent  occurrenoe  of  ban  and  hanks  at  tits 
mouths  of  tidal  harbouTB,  it  is  more  than  usnallr  neceesary  tbit  tidal 
signals,  lightbonses,  and  fog-bells  should  be  esubUahad  Qpon  them, 
and  that  the  naTigable  ehannel  should  be  earefolly  bucrred.  Tfasse 
pecautionary  detaibi  mnst  not,  of  oonnw,  be  neglected  In  floating  tidal 
harbonTB,  if  the  latter  abould  pnasent  any  local  peenUartties ;  bnt  thay 
are  usually  leas  necessary  than  In  drybarbottn;  nor  does  there  exist 
fa  the  former  the  same  necessity  for  tne  etistoice  of  a  mtft  bottom,  of 
mud  or  of  sand,  that  exista  in  harbours  wherein  Teasels  are  likely  to 
take  the  ground.  In  floiridng  or  In  ordinaiy  tidal  harbours  which  have 
docks  for  the  reception  of  large  Teasels,  tiiie  entranoee  to  the  docks 
must  be  [daeed  at  a  position  in  the  outer  basin  removed  from  the 
a^tataon  of  the  open  sea ;  and  K  would  appear  from  the  ptactical 
Working  of  the  docks  at  H&vre,  Liverpool,  sc.,  that  it  la  preferable  to 
make  the  entrance  to  &e  floating  dock  from  an  exterior  haK-tide  dock, 
rather  than  from  the  outer  harbmir  itself.  There  is,  ihi  fitot,  a  danger 
of  the  gates  oommunicaldng  with  the  onter  harbour  bring  OMtrioually 
forced  open,  by  the  aviation  of  the  latter ;  and  at  all  times  the  haH- 
tide  basnu  fiuilitate  greatly  the  mmoniTres  of  a  port.  In  some  tidal 
harbours,  as  at  H&rre,  IM^pe,  Ostend,  ka.,  pains  are  tdcen  to  break 
the  waves  which  may  be  driven  in  from  the  open  sea,  by  the  erection 
of  timber  sfcoekadea  and  incHaedfloMv  of  masonrr;  bot  m  the  majorfty 
of  eases  it  is  found  IhtA  the  waves  beSome  mflelently  stilled  the 
Jhet  of  their  poaring  through  a  narrow  pasBsge  at  the  entrance,  and 
then  widening  out  into  a  Lu^  sheltered  area. 

(Sir  J.  Hetmle,  on  Barhourt;  Sganzin,  Coart  de  Oonttruetiim  ;  Minard, 
Trawtx  Bvthvvl^uet  A  Ut  Mer ;  the  Fsrilametttarr  Vepotit  on  A<0 
B^^iimA  Soad»,  ke. ;  Smeaton'a  IbpoiH;  Life  of  Tetferyi;  ke.,  ka. 
The  Report  of  tiie  ConunlBsion  on  Tidal  ffdrbmn,  lS4d,  may  also  be 
eoDsulted.) 

TIDAL  WATERS  AND  CDKKBNTS.  The  partial  streams  of 
Water  set  in  motion  by  the  groat  tidal  warea,  whidi  frequently  flow  fai 
directlouB  difiteent  from,  or  even  directly  opposed  to,  Hie  adviuiee  of 
tte  great  tide  wares  themsdves,  ara  known  teehnleally  tff  the  hum  of 
tkhuewmtOi,-  andifacTare  of  the  greatest  impartanoB m aD ftaotical, 
or  l^draalio,  engineerteir  operations,  on  aoooont  of  the  Intertersnes 
ihey  are  able  to  prodttoe  in  Uie  conditions  of  aeeea  to  harboors  on  the 
sea-coast,  or  to  the  ettboudrares  of  These  eurraitB  tro  pro- 

duc«d  either  by  the  projection  of  head-tands,  or  by  the  retamfng 
bifluence  of  the  aea- shore  ap(fti  the  adraaee  of  a  portion  of  tba  tide 
wavflj  and  th^  are  therefore  suMeef  to  so  many  modifying  condtticns, 
as  to  reader  It  more  easy  to  ezpadn  their  natmw  by  rnsrenee  to  tome 
of  the  most  remafkable  cnrrenta  known  to  exlsi  A  few  ll^DStrntiom 
Hi  them  will  tiierefore  be  girenj  bnt  b^ore  eo  doing,  ft  may  be  desir- 
aUe  to  observe  that  the  great  oceanic  currents,  so^  as  the  6ntf 
stream,  the  current  through  the  straits  of  Ofbraltar  and  at  the  head  of 
the  Mediterranean,  ke.,  have  no  comoetlon  with  the  dass  of  [Aenomena 
fa  qneation;  for  their  ereatiott  mad  profM^tiott  depend  upon  eosodcd 
eaoses  of  a  very  diSbrent  and  of  a  ranch  more  oomplleated  mitan  tfam 
those  which  produce  the  real  tidal  currMite  of  the  sea  shores. 

Now,  the  great  flood  tide,  following  the  impulsion  it  receiTesfrom 
the  attraction  of  the  sun  and  the  moon,  and  from  the  rotation  of  the 
earth,  advancea  normally  from  the  west  towards  the  east ;  and  in  mid- 
ooean  the  only  tidal  current  is  preoiaely  in  this  uniform  direction.  On 
umroaching  th«  shores  ai  a  large  tslaad,  or  of  ftcontteent^  however,  the 
l^e  striking  the  advanced  headlands  is  diverted  from  its  course  in 
some  caaes,  whilst  in  others,  the  great  advancing  stream  may  be  carried 
in  its  former  direction  post  the  portion  of  the  coast  immediately  behind 
the  headland,  and  thus  only  allow  the  flood  tide  to  exhibit  itself  by 
derivation  from  the  main  atraom.  On  the  shores  of  the  Atlantic,  for 
instance,  the  flood  vrave  striking  the  extremities  of  Ireland,  England, 
and  the  department  of  the  Fmisterre  in  Fnneo,  ohanges  its  eonrse  fa  a 
remarkable  manner.  A  portion  of  the  flood  continues  to  advance  fa 
its  original  direction  thrott|^  the  Briti^  Chaond ;  a  eeoond  portion 
rui^  northwards  along  the  western  coast  of  Ireland  and  of  Scotland, 
^ving  ofif  in  its  advance  a  branch,  or  Bubsidiajy,  current  running  up 
Ifawnglii  the  St  George's  CSiannel,  and  flowing  In  a  rsther  north-easteriy 
direction  until  it  meets  a  smaller  derived  cnmot,  flowipg  through  tiie 
■nil  of  Cantira,  from  the  N .W.  to  the  S.E. ;  a  third  portion  alriUnK 
0^0  Tfaisterre  tnms  towards  the  south,  and  runs  along  the  coast « 


the  Bay  of  Biscay.  The  flood  tide  running  up  the  British  Channel 
passes  through  the  straits  of  Dover,  and  spreads  itself  over  the  North 
Bea,  maetfag  a  portion  of  the  flood  Whkb  had  paaeA  round  the  ex* 
trentHy  of  Motfand,  and  down  th«  eastern  coast  of  fingland,  near  thit 
emboucfatn«  of  the  Thames ;  so  that  the  united  tides  flow  up  that 
river,  sometimes  ayncfarononsly,  sometfaies  at  alight  intervals.  In  the 
former  ease,  the  tide  fa  t^e  Tlumes  is  a  dmple  one;  in  the  latter,  it 
may  present  the  peculiarity  of  a  double  rise  in  the  level  of  tte  water ; 
and  toe  same  phenomenoa  of  the  eziatenee  of  more  than  one  period  of 
flood  may  be  porerfTed  fa  ether  riren  of  fbe  east,  and  even  of  the 
south,  coasts  of  Engknd,  as  well  ae  on  the  northern  oout  of  France, 
fa  consequence  of  the  creation  of  subridlary  tidal  ctirrenta  by  advancing 
headlands. 

Thus,  the  Bin  of  Portland  pnq'eots  so  m-neh  fato  tite  Une  of  advance 
of  the  flood  tide  that  the  latter  sweeps  along  in  the  offing  at  an  dera- 
tion above  the  vrater  fa-ahore,  tmtil  it  readies  the  Needles  pdnt,  of 
course  parting  with  some  of  its  own  body,  by  derivation,  into  the 
sheltered  \acf.  At  the  Needles  the  flood  divides,  one  portion  flowing 
from  the  W,  by  S.  fato  the  Southampton  Water,  the  otBer  continuing 
op  the  Chotmei,  bnt  as  it  passes  the  Bplthead  Passage  it  gives  off  a 
branch  current,  which  flows  through  that  ehamiel  from  3.B.  to  N.W., 
until  it  meets  the  ebbing  tide  from  tlie  Southampton  Water  already 
running  out.  The  Spith^  flood  current  drltes  batx  the  Setrthampton 
ebb,  and  thus  mokes  the  peculiar  donUe  tide  of  that  river;  and  it  also 
superposes  itsdf  fa  a  manner  upon  the  d>b  of  the  coast  hint;  *^ 
Oudiot  Point  so  as  to  create  a  double  tide,  known  locally  or  tiie  name 
of  the  OwUUr,  which  only  ceases  to  be  felt  at  the  ffiU  of  Portland. 
Very  much  the  same  kind  of  action  may  be  observed  on  the  French 
coast  between  the  rocks  of  tho  Calvados  and  the  Cape  Antifer ;  for  the 
fltst  flood  tidal  outrent  fa  the  bays  at  tiie  mouths  of  the  Orne  and  of 
the  Seine,  derived  from  the  edges  of  the  great  flood  tide  fa  the  offing, 
is  maintamed  for  a  variable  period,  by  the  return  of  a  subddlaiy  tidsl 
cUTTent  deflected  by  the  prelection  of  the  cape.  At  Southamptoi),  the 
double  tide  keeps  the  water  at  nearly  a  oonstant  height  for  tne  apace 
of  two  hours ;  at  Havre  it  remofas  fa  this  state  for  about  one  hour 
attd  a  qturter;  whilst  at  the  mouth  of  the  Orne,  the  flood  tide  is  held 

2p  for  about  one  hour.  The  advantage  thos  produced  to  the  narlga- 
On  of  those  locaBties  tr  these  {Moullar  tidal  currents  is  enormottt. 
He  tidal  enmoTt  at  Havre  is,  inoreoTer,  aeeompanied  W  a  further 
peculiarity.  As  was  before  taid,  the  mafa  flood  tide  fa  the  Channel 
runs  fa  the  ofRng  vOh  a  direction  from  W.  to  E.  until  ft  strikes  Oapo 
Antiftrr ;  there  it  divides,  one  portion  or  tidsl  current  oontfaufag  to 
flow  up  tiie  Channd,  the  other  runnfag  into  the  bay  of  the  Seine  from 
B.  to  W.,  until  ft  B^es  the  jettn*  at  the  entntnce  to  the  port,  which 
deflects  it  a  little,  and  oanses  the  bulk  of  the  current  to  run  on  until 
ft  meets  the  Cspo  da  Hoe.  A  portion  of  tiia  flood  Is  titiere  deflected, 
and  turns  back  towards  the  mouth  of  the  haribour,  with  a  general  S.E. 
by  8.  direction.  A  ship  fnnlrfng  tins  port  at  tite  flood  tide,  has  thus  to 
encounter  no  lees  tlian  three  ttdal  currents,  flowing  fa  dVtennt  direc- 
tions ;  and  as  all  tiie  ahorea  swept  by  these  currents  are  composed  of 
rooks  ouKbrtii^  of  matsriab  easily  trsnsportaUe  by  the  water,  tiieM  it 
ft  oMiitattt  formation  of  sfaftmg  banks  at  the  motrtha  cf  tin  Suie 
takfag  plaoo  at  a  diort  distance  from  the  shcM. 

The  effect  of  tidal  eorrents  upon  the  ontHne  of  a  coast  is  one  of  the 
meet  importtiit  fcnns  of  their  action.  For  instance,  it  will  be  fotind 
that  all  the  btmr  exposed  to  fbe  action  of  stronsdy  defined  floods  open 
towards  tfarir  Une  of  advanoe;  and  it  also  gencnuly  Is  the  case  that  the 
most  Ttolent  storms  blow  fa  t&e  same  direction,  tiist  is  to  say,  in  tiie 
direction  of  the  flood  tide,  b  fact,  the  water  is  drtvsit  with  the  moat 
violence  upon  the  shores  1^  the  flood  tides;  and  they  are  the  great 
agents  in  removing  and  troasportiiKf  the  materials  detached  from 
the  shores.  In  all  worics  for  coast  defences  it  is  importan^  therefore, 
to  calculste  aQ  the  existing,  and  the  probnUe  future,  eflftcts  of  the 
tidal  cnnents,  observfag  always  that  they  may  depend  fa  many  caaes 
oB  modlfieations  of  the  outline  of  the  coast  ^fag  far  sway  from  die 
loeatltycoiidttsnd.  Thcadvaacaof  thvfloodtid«on1l»aaat0maliora 
of  En^and  from  the  north  to  souA  ii,  for  fnstanoe,  an  eAnt  of  ths 
same  droumstanoes  which  cause  the  flood  tide  on  the  west  coast  of 
Irelmd,  and  of  Scotland,  to  flow  from  south  to  north ;  and  fa  the 
British  Chonnd  from  west  to  east  The  direction  of  the  bant  at  the 
mouths  of  rivets  pouring  fato  seas  exposed  to  be  creased  hf  tidal 
oorrents,  it  may  be  added,  foSoW  as  a  general  rule  the  dkvction  of  a 
iwidtaitt  between  tfaa  hlMB  of  Bow  of  loe  ebb  fmn  the  itvcr,  and  of 
tile  advuuelng  flood. 

Tbe  greatest  amount  of  thaoratical  Information  on  the  subject  of 
die  laws  of  hydrodynamics  dTceting  tidal  cunente,  is  to  be  found  fa 
Venturoll,  *  Sur  la  communication  lat^mte  du  mouvement  dun  Teau ; ' 
fa  fir^montier  and  Emmy, '  STnr  les  Ondea ; '  in  Sgandn  ctid  Hinard, 
'  Conn  de  ConsferuetioB ; '  fa  the  '  Nauticd  Hagozfae ; '  fa  Lnbbosk, 
Whewiffl,  AhT>  Ac,  'Ob  Tides/  fa  the  '  Phfioso^iieal  Tnmaactfann;' 
fa  Sennd's  'Tovestigation  of  Currents;'  Toung  ' On  T^des,' fa 'In- 
qydomedia  Britannica,'  kc,  fto. 

TIDE  MILL.  A  mill  Srivaa  by  the  water  whjdi  is  aflbcted  by  tiie 
rise  and  fall  of  the  tides  is  called  a  tide  mtU,  whether  tbe  wheel  be 
affixed  to  a  building  on  the  land,  or  to  a  veaael  floating  fa  tSie  river. 
In  the  former  case  the  water  sometimes  acts  tipon  an  cnndetdiot  whed 
fa  esewfag  from  a  reserrair,  which  has  been  filled  during  the  flood 
tide;  but  the  wdrUitg  of  the  mlfl  fa  tills  osMCMi  only  tdEe^aoswlwn 
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Am  ii »  MBBewit  dUbnoM  ol  tben,  wd  ImIov,  whwl.  to 
]vodiue  the  aeoaiMr;  hmd,  Md  tlu  iluioM  mub  U  vnofid  w  wob 
aiDftan«>uton«ul«ta^d7aMaw»l«Avt  exwoiMd  oeoa  th*  wIimI 
duriDg  tba  pariod  of  working,  wbioh  it  wn^y  ftbout  fbor  bean  la 
w^oUl  Aioth«'tiiBM,tbamoUDnUjnv«ib7»ip«<>iNaEfcoriiontil 
wMticn  wb»d,  Bi>da  to  wrdv  boriaoptri^  by  tbt  ■dTinpiBgorfeo»dun 
tide ;  in  thii  «■»  kbo  the  Mtlon  of  tiu  Wbfd  «Miw*  tab*  pl*M  mn. 
tiunoaal^,  lor  ai  tbe  tura  of  tbe  tide  Id  dtb*r  dinotion  Uter*  ia  • 
prnod  dtubig  wbieb  tt  OMtbar  aavMwaa  nor  nced«aj  bu*  diMetiy  ttw 
euimifc  aaaiunai  a  nuriEed  TeJoci^,  dthir  ot  frbb  or  fiov,  tbe  wbaal 
will  be  aafc  in  motioa.  In  alteniat«  dinotions.  JLi  th*  raloMtjr  U  tiw 
tiMflWMtiiialin^paitaat  about  tb*  baU  tidoa,  jt  it  wooanrj  «o 
jnvida  aoma  ngubdiDg  inaobiaei7  for  tbe  working  parta  et  ^  mill, 
if  ib^  abonld  lupjiaa  V>  b«  fl<  •  natora  to  rtqulre  vaUenaMr  ot 
motion;  tbiayemarboi  OOWM  appUaa  to  boththa  vndtnbiltyWa  l» 
tbe  horiaontal  wbaeL 

The  tidal  wbeda  aMacbed  to  beata  oa  iiT«ra  are.  in  <aat,  ▼wtieal  float 
iriieela  worUiig  in  unlimitod  water }  litat  ia  to  aajr,  Um  atroam  aleoe 
aete  upeB  the  wbed  by  ita  boricoBtal  ytiontj,  witbout  being  in  any 
wmy  ooaSned  or  dnvoted  by  o  noa  or  obannal  Tboae  wbeda  nrely 
asoaed  baa  13  to  17  feet  in  diwneCar,  and  tbo  Soata  vary  from  19  to 
24  ia  nninfaar ;  the  daptb  of  tbe  floata  neror  asoaada  0>S£  of  tb*  radiua, 
but  ia  usually  only  about  0*30  of  tbak  dimeaiian.  and  tba  wbola  of  tbe 
floato  are  immergsd;  tbe  widtb  of  tba  {aoa  <d  tbon  wbeela  vaiioa  be- 
tween 8  and  18  feet.  In  tidal  rivtti,  vbeio  tb«  currant  altamatoa 'm 
ito  dfavo^Bi^  tba  floata  an  plaoad  upon  tba  xadU  of  tb*  iriMtl  j  tbou^ 
tbe  wbeala  woiUag  in  unlitBftod  wator^  flowiaf  in  ona  direottoo,  are 
found  to  prodnoe  a  greater  useful  eSbet  wben  tbey  are  made  witb  floata 
iaelined  to  the  line  o£  flow.  Boat  oiilla  ol  tbii  daoatiptioD.  it  may  be 
added,  abonld  new  be  tolerated  on  rivera  e^>abla  of  raceinng  an  aotive 
Bavigation  i  wd  under  all  atrounatanflea  tbeir  aotion  irregubr,  and 
of  vwy  IttUe  pnoti«l  value.  Tbdr  worUog  efliaat  ma^  be  repraaentad 
br  the  lormib  mSO  av* :  in  wblob  rv  m  tba  oSeotiTe  power  trena- 
nittod  by  tba  wioldag  diaft ;  a  n  tba  aeotlonal  area  of  tba  float;  im 
tbo  valomfnr  of  tbe  eurrent.  The  working  eflbct  of  tbe  otber  daaoitp- 
tioM  of  tidal  wheda  ia  to  be  oaloulatad  upon  tba  ordinary  {niocipua 
appUod  to  tbat  ela«  of  maobinery,  wbea  tint  baad  of  watar  and  tbe 
vakioi^  ol  the  eurrent  are  known.   [Waxkr  Whmu] 

(Cooault  D'AnbuisaoD,  iTwdnuiUfttf  ;  Fabre,  AMt  aw  fa  tautmdUm 
4m  Stmu  BwdruaHtm,-  Haw.  AiniUirtmn  HyimOiqmi  Boaaut, 

Mmhtatim.) 

TlDEfl.  {AoeiLnLLTioir  Brakoatjoii  or  TiDia  ;  Watb.1 
T1LE8  JlSB  PAVEVBNTa  A  tile  ia  a  kmd  of  tbin  briok,  er 
plate  of  faakad  eUy,  used  ebiefly  for  oewingroofB,  but  aecubnally 
far  POTiBg  ^"^^"^  oonstruotlng  drains,  fta  llw  Engli^  name,  and 
Ihaaa  bf  lAlob  tilaa  aro  known  in  otlMr  Buropaan  hagntga^,  are 
teind  from  tbe  I«tia  Ugitlm,  wbiob  oontaiDa  ^  aaaw  dcBUHrt  as 
1190,  to  oorer. 

Amoew  tbo  Oreeka  and  Bomana  roofing'tiloi  ware  ovigbudly  made, 
bko  brMa,  ot  baked  clay ;  but  later,  tJlea  of  marble  were  made  ot 
moeb  Wger  dimenelons  Uitn  was  pfa«tioabIe  in  elay,  and  ocmsequently 
tbe  ofiMt  produoed  by  tbeir  panllel  jointa  utWit  ba  brougbt  bite 
hannearintb  tbe  reafe  ^  tbaVdldbw.  A  atUT  more  ezpeaelTa  and 
MTT^***-*  netbod  «f  fooflng  ooeadeiiaBy  adopted  oonaiated  In  tbe 
oaa  of  tOea  made  of  brooae  and  s^t  Tilaa  were  originally  made  flat, 
or  \rtth  notUng  mme  tium  tbe  book  or  nozale  undemeatb  tbe 
iqiper  border,  which  fulfilled  the  purpose  of  fixing  them  upon  tbe 
rafters.  Tkvf  were  sobaequmily  formed  with  a  raised  border  ak)ng 
•adt  aide,  on  the  upper  surfaee,  and  tbe  aidaa  ol  tbe  tUe  wer«  made  to 
eonvwge  towards  tlw  lower  and,  bi  order  tbat  the  raised  odea  or 
bdaea  mi^t  not  pMvoBt  tbe  saoeeoiiTe  rows  of  tUas  from  o<rerUp|dng 
otber  neatly.  The  lines  of  junotioo  between  tba  flat  tilea  ware 
ewowd  1^  small  Bemi-cr^Undrtoal  tilea,  called  iaJttwu,  tbe  tows  of 
iriiieb,  ezteodlog  from  the  i4dge  to  tbe  gutter,  dlvi<led  tbe  aur&oa  o( 
ibe  root  into  a  aeries  of  ohannda,  along  whkb  watar  desoMd«d  to  tbe 
gutter.  Both  tbe  ugt^  and  tbe  iwSnm  termiiiatad  at  tba  edge  of 
ike  loof  is  oraamratal  pteaea.  Another  Und  ot  anolent  titinfc  me«- 
lioiiad  by  Pliny  under  uie  ■erne  ef  jarewaswiin,  eowMed  ol  tflaa  ot  a 
aemidrcolar  form  at  their  lower  edges,  wfaicb,  wbea  laid  in  onriapping 
rows,  somewhat  resembled  the  feattiera  in  the  train  of  a  peaoook. 

The  nooess  of  makiBg  tiles  is  so  dmilar  to  that  vi  Imok-making 
[BniOKj,  tbat  it  wUl  be  suffioieBt  to  obeorre  tbat  «ly  tbe  best  qualities 
irfbiidi-eartharaflttorthepatpoae.  aiuoetbaywrl8l8noai(jse-du^ 
lisa  boon  Iffrind  mtnn  thn  mmi'^^J*—*^  tilea,  Tba  rooflng-tilea  used  m 
iUa  oonatiy  are  dddiy  ot  two  KHta :  nauMly,  pfaaa-filo,  wbicb  are  flat, 
ot  a  reetanpdar  fmn,  and  usually  abent  lOi  Inebes  bng,  %  Inobes  wide, 
andA-Stha  ot  ui  inch  tbidk)  and  jNtn-ftfet, wbleb  iriso  haTearoel- 
aagidar  ootlioe,  but  are  bent  in  sueh  a  manner  tbat,  when  laid  en  tbe 
root,  the  »eat<r  pert  ot  tb^  surtaoe  foims  a  eenoave  obannel  lor  tbe 
deaoent  of  watw,  while  one  side  forma  a  aaivow  eeavas  ridge  iriiieb 
oroliqpatboedgoof  tte  adiefadBfl  tOa.  TbeaeaMunallylSimrH^ 
laAea  lone,  and  about  9  inuiea  wide,  measured  in  a  stralgbt  line  from 
side  to  Kant-Uim  are  made  with  a  bole  near  tbeir  t^per 

extremi^  to  ree^e  a  woodm  peg,  \fj  wblcb  th^  are  bung  upcm  tbe 
ktha  of  tbe  root  Tbey  are  laid  either  witii  er  without  mwtor.  In 
each  a  manner  uie  sneeeaetTe  rowa  ovN^ap  eaeb  otber  about 

6  iDcbea.   .Am-Hlet  have  no  holes,  but  are  bung  i^on  tba  latba  by 


ladgaa  farmed  at  tbaii  nppv  edges ;  they  do  net  require  so  grant  an 
OTSp-lV  aa  plaoo-tilee.  tiles  ef  «  aami-oyUndrioid  form,  laid  in  mortar, 
aro  for  oorering  lidgaa  if  tba  ooimx  aide  be  iqtpennoat,  and  for 
oonrini  gnttan  if  tiie  eoaeaTo. 

Pavmg-tiUa  are  usually  8quu«,  and  of  greater  tbleknem  tiian  thoas 
for  roofln^  Dnm'tiitt  are  oommuily  made  In  tbe  form  otan  areh, 
and  aro  laid  or  bedded  upon  flat  tilea,  called  aOtt.  The  substitution 
U  inii^-pipet  tor  dratn-tUa  Is  noticed  imder  Dhaxvxqk.  Haohhwy 
is  now  astensiTdy  emplwed  in  the  manufseture  of  tiles,  similar  la 
prind^  to  Ibe  brlA-maklng  machinery  notieed  under  Brick. 

What  are  called  Jbcouslje  TOu,  are  prodoetiona  midway  ia  constitu- 
tion between  pottery  and  brlok,  and  niidway  in  artistie  ebameter  betwao 
moaaio  and  plsne  tilea  [XosAio ;  TesseiuI.  Deeoratire  mviDg-tiles  of 
baked  pottery  wore  much  used  In  the  middle  ages ;  but  tkeir  manufao< 
tore  in  Sn«land  was  almost  forgotten  until  the  late  Mr.  Btinton  rarived 
it  Tba  lW|de  Cboreh,  In  Londtm,  was  one  of  the  first  buildings 
in  whioh  the  miTal  was  oxbibited;  and  since  that  period  (about 
twenty  year*  ago)  tbt  nse  of  suoh  tilea,  prindpidly  for  parements, 
baa  axtonded  Iwgely.  Pmmat  Is  brought  to  bear  in  tbMr  makings 
tbwel^  restdering  UMm  much  harder  and  less  porous  than  ordinary 
tiloo.  Ona  mode  of  making  them  is  as  follows  r  Supposbig  each  square 
tils  to  exhibit  a  yellow  deVke  on  a  brown  ground,  the  mown  portion 
iM  fonnad  of  a  auitabls  kind  of  stiff  clay,  pressed  in  a  mo«ld  to  a 
thinkneiB  M  about  ona  Inch.  The  mould  not  only  girea  the  form,  but 
alao  produooa  depnaaions  about  a  quarter  of  an  mob  deep,  marking 
out  ^  device.  Heavy  i»<esBure  Is  employvd  to  harden  ibe  olay, 
and  to  |;ivo  ahaitmees  to  the  deviee.  The  yellow  day  to  fill  up  tbe 
deprewons  is  muod  to  the  oonsistenee  ot  honey,  and  is  applied  colefly 
by  msana  of  a  kind  of  trowel.  The  days  are  sdected  with  much  eare, 
in  order  tbey  may^rink  equally  in  drying ;  and  they  are  allowed 
a  Imigtima  to  diy  In  tbe  open  air,  before  being  baked.  The  surftuie 
ia  w«U  Bon^  and  deaned  before  firing.  The  tiles  are  either  loft 
dead,  or  are  glaaed  in  the  aame  sik^  a»  pottaiy  and  earthenwaro. 
If  mora  than  two  odonn  aro  osbibltod,  tbo  process  Is  neoessarily  more 
oemplioatad.  1\>  Imn  a  pavement,  tiu  tilot  are  uaually  Imbedded  In 
euMBt,  and  aro  roughened  or  In  Mue  wa^  hoUoirad  on  tbe  mider 
aurfaoe  to  Inoreaae  the  bold. 

Maiqp  otber  modes  have  be«i  parttally  adopted  for  the  production  of 
ornamental  pa^ng-tllea.  Mr.  C.  Wyatt  at  one  time  made  pavemeots  of 
stone  itdaid  in  odouredeements.  Other  InvMton  substituted  pieoes  dl 
terroi^otte  lof  the  ehme.  Mr,  Bhdifldd  has  tried  oomenta  oobmrsd 
with  raetallie  oxidea,  and  Utumen  coloured  in  Hke  manner.  Messrs. 
Singsr  and  Pelber  luive  made  pavemeste,  bv  rolling  out  prepared  day. 
into  abeeta,  outting  it  into  smaH  cubes,  oombining  these  cubes  accora- 
if^  to  tikelr  odours,  tmrnng  them  into  a  slab  having  a  defined  pattern, 
Md  taylag  down  the  slab  as  a  pavement ;  the  cubes  on  this  plan  are 
naual^  about  an  Indi  square  on  each  side,  and  are  made  into  elaba  about 
bklt  a  yard  squaro.  Oubea  or  teoaene  have  dnoe  been  made  of  exceed- 
Ing  haroneas,  by  a  preecao  due  to  Mr,  Prossar ;  be  pulveriaea  fire-clay 
and  fdspar,  or  flint,  and  stibjects  them  whuo  dir  to  intense  pres- 
sure between  two  sted  dies ;  the  colour  is  introduced  dtber  by  mixture 
with  tbe  powder,  or  by  bmng  thrown  into  tiie  oven  while  baking. 
Theee  oubeo  or  teesem  prodnee  a  pavement  of  exceeding  hardness  aod 
dumbtlity, 

TILLAOB,  mtlied  to  amblo  land,  ia  tiu  stifrtng  and  preparing  1^ 
tbe  surfaoe  ot  tbe  aoO,  w  M  to  render  It  fit  for  the  vogetation  of  tbe 
■eeda  oonmittod  to  tt:  tt*  objeot  abo  is  Uie  destruction  of  noxioua 
.  mods. 

The  whole  art  of  cultivation  consisto  in  tillage  and  manuring,  and 
tbe  pieflt  of  tbe  husbandman  depends  on  the  pu^ectiou  of  Uie  tillage 
attd  «ie  eeonomy  of  labour  in  producing  the  effect  A  defeot  in  tiUage 
vrill  eauae  a  great  defidoncy  In  the  crops  In  ordlnaiy  years.  To  ensure 
good  aeopik,  tbe  soil  should  m  in  such  a  state  that  ibe  rains  and  dews 
may  readily  be  diffused  through  i1^  without  giving  It  a  wet  appeannce, 
or  evaporating  too  rapidly.  It  reauires  great  kuowledge  and  experi- 
ence to  give  ftny  particular  soil  tne  exact  portion  of  tillage  which  is 
suited  to  it.  A  fine  garden-tilUi.  as  it  is  called,  la  tbe  most  perfect 
loT  aolls  whidi  have-beoi  long  cultivated  and  manured ;  wluu 
tikey  oan  be  bw>ui^t  to  suoh  a  stato  that  after  continued  rains  the  sur- 
faee dries  wlUioui  forming  a  crust,  and  crumbles  of  its  owu  accord,  tbe 
tillage  baa  been  good ;  and  the  deeper  this  soil  is  stirred,  the  more  it 
will  produce:  but  where  clay  abounds  in  tbe  soil,  which  in  diy 
vreatber  can  be  readily  pulvnised  by  cnishing  tiie  <^  dode,  and  bo 
reduoed  to  the  finest  powder,  too  much  tillage  may  do  more  barm  than 

KL  Tbo  flne  d»  Is  aoon  converted  Into  mud  at  tbo  surfaoe  hf  the 
t  rsfai,  because  ft  is  not  sufBdenUy  porous  to  let  Uie  vroter  through 
It ;  it  dries  into  a  hard  crust,  which  eflectually  precludes  the  aocesa  of 
air,  and  oensequontiy  stops  the  vegetation  of  the  seed.  It  ia  onljr  by 
abuadai^t  manuring  with  organlo  matter,  especially  of  animal  origiD, 
tbat  this  natural  tendem^  In  clays  to  cohere  can  be  overcome ;  and 
until  this  ia  effooted  It  is  best  to  stir  day  soils  as  deep  as  possible  by 
mqant  of  sobsoU-^ougbii,  bnt  fbay  ahouid  not  be  pulverised  so  tbak 
Uw  wotar  osnnot  ran  down  betvreen  Uie  lompa  and  dods,  and  eapeu- 
ally  the  surface  should  be  left  in  such  a  state  of  roughneBs  that 
heavy  rains  cannot  cover  it  with  a  ooat  of  mud.  Tbe  dods  which  are 
left  on  the  surfece  imbibe  the  moisture  more  gradually,  and  in  drying 
fall  to  pieces,  by  which  the  young  plants  are  invigorated,  and,  as  it 
were,  moulded  up.  This  is  piurticularty  the  case  in  winter  after  a  frost. 
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M  all  oUy-land  farmera  ar«  well  aware.  It  ia  very  easily  aBoertained 
whether  a  soil  will  bear  muoh  tiUb^  or  not.  It  ia  only  oeoessaiy 
to  try  some  of  it  in  a  large  pot  or  box:  maka  tlie  atttfiuie  very  fins 
breaking  the  doda,  then  water  it  abundantiy,  and  let  it  dry  in  the  nm; 
.if  a  crust  ia  formed  in  diylng,  that  8(hI  will  not  bear  too  mueh 
harrowing  and  pulverialng,  and  ahould  be  left  in  a  moderately  rough 
state  after  sowing  or  drilling  the  seed;  but  if,  after  it  dries,  the  sur- 
face ia  loose  andporous,  then  the  finer  the  tillage  the  better  the  seed 
will  TKetat&  The  whole  depends  on  Uie  ready  admiaaion  of  air  or 
its  ttDsitiaitn.  When  gniai  awHda  are  aown,  the  suifaoe  ahoold  be  wdl 
pnlTerlaed ;  bat  thia  cannot  be  aaMy  dtme  if  the  acdl  is  apt  to  run 
together  wtieo  muoh  nun  Ula  soon  after  the  aeed  is  sown.  Some 
pluits,  like  beans,  will  force  their  way  through  a  very  hard  surface ; 
but  small  seeds  are  too  weak  to  do  so,  and  their  growth  is  entirely 
stopped  by  the  least  crust  on  the  aurfaofc  BesidM  the  preparatory 
tilUige  of  the  soil  before  sowing  tlie  aeed,  there  ia  a  great  adTutage  in 
the  stirring  uf  it  M  the  planfa  ue  growb^  On  thia  d^wnda  all  the 
merit  of  ue  row-oultnre  for  every  kiaa  of  plant,  espedally  those 
which  have  eaoulent  roots  or  ezteative  fidiage,  and  wMoh  are  chiefly 
cultivated  for  the  sustenance  of  oattle.  Tbt  aflbet  of  deep  tillage  is 
here  most  remarkable.  If  rows  of  tumipa  or  cabbagea  be  sown  at 
such  a  distance  that  a  small  ploa|^  or  other  stirring  implement  can 
be  used  between  them,  and  the  intervals  be  stirred  more  or  lew,  and 
at  diAnut  dapOiB,  ii  will  be  found  that  the  deeper  and  mors  frequent 
the  tillage,  until  the  fidiage  covers  the  whole  interval  or  the  bulba 
swell  to  a  great  else,  the  neavier  and  more  abun^t  the  produce 
will  be.  It  was  tiiis  which  led  Tull,  the  father  of  drill  husbandry,  to 
the  oondusion  that  tillage  waa  sU  that  the  soil  retjuired  to  mBiTitrsin 
perpetual  fertility.  As  tillage  can  be  increased  by  mechanical  con- 
trivances where  labo  urers  are  acaroe,  whereas  the  supply  of  manure 
muBtnoMndly  be  limited,  it  follows  that^  as  »  gMtenf  rule,  the  lw<j 
should  be  well  and  deepljr  tilled,  due  attention  being  paid  to  the 
nature  of  the  soil  and  its  property  of  retaining  or  transmitting 
moisture.  Yeiy  loose  sands  Bhould  not  be  muoh  stured  until  they 
are  consolidated  by  the  admixture  of  marl,  clay,  chalk,  or  well-rotten 
dung;  but  in  all  cases  the  manure  should  be  mixed  as  intimately 
as  possible  with  the  soil,  and  as  deep  as  tha  tillage  haa  gone,  not 
fawfuding  the  stirring  of  the  aufawril;  for  the  rootv  will  always  poie- 
trato  tbna  far  and  And  the  nonridunant  which  they  require,  ^ose 
slants  which  throw  out  roota  from  the  bottom  of  the  stem,  as  whMt, 
twrin',  and  oats,  require  the  surface  to  be  most  pulvraised  and 
enriuied  to  allow  these  roots  to  spread,  and  Mr.  Smith  of  Lois 
Weedon  haa  found  that  where  land  is  cUyey  and  contains  the  mineral 
*  food  of  plants,  sufBcient  feillage  between  rows  of  wheat  is  all  that  is 
needed  for  oonstant  cromnng,  or  taking  wheat  after  wheat  annually 
from  the  same  field.  Under  ordina^  culture,  however,  of  this  crop  a 
raring  tillage  is  highly  advantageous,  which  can  only  be  given  when 
the  seed  has  been  deposited  in  rows  by  drilling  or  in  patches  bj 
dibbling.  This  last  meuiod  is  found  to  give  much  &ier  crops,  from  the 
circumstance  that  the  hoe  not  only  looeens  the  earth  between  the  rows, 
but  also  between  the  difiierent  patohea  of  the  notring  com,  by  which 
the  coronal  roots  are  atrengtliened  and  tiie  *^iHng  of  Uie  stems  so 
much  encouraged,  that  it  is  not  uncommon  to  see  twenty,  thirty,  or 
more  strong  stems  all  bearing  fine  ears  arinng  from  one  tuft  of  pluits, 
the  produce  of  one  or  more  aeeds,  whoee  roota  are  matted  together  and 
■end  out  fibres  in  every  directiob.  The  crowding  of  several  idants 
doei  not  prevent  thsir  growth,  provided  the  fibres  can  simad  around 
in  a  rich  mellow  soil,  well  pulverised,  and  admitting  the  air  and 
moisture  readily. 

The  old  plough  which  acts  on  the  miDoipIfl  of  turning  up  a  fresh 
portion  of  the  soil,  burying  that  which  has  for  aome  tame  been  at  the 
surface,  will  probably  always  continue  to  be  tiie  ohief  implement  of 
tillage ;  bat  other  implements  have  been  invented,  which  by  means  of 
wheels  can  be  regulated  ao  as  to  act  at  a  greater  or  less  depth.  These 
Jitve  received  thediflforent  names  of  soarifiers,  grubbon,  or  cultivators, 
according  to  the  £uicy  of  the  inventors.  Mmbj  of  these  answer  the 
purpose  well,  and  save  labour.  They  can  be  used  in  aH  dinetions  so 
as  to  pulverise  the  soil  to  any  d^ree^  Heavy  rollen  are  used  when 
clods  require  breaking. 

It  would  be  endless  to  snumerate  all  the  implements  of  tillage  which 
are  d^  invonted:  some  of  the  most  useful  have  been  already  des- 
cnbed.  LA-BUODLTDEALlifrbuiKirEs;  Abablb  L&HD;  Plouoh.]  It 
IB  however  right  that  reCarsDoe  shonld  be  made  to  tiie  um  of  stMm- 
power  in  their  employment. 

Tillage  by  ^team-poiMr.— Steam-power  has  long  been  used  in  driving 
threshing-machines  and  chaff-«utter8,  and  other  bam  machinery.  It  ia 
now  coming  rapidly  into  Add  use  for  cultivating  the  land.  The 
moveable  steam-engme  oa  wheels  is  the  souroe  of  power  most  generally 
adopted,  being  avMlable  for  any  purpose ;  and  Uie  hi^ur  powers  of 
this  engine,  bein^  best  adapted  for  tiie  laborious  w<A  of  cultivation, 
are  being  made  m  increasmg  numbers.  Probably  in  this  way  alone 
10,000  horse-power,  equal  In  its  effideou?  to  at  least  SA.O00  horsea 
IS  being  added  annnaltr  to  the  foraa  emp£md  in  agiieultnre  in  this, 
countiy.  ' 

Steam-power  is  in  the  beginning  cheaper  than  that  of  horses ;  it  is 
oontinooui,  ^le  that  of  hwsea  is  neoeasarily  intermittent;  and  it  ia 
more  afl^ant^  beoauae  a  greater  (oroe  can  be  more  easily  oonoeatrated 
on  a  givw  point 


A  hone,  as  used  in  agriculture,  costs  Sd.  or  Sij.  per  hour ;  a  steam- 
engine,  imder  anicultunl  ciroumatanoes,  costs  from  Zd,  ia  id.  pw 
horse-power  per  nour.  A  horse  works  in  Sootland  tan  hours  a  d^,  in 
England  eight  or  nine  hours  a  d^,  in  the  field — ft  is  forced  to  break 
off  wuric  for  the  maintenance  of  its  strength  :  an  engine  works  as  many 
hoars,  with  unremitting  vigour,  as  the  engineer  may  choose.  It  does, 
in  some  instanoea,  woric  24  houn  per  di^,  and  on  some  farms  it  is 
made  to  work  as  long  as  daylight  lasts.  A^in,  horses  lose  time  in  all 
field  operations,  owing  to  the  dilatoiy  prooeaa  of  turning  on  the  head- 
land :  where  steam -dnven  machinery  u  employed  instead,  thia  loss  of 
time  is  greaUy  tUminiahed.  But  the  duet  advantage  of  steam-power 
for  cultivation  arises  from  the  abiliW  by  means  of  it  to  concentrate 
any  quantity  of  force  that  may  be  dseired.  At  Buscot  Park,  near 
Farii^on,  ploughing  was  tins  spring  (1881)  done  by  steam-power  in 
the  stiff  Oxford  olsy  of  tiiat  district,  which  could  not  have  been  done 
by  any  quantity  <d  horses,  because  the  power  required  demuded  a  team 
which  would  nave  tnun[^ed  the  ground  into  a  harder  state  than  that 
oat  oi.  Triiiob  any  implemrat  drawn  after  them  could  have  got  it ;  and 
there  is  ample  experience  to  diow  that  on  this  ground  alone  ateam- 
cultivation  u  more  efKcient^-resulting  in  better  crops  than  those 
afforded  by  faozse-cultivation.  This  is  especialljr  true  in  the  case  of 
clay  lands,  whoee  value  will  no  doubt  be  materially  inereaaed  by  the 
efficient  means  now  at  length  provided  for  working  them. 

There  are  two  systema  in  general  adoption  of  amdying  steam-power 
to  the  cultivation  of  the  soiL  In  the  one,  which  has  been  carried  out 
by  Mr.  Smith,  of  Worlstone,  the  steam-engine  stationed  in  one  comer 
of  a  field  g^ves  motion  alternately  to  one  and  the  other  of  two  wind- 
lasses detailed  from  it,  round  wnich  is  coiled  a  portion  of  the  wire- 
rope  which  is  carried  from  one  to  the  other  round  the  pieoe  of  land 
that  is  b^ng  cultivated,  and  a  grubber  being 'fastened  to  this  rope  is 
thus  dragged  bai^wards  and  forwarda  m  ue  laigest  straight  side  of 
the  ^ece  that  ia  being  worked :  the  aoohore  carrying  pulleys  at  the 
ends  of  tile  working  furrow  and  at  all  other  comers  in  the  course  of 
the  rope,  are  shifted  aa  the  extension  of  the  work  requires,  and  the 
grabbOT  tears  up  or  "  smashes  up  "  two  or  three  feet  in  width  at  a 
time,  of  tite  land  that  is  being  cultivated.  The  common  7  or  8-hom 
power  moveaUe  steam-engine  ia  well  adapted  to  tius  work- 
in  Hr.  Fowler's  qratem  the  steam^eopns  ia  tatnidiad  with  a.  ugle 
pulley  lying  horiumtally  bMieath  the  boiler,  and  it  pulls  itself  along 
the  headland,  while  a  travelling  anchorage,  namely,  a  truck  on  sharp 
discs  for  wheels,  which  cut  into  the  lai^,  puUs  itself  along  the  other 
headland.  This  ondior  is  provided  with  a  similar  pulley,  and  a  rope 
travels  round  both  pulleys,  being  kept  tight  by  an  arrangement  on  the 
framework  of  the  ploughs,  whira  is  drawn  1^  it  alternately  to  and  fro 
between  the  two.  The  pulleys  hold  this  rope  bf  a  dip-groove,  which 
hinders  it  from  slipping,  eo  tiiat  a  mi^e  naif-round  holds  it  tight 
enou^  The  tilling  implement  thus  drftwn  to  and  fro,  consists  of  two 
seta  of  ploughs  or  grubbers  facing  one  another ;  the  one  working  when 
going  from  the  engine,  and  the  other  working  when  travelling  to  the 
engine.  The  change  from  one  to  the  other  need  not  waste  mom  than 
haUaminuteon  thehea^Kid;  and  the  furrow  nun  be  400  yards  long, 
or  even  longer.  It  will  beeadl^  seen  what  aamalf  loes  of  time  in  the 
day  is  thus  inemred*  when  compared  with  tha  usual  experience  of 
horsfroulture.  Hr,  Fowler  employs  generally  a  12.horse  engine,  and, 
with  a  four-furrow  plough,  g^  over  dght  or  ten  acres  a  day,  at  a  cost 
generally  tA  not  mwe  than  Si.  co-  6i.  an  aore ;  whereas  by  tlie  less 
efficient  harse-cultivation,  the  prooeas  must  coat  at  least  10^  or  13>. 
an  acre. 

There  can  be  little  doubt  that  the  ^ndioatimi  of  ateam-power  to  the 
cultivation  of  the  land  will  rerolutiomae  agriooltura  on  all  day  aoiliL 
It  will  enaUe  the  farmer  to  dispaose  with  probably  nearly  half  his 
draught  j^^^'Tf  and  it  will  both  cheapen  tbe  ooat  and  inereaae  the 
effidenoy  of  all  tillage  operations. 

TILT-HAMMER,  is  a  large  hammer  worked  by  machinery,  impelled 
dther  by  a  water-whed  or  a  ateam-oigine.  Such  hammers  are  ex- 
tendvdy  used  in  tiie  manafaotnra  of  iron  and  ateel,  and  the  name  (itt- 
miB  is  sometimes  ^>lied  to  the  mechanism  of  wliicih  tli^  form  the 
prindpal  feature.  The  various  detaila  given  under  Hahmkb;  Ibov; 
and  Stiel,  will  serve  to  iUoitrate  the  waf  pcnnta  in  the  eonstmetioB 
and  action  of  tilt-hammers. 

TIMBER,  PRESERVATIOIT  OF.  [Timdee.] 

TIMBER  AND  TIMBERrTRADE.  It  is  the  puipoae  of  this  article 
to  treat  briefly  of  several  matters  relating  to  timber-trees,  wood-working, 
and  tha  timber-trade,  and  to  refiar  to  rndi  pcttioiia  of  tha  sobjeet  aa 
iluve  beoi  noticed  in  other  artides. 

Tmbee-Tna;  Wood. — The  botanical  chancteristios  of  tunber-trees 
are  given  under  the  soiratiflc  names  of  Uie  several  trees  in  the  If  at. 
Hist.  Dit,  The  economical  uses  of  many  of  them  are  described  in 
the  present  Division,  imdw  Ash,  Bbboh,  BntCH,  Elm,  Fib,  Oax,  Ac 
But  the  oharacteristifla  t£  tamber^traai^  and  of  wood  generally,  may  be 
raradly  glanced  at  in  this  placet 

Wood  ia  that  part  of  a  plant  that  exists  between  the  pith  and  the 
bark.  Amongst  the  various  kinds  of  wood  yidded  by  the  different 
families,  there  are  great  dlfferencea  of  character  depending  on  the 
mode  and  rapidity  of  ita  growth,  the  size  of  the  flbns  of  which  it  is 
composed,  and  their  rdwtion  to  the  medullary  raye  which  pass  tiiron^h 
them,  and  also  on  the  ohaiaeter  of  the  secretions  deposited  in  it. 
Bndcgena  have  no  bark,  and  are  generally  hdlow  in  the  middle,  and 
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thflir  wood  does  sot  permit  of  being  trorked  into  many  shRpes ;  but 
its  c^Undriod  fonn  affinds  great  facility  for  oonitracting  a  mistj  of 
ateiudia,  aad  for  i^idicition  to  the  nm|ite  mnti  of  nwn  in  tropioal 
climatea.  The  etenu  of  Exogena  sre  solid,  ind  the  <dd«r  the  tree 
beoomea  the  more  solid  is  the  wood.  Hence  a  dintinction  is  tosde 
between  the  oentre  of  the  wood  of  the  trunk  and  its  circumference, 
tiie  one  being  called  heart-wood,  tiw  other  np-wood.  The  heart-wood 
•is  the  seat  of  the  deposition  of  tlie  peculiar  secretion  of  the  tree,  and  is 
frequently  separated  from  the  Bap- wood  by  a  distinct  lina  It  is  the 
secretion  in  um  heart-wood  that  renders  it  darker,  harder,  and  more 
durable  than  the  sap-wood ;  and  for  piactioal  pnrposeB  it  is  of  import- 
ance to  distinguish  between  the  one  and  the  other.  There  is  much  diffei> 
ence  between  the  relative  sices  of  the  ultimate  woody  fibraa  of  which 
wood  is  composed ;  and  the  durability  and  tenaoity  of  wood  frequently 
depend  on  the  fineness  of  its  fibres.  It  ia  to  the  secretions  deposited 
in  the  wood,  probably  more  than  to  the  fil»«s  themselves,  tiiat  wood  is 
indebted  for  its  wying  dtgrees  of  deuity.  Thus,  although  it  has 
been  asoertMned  that  woody  Hhn  Hself  has  a  specifio  gnvity  of  about 
1*50,  water  being  1,  yet  there  are  many  woods  whose  specific  grsrity  is 
lighter  than  water  on  account  of  the  mode  in  which  their  fibres  are 
arranged.  The  conducting  power  of  wood  in  rdation  to  heat  is  a 
matter  of  importance  in  the  oonatruotion  of  buildings  and  other  pur- 
poses. In  some  experimoita  performed  hy  Delarive  and  Ce  CanaoUe 
m  prisms  of  diffnrent  kinds  wood,  to  aaoartain  their  power  <ii  oon- 
dnetii^  heat,  they  found  that  the  dizediw  of  the  flbns  mateiioBy 
ioterfered  with  their  conducting  power.  Thus  it  appeared  that  the 
ofaatmolioa  to  the  passage  of  caloric  was  greater  when  the  eurrent  was 
at  right  angles  to  the  woody  fibre  than  when  it  Sowed  Itrngitudinally 
in  the  directioo  of  the  fibres.  This  difierenoe  alao  utpeared  to  increase 
in  proportion  as  the  wood  was  a  bad  conductor  of  heat.  The  cofdiog 
power  of  tboie  woods  is  anoUur  in^mtant  poin^  and  this  is  not  at  all 
in  lelatioD  to  their  conducting  power :  thus  fir-wood  being  100,  the 
CDcding  power  of  oak-wood  is  only  80*88,  whilst  that  of  beedi-wood  is 
120*2;  whereas,  in  conducting  power,  if  fir-wood  be  taken  at  100,  then 
beech-wood  is  83'19,  and  oak-wood  IS^'IO.  Anotheo-  important  point 
of  inquiry  with  n^rd  to  the  physical  |>ropertie8  of  wood,  as  to  its 
value  in  building,  Ac.,  is  its  relaUon  to  nunsture.  Tlie  less  the  apeoifio 
gravity  of  the  wood  the  grsater  is  its  capaei^  for  nuistura :  fir  abaorbs 
nme  and  teak  less  than  most  other  kinds  of  timber. 

It  is  the  peculiar  resinouB,  gummy»  oily^  or  oUiw  seeretjons,  that 
give  to  the  various  woods  their  different  ewmr,  smell,  and  taste.  The 
colouring  matter  ia  sometimes  deposited  in  such  abundance  as  to 
render  it  useful  for  dyeing,  as  seen  in  log-wood,  red  sandera-wood,  and 
other  woods  used  as  dyes.  Some  woods  have  volatile  mis  ^posited  in 
tbein,whidi«  being  uowly  given  ou^  render  them  odoriferous;  and 
this  is  the  case  with  sandal-miod,  roee-wood,  the  wood  of  cedar,  fir,  and 
other  trees.  fVequeotly  Utter  and  other  aacretions  are  deposited  in 
wood,  giving  it  a  peculiar  taste,  and  rendering  it  usefol  in  medicine. 
The  wood  of  the  quassia,  as  well  as  of  the  sassafras,  are  examples  of 
this  kind  of  use.  The  wood  of  trees  frequently  contains  in  small 
quantities  the  sbcretionB  which  are  deposited  in  other  parte  of  the 
plant. 

If  wood  be  submitted  to  destructive  distillatira,  it  ia  decomposed, 
and  the  consequence  is  the  production  of  acetic  acid  and  an  oil,  which 
pass  off,  leaving  a  certain  quantity  of  charooaL  Taking  them  one 
with  another,  the  ohief  kinds  of  English  timber  yield,  by  the  distilla- 
tion of  1  lb.  weight,  about  7i  on.  of  wood  aoia,  8}  oca.  of  charcoal, 
and  1  j  on.  of  oiL 

Um  woods  that  are  used  by  the  oabinet-ntaker  ioe  furniture  of  a 
more  delioate  kind  are  called  fancy-woods.  The  use  of  these  hn 
become  much  more  general  since  the  introduction  of  the  art  of 

veneering;  *nH  mmrtW.  ttiia  ia  flnnwhy  TTumhinMy^iMtaMl  trf  ^ry  Iff 

many  woods  are  used  for  furniture  and  other  purposes  which,  on 
account  of  their  scarcity,  oould  have  been  formerly  used  only  to  a 
vei^  limited  extent  The  moat  common  of  the  fancy  woods,  and  that 
which  is  used  most  by  the  cabinet-maker,  is  maJugtmg.  Next  in  point 
of  importance  and  use  to  mahogany  is  roM-woed.  Kimg-wood  ia  a 
beantafttl  wood,  used  only  for  delicate  uiioles.  Bttf-vood  is  a  very 
heavy  wood,  of  a  pale  red  colour,  and  is  brought  from  Australia  in  logs 
9  feet  l(H)g  and  18  or  14  inches  wide.  TitUp-wood  is  brought  into  the 
mariiet  in  very  small  pieces,  not  more  than  4  feet  long  and  6  inches  in 
dismeter.  It  is  clouded  with  red  and  yellow  colours,  and  is  used 
lor  bordering  and  Tnafcinp  nnoU  artiolM,  such  u  caddin  and  wcffk- 
boxesi  Zitrofwoed  ia  the  productloa  of  a  laige  tree,  and  is  cheap 
enough  to  be  made  into  tables,  ptano-fortes,  ha.  It  is  coloured  brown 
on  a  white  ground,  and  clouded  with  black.  Satin-wood  ia  of  a  brilliant 
yellow  colour,  with  delicate  glowing  shades.  It  is  found  in  the  market 
in  2  feet  wide  and  7  or  8  feet  long.  Sandal-wood  ia  of  a  light 
brown  ooiour^  with  gdden-ooloured  waves,  ^ony  and  iron-wood  are 
the  names  given  to  K>m8  yny  hard  woodsi  moitlr  moii^t  from  Indi^ 
although  aome  of  the  aperies  are  fouod  in  Europe  and  America. 
Canary-wood  has  a  deep  yellow  ooloor.  Pwr^t-iBood  has  a  purple 
colour,  without  veins.  SnaJc^wod  is  of  a  deep  red  oolour,  with  black 
shadea  Calaw  ander  vxod  ia  a  handsome  cheap  wood,  taking  a  hi^ 
polish,  and  is  brought  from  Ceylon.  Other  woods  are  called  from  ^» 
places  they  oome  from,  u  Corommidd  wood,  Awhoyna  wood, 

The  practice  of  staining  wood  ia  sometimes  had  reooum  to  for  the 
purpose  of  making  the  more  common  woods  resemble  in  oolour  the 


fanoy-woods.  A  method  has  been  proposed  of  doing  this  by  introducing 
into  the  tree  during  its  growth  varioua  colouring  agents,  so  that  during 
the  course  of  the  aaoent  of  the  sap  the  otdouring  matter  may  be  taken 
up  and  deposited  in  the  woody  tinue.  Some  of  the  woods  thiis  treated 
have  been  made  to  assume  very  remarkable  colours ;  but  as  the  trees 
on  which  it  can  be  practised  are  too  soft  and  coane  for  fine  work,  it  is 
not  likely  tiiat  this  method  will  at  all  supersede  the  use  of  the  naturally 
beautiful  fimey-woods. 

Growing  tives  are  exposed  to  the  attacAa  of  mimwlB  and  of  Insects, 
in  addition  to  thrir  own  natural  oauan  of  decay ;  and  when  they  ore 
used  as  timber  they  are  still  liable  to  the  attacks  of  insects  and  of 
worms  of  a  peculiar  description.  The  misohi^  done  by  animalti  is  of 
a  comparatively  simple  uid  limited  description ;  and  may  briefly  be 
described  as  consisting  in  blows  and  wouni£i  of  the  trunk,  and  in  the 
violent  disruption  of  the  smaller  boughs,  thus  rendering  the  formation 
of  knots  more  frequent  than  might  otherwise  be  the  case.  Birds  are 
actually  of  aerviee  In  woods,  for  tCB  mnivorooa  Utds  do  good  by  keep- 
ing down  insect  life.  The  woodpecker  and  nuthatch  only  attack  the  bark 
of  ti«es  whMi  in  search  of  the  larvse  boring  in  them ;  rooks  and  crows 
deeti'oy  immense  numbers  of  the  liu^er  beetles ;  and,  in  fact,  neariy  all 
the  forest-feeding  birds  render  the  same  aervioe.  Squirrels,  bats,  and 
other  insectdevouring  mammalia,  play  the  same  part  in  the  economy 
of  nature ;  so  tliat  our  attentum  may  almost  exclusively  be  devoted  to 
the  considsntion  of  the  atta^  of  inaeeta  and  of  the  boring  worms. 

There  are  three  desoriptioni  of  inaecti  which  prey  upon  trees, 
which  may  be  dassified  aooording  to  the  ports  they  especially  attack, 
namely,  those  which  attack  the  leaves,  those  which  atta^  the  bark  and 
the  alburnum,  and  those  which  attack  the  heart-wood.  The  leaf-eaters 
sre  of  countUn  varieties,  some  of  them  eating  tiie  upper,  some  the 
under  surfaces,  and  otfan*  the  substance  of  the  leaves  without  toudiing 
the  epidermis.  Agahi|  thara  are  inaeeta  vrtiidi  wly  attack  ^  flowen, 
some  living  upm  the  farina  dt  the  flowen,  others  on  the  fluids  in 
the  vessels  of  the  flowers,  and  others  on  tiieir  leaves ;  whilst  there  are 
alao  other  insects  which  injuriously  aflbot  growing  timb«r  by  giving 
rise  to  galls  or  other  analogous  excrescences.  The  principal  mischief 
caused  by  this  description  of  insects  oonrista  in  the  interferences  they 
produce  in  the  flow  of  the  s^i,  and  in  thrir  interferences  with  tiw 
respintory  functions  of  tiie  leavn ;  but  tortnnatdy  thrir  ravages  are 
apparent,  and  their  enemies  an  e^remdy  numerous,  both  in  Ura  ani- 
mal and  the  insect  tribes.  There  are  several  varieties  of  Mba  boik- 
feeden ;  aome  of  them  attacking  exclurively  the  outer  bark,  some  the 
inner  bark,  and  some  the  alburnum.  Their  ravages,  however,  in  all 
cases  are  exercised  only  superficially,  so  to  speak,  and  they  do  not  aSeot 
the  quality  of  the  timber  in  any  serious  manner.  Tluee  inaeeta  may 
kill  a  tree^  but  the  heart-wood  will  remain  aound,  iriiatever  be  their 
numbui.  Such  insects  aa  the  Soalytm  dttbrutior  vrill,  nevertheleas,  do 
more  injury  to  a  forest  in  a  month  than  all  the  animals  it  may  shade 
could  do  in  a  decade.  The  M^mvuu  fraxini,  the  Tomicas  typographi- 
au,  the  BottiiehM  pmattri,  the  Sphinx  apiformii,  the  Onradio  abra^ 
and  the  Om-ouUo  notaUtt  are  almost  equally  mischievous ;  whilst  the 
Xymerylon  attacks  both  the  alburnum  and  the  heart-wood.  Of  the 
heart- wood  devourers  the  most  dangerous  in  our  latitudes  we  the 
Oomu  tigtuparda,  the  OyptorA^iic&us  lapathi,  the  Lueanida,  the  Oeram- 
^fada,  the  Sirex  gigat,  the  Sirtx  duplex,  and  the  Zengera  actUou  ;  and 
of  these,  the  Ooum  and  Sirex  tA  our  own  latitudes,  and  the  Prionut 
giganteut  and  the  CkilUdiam  fpgamlam  of  tropical  climates,  together 
with  the  Lymexylon,  attack  the  omvertad  timbw  after  it  haa  been  Itrng 
removed  from  the  forest. 

Of  the  boring-worms  the  tmly  varietiaa  hitherto  special^  noticed 
are  the  Tertdo  natalit  and  the  lAvmoria  ter^frana ;  and  their  mvages 
seem  to  be  the  most  dangerous  when  wood  is  exposed  to  them  in 
decidedly  salt  water.  The  Linmoria,  however,  occasionally  attacks 
timber  in  alightiy  brackish  water,  and  it  would  seem  that  both  these 
species  of  worms  have  an  antipathy  to  water  containing  sulphuretted 
hydrogen,  or  some  of  the  vegetable  and  mineral  aeida ;  tor  they  do  not 
attack  timber  driven  into  the  sea-shore  near  the  outleits  of  sewers,  and 
they  av<M  timber  which  either  oontains,  naturally,  cmuiderable  pro- 
portions of  pyroligneous  add,  or  has  been  artificially  impregnated  with 
oreasote,  subumate  of  mercury,  sulphate  of  copper,  Ac  The  supposed 
immunity  of  the  green-heart  timber  was  long  attributed  to  tiie  exist- 
ence of  some  such  quality  in  it ;  aud  though  it  is  now  known  that  the 
boring-worms  do  attack  that  wood,  th^  cwtunly  do  not  destroy  it 
with  ai^thing  Uke  the  aanie  rai^dity  that  they  destroy  fir,  beech,  elm, 
or  even  oaL  Notwithstanding  the  fearful  nature  of  the  nvages  caused 
by  the  boring-worms,  the  habits  of  those  creatures  have  not  bera  tho- 
roughly studied ;  and  it  is  difficult  to  trace  the  conditions  which  tend 
the  most  decidedly  to  their  multiplication.  It  would  seem,  however, 
that  both  the  species  are  to  be  found  in  the  greatest  numbers  in  warm 
latitudes ;  that  the  Teredo  prefers  the  aea-stunva  from  which  it  can 
derive  ili^  carbonate  of  lime  necsasary  for  ita  growth;  that  the  Xhi- 
noria,  on  the  ocmtnuy,  prefers  tiie  shorn  upon  which  the  sands  are 
charged  with  the  decomporition  of  silicious  rocks ;  and  that  the  por- 
tions of  the  timber  devoured  by  both  these  worms  occur  a  little  bdow 
and  a  little  above  the  lines  of  high  and  low  water :  these  worms,  in  f  set, 
require  both  rir  and  water.  The  works  of  Messrs.  Forbes  and  Hanley 
{'  History  of  British  Mollusoa '),  Cailliaud  ('  U^moire  but  les  Mdlusquea 
perforantea'},  '  L'lnstruction  sur  les  bms  da  Haritw,' pnUiahed  1^  the 
nanoh  Qovnmnent,  and  a  Report  by  a  Commission  a  Dutch  flngmeon 
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and  natunJirti  oq  ttta  Iwfclff'Wm,  mUiabacl  bi  AnuUrdam^lSfiO, 
abouM  ba  oonaultad  ^aU  wha  an  intmatod  ia  the  dumhilitj  of 
hydnulio  woflu,  «r  in  awplmikUas.   OpioloBa  am  to  bo  divided  aa 


to  the  nuarit^  of  tho  vaiioua  achoiaea  proyoaod  for  waiatiiig'  the  attaoka 
of  the  won^e  upoa  timber.  Some  ragmeen  reerauaeud  eaudasiveljF 
the  use  oi  oopper  ahewting,  or  of  copper  naila,  over  the  whole  expoeed 
Burfneea;  wulat  othen  reotMnnoeBd  exdiiaiTely  tiia  uaa  of  creaaota 
In  nactice,  it  ia  found  that  the  worma  freqnentis  make  that  way  into 
timber  in  the  iqAervala  between  the  naUa,  and  then  deranr  the  inaer 
ptniiew.  Ten  jreare'  eiferienee  would  alao  iqapear  to  ahow  the* 
whm  Xb»  orewote  haa  been  thorou^ify  injected  into  the  heart  of  a 
^eee  of  timber,  the  wonna  mil  not  attack  the  latter.  The  iojeetios 
of  mineral  aalte,  by  Eyan'e  patent  (meroury)  or  by  Uargay'a  patent 
(oopper),  doea  not  aeem  to  piodaoe  vay  penaanantly  good  riEad;  foe 
they  ue  all  removed  in  oomae  of  time  by  the  aotiut  of  aea- water 
frequency  renewed  by  the  tidtk 

Tbe  ^yitem  ol  injecting  cieaaate  aeema  alao  to  provide  aa  elKdant 
proteetion  i^ainit  the  nvagea  of  the  white  ants,  whidi  are  ao  incal* 
culably  numerous,  and  ao  deetmotire  to  timber  in  tropioal  latitndea. 
It  aleo  adda  greatly  to  the  duxahili^  of  timber  in  damp  conilned 
poeitiona;  and  reaiete  tbe  tendency  tif  the  timber  to  aaeume  dther  ^ 
vet  or  the  irf  Tha  two  lait-named  nodea  ai  Am»j  are  of  the 
moat  aopioua  impoirtaDoe  to  the  aolidi^  of  the  bnUdiaga  into  tAoaa 
cooBtrufltion  timber  entera  latge^.  Tb^  a&et  all  kinda  of  timber, 
whether  native  grown  or  for^a ;  and  thougfa  toletably  well  onder- 
etood  by  (dtyeioiogiete,  and  by  piaetical  men,  it  ia  too  muoh  the  oaae 
they  aie  tmafetended  to  in  the  ap[dioation  of  thaae  mateidala. 
Dby  Hot  hae  already  been  tzeated  of.  The  Xot  pnoeeda  from 
a  ehanuD^  action  in  the  wood  itaelf ,  which  either  aviae  from  the 
deotmpoaittuB  of  the  sap  retained  in  i^  or  from  the  deemnpodUtm 
the  vegetable  tiaauo  under  the  iiifluenoe  of  confined  moiature  i  for  tbe 
albuminouA  parte  of  the  aep,  or  of  the  wood,  oommenoe  a  patrefactive 
prooeaa  direotjy  they  meet  with  the  oonditiooa  of  heat  and  moiabiM 
aeceaaaiy  for  ita  developmeat  It  ia  tb^efors  important  that  all 
timbor  uould  be  out  at  the  aeaaon  of  the  year  vdten  the  tMea  oentain 
least  aap,  a«id  that  the  timber  ihouid  be  praeerved  in  aueh  poidtiena  m 
to  allow  the  aap  to  pase  away,  for  aomp  ooaaid«able  tfane  befcwe  it  ia 
uaed  in  a  building;  thia  precaution  ia  teehnkally  oalled  Moapmnjr.  It 
ia  therefore  the  ouetom  to  fell  timber  dnrfanft  the  wintu>  and  ea^y 
apring  montha,  beoaose  at  thoaa  aeaaoua  the  aap  obvulatee  with  the 
least  activi^ ;  or  the  time  of  the  year  for  oanylDg  on  thi«  deaniptim 
<rf  work  may  be  aaid  to  laage  between  October  and  April  In  addition 
however  to  thia  preoantioa,  and  to  a  eanful  aeaaoning,  It  le  ewential 
toramovaaUtbealbunuun  of  a  tree,  if  it  ahould  be  leqoired  f or  uae 
in  confined  aituationa,  fat  the  flultb  it  retains  ferment  quite  aa 
dangerously  to  the  durability  of  the  timber  as  does  the  aap  ite^  The 
architeot  and  the  Bhipbuiloer  cannot  be  too  perUoular  iq  exoluding 
la^y  timber  from  poaittona  whem  there  would  not  exiat  a  free  mveu- 
lauon  of  air,  and  where  there  is  uiy  moisture.  Sappy  wood,  moreovu-, 
iaaott^aadof  aiertdepowar  of  reaiirtaaoe.  The  dectntpoutioa  wbiiA 
iakeaplaoe  in  timber  afiboted  bydruzy,  w  by  dead  kaota,  is  of  the 
•ame  tharaoter  aa  the  ordinary  wet  rot;  that  is  to  say,  it  proeeeda 
from  a  chwoinai  action  in  th»  wood. 

A  mode  of  rendering  timber  Iws  oombuatihle  haa  beea  described 
under  Fku-raoof  ao. 

Woribig  m  JKemf.— Theouttiag  up  of  timber  into  beaeis  and  phmha  la 
deaoribed  under  EUw,  £Uw.Miu. ;  aad  into  tUa  laym  under  VnrKEB- 
ISO.  The  use  of  timber  in  builffing-work  ia  illnatr^ed  in  auoh  arttolea 
aa  Cabpbitbt,  Houai,  Roor,  Ac;  and  the  uae  of  fine  woods  in 
CASTina  and  Uahqoktbt.  We  proceed  to  a  few  manufaoturing 
prooeeses  not  hitherto  deeoribed  :  first  noticing,  however,  that  Mr. 
HoltzopSel,  for-  practical  purposes,  olassifies  woods  under  nghteen 
groups,  aocording  aa  they  are  used  fw  ebip-building,  hydmulie  enginee^ 
ing,  bouae  carpentry,  ruachmery  firame-work,  rollers,  teeth  of  whec^, 
foundry  pattens,  oommoa  tuiaeij  toju,  beat  Tunbridge  to^  hard- 
wood tuning  omnmon  fanltnra,  beat  fumitare>  ornamental  woii, 
elaBUowaA,uafatatiowGnk,can^oolottr  aad  dye^weeda,  aad  aoent- 
woods, 

jrim6«r-&awfiff9  has  xeoeotlyooeupiedoanaidenble  attention.  Various 
^ana  have  been  introduced  Meadows,  Hookey,  and  other  invenfane, 
for  thii  purpoee,  ohiafly  by  the  application  of  steam  and  pressure ; 
bub  the  moat  eftctive  eeema  to  be  that  of  Hr.  Blaueliard,  of  Boston. 
Hft  haa  aatabliahed  a  manufactory  for  bending  timber  of  varioua 
kinda  and  aises,  and  readoiug  it  applicable  for  the  making  of  chtur- 
bseks,  gig-shafts,  sofa-framee,  horse-hamM,  plou^-handles,  wheel- 
felloea,  aroh-pieoca,  atairease-nula,  ourrod  mouldings,  ehip-timbei», 
&0.  Oak-timber  14  feet  long  and  IS  mdkoa  square  cau  be  beitt 
to  a  oorva  in  one  bour>  and  timber  of  9  inches  square  in  twenty 
minutes.  A  jrfeoa  IS  feet  long,  12^  inches  wide,  and  7  inckea  thick, 
can  be  bait  mto  a  perfect  and  pemaaent  semiidrelak  A  trough  is 
jwepared,  of  the  proper  sise  and  form  for  the  oum ;  me  sfde  of  whioh 
la  rendered  moveable.  There  is  a  lever,  turning  on  a  central  axis,  and 
a  tnvelling  table  under  the  lever.  The  timber,  after  being  steamed 
for  a(«na  houn,  is  laid  oh  a  flexible  band  of  metal  phuwd  on  the  travel- 
ling table,  and  ia  pressed  and  damped  down  firmly  to  it.  One  end  of 
the  timber  ia  next  clamped  to  <ue  end  of  Uie  curved  trough;  the  other 
end  butta  against  a  Uoek,  aoted  on  W  a  aorew.  The  aoti<m  of  the 
lever  then  drives  or  forces  tho  timber  into  the  trough ;  the  two  ends 


ftf  the  timbCT  ara  oonaectad  bp  a  tie  or  ehecd ;  tha  faofth  M»  of  Ihn 
bDujj^  ia  tlwn  put  in  its  inxipar  placa ;  and  tha  timbv,  thu  dawpni 
and  bound  with  a  eMnlmntun  of  farnta,  is  left  till  cold.  It  ia  now 
found  to  have  aequired  a  pennanent  set,  without  any  rokdiag,  eri^ 
pUng,  or  loaa  of  hardneaa  and  durabili^.  Tha  timber,  ia  the  firat 
inatane^  is  not  put  simply  into  a  vessel  full  of  at  earn ;  it  ia  iatrodnoed 
iats  a  hot  eloaet,  tbrough  which  steam  at  low  pressure  paaaaa  ia  a 
eonbnucHta  eusrent. 

Labomwving  eqwdlnta  in  tha  irerking  of  wood  havn  bean  inten* 
dueed  in  reeeut  yaaia  nearly  in  as  ^«at  vaiia^  aa  in  the  wiutiag  ai 
ntetal&  The  A  mjifi/»«n«^  qq  aooount  partly  of  the  abundant  euppfy  ol 
timber  in  tiisi  noun  try,  have  beoi  very  auoaesaful  in  thia  direction. 
Hr;  Hdeswerth,  in  a  paper  on  thia  aubjeet  rend  before  the  Institute  ol 
Civil  Bngineere  in  aaid  that  the  Amerieaaa  have  now  in  use  ns 
leas  than  five  diAnnt  groupa  of  wood^daning  maehines,  exhibiting 
many  variatiea.  In  on*  group  the  ^dane  haa  a  i«oi^roaating  motion  [ 
in  another  there  ia  a  fixed  outter  j  m  another  a  rotatory  cutter ;  ia  a 
fourth,  the  eufctar  ia  <m  a  v«tieal  axis ;  and  in  the  fifth  a  aoc^et-plaae 
ia  used.  Hie  angle  of  the  outter  ia  made  to  vary  with  the  quality  of 
the  wood  operated  oa,  the  nature  td  the  woi^  ana  the  speed  of  movai 
meat   There  am  alao  for  shaping  irrt^rular  w<^ ;  for  tentm' 

ing,  either  with  oiroolar  saws  cr  tenoning-eutteia)  for  copying  or 
owing,  by  meana  of  rotates^  onttan  advancing  to  and  reeeding  from 
aa  irom  pattern ;  for  dovetailing,  if  reoipraosting  ohisds  or  1^  d^vn* 
tailing  euttars;  for  making  boatr  oars;  tor  making  railway  keys ;  and 
for  sawing,  planing,  boring,  di^ng,  and  jointing  timber  in  vuious 
ways.  One  ingenious  machine  shapes  tbe  arms  and  le^  of  ehairs ; 
tjiere  are  two  vertieal  cutters  revolving  in  o[^KiBite  direotiuna,  at  ITOO 
vevelutioBS  per  minute ;  the  pattern  to  whioh  the  wood  la  tamponrilgr 
frataned  Is  eo  pressed  agaioat  tha  enttera  aa  to  guide  the  ent.  A*  t** 
eutten  revolve  in  oppose  directions,  the  woric  may  be  prssaei  agatnal 
the  one  or  the  other,  ao  aa  to  suit  the  cut  to  the  dipectiou  of  tiie  gnin, 
without  the  trouble  of  reversing  tbe  poaiUon.  In  aome  diatriete,  where 
wooden  houses  are  made  in  large  numben  for  emigrants  and  back- 
woodamen,  the  timber  ia  cot  up  witii  gieat  npidity ;  one  aaw  of  a  par- 
tioular  kind  will  out  into  ahi^  10,000  shin^boanla  in  a  di^;  aqaChar 
will  out  80,000  or  70,000  laths  in  the  aama  time ;  while  anethar  will 
plane  fiO  feet  of  flooHng-boaida  per  minute,  tongue  and  groove  tfcim 
at  the  same  time,  and  eonvey  the  obipa  and  sbavingB  to  a  fuel-housai 

The  inventiona  are  little  lees  varied,  although  the  (^mationa  are  on 
a  much  amaller  scale,  iu  England.  The  Enfield  rifle  stock  ia  shaped 
entirely  by  maohinea,  QO  less  tium  a  dosen  different  maohinea  b^ng 
emplojred  in  ■uaeeadon,  aome  of  the  cuttan  of  which  revolve  6000 
timee  pep  mfaiute.  A  series  of  nadiinea  at  Woolwich  Araenal  make 
wooden  scabbard-Unings  for  cavalry  swords ;  and  so  efficient  are  these, 
that  their  ud  two  boys  can  make  600  soabbard-Unings  in  a  day. 
Rifie-bulleta  aemetimes  have  a  small  box-wood  plug  inswted  in  the 
rear  of  eaoh ;  there  are  mac^nes  at  Woolwich  whioh  will  out  aad 
shape  SOO,000  of  theae  plugs  per  day.  Mr.  Kinder,  oi  Woroeater,  haa 
invented  and  brought  into  uae  a  complete  scriee  of  mairhimtii  for  werk- 
ing  in  wood,  by  the  nae  of  whioh  he  can  ]daue  aoaatUaga  <  or  7  inohoa 
square ;  w^k  tiie  edges  of  curved  timb^  on  the  square ;  form  both 
regular  end  winding  bevels ;  work  oblique  eections  of  irrc^lar  figures ; 
out  tenons  with  uaouldera  of  aLmost  any  pitch ;  make  rebetM  and 
groovea  of  varioua  kinds ;  box  down  or  «ink  irregular  aurfsoes  in  suoh 
a  manner  that  the  surface  destroyed  ahitU  be  r^produoed  at  the  required 
d^pth  ;  and  produce  ourved  cr  strai|^t  beads  and  uouldingi — all  bj 
mAing  the  wood  movo  vrtiile  the  cutting  instrument  remains  sta- 
tionary. Mr.  Wilson,  of  Benbuiy,  haa  brought  into  uee  a  curious 
series  of  maohines  for  m*Hng  broom  and  mop-handles,  umbrella-stioks. 
brush-backs,  and  railway-pegs.  Mr.  Dickie,  of  Glasgow,  has  a  eeriea  of 
maohinea  for  producing  irregular  forms  in  wood,  such  aa  boot- trees, 
shoe-lasts,  gun-stocks,  and  i^iovel-handles,  by  a  kind  of  dififorantiai 
aotion  of  several  cutters.  Other  morticing,  moulding,  dovetailing, 
tenoning,  planing,  jointing,  dowelling,  rebating,  and  diamferia^ 
machines  have  been  invented  in  great  variety,  and  introduced  in  varioua 
ways ;  but  they  need  not  be  separately  described. 

The  application  of  elaborate  machines  to  the  production  of  chea^ 
articles  is  curiously  illustrated  in  the  manufacture  of  flre-wood  and  ot 
wuUthf,  Terry's  fire-wood  machineiy,  introduced  in  1857,  performs 
all  the  <^«cationa  (tf  sawing  splitting,  cutting,  and  binding.  Rough 
Uooka  of  wood  slide  down  aa  iacUaed  table ;  they  are  pressed  by  s 
drum  against  (Hvcular  saws ;  they  are  sawn  into  pieces  of  a  uniform 
length ;  the  pieces  slide  down  a  shoot  to  ib»  spUtting-mill,  and  fall 
against  a  senes  of  circular  outtets,  which  out  them  into  flat  dabs ;  the 
sUba  ^ide  down  aad  are  split  into  sticks,  whioh  fall  into  a  moveable 
carnage,  and  are  discharged  down  aaothw  shoot;  they  isU  iato  « 
horicontal  ohaiind,  whera  a  piatott,  by  the  aotion  of  a  lever  and  wii^, 
pMsaea  together  enough  stiua  to  fwm  sae  bundle ;  the  pistM  drivaa 
them  hsU  through  a  eiroukr  opening ;  wire  from  a  reel  is  made  te  pasa 
wund  the  middle  of  the  bundle,  where  it  is  twisted  and  out  eff ;  and 
finally,  an  incoming  bundle  pushes  out  the  completed  one.  Thus  ^e 
wood  ia  not  tou<Aed  by  hand  throughout  the  operatkna.  In  the 
making  of  spliata  fur  ctngrevea  or  lucifere,  the  wood  is  first  cut  into 
blocks  by  eiroular  aawa  j  and  theae  are  ei^er  s^urated  into  ioap- 
aided  splints,  by  a  series  of  lanoet-poiuta  ranged  equidiataat,  or  into 
OTlindtliaal  flints  l^  bei^foroedtarough  small  perforatioaaia  a  metal 
fdata   nie  best  pine  plank,  free  from  kneta  and  Imgnlaritie^  is 
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doM  fit  for  pmiioM;  tbmp  wood  would  lujnre  th«  ontting 
tpptmliu.  Bad  XhnB  TWrald  nob  be  ohnp  In  tbs  end.  A  plaak  13  feet 
tobg.  11  Indite  iridfe,  ftod  8  inobee  tUflk,  win<  edt  np  into  200,000 
hHUBT-nMtch  Bpli&ts  of  ordinary  mza  ■  abd  BOtnd  finnB  thus  eut  up 
twenty  of  Buch  ph&te  In  a  day. 

In  Ml  article  bjr  Mr.  Chsrlea  Khi|^t,  111  the  '  Compftti]on  to  the 
AhnanM,'  for  1861,  ka  ftcOomit  glrvft  Of  tile  butlouB  woodetl-Wan 
toMnntietum  of  Buokinghunahin  aad  otte  or  two  tieif^bourfatt 
ttnntiM.  The  heeoh,  diD,Mid  ash  treea  of  thow  ffiatrieto  are  brooj^ 
iMo  liBilMdkt*  and  looal  nuutnfBottitinr  qm.  At  CAmham  are  tnAde 
tiMd'trsBohem,  battflr-printu,  cridtet-faate  and  rtoTOpH,  money  bowls, 
mining  bowle,  tnalt  dbav«lB,  mud  shoTela,  butcher*!  trays,  ttundliag> 
hoOps,  toy  gsiden-roHerB  and  gardeQ-rakee,  toy  Wheelbarrows,  bat 
Uooks,  straw  botmet  blooks,  and  wig  blocks.  The  teste  elhibited 
la  tlMM  ary«lfls  is  d  ft  bumble  taoA,  and  vefy  little  nuKhioery 
ja  amployad  fai  ttw  brtkhMlloa,  Chair  making  U  the  ddef  trade  in 
tod  wonnd  High  Wycombe.  The  many  Chonaand  dheap  but  strong 
obahv  made  within  the  last  few  years  for  use  in  the  Crystal  Palace, 
St.  Paul's,  Weetminster  Abbey,  fend  othet  pubUe  plaoea  tame  from 
the  dirtriot  In  gneetiotL  One  contract  of  6000  efaairs  for  barracks,  and 
Another  of  8000  for  the  Crystal  Palace,  are  mentiotied.  "  Wyoombe," 
il^  Mr.  Knight,  "  boasts  of  making  a  chair  a  minute  fell  the  year 
round}  flhain  whioh  would  not  be  Unsightly  in  the  lutfidspmeet 
Mttins-room,  and  whldi  can  be  sold  at  fire  diilHngi  ttuih.  More 
•ostly  ehain  are  here  produeed,  as  weD  as  the  commonest  msh' 
bottom  chair  of  the  old  cottage  pattern.  But  the  Hght  eaned  chair, 
stained  to  imitate  rosewood,  or  of  the  bright  naturu  colour  of  the 
beesh,  and  highly  polisbed,  finds  a  demand  throughout  the  kingdom — 
a  deoMttd  wfaleh  m^ltt  appev  fobalous  to  those  who  have  not  reflected 
upon  Ae  tKimt  to  which  a  thriving  todustrioOB  peo|de  create  a 
nadooal  wealth  wfaieh  gtres  tm  impalss  to  erery  occupation,  and  £.116 
eTery  dwelling  with  comforts  and  elegandee  of  whidi  oar  forefathers 
BVVer  dreamt.  The  wondrous  eheaj^iaa  of  ttie  Vyeotdbe  ohoir  is 
produced  by  the  division  of  labour  in  every  manofaofany ;  and  by  the 
competition  amon(^  the  maoufiuTtareni,  in  a  trade  where  a  small 
dioital  and  careful  organisation  will  soon  reward  the  hifmblest  enter* 
fimm."  Some  «f  tile  (^eratkms  Are  oondocted  in  furforles  vf  eonsider- 
iUfe  tifte  J  wWlft  olhent  $n  undertaken  by  worknea  in  all  the  villages 
Mtand. 

IfstM"  TVwtfe.— Several  centuries  ago  the  woods  and  forests  of 
■bsland  were  saffleient  to  supply  all  the  timber  required  for  the 
Dmdfog  of  ships  and  houses,  as  well  as  for  fuel.  In  the  18th  century 
bqgin  to  hear  complaints  of  thnr  exhaustion.  An  act  was  passed 
itt  ini  requlfil^  coopers  to  sell  thdr  barrels  at  ftxed  prion,  and 
Mkrtogthat  the  espoorters  of  beer  ^ooM  import  clapbotfdA  ttiffident 
tOffCfteoe  the  barrels  sent  out  of  the  ooantrV.  Another  a0t,  passed  in 
IMlj  Wis  dengned  to  enforce  certain  restrictions  respecting  the  felting 
id  treee,  and  to  prevmt  tiie  conversion  of  woodlahda  into  pasture  or 
tflkgs.  In  1568  an  act  was  paraed,  entitled '  An  Act  that  timber  shall 
ttet  be  felled  to  make  oolee  for  the  making  of  iroli,'  which  prohibited 
nsa  of  ilrabnr  one  foot  mfcan  in  iron-works  within  fourteen  miles 
<tf  the  sea,  or  within  the  same  distance  of  el^  of  tiri  principal  rivers 
4C  Ei^jUsid,  or  any  navigable  stream  having  an  outlet  on  the  coast : 
but  thne  Boutfaem  counties,  Kent,  Sassax,  and  Surrey  were  exempt 
fNm  the  operaMons  of  the  act.  The  design  seems  to  have  "beea  to 
ffteoniage  ^e  tn»3e  in  timber  fit  for  building,  and  to  benefit  those 
parts  m  the  couutrT  which  did  not  possess  a  sufficient  supply.  In 
IMS  the  subject  agaoi  atUacrted  notice,  and  an  aet  was  passed,  which, 
amongst  other  th&gs,  prohibited  aliens  enortisg  fish,  unless  they 
imported  clapboards;  wd  feltogsther  pfoWbited  the  exportation  of 
irine-en^  In  Hm  foUcnrtng  oetttnry  the  Bodfe  of  prloes  tnnied  in 
itVOUT  of  ^t«o&l. 

During  the  decline  in  the  internal  supply  of  timber,  It  gradually 
beeame  an  article  of  extoiaive  demand  from  other  ootintiie&  In  1880, 
aeenrding  to  a  atatement  of  Ur.  Huskisson,  the  fir  timber  used  In 
Ki^land  for  building  purposes  was  nearly  fell  broudit  from  abroad. 
Tke  proportion  of  timber  of  native  production  tiaed  for  similar  objects 
'  ia  aot  known  or  even  guessed  at  The  north  of  Europe,  especially  the 
ceWmfaics  on  the  Baltic,  and  our'cfdonles  in  British  Iforui  America,  are 
the  great  sources  of  supply.  The  timber  of  the  norUi  of  Europe  is 
gami^  of  excellent  qu^ty,  and  tnnch  superior  to  that  from  the  colo- 
nfCE.  l^ie  Inferior  colonial  timber  was  for  many  years  forced  Into  use 
by  enoimous  dlStnvntial  duties,  wfaieh  amounted  to  a  bonos  of  1000  per 
ettt  in  some  Cases  :  that  is,  the  one  doty  wafe  ten  times  as  much  as 
ihe  other.  In  17S7  the  duty  on  foreign  timber  was  only  6a.  Sd.  the 
load  of  fif^  cubic  feet,  but  it  was  lused  at  cUtferent  times,  until.  In 
1804,  it  amonnted  to  SSs.  In  1810  tiie  duty* was  raised  to  5ii.  Bd.; 
and  from  1814  to  18S0  it  was  64«.  lid.  and  USt.  tite  load.  The  trade 
in  colonial  timber  had  aonuely  any  exiitteDce  before  180S,  although 
until  I7M  it  had  been  admitted  me  of  duty ;  sbd  the  du^  imposed 
ia  that  year  was  only  8  per  cent  ad  valorem,  which  was  changed  in 
ISOS  to  a  apeeific  duty  of  2«.  the  load.  In  consequence  of  the  war 
there  was  a  great  rise  in  the  price  of  European  timber,  Memel  fir 
advancing  from  78i.  to  820«.  the  load.  In  order  therefore  to  encourage 
the  supply  from  our  own  otdonies,  Nortii  American  timber  was  again, 
ia  18M,  admitted  dnU  free;  and  from  that  time  it  was  more  la^Iy 
naed  tbaa  Baltic  timber.  The  return  to  a  sonnder  principle  of  taxa- 
tkn  was  ypij  dow.  In  ISSl  the  du^  on  European  timber  was  re- 


duced from  65>.  to  B5i.  the  load,  and  a  duty  of  10>.  was  imposed  on 
eolomal  timber,  leaving  a  preferMitM  duly  of  45i.  atill  in  operation. 
Ih  the  tariff  of  1642  the  dnty  on  colonial  timber  was  reduced  to  a 
taierely  nominal  sum,  namel  y,  If.  the  load,  and  to  2*.  on  detds,  and  9d. 
aa  lathwoodf  irtiilethat  on  ntfefni  timber  was  to  be  gradoally  reduced 
to  S0«.  and  85f.  on  dififorent  kinds.  The  mode  of  (marging  the  duty 
was  at  the  same  time  improved  and  rendered  less  Cmnplex  wan  before. 
The  difia«nce  of  duty  was  from  S4f.  to  SO*,  in  favuur  of  colonial 
timber.  This  difference  was  reduced  in  1847  to  14il  In  1661  the 
differential  dutiea  ceased  altogether ;  the  duty  was  estabUshed  at  7>.  9d. 
to  10a  per  load,  without  reepect  to  country.  In  1860  It  was  reduced 
to  1*.  and  2t.  per  load,  or  1*.  and  2f.  per  ton,  according  to  the  mode  oif 
measurement.  It  may  here  be  remwfced  that  timber  is  sold  by  the 
load,  the  ou^  foot,  the  square  foot,  the  foot  run,  the  ton,  the  lb.,  or  the 
humbffi-  of  pieces ;  but  tite  greater  portion  is  by'  tiie  load,  A  ii»d  of 
unhewn  timber  to  40  cubic  feet;  of  squared  timber,  50  cubic  Iset ;  of 
t^b,  ISO  to  SOO  sqaare  feet,  for  tidckneaseB  varying  from  1  to  4 
laohea.  Of  a  -vwy  nsoal  kind  of  plonk,  12  feet  long,  11  inches  wide, 
and  S  inches  tiiiok,  18  nuke  one  load. 

Hie  imports  of  timber,  in  the  fifteen  years  from  1844  to  1868  in- 
eliudTe,  luiged  from  1,600,000  loads  to  2,600,090  loads  amnid^.  In 
1860  the  quantities  and  classification  were  as  follow ; — 

Loads. 

PoToIgD,  unhewn  timber  •  •  •  .  6S2,T8B 
„      hewn  timber  7Q8,T91 

Colonial,  unhewn  timber  «  •  ■  .  SS0,S49 
„      bewn  timber  760,356 

Totd  3,80S,3fl« 

TIMBER  AND  TIMBER-TREES.  Timber-trees  fere  those  the 
wood  of  which  ia  used  for  building  or  repairing  houses.  Oak,  ash,  and 
elm,  of  the  age  of  twenfy  years  and  upwards,  are  the  trees  most 
generally  included  under  that  denomination ;  but  there  are  many 
otiier  khids  of  trees,  such  as  beech,  cherry,  aspen,  willow,  thorn,  holly, 
hoiaeohemnt,  lime,  yew,  walnut,  ftc,  which  are,  by  the  custom  of 
certain  parts  oi  En^and,  considered  as  thnbsr^trees,  as  being  those 
used  in  building.  (Ctmise, '  Dig.',  t,  S,  o.  2,  h.  6,  7.)  Most  of  the 
cases  upon  the  question  as  to  what  ine»  are  to  be  considered  timber, 
have  arisen  in  reference  to  tiie  stat.  46  Edw.  Ill,,  c.  $,  wliereby  it  was 
enacted  that  great  or  groese  wood  of  the  age  of  twenty,  tbir^,  or  fotiy 
yeats,  Or  upwards,  should  not  be  titheable,  but  that  tj/lva  ooedua,  or 
underwood,  should  be  titheable.   (2 'Inst',  642,  643;  S'Rep.',12.) 

The  timber-trees  growing  upon  land  belong  to  the  owner  of  the 
inherlteooe.  A  tenant  for  life  has  only  a  quidified  interest  in  them, 
in  so  far  as  they  aSbrd  him  shade  and  belter,  and  a  right  to  take  the 
mast  and  fniit.  If  the  tenant  for  life  fails  timber-trees  on  tiie  land  to 
any  amount  greater  than  he  is  entitied  to  as  estovers,  that  is  to  say, 
the  allowance  of  wood  necessary  for  the  reparation  of  housaa  and 
fences,  he  becomes  liable  to  ao  action  of  waste  [Waste]  ;  and  the 
trees,  which  by  these  or  any  other  means,  occidental  or  otherwise,  have 
become  severed  fnnn  the  laud,  may  be  seized  by  the  owner  of  the 
inheritance,  or  an  action  may  be  brought  by  him  for  them.  If,  how- 
ever, the  estate  of  tlie  tenant  for  life  be  wiUiout  impeadunent  of  waale, 
he  has  the  full  right  to  fell  timber,  and  also  the  |iropa^  in  all  timber- 
trees  felled  and  blown  down  during  his  life. 

In  leases  for  lives,  when  timber  ia  included,  if  the  lessor  fells  the 
trees,  the  lessee  may  maintain  an  action  of  b^spaaa  against  him, 
because  the  lessee,  though  he  may  not  eut  down  the  treee  without 
being  subject  to  an  action  of  wnste,  has  an  interest  in  them  for  shade 
and  shelter,  and  a  right  to  take  the  owst  and  fruit,  and  may  also  lop 
them  if  they  be  not  therel:^  inj  iired.  But  where  the  trees  are  exospted 
in  a  lease,  which  ia  usually  done,  Uie  lessee  has  no  interest  witaterer  in 
them,  and  tiie  lessor  may  bring  an  action  of  trei^paes  against  him  if  he 
fells  or  damages  them.  The  lesaor  has  also  a  power,  incident  to  the 
exception,  of  entering  on  the  land  in  order  to  fell  aad  take  away  the 
trees ;  though  tliis  power,  for  the  aake  (A  avcndiag  qusstfaMtts,  is  often 
exi^eesly  reaerved. 

The  timber  growing  on  copyhold  estates  is,  by  the  .  general  ouatom 
of  m(»t  manors,  the  property  of  the  lord,  who  nay  cut  it  down, 
provided  he  leaves  a  suf&eient  quantity  for  tiie  repairs  of  the  copyhold, 
whi(^  the  copyholder  is  entitled  to  of  common  right.  But  the  general 
right  of  the  copyhcJder  to  have  timber  for  the  reparation  of  honsas 
and  for  ploughbote  and  hedgebote  may  be  restrained  by  oustom, 
namely,  that  he  shall  not  take  it  without  assignment  from  tiie  lord  or 
his  baiUE  A  copyholder  in  fee  may,  by  the  particular  custom  oi  the 
manor,  have  a  right  to  cut  timber-trees  growing  on  hia  copyhold, 
and  sell  them  at  oia  pleasure;  and  the  same  right  may  bdong  by 
custom  to  a  copyholder  for  life,  who  is  entitled  to  nominate  his 
successor,  as  being  a  ^uon  copyholder  in  fee;  but  a  oustom  that  a 
Copyholder  for  life  may  cut  down  timber  ia  unreasonable  and  Toid,  aa 
being  a  destruction  of  the  inheritance,  and  eontraiy  to  the  nature  of  a 
Ufa  estate. 

Ecdesiastioal  persons  being  considered  in  most  respeots  as  tenants 
lor  life  of  the  lands  held  by  them  jure  tecltda,  are  not  permitted  to 
cut  down  timber  except  for  repairs.  The  Court  of  Chuiowy  will 
always  interfere  to  prevent  the  owner  of  a  partioukr  estate  jcfning 
with  the  person  entitied  to  the  ioheritaDOe  Ut  the  tins  beinc  to  est 
down  the  timber  on  the  estate,  ^  -^  < 
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TIMBRE.  [AoocBTiOB.] 

TIMBREL,  a  musical  inBtrumant  of  the  highest  annuity;  the 
tympanum  leve  of  the  Roman  poets,  aDd,  id  the  opinioD  ol  all  writere 
cn  any  authority,  the  same,  in  an  almost  unaltered  atate,  as  that  now 
known  in  every  jart  of  Europe  under  the  names  of  tabor,  tambourine, 

tambour  de  Btuque,  to. 
TIME  (in  Music)  is  :— 

I.  The  measure  of  the  duration  of  Bound. 

II.  That  which  divides  a  bar  into  two  or  three  equal  parte,  and  sub- 
divides these. 

III.  The  movement — that  is,  the  quickness  or  slowness — of  a 
composition. 

1.  The  dcfiree  of  sound,  or  pitch,  is  shown  by  the  place  on  the  staff 
of  any  one  of  the  characters  called  notea ;  but  its  duration  is  known  by 
the  particular  note ;  that  ia,  as  minim,  or  crotchet,  &c  The  longest 
note,  in  relation  to  time,  used  in  modem  music,  is  the  semibreve, 
vhi(^  is  considered  the  meuure-note,  and  its  average  length  Is  about 
four  beats  of  a  healthy  man's  pulse.  The  five  other  nt^es  are  pro- 
portionate parts  of  this.  Thus  the  minim  is  in  duration  J  of  a  semi- 
breve ;  the  crotchet  is  4>  to, :  consequently  two  minims,  or  four 
crotchets,  to.,  are  equal  to  one  semibrera,  as  exhibited  in  the  mneied 
table  :— 


p  r 


J 


J 


.  * 

.  8 
.  IB 
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2.  Time  is  either  duple  or  triple.  The  former  divides  every  bar,  or 
measure,  into  2,  or  i,  to.,  equal  parts ;  the  latter  into  3,  or  6,  &c. 
Times  are  marked  bytiie  letter  C, — also  by  this  lettw  barred  ((p),  and 
by  figures.  The  C,  whether  barred  or  not,  indicates  Conmoa  Time  ; 
^t  is,  duple  time,  having  one  semibreve,  or  its  equivalent  in  notes,  in 
each  bar.  Figures  represent  the  fractions  of  a  semibreve,  the  upper 
figure  the  numerator,  the  lower  the  deoominatcw.  WImd  the  nume- 
rator is  2  or  4,  the  time  Is  duple;  when  S,  it  ii  triple;  when  6  or  12, 
it  is  compound-common;  and  when  9,  it  is  compound-triple.  But  in 
reality,  there  are  only  two  times — Unary  and  tanuiy;  or  duple  and 
tri|de. 

8.  The  term  7Vm«  has  hiUierto  had  a  third  meaning  annexed  to 
it  ia  musieal  language,  by  its  employment  in  the  sense  of  movement, 
a  practice  which  has  produced  some  oonfusion.  The  Italian  word 
S^mpo,  signifying  the  same,  is  now  growing  into  use.  [Mktrohoiie  ; 
Rhtthh.J 

TIME.  This  word  may  be  considered  either  with  reference  to  our 
abstract  idea  of  the  thing  signified  by  it,  or  to  the  measons  of  it  which 
^ve  been  contrived  for  use  in  the  business  of  life.  SomeUiing  on  the 
first  point  of  view  will  be  found  in  Ihe  article  Sfaob  and  Tub,  to 
which  the  following  ma^  be  added. 

When  we  think  of  tune  hi  the  umal  mamwr.  It  is  of  a  real  thing 
external  to  ourselves,  which  we  cannot  help  imagining  to  have  an 
ezistenoe  and  a  measure,  both  of  which  womd  remain  though  those 
who  now  speculate  upon  the  conception  were  annihilated.  A  Uttle 
more  omsidwaUon  shows  that  we  are  indebted  for  iho  idea  to  auc- 
oesaiotia  of  obeerved  events,  or  at  least  for  ibs  power  of  applying  the 
idea  to  external  objects.  No  description  can  be  adequate ;  if  we  say 
that  cAo*yfc  necesaarily  implies  time,  and  that  the  perception  of  titat 
which  ti  being  difierent  from  that  which  wot,  suggests  the  notion  of 
an  interval,  we  see  that  we  have  already  fully  assumed  the  idea  of  time 
in  the  vrords  tt  and  tooi;  But  we  may  say  that  spaoe  and  the  objects 
which  fill  it  exist  independently  of  ourselves,  and  would  undergo 
changes  though  we  were  not  in  existence  to  perceive  them,  and  that 
therefore  the  times  which  those  changes  require  would  also  exist ;  this 
involvsa  the  whole  of  the  most  absbuse  part  of  metaphysica,  and  is 
much  beyond  the  scope  of  our  article.  We  shall  therefore  turn  to  the 
mode  of  measuring  time ;  we  have  a  thorough  oonviotion  that  time  is  a 
magnitude,  that  is,  has  its  wore  and  lot.  We  must  ask  ourselves  in 
the  first  instance  what  we  mean  by  a  greater  or  a  smaller  time. 

In  the  perception  of  time  as  a  magnitude,  that  is,  of  intervals  of 
time  as  contaming  more  or  leas  of  duntion,  we  refer  in  the  first 
ioatance  to  a  habit  derived  from  continual  aoquaintanoe  with  thoee 
great  natural  suooessions  on  which  the  usual  actions  of  our  Uvea  depend, 
with  which  we  can  constantly,  though  imconscioualy,  compare  the 
duration  of  our  Uioughts  and  actions.  There  is  no  more  an  absolutely 
iMig  or  short  time  than  there  is  an  abeolutdy  great  or  UtUe  space ; 
t^oe  WOTds  are  <mly  comparative.  If,  for  example,  any  one  were  to 
affirm  ttiat  the  universe  waa  continually  growing  leas  and  leas,  aU  its 
parts  altering  in  the  same  proportion,  and  the  dimensions  of  the 
human  race  with  the  rest,  in  such  manner  that  the  whole  solar  system 
would  now  go  into  a  nut^shell,  such  as  nutehella  ware  a  thousand 
yean  ago,  it  would  be  imponUe  either  for  him  to  prove  it,  if  true. 


or  for  any  one  else  to  prove  the  contradiction.  If  &lse.  In  like 
manner  if  any  one  were  to  say  that  the  revtdutions  of  all  the 
heavenly  bodies  were  continually  accelerating,  but  that  tiie  properties 
of  matter  were  also  continually  altering,  and  the  speed  with  which 
ideas  are  formed  and  communicated,  and  muscular  efforts  made,  con- 
tinually increasing :  it  would  be  impossible  to  prove  a  contradiction. 
The  oriental  story  is  the  best  illustration  of  this: — A.  prince  waa 
ridiculing  the  legend  of  Mohammed  being  taken  up  by  an  anget,  and 
holding  muiy  long  conferences  with  his  Creator,  and  having  many 
views  of  heaven  and  hell  to  the  smallest  details,  in  ao  short  a  time, 
speaUng  with  reference  to  things  upon  earth,  that  on  his  being  brought 
Imck,  the  water  had  not  quite  flowed  out  of  a  jug  which  he  had  dropped 
from  his  hand  when  the  augel  caught  him.  A  magician  at  the  court 
of  this  prince  checked  his  laughter  by  offering  to  prove  the  possibility 
of  the  story,  if  his  highness  would  only  dip  his  head  into  a  basin  of 
water.  The  prinoe  consented,  and  the  inst&nt  his  head  was  immersed, 
found  himseU  lying  by  the  sea^ore  Ld  a  strange  country.  After  a 
reasonable  quantity  of  malediction  upon  the  magician,  he  found  him- 
self obliged  by  hunger  to  go  to  a  neighbouring  town,  and  seek  the 
means  of  support.  In  time  he  became  independent,  'married,  and 
brought  up  a  family,  but  was  gradually  stripped  of  all  his  substance  by 
losses,  and  buried  ms  wife  and  childmi.  One  day  he  threw  himaeu 
into  the  sea  to  bathe,  and  on  lifting  his  head  out  of  the  water,  found 
that  he  had  only  lifted  it  out  of  the  basin,  the  magician  and  the  other 
courtiers  standing  round.  On  his  bitterly  reproaching  the  magician, 
the  latter  assuredtiim,  and  was  confirmed  by  all  the  bystanders,  that  he 
had  done  nothing  but  just  dip  tus  head  into  the  baMn  and  lift  it  out 
again.  Of  course  the  prince  expressed  no  more  doubts  about  the  stoiy 
of  Mohammed,  and  however  much  any  reader  of  the  two  tales  may 
think  that  neither  it  true,  a  Uttle  reflection  will  show  that  either  niglu 
be  so.  Perhaps  the  alle^;(ny  might  have  been  suggested  by  what  is 
known  to  take  jdace  in  dreams  ;  were  is  evidence  enou^  that  many  of 
the  longest  of  tiiese  Ulusions  r^Uy  occupy  no  morethan,  if  so  much  as, 
a  second  or  two  by  the  pendulum.  [Dbkaus.] 

In  the  laws  of  motion  it  seems  as  if,  so  to  apeak,  matter  took  cogni- 
sance of  time ;  a  particle  of  matter  will  continue  to  describe  equal 
spaces  in  equal  ttmei,  until  acted  on  by  force  from  without.  Yet  it 
would  be  possible  to  state  this  law  as  follows,  in  such  a  manner  as  to 
avoid  the  comparison  of  quantities  of  duration.  If  two  particles  acted 
on  by  no  external  forces,  are  at  a  and  a  at  the  same  epoch  of  dura- 
tion, and  at  b  and  b  at  the  same  subsequent  epoch,  then  if  a  o  be  na 
times  A  B,  aud  if  a  o  be  m  times  a  b,  the  law  of  motion  is  that  c  and  e 
will  be  respectively  attuned  at  the  same  instant.  The  maUiematidan 
will  readily  see  that  the  equations  of  motion  do  not  dl^^d  upon  the 
absolute  recognition  of  time  as  a  measurable  quantity ,but  thatany  moving 
particle,  as  a,  being  acted  on  by  no  force,  the  distance  a  c,  described 
m  the  time  t,  might  be  introduced  into  all  formulae  instead  of  the  time, 
without  any  question  as  to  whether,  time  being  physically  conmdered, 
the  space  a  o  varies  as  the  time.  It  is  enough  that  the  uniofluenoad 
motion  of  any  other  particle  should  be  connected  with  that  of  the 
standard  particle  1^  the  law  above  described.  Buttltougfa  we  can  tiiua 
avoid  the  idea  of  measurement  of  time,  we  cannot  get  rid  of  its 
exietenoe  or  of  the  notion  of  succession  of  epochs ;  giant  that  we  can 
reduce  dynamics  to  a  theory  of  timultaneoat  potitiom  of  particles  of 
matter,  without  reference  to  the  absolute  length  of  time  employed  in 
passing  from  one  poution  to  another,  there  is  still  the  notion  of  time 
in  the  notion  of  simultaneous.  But,  nev^iheleas,  the  idea  of  soccesmon 
thus  introduoed  is  hardly,  if  dl,  more  physioal  than  that  which 
oomes  into  most  of  the  bninohea  of  parematbematiaa,a  point  on  which 
it  will  be  worth  while  to  dwell  for  a  moment. 

When  Kewton,  in  bis  doctrine  of  fluxions,  or  flowing  quantities, 
imagined  length,  spaoe,  solidity,  and  number  itself,  to  be  generated  by 
a  continual  and  gradual  flow,  as  a  line  by  the  motion  of  a  point,  a 
surface  by  that  of  a  line,  and  so  on,  it  was  objected  that  he  introduoed 
the  ideas  of  time  and  motion,  both  of  whidi  were  foreign  to  pure 
mathematics,  and  {ooperly  belonged  to  meehanica.  To  get  rid  of  theee 
intruders,  the  theory  of  limits,  which  the  notion  of  fluxions  immediately 
requires,  was  attadied,  not  to  flowing  quantities,  but  to  variable 
quantities.  Let  :e  be  a  variable  quantity,  is  one  of  the  most  common 
phrases  of  the  systems  which  have  supwseded  that  of  Newton.  Now 
variation  means  change ;  it  is  never  pretended  that  a  variable  has  two 
values  at  once.  All  the  difference  is,  that  by  Newton  the  object  of 
consideration  is  supposed  to  grow  larger  or  snialler,  while  the  modems 
pass  in  thought  from  a  larger  quantity  to  a  smaller,  or  vice  vend, 
taking  one  first  uid  the  other  afterwards.  If  ao  slight  a  diffidence  as 
this  be  worth  a  oonteet,  the  distinction  of  pure  and  mixed  science  must 
be  trivial  enough :  the  fact  is,  that  both  systems  consider  successive 
values,  and  auecmion  u  time.  If  two  computers  were  to  quarrel  which 
was  the  purer  arithmetician,  the  one  who  stood  BtUl  and  counted  the 
oarriaf^  as  they  passed  by  him,  or  the  other  who  walked  from  one  to 
another  and  counted  them  as  they  stood  still,  th^  would,  to  ua, 
much  reeemWe  some  at  the  disputants  for  and  against  the  piindple  of 
fluxions. 

The  actual  measure  of  time  depends  upon  our  being  able  to  secure 
suooflMi<nis  of  similar  events  whitdi  shall  furnish  epochs  separated  by 
equal  intervals  of  time.  We  cannot  do  this  by  our  thoughts,  except 
wproximatelyj  and  tor  short  perioda  The  memory  of  a  musician, 
iMed    the  aoatitMiik  or  iteluig    time  which  U^mrt  of  «  go«l 
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§ar  TomiiOt  wtD  do  nauufatUr  mil  ftv  ■  short  period  :  «  penon  who 
ooold  not  wen  fraerve  the  dividoD  of  a  Beoond  into  eight  perts  At  least 
would  make  •  wot  figure  in  an  ordwati^  Ab  to  the  judnaont  of  oon- 
ndesable  periods  of  tune,  it  is  materially  influenoed  by  the  T^nn^r  in 
which  it  haa  been  n>ent :  a  time  which  $eemU>  have  been  long  throu{^ 
waarinose  kaa  been  uaig,  and  the  oontraiy,  on  grounda  already  alluded 
t(h  Thua  n  jear  <rf  niature  age  is  really,  to  the  tlioug>hti^  ol  a  different 
length  from  one  at  cbildhood.  Atfain,  when  we  talk  of  m  Usd^  period 
of  tune  having  paaaed  quieUy  or  uowly,  we  apeak  not  of  the  tune,  bat 
oi  onr  mode  of  remembering  it.  A  person  of  nund  recapitulation 
alwaya  says  that  time  has  paiaed  quioUy,  another  of  a  ooutnoy  habit 
the  oontniry ;  and  this  whether  the  rapidity  be  •oonsequanoe  of  qnick- 
nees  f4  ideM,  or  of  having  littte  to  reoalL 

In  all  the  more  oorraot  maehines  which  have  been  invented  to 
measure  ttme^  there  Is  but  one  piinoi^e :  a  vibration  is  kept  up  by 
the  oooetant  ^lieati<m  of  fbroee  only  just  luffiolant  io  countersct 
Motiim  and  other  resistanoee,  and  machinery  is  apfdiqd  to  registo'  the 
Q  umber  <tf  vibrationa.  The  remaikable  law  noted  under  ISOCHBO- 
mit  and  yiBBA.TioiT  makes  it  ocnnparatively  immaterial  whether  tiw 
vilmtuMia  are  of  preoisely  the  same  extmL  But  the  unperfoirti<»ia  of 
Buch  instruments^  or  rather,  our  ignorance  of  the  predse  aoUon  of  dis- 
tortung  canaea,  and  partlcul«rij  of  changea  of  temperatuMk  renders 
them  compuntively  useless  for  measwuig  Img  periods,  bo  that  if  we 
eould  not  have  recourae  to  the  motion  of  the  heavenly  bodies,  there 
would  he  no  permanent  measure  of  time.  And  even  In  astronomi> 
eal  phenomena  there  is  no  abeolute  reourrence  at  equal  intervals, 
though  nearly  oaoof^  for  oomnwui  purpoaea.  The  value  of  suoh  phe- 
nomena for  the  most  accurate  meaaurea  oonaiata  in  most  of  their 
ictiqpilBritisB  being  truly  distributed  about  a  nniCcHrm  mean,  so  that 
the  uMaasea  of  wane  periods  are  oompwiiMted  br  the  defects  <^  othen, 
giving,  in  the  long  run,  power  of  determining  uiat  mean  witJi  as  much 
accnraey  as  our  modee  of  meaeuremeni  can  appreciate.  The  determi- 
nataon  of  time  for  civil  reckoning  may  be  divided  into  two  parte : 
firsts  the  mode  of  making  the  different  periods  doived  from  the  «un 
attd  nuxm  agree  with  eaoh  other  so  as  to  afford  an  easy  method  of 
reckoning  oo-ordioately  by  both  [Pbbioos  ov  Bkvolutioh]  ;  aeotaid^, 
the  mode  of  {voooring  true  and  oonveniMt  anbdivialcaii  m  tiis  natural 
unit  cmudstiog  of  a  day  and  night.  To  the  second  of  theee  we  now 
torn  our  attention. 

The  actual  revolntion  of  the  earth,  as  measured  by  the  time  elapsed 
between  two  tnoaita  of  tha  some  etar  over  the  meridian,  is  called  a 
ndenal  day.  It  is  divided,  as  are  all  other  days,  into  twenty-four 
boon  of  sixfy  minutea  eaoh,  fta  The  time  bo  given  is  called  aideraal 
tim&  If  the  sun  w«e  a  fixed  star,  this  lidareal  time  would  be  the 
common  mode  of  reckoning.  But  the  sun  having  its  own  slow  motion 
in  the  ecliptic,  in  the  same  direction  as  the  revolution  of  th»  earth, 
the  intarvid  between  one  meridian  transit  of  that  body  and  the  next 
ia  [Sthodio]  longer  than  the  simple  revolution  of  the  earth,  for  just 
the  eame  r«Mon  that  the  time  in  which  the  minute-hand  of  a  wateh 
inovea  frw  coincidence  with  the  hour*hand  to  coincidence  i^ain  is 
longer  than  the  hour,  or  nnrole  randution  fd  the  minute-hand.  If  the 
■on  moved  uniformly,  and  In  the  ei^nitor,  the  real  aolai  day,  which 
means  the  interval  between  two  meridian  transite  of  the  sun,  woidd 
always  be  of  the  same  length,  and  a  little  longer  than  the  sidsreal  day. 
But  the  sun  neither  does  move  uniformly,  nor  in  the  equator ;  and 
each  of  these  oiroumstanoea  causes  a  slight  irregularis  in  the  abaolate 
length  of  the  solar  day,  or,  as  it  ia  called,  the  real  aoku-  day.  This  is 
the  reason  wl^  the  time  slu>wn  h^  a  sundial  does  not  agree  with  the 
waldL  To  lanwc^  thia  ineonvMUMioe,  a  ftotitioua  sun  is  mttq^osed  to 
move  in  the  eoUptw,  and  uniformly,  while  another  fictitious  aun  movee 
io  the  equattn-,  use  uniformly.  Both  the  fictitious  bodies  have  the 
avenge  motion  of  the  real  sun,  so  that  the  years  of  the  three  are  the 
same ;  and  the  fiotitioua  sun  of  the  ecliptic  ia  made  to  coincide  with 
the  real  sun  at  the  perigee  and  apogee,  or  nearest  and  farthest  points 
fnm  the  earUi;  while  the  flotituiMboc^  in  the  equatw  is  nude  to 
coindde  wiUk  tJie  fietitioua  body  of  the  ec^ptie  at  the  aquinoxee  {from 
vriiidt  it  arises  that  there  ia  also  a  oOTncidence  at  the  solstioes).  This 
fietitioua  sun  <d  the  equator  Is  that  to  which  clodu  are  adjusted ;  the 
interval  brtween  two  of  ita  tnnsitB,  which  is  alwaya  of  the  same  length, 
ia  called  a  mmm  nlar  day,  which  ia  divided  into  twenty-four  mean 
■darhoora,  fto.  Tlie  difference  between  time  aa  shown  by  the  real  sun 
•nd  the  fietitioua  lun  In  the  equator,  la  called  the  equation  tA  time. 

Tlw  detsnlnaticm  the  eqnatka  of  time  ia  m  mathematical  pro- 
blem of  KXM  complexity :  what  we  have  here  to  notice  ia,  that 
owing  to  the  jtunt  action  of  the  two  sources  of  difbreooe,  it  preeenta  a 
very  irregular  seriea  of  phenomena  in  the  course  of  the  year.  If  the 
son  moved  regularly,  but  in  the  ecliptic,  there  would  be  no  equation 
of  time  at  the  equinozea  and  solstices :  if  the  aun  moved  irith  its 
•U^tio  irrqgalariw,  but  in  the  eauator  instead  of  the  oeliptie,  there 
vow  be  no  eqnaaon<rf  time  at  toe  apogee  and  perigee.  Between  the 
two  tin  equation  of  time  vanishes  ou^  when  the  efibot  of  one  oause 
irf  iiT«gnlarity  ia  equal  and  OMooeite  to  that  of  the  other;  and  thia 
take*  place  four  times  a  year,  in  this  present  year  (1&61)  the  state  of 
the  equation  of  time  ia  oa  foilows ; — January  I,  the  oioek  is  before  the 
aondial  S*"  66*,  and  continuea  to  gain  upon  tiie  dial  until  February  11, 
when  there  is  14"  32*  of  difierenoe.  This  then  begins  to  diminish,  and 
oontinoea  diminishing  until  April  Ifi,  whoi  the  two  spee,  and  time  is 
no  equatifHi.  The  dul  than  is  b^ne  the  eloek  untU  Msgr  1^  when 
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the  equation  ia  8"  58*,  which  diminishes  until  June  14,  when  there  Is 
again  no  equation.  The  clock  is  now  before  tiie  dial,  ai^  tiie  equation 
increasea  till  July  26,  when  the  equation  is  6"  12*,  idiich  diminishes 
until  the  Ist  of  September,  when  tiiere  is  no  equation,  for  the  third 
time.  The  dial  is  now  again  before  the  dodc ;  uid  by  November  S, 
the  equation  haa  become  16"  18*,  from  whicb  time  it  falls  off  until 
December  24,  when  it  is  nothing  for  the  fourth  and  last  timsi  The 
dock  then  geta  gradually  before  the  dial  till  tiie  end  of  the  year.  The 
phenomena  of  the  next  year  ^eaant  a  rq>etition  of  the  same  drcum- 
stances,  with  some  trivial  variations  of  magnitude.  There  are  several 
slight  disturbing  causes  to  which  we  have  not  thou^tit  w<»:th  while 
to  advert  in  a  popular  explanation:  in  particular,  the  alow  motion 
of  the  solar  perigee  [Ybak  ;  Strn},  which  will  in  time  wholly  alter  the 
phenomena.  For  instanoe,  when  the  p^igee  comes  to  emnrnde  with 
the  equinox,  there  will  be  only  two  periods  at  which  the  equation  of 
time  vanishes,  namdy,  when  the  aun  is  at  either  equinox. 

The  sidereal  day  is  28^  SB-  4*-O0  of  a  mean  solar  day,  uid  the  mean 
solar  day  a  24i>  3"  66'-66  of  a  sidereal  day.  We  have  in  this  article 
only  to  do  with  the  mode  of  obtaining  a  uniform  measure  of  time,  or 
of  intwrsla  of  time ;  thia  being  premised,  the  subject  will  be  takm  up 
again  in  the  artide  Tub, 

TlUE  BALL.  [TiutoRAFH,  EuoiBia] 

TIME  BABQAIN.  fSTOCKS.] 

TIME  OF  DESCENT,  the  technical  term  for  the  time  empLoirtA 
by  a  material  particle  in  foiling  down  an  arc  of  a  curve  under  the  action 
of  gravity,  we  mode  of  obtaining  which  ia  expluned  in  Vslocitt. 
When  any  number  of  curves  are  drawn  from  a  given  point,  and  another 
curve  la  so  drawn  as  to  cut  off  from  every  <ne  of  tiiem  an  aro  which  is 
described  by  a  falling  putiele  in  one  given  time,  that  curve  is  called 
teufoc&nmoitf,  or  a  toutocAron.  But  when  a  curve  is  such  as  the 
cydoid,  namdy,  that  a  partide,  wherever  placed,  will  fall  to  the  lowest 
point  in  the  same  time,  such  a  curve  is  also  called  tauteehronim  by 
various  writers,  and  intJiroium  hr  othera  Our  only  object  in  insert- 
ing this  article  haa  been  to  note  this  e<nf  uaion  of  languige. 

TIN  (Sn).  One  of  the  first  known  mstsls.  Ita  osrly  history  is 
intimaidy  aaaodated  with  that  of  our  own  oountiy,  for  three  thouamd 
^ears  ago  the  Fhcsoicians  regulariy  visited  the  southern  shores  of  this 
island,  and  carried  on  amdting  operations  for  tin. 

The  alohemieta  called  tin  Jim,  or  Jupiter,  and  gave  it  the  sign  %, 
indicating  that  thi^  thought  it  io  be  one  half  silver  and  die  other  half 
acrimony. 

The  chief  ore  of  tin  is  the  bmozide.  [TiF,  in  Nat.  Hut.  Div.]  It 
is  roasted  to  peroxidise  iron,  and  viwitalise  araenio  and  sulphur; 
washed,  to  remove  sulphate  of  ooppcr  and  the  oxide  of  Iron;  reduced 
to  the  metallic  state  by  charcoal;  and  refined  hj  fraetional  fusion. 

The  equivalent  of  tin  is  59. 

Tin  haa  a  hi^  metallic  lustre ;  its  colour  is  silTer-whito  with  a  tinge 
of  ^iow ;  in  tenadty  it  is  exceeded  by  several  of  the  metals,  but  is  very 
ductile,  and,  aa  tinfoil,  is  met  with  in  plates  vaiying  from  l-250th  to 
1-lOOOth  of  an  indi  in  thickneaa.  It  suffers  but  Uttie  change  on  ex- 
posure to  tlw  atmosphere,  and  is  unaffected  by  moisture.  Tin  is 
mdastie  but  venr  flenble,  and  when  bent  produces  a  peculiar  crackling 
ndae,  termed  the  "  cry "  of  tin ;  the  latter  effect,  as  well  as  the  heat 
rendered  senable  during  flexion,  is  due  to  the  mochanical  dteration  in 
poaticm,  and  consequent  friot^m,  of  the  partides  of  the  metal  When 
rubbed,  tin  imparts  to  the  fingers  a  peculiar  and  somewhat  perdstent 
odour.  It  ia  a  good  conductor  of  TaxnX  and  electridty;  has  a  sneoiflo 
giwi^  tA  7'S89 ;  meUs  iriien  heated  to  442"  lUir.,  and  at  a  higher 
tompwature  bums  with  a  Mlliant  white  Ug^t  Tin,  like  iron,  remams 
in  a  passive  state  when  plunged  into  very  strong  nitric  acid;  on 
diluting  with  water,  however,  mo  metal  ia  violently  acted  on,  much 
nitrous  vapour  is  evolved,  atid  hydrated  binoxide  of  tin  is  formed. 
Hydrochloric  add  dissolvee  it  with  evolution  of  hydrogen ;  aqua  r^a 
converta  it  into  bichloride;  odd  sulphuric  add  does  not  affect  it,  but 
when  hot  converta  it  into  snlpbato,  sulphurous  acid  eacaping.  The 
tased  alkalies  also  oxidise  tin,  hydrogen  being  givm  oS  At  onliuary 
temperatures  tin  is  not  brittie,  but  when  heated  to  near  the  fumg 
point  it  may  be  powdwed  with  facility :  tiie  operation  is  most  con- 
venientiy  performed  by  pouring  the  melted  metal  into  a  wooden  bos 
and  wdi  snaking  for  a  few  minutes. 

Oxygen  and  TVh  combine  in  three  [voportiona,  fomung — 

Protoxide  oftla  8aO 
Sesqoloxldo  of  Un  .      •      •      •      .      .   •  Bb,0, 

Blnoxidooftln  BnOi 

Protoxide  of  Tin  (SnO)  cannot  be  procured  pcrfectiy  pure  by  direct 
action  :  the  best  metitod  of  preparing  it  ia  to  evirate  a  solution  of 
protochloride  of  tin  carefully  to  dryness,  and  then  triturate  it  in  a 
m<atar  with  axosss  of  orystsllised  earlxHwto  of  soda,  which  deeom- 
poees  the  chloride,  and  leaves  the  protoxide  of  tin.  When  this  has 
been  washed  and  dried  carefully,  it  is  of  a  fine  bluish-black  colour,  is 
very  soluble  in  hydrochloric  add,  and  when  heated  in  the  air  takes 
fire,  bxuns,  and  is  converted  into  peroxide.  The  dend^  of  protoxide 
of  tin  is  6*66 ;  it  is  sduble  in  solution  of  potash  and  soda,  but  not  in 
ammonia,  nor  do  the  alkaline  carbonates  dissolve  it.  The  aUudine 
solutions  of  thia  oxide  gradually  deposit  metallic  tin,  and  peroxide 
reauha  in  solution.  Ita  salta  very  quickly  absorb  oxygen  from  tiie 
ab,  and  form  compounds  whudi  readfly  yield  o^gigen ;  and  it  Js  on 
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this  sooount  that  it  oonvarti  tiw  aesqubzicle  of  iron  into  protoxide, 
Had  predpitotes  sUverj  meroary,  and  pUtinom  in  thair  metallio  itate. 
With  gold,  a  purpla  oomponnd  bi  fonned,  known  "bj  iha  nime  of  tha 
pta-ple  powder  of  Cbuuu; 

MpdrtUed  Protoxide  of  Tin  (SuO,  HO)  pMolirftatai  aa  a  vUte  powder 
on  adding  togother  Bolutiona  of  protoohloride  of  tin  and  oarbonate 
of  soda. 

Setqmoxide  of  Ti»  (Sb,0,)  ia  formed  mixing  freali  predf^tated  and 
moUA  tijdiate  of  peroxide  of  iron  with  a  solution  of  protoohloride  of 
iin,  aa  iree  aa  possible  from  hydrochlorio  acid.  Bj  the  matn&l  action 
of  these  subatancea  a  slimy  gray  matter  is  thrown  down,  whioh  ia  gene- 
nllT  Bligjttly  yellow,  from  t£e  presenee  of  a  little  peroxide  of  iron.  It 
ia  probably  a  d^nite  ttmnate  of  protoxide  of  tin  (SnO,  8nO^.  It  is 
Boinble  in  bydroohlorio  acid,  and  also  in  ammonia,  which  last  property 
distinguishee  it  from  the  wotoxide ;  and  it  is  distinguished  £rom  the 
peroxide  by  giring  a  purple  precipitate  with  the  aalta  ot  gold. 

.fititimdo  or.Feroxide  of  Tm. — One  variety  of  this  renilta  from  the 
action  of  strong  nitric  acid  upon  tin.  Dried  in  air,  it  contains 
8n,0,o,  lOHO;  at  212*  itloaea  h^  ita  water  (HO,  So  fi,^+  4Aq),  and  by 
enMsure  to  a  red  heat  becomes  anhydrous  and  of  a  atraw-yallow 
couiur.  It  is  known  in  commerce  as  putty  powder,  and  is  used  for 
patiahing  plate.  In  the  hydrated  state  it  is  meoluble  In  hydrochloric 
or  nitric  acids,  but  is  freJy  diasdved  \tj  the  alkalies  forming  salts, 
which  do  not  oryBtalUse,  but  which  may  be  obtained  In  a  granular 
state;  that  of  potash  contains  (KO,8n,Oio  +  4Aq).  It  is  disti^mshed 
from  the  next  form  of  binozide  of  tin  by  the  name  mdattemtae  add. 
When  its  hydrate  is  moiatenad  with  protoohloride  of  tin,  a  beautiful 
golden-yellow  mdaaUsnmate  of  tin  (SnO,  Sd.O,q  +  4Aq)  U  ftvmed. 

When  carbonate  of  lime  or  baryta  is  added  to  ezoesB  of  Uohloiide  of 
tin,  a  gelatiaous  binoxide  is  thrown  down.  Unlike  metastannio  acid, 
this  variety  la  readily  soluble  in  nitiio  or  hydrochlorio  adds.  It  is 
called  stoitnte  add,  has  the  formula  HO,  SnO,,  and  combines  with 
the  alkalies  to  form  cr3rstalline  ^awnatet.  The  ttmnate  of  soda 
(NaO,  SnO|  +  iAq)  is  largely  used  by  the  dyer  and  calico-iainter  aa  a 
m(»<dAnting  agent.  By  a  heat  of  284°  Fshr,  itannio  acid  is  oonvwied 
into  metastnnnic  odd, 

Binoxide  of  tin  renders  glasa  semi-opaque  or  opaleacent.  It  is  an 
ingredient  of  most  eoamela. 

Chlorine  and  Tin  combine  to  form  the  protoohloride  and  the  per- 
chloride.  The  protoMmide  {SnCl  +  2Aq)  is  prepared  hj  diBsolving 
the  metal  in  hot  hydrochloric  acid  till  the  evolution  of  hydrogen  gaa 
ceases  :  the  solution  is  colouikss,  and  dmcdta  oystala,  wlii£  some- 
times are  acicular,  and  at  others  prisms  considerable  ab».  When 
heated  to  about  212",  the  water  is  nearly  expelled;  at  a  bigger  tempera- 
ture, hydrochloric  acid  is  evolved,  and  oxichloride  of  tin  remains.  It 
ia  soluble  in  a  small  quantity  of  water,  but  dMompoeed  by  a  large 
quantity,  oxichloride  of  tin  bemg  preoipitated. 

The  protccbloride  of  tin  is  used  as  a  mordant  in  calioo-[«inting, 
under  the  name  of  solfi  of  On,  and  in  bhemloal  invwtlgiitioni  aa  * 
A — tgeni,  acting  hi  the  mode  ah«ady  deeoribed. 


Protoohloride  of  tin  may  also  be  obtained  distalling  a  mixture  of 
equal  weighte  of  granulated  tin  and  bidiloride  of  mercury,  or  by  trans- 
mitting hydrochlorio  acid  gaa  over  tin  heated  in  a  glaea  tube ;  in  all 
tiiese  oaaes  it  is  free  from  water,  and  is  a  gray  solid,  of  a  resinous  lustre, 
which  fuses  below  redness  uid  sublimes  at  a  high  tempwature.  It  is 
oonunonly  known  as  butter  of  tm, 

Perchlmde  or  JHchloride  of  7^m  (SnCU  may  be  prepared  in  several 
modes :  first,  by  heating  the  protochlonde  in  chlorine  gas ;  second,  by 
dissolving  the  hydrated  peroxide  in  hydrochlorio  acid ;  thiid,  by 
putting  tin  into  the  mixture  of  hydrochloric  and  nitric  add,  called 
aqua  ngia,  which  yields  nascent  chlorine ;  fourth,  when  a  mixture  of 
1  part  of  tin  with  4  parts  of  bichloride  of  merouiy  ia  distilled  with 
a  gentle  heat,  a  colouriess  limpid  liquid  Is  obtdnad,  which  fnmea 
strongly  in  moist  air;  this  is  the  Udilwide  of  tin,  fonner^  known  by 
the  nanieof  the  fuming  liquor  of  Libavius.  It  boils  at  289-5°  Fahr.,  ia 
rendered  solid  by  the  addition  of  one-third  of  its  weight  of  water,  and 
dissoivea  in  a  larger  quantity.  By  the  action  of  alkalies  it  is  decom- 
posed, hydrated  peroxide  of  tin  being  predpitated. 

A  solution  of  this  salt  under  the  name  of  nttnwwrjafe  tftin,ar 
compontion-,  is  extensively  used  In  ijatag  »"d  calioo^piintitig^  It  fnina 
double  salts  with  alkaline  dilMides. 

Sulphur  attd  Tin  combine  m  three  proportione.  The  protoiulpJUde 
(SnS)  IB  prepared  by  adding  to  melted  tin  an  equal  weight  of  sulphur, 
and  stinuig  the  mixture  till  combination  is  eETected ;  the  product  is  to 
bs  powdered  when  cold,  mixed  with  an  equal  weight  of  sulphur,  and 
thrown  in  small  portions  into  a  hot  oruoible,  and  eventually  heated  to 
redneae.  It  is  of  a  bluish-black  ooJoor,  haa  a  metallifl  loitev,  fuses  at  a 
red  heat,  and  when  cooled  has  a  lamelkted  textnreu  When  hydro- 
Bulphuxic  add  gas  is  passed  into  a  solution  of  protodhlnide  of  tin,  a 
similar  compouud  is  obtained,  Hydrochlorio  add  diasdvei  protosul- 
phide  of  tin  with  the  evolution  of  hydrosulphurio  add  gas,  a  solution 
of  tiie  protoohloride  of  tin  being  fonned. 

Seiquitulphide  of  Tin  (Sn^.— To  prqare  this,  finely-powdered 
protoBulphide  of  tin  is  to  be  mixed  with  a  thfavL  of  its  we^ht  of 
sulphur,  and  the  mixture  is  to  be  heated  to  moderate  redness  until 
sulphur  18  no  longer  volatilised.  It  has  a  deep  grayish-yellow  colour, 
and  when  strongly  heated  is  re-converted  to  the  state  of  protosu^dtide; 
when  heated  in  hy droohlorio  add,  lq^lnMu^»hurio  gas  is  ginm  out 


KmiplaAt  of  Tin  (SnS,)  may  be  prepared  in  different  modes.  When 
hydrosulphurio  add  or  hydrosulphate  of  ammonia  is  added  to  a  solution 
of  bichloride  of  tin,  a  bulky  preddtate  of  a  dirty  yellow  colour  ia 
obtainedi  this  is  hydrated  bUul^iide  of  tin :  in  the  dry  way  it  is 
procured  by  heating  In  %  retort  13  parts  of  tin  amHlgamaten  with 

parts  of  m«ronry>  rubbed  up  with  7  parts  of  sulmnr  and  6  of 
chloride  of  ammonlnm ;  tlu  nurouiy  fadlitatee  the  combination  of  the 
tin  and  sulphur,  and  tiie  ammoniaoal  salt,  by  its  evaporation,  appears 
to  iH«vent  the  temperature  becoming  so  high  as  to  decompose  the 
bisulphide  of  tin  formed.  This  sulotance,  formerly  known  to  the 
aldienusts  by  the  name  of  Avnan  miaviun,otMotaiegold,  is  in  oryslal- 
line  scales,  and  sometimes  in  aiz-nded  plates,  of  a  goldm-yellow  colour 
and  metallio  luBbre.  It  is  not  soluble  in  any  acid,  but  nascent  dtlorine> 
in  the  form  of  what  is  called  aqua  reffia,  dissoivea  it;  it  is  lolnble  also 
in  solution  of  potash  and  soda,  fonmng  what  have  bean  termed  $tJphur 
tallM.  It  is  used  in  the  arts  to  give  an  i^pearaoce  of  bronze  to  the 
surface  of  metalti. 

Photphide  of  Tin  is  readily  formed  by  adding  phoi^onis  to  the 
melted  metal ;  it  is  of  a  silvery-white  oolour,  and  soft  enough  to  be 
out  with  the  kiufe.  After  fusion  it  ctyatallises  on  cooling ;  when  thrown 
upcat  a  red-hot  coal,  the  phosphorus  bums.  This  compound  does  not 
i^ppear  to  have  been  aooorately  ana^sed.   When  phoephuretted  hydro- 

ra  is  made  to  act  upon  a  solution  of  protoohloride  of  tin,  a  phosphide 
formed,  which  is  readily  oxidised  by  tiie  action  of  the  air, 
lodidea  of  Tin. — ^To  prepare  the  pro^odide  (SnI),  2  parts  of  granu- 
lated tin  are  to  be  heated  with  5  parts  of  iodine ;  the  resulting  iodide 
is  a  red  tronduoent  substance,  very  fusible,  soluble  in  water,  and  volatile 
at  a  high  temjaeratura 

The  PerUxUde  of  Hn  (^il,)  is  formed  by  dissolving  the  hydrated 
peroxide  of  tin,  precipitated  by  an  alkali  from  tiie  solution  of  the 
bichloride,  in  hydriodio  add ;  it  forms  crystals  of  a  silky  lustre,  whioh 
ore  resolved  by  boiling  water  into  peroxide  of  tin  and  hydriodio  add. 

Sdenide  of  T^n. — ^\^en  tin  ia  fused  with  selenium,  they  combine 
with  the  evolution  of  light.  The  compound  formed  is  a  spongy  man, 
of  a  gray  ooionr  and  metallic  lustre;  wocn  hatted^  aelsDiniaiia^elled 
and  peroxide  of  tin  remains. 

OxiBALTS  or  Tnr. 

ProUmiiraU  of  Tin  ia  formed  by  dissolving  dther  the  metal  or  the 
protoxide  in  dilute  nitric  add.  A  yellow  unciystallisable  solution  is 
obtained :  bjjr  exposure  to  the  »ix  it  absorbs  oxygen,  and  peroxide  of 
tin  is  predpitatea. 

PenUtrtOe  cf  Tin. — When  tin  is  acted  upon  by  strong  nitric  aeid,  the 
peroxide  fonned  remuns  entirely  insoluble  in  the  scid ;  to  procure  the 
pemitnte  it  is  best  to  cause  the  hydrated  peroxide  to  dissolve  in  dilute 
nitric  add.  The  solution  is  colourless,  and  yields  no  crystals ;  when 
diluted  or  heated,  it  ia  rendered  turbid. 

Svlphata  of  Tin. — Bj  boiling  excess  of  tin  in  sulphuric  add,  a  solu- 
tion ia  obtamed  from  whidt  oolouileH  adotdar  ctyatali  ot  ■olphate  of 
tin  (SnO,  SO,)  are  depodted.  When,  on  the  other  hand,  tin  li  boiled 
in  excess  of  sulphurio  add,  or  Iwdrated  peroxide  of  tin  is  divolvad  in 
the  add,  persuli^iate  of  tin  Is  obtslnad  in  solution,  but  it  cannot  be 
made  to  crystaUisa 

Pko^katei  of  Tin. — When  phosphate  of  soda  is  added  to  a  solution 
of  protochloride  of  tin,  an  insoluble  white  predfatate  of  protophoaphate 
is  obtuned ;  the  perphosphate,  also  an  inMlubli  oolourieas  predpitate, 
may  be  procured  by  adding  tiie  i^oqihate  ot  soda  to  a  ■olotum  of 
peiohlonde  of  tin. 

The  characters  of  the  salts  of  tin  are  aa  follow  ; — ^The  protosalta  are 
white,  and  tiie  solutions  of  tiiem  are  usually  colourless ;  their  taste  is 
astringoit  and  metaHioj^  and  highly  disagreeable ;  when  in  solution, 
they  rapidfy  absorb  o^gen,  and  aro  converted  into  the  ooire^nding 
persalts. 

When  a  plate  of  lead  or  cine  is  put  Into  a  wdntion  of  tin,  tiie  latter 
is  tiirown  down  in  the  metallic  state.  Ferrooyanide  of  potasnum  occa- 
sions a  white  gelatinous  predpitate  when  dropped  into  these  solutiona, 
and  sulphide  of  potasdum  or  sodium  or  sulphuretted  hydrcwen  ocoo- 
nons  a  coflbe-ln-own  predpitate  in  the  salts  of  the  protoxide  of  tin ; 
ndtiier  ptllic  odd  nor  infusion  of  galls  occasions  any  mcipitate. 
When  chloride  of  gold  is  poured  into  solotions  of  protoxide  of  tan,  ■ 
pur^e-ooloured  predjdtate  &I1b.  A  sdntion  of  potash  or  soda  throws 
down  a  Triiitepredi^tete,  whioh  dfssolves  in  ezoees  of  tiie  alkalL  If 
the  solution  be  boiled,a  black  powder  foils,  which  is  metallic  tin; 
while  a  compound  of  pooxide  of  tin  and  potash  remains  in  idntion. 
Ammonia  throws  down  a  white  pradj^te,  not  KduUe  in  exosM  of  the 
alkali 

Persalts  of  tin  {^vs  a  white  predpitate  nUSk  oansUo  dkaliea,  soIuUo 
in  excess,  the  solution  not  being  decomposed  on  bdling.  Sulphuretted 
hydrogen  and  sulphide  of  ammonium  give  a  dirty  yellow  predpitato, 
soluble  in  excess  of  the  alkaline  sulphide  or  in  caustic  alkalies.  Befwe 
the  blowpipe  on  charcoal,  salts  of  tin  give,  in  the  reducfiog  flame,  a 
white  malleable  globule  of  metal. 

carnation  of  Tin. — This  ia  usually  effected  in  the  state  of  binondo, 
of  whidi  76*88  per  cent,  is  metoL 

AixoTs  or  Tor. 

Most  of  tlie  malleable  metals  are  rendered  brittle  aUoyiog  with 
tin :  it  combines  readify  with  potasdnm  and  sodium,  forming  brilliant 
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wliite  alloys,  wbicli  ore  less  fusible  than  tin ;  the  potaesium  &II07  bums 
readily  when  it  contaiDS  mor«  than  oae^fifth  of  potassium.  With 
anenio  it  forms  a  metallic  mass  which  is  vhiter,  harder,  and  more 
soDorouo  Man  pure  tin.  With  antimony  tin  forms  a  white,  hard,  and 
sonorous  alloy.  Bismuth  forms  with  tin  an  alloy  which  is  mora  fuaible 
than  either  of  the  metals  sa^anrtehr,  a  mixture  of  «<)ual  weiriiti  melt- 
ing at  212" ;  this  compound  is  hard  and  Iwittle.  Copper  and  tin  form 
alloys  which  are  well  known  and  highly  useful :  they  are  BkUt-Hetal 
and  Bboitze.  [See,  ako,  BaiTAinnA-METAL  j  Pewieb;  Soldeb;  and 
Gus-Metal.]  With  mercury  tin  readily  amalgamates,  and  the  com- 
pound is  used  for  silTering  With  iron,  tin  forme  white  com- 
pounds, which  are  more  or  less  fusible  according  to  the  proportion  of 
mm  they  contain.  Tin^ate  is  of  all  ihe  alloys  of  Un  the  most  useful, 
and  the  premntion  of  this  and  of  pevrter  are  the  most  estenaive  appli- 
cations of  this  very  Taluable  metal 

In  making  ^-plate  the  best  iron  is  employed,  and,  after  being  tho- 
roughly  cleansed  from  oxide  and  grease,  by  immeruon  in  dilute  sul- 
phuric acid  and  scouring,  the  plates  are  dipped  Into  a  vessel  containing 
melted  tin,  on  the  surfece  of  which  tallow  floats.  These  and  other 
■imilar  jpreoautiona  are  necessary  to  secun  the  uniform  adhe&bn,  or 
rather  alloying,  of  the  two  metals.  Copper  may  be  tinned  by  a  some- 
wbat  similar  prooesB. 

lioir6  vUtatUque  ]a  tin-pbte  to  which  a  beautifully  ciystUlioe 
appearance  has  been  given  hj  moistening  the  warmed  plate  with  a 
mixture  of  equal  parts  nf  nttnc  and  bydroohlnio  aoidi  diluted  with  its 
own  bulk  of  water.  [MoiBi.] 

TIN.  BUTTER  OP.  [Tra.] 

TIN  UAiTUFACTURE  AND  TRADE.  Referring  to  other  artiohis 
icr  noUoea  of  the  minentlo^cel,  ohemioalj  and  medkil  dbaraoteiutioB 
of  tin,  we  shall  here  teeat  the  metal  in  its  manolaotuijlig  and  com- 
mercial aspects. 

Under  Mufino  it  is  explained  in  what  way  the  or«fl  of  tin  are  ex- 
tracted from  the  mines  of  Cornwall  and  other  places,  and  by  wbai 
proeenes  they  are  mechauioaUy  separated  from  some  of  the  impurities, 
and  Isoken  into  fragments.  We  ahall  now  take  up  the  details  from 
that  point. 

Smehing  and  Se^ing^AAm  hehig  reduced  to  ft  ooone  pwwder,  the 
ore  is  roasted  or  caldned  in  a  reverberatory  furnace,  until  it  ceases  to 
exhale  arsenical  rapouts.  By  this,  together  with  some  subsequent 
processes,  it  is  further  deansed  from  the  admixture  of  foreign  matter 
and  prepared  for  smelting.  The  orea  of  tin  rused  in  Cornwall  and 
Devonshira  an  always  smelted  within  those  counties.  The  smelting 
works  do  not  generaUy  belong  to  the  proprietors  of  the  nunes,  but  to 
other  partiea  who  pordiase  the  on  from  them.  The  value  is  deter- 
mined by  a  kind  of  assay.  When  several  bagti  of  ore,  of  nearly 
uniform  quality,  are  oonveyed  to  the  smelting  works,  a  eauJl  sample  is 
taken  fnnn  eadii.  These  samples,  after  bemg  blended  together,  are 
mixed  with  about  four  per  eeot  of  groimd  coal,  {daoed  in  an  open 
earthen  cruciUe,  and  heated  in  an  air-furnace  until  the  ore  is  reduced. 
The  melted  metal  is  poured  into  a  mould,  and  tlu  drossy  substuooB 
whidi  reonain  in  the  crucible  are  pounded  in  a  mortari  in  order  to 
separate,  and  to  add  to  the  ingot,  ai^  minute  gnuiules  of  tin  runun- 
ing  anMmg  them.  Hie  ratio  ol  good  tin  to  erude  on  determines  the 
wue. 

The  anehing  of  tin-ores  ts  effected  by  two  different  methods.  In 
the  first  and  most  common,  the  ore,  pravious^  mixed  with  oulm,  is 
erased  to  heat  upon  the  hesrth  of  a  Terarban^ny  fonaoe,  in  whidi 
pit-eoal  is  used  as  fusi;  while  in  the  seemd,  whiw  is  ^ijdied  merdy 
to  ttnam  tm  (the  tin  pocured  from  stream-works),  and  which  is 
followed  in  older  to  obtam  tin  of  the  finest  quality,  tite  ore  is  fused 
in  a  blaet-fntnaoe,  in  which  wood-charcoal  is  used  for  fueL 

lo  the  f<»mer  process  the  prepared  ore,  called  ic^ZuA,  is  mixed  with 
from  one-fifth  to  (Mie-ei^th  of  its  weight  of  powdmd  anthnHUte,  or 
enlm,  to  whidi  a  little  uaked  lime  is  sometimsa  added  aa  a  flax.  Tluse 
sabstanees  are  carefully  bknded  together,  and  a  littie'water  is  added  to 
the  mixture  to  fadlitate  the  operation  of  chwgipg  the  furnace,  aiul  to 
prevent  the  charge  from  betog  Uown  away  by  the  draft  at  the  com- 
mencement of  the  smelting  pooesa.  From  twelve  to  twenty-four  cwt. 
of  the  mixture  forms  a  chaige.  The  charge  is  spread  upon  the 
concaTB  hearth  the  furnace ;  then  the  apertures  by  whidi  it  is 
ioaertad  are  dosed  and  luted,  and  the  fomaoe  is  nadiia%  heated,  and 
ho*  for  six  »  houia,  by  which  time  the  Tednctien  of  the 
ore  is  complete.  When  die  fu^on  of  the  ore  is  fini^ed,  one  of  the 
aperturee  of  iho  fumaoe  is  opened,  aikl  the  melted  mass  is  stbred  up 
to  comi^ete-the  separation  ot  the  tin  from  the  sooriai.  These  scoria] 
consist  principally  of  masses  of  refuse  matter  from  which  no  more  tin 
can  be  profitably  extracted,  and  which  are  therefore  immediately  thrown 
away;  nut  among  them  are  pieeea  which  yet  retdn  a  considerable 
quantity  of  tin,  and  idileh  ara  ssperated  and  reserved  foe  further  pro- 
ceeses.  So  soon  as  these  refuse  matters  are  removed,  a  channel  is 
opened,  by  whicb  the  melted  tin  flows  from  the  heartii  into  a  large 
veseel,  where  it  is  allowed  to  rest  for  some  time,  in  order  that  the 
impuritiee  may  separate.  When  it  has  settled,  the  tin  is  ladled  into 
mo  olds,  so  as  to  form  it  into  large  blocks  or  ingots.  These  ingots 
fraqnra^  contain  portions  of  iron,  otmper,  arsenic,  tungsten,  sulphiuets 
and  arsemurata,  unreduced  tnide  of  tin,  and  eartl^  matters  whidi  have 
not  passed  off  with  the  seotin  To  remove  tiiese  the  tin  la  ensoaed  to 
the  proeeai  d  r^i^mi^,  irtudi  commences  by  placing  the  Uoeks  or 


Ingots  on  the  hearth  of  a  second  reverberatory  furnace,  and  ^plying 
a  moderate  heat.  This  causes  the  tin  to  melt  and  to  flow  into  a  boaln 
provided  for  it,  leaving  upon  the  hearth  a  residuum  ctmsisting  of  a 
very  ferruginous  alloy.  Freeh  Uoeks  are  then  placed  in  the  furnace, 
without  removing  the  unmelted  ramuns  of  the  forma-,  until  about 
five  torn  of  tin  have  flowed  into  the  basin.  This  part  of  the  process 
is  termed  a  Uquation,  and  is  followed  by  the  aotuu  refining,  ^ludoh  is 
usually  effected  by  plunging  billets  of  green  wood  into  tiie  melted  tin 
in  the  refining  basin,  by  means  of  an  apparatus  erected  near  it.  The 
heat  occasioos  the  disengagement  of  considerable  volumes  of  gas  from 
the  wood,  and  thus  a  kind  of  ebullition  is  produced  in  the  tm,  which 
causes  the  lighter  impurities  to  rise  to  the  surface  in  a  frothy  form, 
and  the  heavier  to  ml  to  the  bottom.  The  scum  is  t^en  oft'  and 
returned  into  the  furnace;  and  when  Uie  tin  is  sufficiently  boiled,  tiie 
green  wood  is  lifted  out,  and  the  whole  is  allowed  to  setUe,  in  doing 
which  the  purest  tin  rises  to  the  top,  that  with  a  trifling  admixture  of 
foreign  metals  remains  in  the  middle,  while  the  foulest  portioQ  sinks 
to  the  bottom.  When  the  mass  becomes  so  cool  tiiat  no  further 
separation  can  take  place,  the  tin  is  again  ladled  into  moulds.  The 
blocks  formed  from  the  lowest  part  of  tiie  tin  are  usually  so  impiue  as 
to  need  a  repetition  of  the  refining  process.  A  similar  effect  is  some- 
times poduced  by  an  operation  called  tomit^  ;  in  which,  instead  of  the 
ebullition  produced  the  green  wood,  Uie  mass  of  melted  tin  is 
af^tated  by  a  woriuoan  repeatedly  lifting  a  quantity  of  tin  in  a  ladle, 
and  letting  it  fall  into  the  basin  from  a  coouderable  height.  After 
oontinuisK  this  agitation  for  some  time,  the  surface  is  skimmed  care- 
fully ;  and  if  the  i^per  part  of  the  tin  be  yet  too  impure  for  the 
market,  the  refining  u  rendered  more  perfect  by  keeping  the  metal  in  a 
fused  state,  vrlthout  agitation,  until  the  impuritiee  separate  soon- 
taneously.  After  refining,  the  tin  is  cast  into  blocks  of  about  three 
cwt.  ea(£.  Tbt  moulds  used  for  this  purpose  are  frequentiy  made  of 
granite ;  and  the  tin  thus  prepared  is  sold  as  btoct  tin. 

It  has  been  stated  that  uie  richer  portion  of  the  sooriss  left  by  the 
process  of  smelting  is  reserved  for  further  opermtioiu.  Such  as  contain 
smdl  gnins  of  tin  among  the  slag  or  refuse  are  taken  to  a  etamping* 
mill,  and  broken  and  washed  in  a  similar  manner  to  the  ore :  whlu 
those  whidi  contain  much  tin  are  re-emelted  without  any  previous 
preparation.  From  these  scoriee,  which  are  called  prUHon,  on  inferior 
kind  of  tin  ii  produced  by  a  second  smelting. 

Of  the  average  quality  of  tin-ore.  as  prepared  for  the  smelting- 
fumacee,  20  parte  yield  from  12^  to  iS  ports  of  metallic  tin,  or  from 
624  to  6^  per  oent ;  and  the  quantity  of  coal  required  for  produdng 
oneton  of  tinisaboutat(Hiaiidtlae»quirter8.  Respecting  tiie  time 
when  this  economical  fuel  was  subetituted  for  wood-oharcoal  in  the 
smelting  of  tin-ores,  authorities  are  at  variance;  but  it  is  generaUy 
supposed  to  have  been  about  tiie  year  1680.  Whatever  may  have  been 
the  precise  time  or  manner  of  this  improvement,  its  importance  is 
indi^utable ;  and  such  is  the  efiiMst  of  tiie  superior  economy  of  this 
and  other  metallurgio  operations  as  performed  in  England,  that  experi.- 
ment  hss  shown  tiie  poniUli^  of  bringt^  tin-ora  fimn  the  Kalay 
oountriss  to  this  idand  lor  the  purpose  of  smdting,  and  sending  the 
tin  ba(&  to  the  East  at  a  lowor  price  than  it  can  be  produced  for  on 
the  spot 

The  smelting  or  redaction  of  tin  by  the  blast-f  umace,  with  wood- 
charcoal,  is  {vaotised  on  a  limited  scale  for  the  production  of  tin  of  tiie 
greatest  powible  purity.  The  finest  orm  supplied  by  stream-works, 
and  the  finer  tin  sands,  are  idsoted  for  this  operation ;  and  as  these 
are  tro»  from  many  of  the  immuitiea  found  in  other  ores,  they  do  not 
requira  calcination.  The  wotka  in  which  blsst-fomaoee  are  employed 
are  commonly  called  Uowutg'^hMm.  The  furnaces  used  are  about  six 
feet  hig^ ;  the  long  narrow  chimney,  after  proceeding  for  some  dis- 
tance in  an  oUique  direction,  oartaaos  a  chamber  in  which  the  metallic 
dust  carried  off  by  the  Uast  is  depouted.  The  furnace  is  Hned  witii  a 
vertioal  cQrliBdflr  M  oastinm,  coated  intecnallr  with  loam ;  and  it  has 
an  opening  near  the  bottom,  by  whkh  the  blast  is  Infaroduoed,  either 
from  large  bellowe  or  from  oyluidenf.  No  substance  is  added  to  the 
ore  and  <&arooal,  unless  it  be  the  residuaiy  matter  of  a  previous  smelling ; 
and  the  jHOp<»tion  of  charcoal  consumed  is  about  one  ton  and  six- 
tenths  for  every  ton  of  tin  produced.  The  melted  tin  runs  from  the 
furnace  into  an  open  basin,  whence  it  is  run  off  into  a  large  vessel  in 
which  it  is  allowed  to  settle.  Tiie  sonia  wbiidi  flow  with  the  metal 
into  the  bai^  of  roMption  are  dimmed  ofl^  and  sqianited  into  two 
porticniB,  one  cuiatsting  of  such  as  retain  tin  oxide,  aud  the  other  of 
such  as  have  no  oxid^lnit  contain  tin  In  a  granulated  state.  The  sab- 
sequent  operations  are  much  the  same  as  with  block  tin  prepared  in  a 
reverberatory  furnace  with  pit-coaL  In  order  to  convert  the  blocks 
of  tin  iffodiiced  by  the  blast- fumaoe  process  into  the  form  known  as 
gram  ftM,  they  are  heated  until  tiiey  Wane  brittie,  and  made  to  fall 
from  a  cmndwable  hd^t  in  a  semi-fluid  state,  thus  producing  an 
a^omerated  mass  of  elongated  grains. 

From  a  comparison  of  the  results  of  tiie  two  methods  of  smelting 
above  described,  it  appears  that  the  reverberatpry  furnace  with  pit- 
coal  occauons  less  loss  of  metal  than  the  blast-furnace,  and  is  by  far 
the  moat  economicaL  The  superior  quality  of  the  tin  produced  by 
the  other  process  is  attributaUe  partly  to  the  greater  purity  of  the 
fuel,  and  pertiy  to  the  finer  quality  of  Uie  ore  selected  for  tiie  purpose. 

McMtf/iebm  tf  na-tporb— It  is  unneanaary  hen  to  enumerate  the 
Tarions  purpoM  to  whioh  tin  is  q^ied  In  the  useful  arts,  dthsr  aa  an 
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ingredient  in  many  useful  alloyi,  for  which  ita  ready  fusibility,  its 
oleanlineas,  and  its  beautiful  appeinnoe^  render  it  especially  valuable, 
or  as  the  bami  of  chemical  oompouods  used  in  dyeing,  &c.  It  is  rarely 
smpknrod  alone  m  oar  motaHftm  nunafkotorei  owtiw  to  iti  softneas, 
bat  when  laid  in  a  thin  ooat  npon  th«  smfacs  of  neet-inm  by  the 
process  of  Tnnnifo,  it  produces  a  material  of  exteoMve  use  in  the 
mann&cture  of  culinary  and  other  articles.  In  this  country  the  greater 
portion  of  the  tin  used  in  the  manufacture  of  arUcles  composed  ex- 
clusively of  that  metal  is  that  which  is  expanded  by  rolling  or 
hammering,  or  by  a  combination  of  the  two  operatuna,  into  Imtbs  . 
or  ihwtB  barely  one-thouaandth  part  of  an  indn  In  thidnwj  under  [ 
the  name  of  Hn-foQ.  [Foil-] 

The  art  of  tin-plate  wori^ing,  or  of  forming  sheets  of  tinned  iron  into 
Tsaaela  and  uteumls,  dependa  more  on  the  manual  dexteri^  of  the 
wnkman  than  upon  any  peculiarity  in  the  ixAM  he  requirea,  which 
are  few  and  simple,  consisting  of  bench  and  handi^ears,  mallets 
and  hammers,  steel  heads  and  wooden  blocks,  Boldering4rMiB,  and 
iwagsB.  In  the  formation  <A  a  vflsael  tiie  first  operation  is  to  cut  the 
[datea  to  the  pr^er  tii/b  and  form  withabeaia;  and  when  the  dimen- 
taaoB  of  the  article  require  it,  to  join  diem  together,  which  is  done 
either  \^  simply  laying  the  edge  of  one  plate  over  that  of  the  other,  or 
by  folding  the  edges  together  with  laps,  and  tiben  soldering  them. 
Similar  joints  are  required  when  gores  or  other  pieces  are  to  be  in- 
serted, and  also  at  the  junotion  wUch  a  t^Under  is  closed  in.  The 
usual  method  of  forming  Use,  bends,  or  folds  for  this  or  other  purpoeea 
ia  to  lay  the  ^ate  over  the  edge  of  the  bendi,  and  to  bend  n 
repeated  atiti^  with  a  hammer.  After  a  tin  vessel  has  been  rounded 
upon  a  block  or  mandril,  1^  striking  it  with  a  wooden  mallet,  and  tiie 
■earns  finished  aa  above  described,  all  its  exterior  edges  are  strengthened 
'by  bending  a  thick  iron  wire  into  the  proper  form,  applying  it  to  what 
would  othMTwise  be  the  raw  edges  of  the  metel,  and  dexterously  folding 
them  over  it  with  a  hammer.  "Br  this  maana  the  appearance  of  the 
articles  ia  improved,  and  their  durability  aad  strength  are  greatiy 
increased.  A  superior  kind  of  tin-ware,  oommonly  knows  as  hloeh^, 
ia  carefully  finiued  Inr  beating  or  planiahing  with  a  polished  steel 
Jiammer  upon  a  metal  stake;  by  which  meaiu  the  surface,  which 
othertrise  appears  somewhat  wavy,  is  made  very  smooth  and  nlvery, 
especially  after  it  has  been  poliahed  with  dry  wbinOA  It  is  principal^ 
in  the  production  of  blo^-tin  warea  that  neaging  ■  reanted  to  as  a 
ready  meaoa  of  prodocuig  grooved  or  ridged  borden  or  other  emboeaed 
ornaments.  This  prooe^  ctmaists  in  strudng  the  metal  between  two 
ateel  dies  or  swages,  the  faces  of  which  bear  the  desired  pattern,  and 
are  made  couuteipvts  to  each  other.  The  mouldings  round  the  edges 
of  dish-covers  and  other  umilar  articles  are  produced  in  this  way ;  tiie 
swages  embossing  the  potteni  in  abort  lengths,  and  the  article  beiag 
gradually  turned  round  untQ  every  part  of  its  drmimferaDoe  has  been 
submitted  to  thdr  action.  The  loweT  die  ia  nmiallj  fixed  ui  an  appo- 
ntus^  to  whkdi  moveable  guidea  on  attached  to  insure  the  correct 
position  of  the  article  to  be  operated  on,  and  the  upper  is  made  in  the 
form  of  a  hammer,  the  handle  of  which  is  pivoted  so  as  to  insure  its 
descent  in  precisely  the  ri^ht  position.  Sometimes  the  requisite  power 
ia  applied  by  simply  working  the  unper  swage  or  swage-hammer  itself; 
but  in  other  cases  the  head  of  t£o  swage-hammer  ia  struck  with  a 
inaUet  Yeiy  man^  oraamental  articles  are  prodoced  by  embossiiig  or 
stamping  tin-plate,  in  the  some  manner  as  ouier  metallic  sheets,  with  a 
fly-^«aa  or  othOT  machinery.  Cheap  coffin-plates  are  manufactured  at 
Birmingham  in  this  vmy ;  and  these  and  similar  artkles  are  sometimes 
lacquered,  painted,  or  juianned.  A  veiy  beautiful  method  of  orna- 
menting tin  wares  by  producing  a  aystallised  awearanoe  on  the  aotfaoe 
waamwdijpnotiaedaferwyears  since,  under  the  ume  of  motr^MAof- 
lique.  It  IB  desoribed  under  Uonti. 

Tin  forms  the  principal  ingredient  in  various  Unda  of  pewter  and 
other  white  metallic  uloys,  which  are  manufootnrod  into  domestic 
utensiifl  by  casting,  stamping,  and  other  processes  in  which  much  in* 
genuity  is  diBpUyed.  The  Britannia  metal  manofaeture  was  oommenoed 
on  a  lajge  scale  at  Sheffield,  where  it  is  stiU  carried  on,  about  the  year 
1770;  and  the  teilliaw^,  li^^tneas,  and  ohe^pnem  of  the  warea,  which, 
when  well  made,  neatly  reaemUe  silvw,  have  seonred  for  them  a  very 
ex.tensive  sale  in  uiia  and  other  countries.  The  tin  is  first  m^ted  and 
raised  to  a  red  heat  in  a  cast-iron  pot,  and  then  antimony,  copper,  and 
brass  are  successively  poured  into  it  from  the  crudblea  in  wnidi  they 
have  been  melted;  the  maas  being  stined  during  the  operati<m,  to 
comf>lete  the  mixture.  The  fusion  being  completed  by  the  oimtinued 
aiq;>lication  of  fire  under  the  pot^  the  metal  M  removed  by  ladka  to 
cast-iron  boxes  or  moulds,  in  whidi  it  is  oast  Into  slaba  fifteen  inches 
long,  six  inches  wide,  and  one  inch  thick ;  or  if  for  casting  nnoll 
articles,  into  smaller  moulds  to  fonn  it  into  convenient  ingots.  The 
thiuk  slabs  of  metal  are  then  extended  by  passing  them  between 
poliahed  steel  rollers  until  tiiey  are  reduced'  to  the  required  degree  of 
tenuity.  The  mincipol  consumption  is  for  caudlesticks,  tea-pots,  coffee- 
binini^  and  other  vessels  for  containing  liqnMa.  The  feet  of  candle- 
sticES,  the  bodies  of  tea-pots,  and  otW  artiolee  having  emboaeed 
work,  are  stamped  between  dies;  and  when  the  shape  of  the  article 
will  not  allow  it  to  be  stamped  in  one  piece,  it  is  stamped  in  halves, 
which  are  subscquentiy  fitted  and  soldered  together.  Articles  ap- 
proachmg  the  globular  form  may  in  like  manner  be  stomped  in  three 
or  more  pieces.  _  Plaster  casts  are  produced  of  the  required  pattern, 
either  icwa  original  models  or  desi^is,  or  from  manufactured  artidei 


of  silver ;  and  ^m  these  are  made  moulds  or  dies  of  fine  hard  {Mg-iron, 
which,  with  a  very  littia  finishing,  form  dies  fit'  for  stamping  so  tract- 
able a  metal.  When  very  thin,  it  zaay  even  be  stamped  m  dies  of 
brass  or  of  spoon-metaL  The  great  faoUity  with  vAich  this  alloy  may 
be  moulded  to  any  required  form  is  illuatr^ed  1^  tiie  opetation  termed 
■ptKma^,  by  which  the  bodies  of  tea-pots  with  oonoentiio  cinmlar  swells 
are  osually  formed.  [SFMiiina]  Many  small  veeeels,  spoons,  and 
oUier  articles  are  oast  m  an  alloy  somewhat  harder  than  that  which  is 
rolled  into  sheets.  The  fadliW  with  which  Britannia  metal  may  be 
run  into  any  shape  and  out  in  tiw  lathe,  as  for  turning  measures  and 
small  Tends  prevloiidly  formed  tar  eeiting,  ii  a  great  rec<Hnmendati(m 
to  til*  manufhotarsr.  Artides  of  this  metal  are  cleaned  from  the  oil, 
resin,  and  oUur  impurities  acquired  during  their  formotitm,  by  boiling 
in  water  iy'"*»i"fag  soap ;  after  which  they  are  polished,  e[ther  by 
hand,  or  more  oommonly  by  the  buff  and  brush  set  in  motion  by  a 
steam-engine.  After  buffing  uid  brushing,  the  articles  are  boiled  in  a 
solution  of  pear  lash,  and  finally  haod-bnidied  and  band-poUshed 
appUc^ni  of  Krft  KN^  a  little  oU,  and  powdered  rotten-etone.  Ilui 
operation  is  uiually  perfumed  bj  tooalsB ;  as  it  !■  found  that  no  in- 
strument con  supply  an  ellbotual  mbetituto  for  a  soft  hand,  irtuoh  is 
one  of  Ae  first  requisltea  Inqirired  for  when  peraooi  ^>p^  for  wotk 
In  this  department. 

Produce  and  Trade.— Tha  history  of  the  trade  in  tin  commences 
witii  the  voy  eariiest  records  of  oommeroial  interoourae  with  the 
BritishidMidsb  We  riiaU  only  notice  it,  however,  aa  it  haa  existed  within 
the  last  two  oenturiai;  Davenant  gives  some  intnesting  fnfannatian 
conoeming  it  soon  after  the  middle  of  the  17th  centuiy.  In  1688  our 
exports  of  tin  to  all  fcneign  ooontries  amounted  to  168  tons;  in  1669 
to  240  t<H>a ;  in  the  three  years  of  peace,  from  1698  to  1700,  on  an 
average  to  1297  tons ;  and  in  the  ten  years  of  war,  from  1700  to  1710, 
on  an  average  to  1094  tone.  In  these  last  ten  yeara  the  annual  pur* 
chases  of  the  Dutch  amounted  to  800  tons,  of  the  estimated  vahu 
of  21,874/.  But  the  [soduoe  of  the  mines  more  than  kept  paoe  with 
the  incaeased  demud ;  and  when  Davenant  wroto,  Queen  Anne  had 
between  4000  and  5000  tons  of  tin  on  hand,  a  quantity  equal  to  four 
or  five  yeu!^  consumption.  The  j^roduoe  of  the  mines  went  on  inoreaa- 
ing,  and  the  aooumnlation  to  which  IHveoont  alludes  is  only  half  a 
year's  produce  of  the  mines  at  present.  FVom  1750  to  1785  the  produce 
of  the  mines  varied  from  S278  torn  to  8005  ttma;  the  average  priee 
being  64*.  6<j.  per  owt,  f^om  1789  to  1816  tiw  annual  average  quantity 
was  2870  tons  at  79f.  9<f.  per  cwt  From  1817  to  18S7  inclusive,  the 
annual  average  was  4211  tons,  and  the  average  price  paid  to  the  tinner 
was  73<.  the  cwt  In  1787  B&nca  tin  was  imported  into  tiiis  countiy 
for  the  first  time,  and  the  price  of  Cornish  tin  soon  fell  to  68«.  the  owt., 
and  would  have  declined  still  further  if  a  new  market  liad  not  been 
opened,  niepurflsr  of  an  Indioman,  who  todc  apme  tin  from  the 
Mc^LUCoa  island  to  Oiina  in  1787,  found  the  ^eoulalion  so  profitable 
that  the  East  India  Company  were  induced  to  direct  their  attentim 
to  the  tande,  and  the  Company  entered  into  arrangements  with  the 
Cornish  tinners  for  an  annual  supply.  The  purchases  of  the  company 
were  made  at  low  prioee,  but  the  tinners  were  indemnified  by  the 
artificial  scwci^  which  nused  prioss  in  the  h<»ne  market.  At  first  the 
Company  paid  on^  681.  tSi. 4(£  the  Ion,  dottvered  en  bond  in  London; 
this  gndually  rose  to  801.  ^e  coineotion  finally  eesaed  in  1817,  ae 
the  supply  of  the  home  market  bad  become  more  profitable. 

On  account  of  the  increasing  consumption  at  home^  the  portion 
exported  gradually  keaened  from  7-lOths  to  1-fitii  oS  the  whole.  Host 
of  the  foreign  tin  imported  is  for  re-expwtation;  for  it  can  be  supplied 
to  the  oontment  che^er  than  BngUah  tin.  A  duty  was  fomuriy  paid 
npon aQ tin  niaed  in  ConnfBll,to  Uie  dudty;  but  «i  (be  mode  ol 
staminng  the  Uo<^  for  tiw  eatimation  ttf  do^,  waa  my  inoMmnieii^ 
the  duty  was  commuted  in  1888  for  a  perpetual  annuity;  the  du^ 
amounted  to  about  S$.  per  130  lbs.  Under  the  tariif  of  1842,  foreign 
tin-ore  was  teaiend.  a<£nisrible  on  payment  of  a  customa'  duty  of  fiOi; 
per  ton.  At  present  the  duty  is  very  light— free  if  unmanuootured, 
and  10*.  per  omt.  it  manufaotured.  The  produce  of  the  British  tin 
mines  from  1848  to  18S5  varied  from  6000  to  7000  tons  a  year.  In 
1867  it  leaehed  the  laif;e  amount  of  10,000  tons.  So  varying  ia  the 
quality,  that  the  price  in  the  last-named  yew  ranged  from  ISi.  to  9SL; 
the  total  value  was  750,000^,  giving  an  average  of  about  76f>  per  ton. 
This  WBB  the  value  of  the  ore  itself.  The  metallic  tin,  after  smelting 
and  refining,  tanged  from  108/.  to  146i.  per  ton.  The  English  mines 
which  were  most  productive  in  that  year  were  the  Great  Huel  Vor, 
Dokoath,  Cam  Brm,  Far  Consols,  and  Frovidenoe ;  the  prodnoe  naged 
from  6ifiQ0L  down  to  28,0001.,  bom  these  five  mines. 

In  the  laet  financial  year  (I860},  there  was  imported  68,000  owts.  of 
tin,  in  blocks,  ingots,  oua,  snd  sla^ ;  and  the  exports  in  the  same 
year  amount^  to  66^000  cwts.  of  unwrouglit  tin,  besides  l,50O,0OOL  in 
value  of  tin-plates,  in  which  the  greater  part  of  the  weight  u  of  iron. 

TIN,  MEDICAL  PROPERTIES  OF.  It  cannot  be  asserted  that 
tin  in  a  metsllio  itato  has  no  iufluanee  over  tho  human  netem,  aa 
many  respectable  writon  affirm  that  tin-filings  are  decided^  anthel- 
mintic, and  that  tiiia  is  not  owing  to  mechanical  irritation  of  the 
worms  causing  them  to  be  detached  from  the  suriaoe  of  the  intes- 
tines ;  it  is  stated  that  water  in  which  tin  has  been  boiled,  and  wine 
digested  in  a  tin  vessel,  are  also  anthelmintic.  Others,  denying  to  tin 
any  inherent  power  over  worms,  have  attributed  tluae  e&cts  to  the 
presenoe  of  a  small  portion  of  ameniu  Be  tiiis  aa  it  wty,  It  is  n  Tery 
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crude  method  of  treating  wonns  to  exhibit  such  a  material  as  tin- 
filings.  rAiTTHiLiHMTics.3  Even  oxide  of  tin  ia  of  doubtful  efficacy, 
as  might  bo  expected  frcnn  its  extreme  insolubility.  Its  powers  may  be 
heightened  by  occasionally  meeting  with  acids  in  the  stomach,  ouch  as 
the  hydroohloio,  and  therewith  forming  a  chloride.  Two  compounds 
of  chksine  iritii  tin  are  knom,  one  tiie  protochloride,  the  other  the 
hicUoiidfl.  Both  of  these  are  exceedingly  soluble;  the  latter  w> 
much  BO  that -it  can  with  difficulty  be  k&pt  in  the  solid  state,  and 
more  frequently  ooems  in  the  liqmd  state,  asxA  ia  then  called  the 
spiritua  fumans  Libarii,  or  butter  of  tin.  The  former  ia  much  uaed 
by  dyeis,  anions  whom,  when  in  die  solid  state,  it  is  called  lait  of  tin, 
and  when  liquid,  tpirit  of  tut.  In  the  former  conditirai,  it  has  some- 
times been  mistaken  for  eommonadt:  ithaathue  been  the  eouTce 
poistming,  though  it  ia  not  very  active  when  introduced  Into  the 
stomach.  A  few  grains  of  it  injected  into  the  jtufolar  vein  prove 
r^idly  fatal  to  dogs.  In  case  of  any  of  it  being  sfrallowed,  emetics  or 
the  atomaeh-pump,  demulcent  drinks,  such  as  milk,  and,  if  necessary, 
moderate  veseaectioii,  may  be  employed,  followed  after  a  time  b^  vital 
fltimulanta.  A  very  weak  solution  of  protochloride  of  tin  in  distilled 
watw  Is  used  as  a  iotim  in  ohronic  cutaneous  diieases.  It  has  been 
thou^t  by  Bome  to  be  dangerous  to  allow  fluida  oontaining  acida^  such 
as  the  week  acid  wines,  or  cyder,  or  ereu  fatt^,  saline,  <v  albuininotu 
Bubatances,  to  remain  long  in  tin-veaiels,  aa  an  mjoiiouB  action  tA  Aeae 
on  the  tin  is  supposed  to  occur.  If  any  serioua  effects  have  ever 
followed  from  such  a  cause,  it  is  most  likely  that  these  vessels  were 
only  ooated  superficially  vriUi  tin,  which  being  rubbed  off,  exposed  the 
mne  potent  nwtat  beneath  to  the  solvrat  power  of  these  substancee. 
It  ii,  therefore,  prudent  to  examine  from  time  to  time  all  copper  and 
other  vessels  to  see  Uiat  the  tintung  ia  entfaci  For  small  dwua  the 
German  enamelled  stew-pan  is  to  be  eommended. 
TINCAL.   [BoEACio  Acid.] 

TINCTURES  are  solutions  of  the  active  principles,  mostly  of 
T^ietablee,  sometimei  of  saline  medicines,  and  more  rarely  of  ai^mal 
matters,  in  oeriani  solventa.  From  poaseeeing  more  or  lea  of  colour, 
they  hm  obtained  this  name.  They  are  distinguished  according  to 
the  kind  of  solvent  employed.  When  alcohol  is  used,  they  are  termed 
afoj^o^te  tinctures,  or  more  gener^y  simply  t»Nd«m/  when  eulphuiio 
ether  is  used,  they  are  denominated  Oherial  tinctures.  When  wine  ia 
used,  Uiouj^  differing  little  from  pure  alcohol,  the  term  medieated 
wtiMf  is  applied  to  uiem;  and  when  the  [»ooesB  of  distillation  is 
employed  to  aid  the  extraction,  particularly  of  vdatila  oils,  the  result 
is  termed  a  tptrit,  euoh  aa  of  rosemary.  Ammonia  ia  aometimea  con- 
joined, and  the  proceeds  termed  an  tmmmiated  tincture.  In  some 
eases  lesa  of  the  principal  ingredient  is  taken  up  or  diaaolred  when 
ammonia  is  used,  than  when  simple  alcohol  is  employed,  as  in  the 
tincture  guaiaci  ammoniata.  Formerly  some  tinctures  were  called 
ntatca,  aom  the  term  tue,  it  being  thought  that  thciy  contained  only 
the  purer  or  more  refined  portion,  the  akoh<d  leaving  all  the  beaer 
prinaplee,  such  as  the  starch,  gum,  woody  fibre,  Ac,  undiaMlTod; 
muHtatawt  was  a  still  higher  degree  of  this.  Theeo  terms  are  now 
diauaedl^phanDaceutists,thoughretuned  in  popular  language.  BUsan 
difier  only  from  being  of  a  greater  consistence :  they  are  not  uniro- 
quenlfy  turbid  from  the  extractive  matter  suspimded  in  them. 
Tinctures  are  furtiier  distinguished  into  simple  and  compound.  They 
are  called  mmpk  when  one  substance  only  is  submitted  to  the  solvent; 
am^pouMd,  when  two  or  more  are.  Another  important  distinction 
among  ttooturee  ia  founded  upon  tiie  degree  of  strength  of  Uie  aloohol 
empl^red.  Where  the  active  principle  is  nearly  pure  rerin,  a  strong 
spirit  is  needed ;  when  much  gum  is  asaodated  with  the  resin,  a 
weaker  is  required.  Hence  some  tinctures  are  prepared  with  proof 
iqurit,  aa  the  greater  number ;  afew  with  qnnt  OMwfroo/y  and  some 
with  rtetifUd  tpirit. 

A  well  prepared  tincture  should  be  clear,  poaaeesing  the  colour  of 
the  article  whidi  is  its  base,  and  partafciag  in  an  eminent  degree  of  itn 
characteristic  odour  and  taste.  Aa  a  general  rule,  five  or  six  parts  of 
the  liquid  chosen  is  to  be  used  for  one  part  of  the  solid  materiu,  which 
is  to  Iw  bruised  or  comminuted  before  bung  submitted  to  maceration. 
The  maceration,  which  ahould  be  conducted  in  well-stopped  glass 
vessels,  is  generally  continued  for  fourteen  days,  during  which  the 
ingredients  are  to  be  frequently  shaken,  and  at  the  end  strained.  The 
prooeM  of  displaoement  or  percolation  is  also  good.  The  pure  tincture 
is  then  to  be  preserved  m  a  tightly-stopped  bottle,  which  should  be 
c^Mqae,  or  sheltered  from  the  light.  Inm  several  tinctures  a  deposit 
falls  down,  either  from  some  slow  chemical  change  taking  place  among 
the  ingredients,  or  from  the  evaporation  of  some  of  the  spirit.  This 
renders  old  tinctures  not  unfrequently  turbid,  and  of  variable  strength, 
ThuB  tincture  of  opium  when  newly  prepared  contains  one  gnun  of 
opium  in  nineteen  minims,  but  after  some  time  one  grain  <A  opium  is 
contained  in  only  fourteen  minims.  This  inconvenience  may  be 
avoided  with  all  recent  vegetables,  by  forming  what  are  turned 
"v^iatable  juices."  These  are  merely  the  juices  of  the  fresh  plant 
expressed  by  a  powerful  wooden  press,  and  tiie  juice  allowed  to  stand 
twenty-four  hours,  during  which  a  copious  precipitation  of  feculent 
matter  takes  place,  which  is  further  promoted  1^  adding  alcohol  56* 
over  i»t>of,  in  the  jtroportion  of  four  fluid  ounces  to  every  sixteen 
fluid  ounces  of  the  juice.  After  standing  for  twenty-four  hours,  the 
juice  is  to  be  filtered  through  bibulous  paper  (prepared  from  wo(4}, 
when  it  will  keep  unimpaired  for  a  length  of  time,  I 


These  vogetable  juices  always  ret^  their  purity,  and  are  of  the 
same  degree  of  strength  at  last  as  at  first.  By  Uiis  means  not  only  is 
the  process  simplified,  and  the  time  reqnind  for  their  preparation 
greati^  abridged,  being  reduced  from  fourteen  days  to  two ;  but  their 
medicinal  eS&oaey  ia  greater  than  that  of  the  ordinaty  tinoturee,  and, 
from  oontalniBg  leas  alcohol,  they  can  be  given  in  cwai  vhwe  the 
stinnilating  action  of  this  prinemie  intnferes  with  the  vSEkA  of  the 
substance  diatolved  in  it,  or  renders  its  eidiibition  improper,  as  in  the 
case  of  young  children. 

In  preparing  the  officinal  ^pirit$,  tiie  directions  of  the  Pharmacopcoia 
are  rarely  complied  with.  Host  chemists  content  themselves  witii 
dissolving  some  of  the  esaential  oil  of  the  plant  in  alcohol  of  the 
requisite  itnngth,  by  which  much  expense  and  trouble,  as  well  as  loss 
of  time,  are  avoided. 

(See  a  pamphlet  on  The  Sat  Method  €f  (^tainuig  the  Mott 
Powafid  Viable  Preparation  for  Medical  Vae,  hy  Edward  Bentley.) 

TIJS^NING;  TIN-PIjATE.  The  art  of  tinning,  or  of  coating  other 
metals  with  a  thin  layer  of  tin,  eo  as  to  protect  them  from  oxidation, 
was  known  to  the  andents,  although  it  does  not  i^pear  to  have  been 
very  extenaiTely  praotised.  Dniiog  many  centurie*,  En^and  procured 
tin-plate  from  Bohemia  and  Saxony,  where  the  manufaottoT  waa  esta- 
blished near  the  tin-mines  of  the  Engebirge  mountains,  which  were  the 
most  extensive  in  Europe  after  those  of  CknnmiU.  ^t>m  the  time  of 
the  invention  of  tin-plate  down  to  the  cloee  of  the  l7tii  oentury,  if  not 
later,  both  England  and  the  whole  continent  of  Europe  depended  upon 
the  above-named  countries  for  their  simply  of  tin-pbAe ;  but  about  the 
year  1865  an  attempt  was  made  to  introduce  the  manufacture  into 
England.  The  manufacture  was  permanentiy  established  at  Pontypool 
in  Uomnouthshire  about  the  year  1780,  and  aotm  afterwards  in  Fnmce. 
About  1740  the  manufacture  was  brought  to  such  perfection  in  England 
tiiat  very  littie  was  imported  from  foreign  countries;  tiie  British 
manufacture  was  superior  to  the  foreign  in  glossiness  of  surface,  owing  to 
the  plates  bemg  drawn  under  a  rolling-mill,  instead  of  being  hammered, 
aa  was  common  in  thoae  made  beyond  sea.  The  difficulty  of  extending 
iron,  in  what  may  be  deemed  the  infancy  of  tlie  manufacture,  into  t^ 
uniform  sheets,  with  a  perfectly  smootii  and  clean  surface,  which  is 
essential  to  the  adhesion  of  the  tin  in  an  equal  film,  waa  one  of  the 
principal  obstacles  to  the  progress  of  this  department  of  the  art  of 
tinning. 

The  proceea  of  tinning  depends  upon  the  strong  affinity  which  exists 
between  tin  and  the  metals  to  which  it  is  ^p^ed.  The  tinning  of 
sheet-iron,  as  the  most  important  application  of  the  process,  will  be 
first  noticed.  The  finest  English  or  Welsh  bar-iron,  prepared  with 
charcoal  instead  of  mineral  coke,  and  known  to  the  trade  as  fm-troa,  ii 
used  for  making  ttn-plates.  This  material  is  first  made  into  flat  bars, 
or  slabs,  about  80  inchee  long,  8  inches  wide,  and  weig^iing  eighty 
pounds.  These  bars  are  made  red-hot,  and  extended  by  passing  tiiem 
rq)ertedb' between  ndlers,  until  th^  are  reduced  to  about  8-8ths  of  an 
inch  in  thickness.  When  cooled,  the  pieces  are  out  by  ahears,  worked 
\rf  machinery,  into  plates  about  10  inchee  by  6,  which  are  repeatedly 
re-heated  and  rolled,  until  they  are  reduced  to  as  thin  a  state  aa  the 
process  will  conveniently  allow.  The  sheet  is  then  doubled  and  again 
rolled  until  reduced  in  thickness  tme-half,  after  which  it  is  doubled 
again,  and  rolled  until  still  furthn'  diminiahed  in  thickness.  When 
thus  brought  to  the  required  tenui^,  the  thin  sheet  is  cut  into  plates 
of  the  sizes  required  to  suit  the  market  (moat  commonly  about  18 
inches  by  10),  and  then  the  several  thicknesses  or  laminsa  are  separated. 
After  shearing,  the  plates  are  jnled  in  heaps,  one  being  laid  cross-wise 
at  intervals,  to  separate  the  number  required  to  form  a  box.  Tiaa 
name  is  technically  applied  to  22S  plates  in  all  the  subsequent  pro- 
cesses, although  it  is  not  until  they  are  completed  that  tiie  plates 
are  actually  placed  in  boxes. 

The  next  operation  to  be  performed  is  the  removal  of  every  particle 
of  oxide  or  other  impurity  from  the  surface  of  the  ^tes.  For  this 
purpose  each  is  steeped  for  a  few  iniautee  in  a  loEiden  trough  oon- 
taining a  weak  solution  of  muriatic  acid.  The  plates  are  taken  out, 
arranged  on  the  floor  in  rows,  and  then  removed,  by  means  of  an  iron 
rod,  to  a  reverberatoiy  furnace  or  oven,  in  which  they  are  submitted 
to  a  red  heat.  The  beet  to  which  the  plates  are  exposed,  combined 
with  their  previous  waahing  in  t^  acid,  causes  them  to  throw  off  a 
scale  of  rust  or  oxlda.  The  {^tes  are  then  flattened  by  beatuig  them 
upon  a  oast-iron  bkiek,  and  are  submitted  to  a  seocud  or  coid  rolling; 
which  removes  any  warping  acquired  in  tiie  previous  processes,  gives  a 
high  degree  of  smoothness  to  their  surfaces,  and  imparts  elasticity  to 
the  iron.  After  the  cold  rolUnff  the  plates  are  immersed  singly,  in  a 
vertical  position.  In  an  acidulous  [separation  consisting  of  water  in 
which  bran  has*  been  steeped  for  nine  or  ten  days,  until  it  has  fermented 
and  become  slightiy  acid.  In  this  the  plates  are  kept  for  tm  or  twelve 
hours,  and  occasionally  turned,  to  insure  an  equal  exposure  of  every 
part  of  their  surface;  and  from  the  lye-trough  they  are  transferred  to 
a  leaden  vessel  containing  diluted  sulphuric  add.  This  trough  and  the 
lye-trough  are  slightly  heated  by  flues,  to  assist  the  action  of  the  add 
menstrua.  The  plates  are  usually  agitated  in  the  weak  sulphuric  add 
for  about  an  hour,  until  they  become  bright  and  free  from  black  spots 
They  are  thea  removed  into  pure  water,  in  which  they  are  scourec 
with  hemp  and  sand,  to  remove  aiqr  remaining  oxide;  and  in  this  bath 
of  pore  water  tiie  platea  remain  until  wanted  for  tinning;  because, 
oToi  if  left  loT  months,  tiiey  will  remain  perfectly  free  from  ruit. 
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As  tha  Bole  object  of  ihen  opentions  ib  to  clesase  tbe  iron  jJates 
from  nut  u>d  dirt,  it  i»  evident  that  tiie  detuU  may  be  Taried  oon* 
sider&bly ;  but  ib  is  not  neccaaary  to  notice  particularly  aoy  deviationa 
from  the  usaal  proceaai  The  ttHHinff  of  tae  platea  la  •ffected  ta  a 
range  of  caetiron  pota  heated  by  flues,  and  fonning  together  an 
appuatua  called  ^  •tote  The  plates  are  remored  one  by  one  from 
the  both  of  pure  trater,  and  dried  by  rubbing  with  bran,  after  vhioh 
they  are  immersed  singly  in  a  pot  filled  with  melted  tallow  or  grease, 
in  which  they  are  left  for  about  an  hour.  The  grease  preserves  the  sur&oe 
from  oxidaium,  and  appears  also  to  increaM  the  afflni^  of  the  iron  for 
tin.  From  the  gresse-pot  the  [Jates  are  removed  uito  the  metallic 
bath,  which  contains  a  mixture  of  block  and  grain  tin,  covered  with  a 
quantity  of  grease  aufficieotto  forma  layer  lour  inches  de^.  The 
mixture  of  Uock  and  grain  tin  usually  contains  about  equal  quantities 
of  each.  The  Uu-batb  or  pot  is  heated  to  suoh  a  d^ree  as  almost  to 
inBame  the  fatty  mixture  upon  the  sur&oe  of  the  tin ;  and  its  diman- 
mons  are  sudi  that  it  will  remre  two  or  three  hundred  plates  itanding 
upright  on  their  edges.  'When  the  idates  have  remuned  in  the  tin- 
bath  about  an  hour  and  a  half,  tikey  are  lifted  out  with  tongs,  and 

Slaoed  upon  an  iron  grating,  to  allow  the  superfluous  tin  to  drain  off; 
ut  as  there  still  remains  upoo  them  much  more  tiian  the  proper 
quantity  of  tin^  they  are  afterwards  subjeoted  to  a  process  called 
waMng.  This  consists  in  dipping  them  into  a  pot  containing  a 
quantify  trf  pure  grain-tin  in  a  melted  state,  Uien  rubnng  them  wiui  a 
pecultor  kind  of  bruali  made  ot  hemp,  plunging  them  again  for  a 
moment  into  tlw  melted  tin,  and  then  mto  a  pot  filled  with  clean 
melted  tallow.  The  heat  of  this  secood  tio-bath  melts  and  detaches 
the  superfluous  and  coarser  portions  of  the  tin  from  the  plates,  and  the 
drossy  impurities  rise  to  the  surface;  while  the  other  portimu  unite 
with  the  grain-tin.  Tho  last  dip  aervee  to  eradicate  the  marics  of  the 
tvuah,  tai  to  replenish  the  coat  of  tin  wherever  it  may  have  been 
rubbed  too  thin ;  and  the  aubeaquent  immanion  of  the  in  the 
grease  pot  causes  any  superfluous  metal  to  run  o£  Thick  [^tes 
require  the  tallow  to  be  coolw  than  for  thin  ones,  because  they  retain 
more  heat  in  themselves.  So  soon  as  the  workman  employed  in 
washing  has  placed  five  plates  in  the  grease-pot,  a  boy  lifts  tee  first 
from  it  into  a  draining-pan  with  a  grated  bottom ;  and  when  the  man 
has  ^oced  the  sixth  in  the  tallow,  the  hcff  remoree  the  second. 
Notwithstanding  the  apparently  complicated  character  of  tixo  opera- 
tions just  described,  they  are  performed  so  nq;^dly>  that  an  expert 
waah-man  will  wash  and  brush  twenty-five  boxee,  or  five  thottaand  six 
hundred  and  twenty-five  plates,  in  twelve  hours. 

Owing  to  the  vertioal  position  of  the  plates  during  tho  preceding 
operationa,  a  selvage  of  tm  accumulates  luong  Uieir  lower  edge,  which 
ia  removed  by  the  prooeaa  called  listing.  This  is  petfnrmed  %y  taking 
tiie  plates  one  by  one,  as  soon  as  they  are  oool  enough  to  handle,  and 
dippmg  their  lower  edges  into  a  pot  called  the  lUt-pot,  or  litHag^ot, 
which  contains  enough  melted  tin  to  form  a  In^er  a  quuier  of  an  inch 
thick.  The  selvage  of  tin  being  thus  melted,  is  shaken  off  by  a  smart 
blow  with  a  stick,  leaving  only  a  faint  stripe,  which  may  be  discerned 
upon  all  finiahed  tin-platea.  After  listing,  the  plates  are  cleaned  from 
grease  by  mblniuf  them,  while  yet  wsnn,  with  dry  bran ;  after  which 
th^  are  packed  m  boxes  of  wood  or  ahest-iron. 
'  The  tinning  of  the  inner  surfaces  of  cooking  utensils  and  other 
Toesela  ia  performed  by  scouring  the  surface  until  it  is  perfectly  bright 
and  clean ;  then  heating  the  vessel,  pouring  in  some  melted  tin  and 
rolling  it  about,  and  rubbing  the  tin  all  over  the  surboe  with  a  piece 
of  olotji  or  a  handfid  of  tow  :  powdered  resin  is  used,  as  in  suldering, 
to  prevent  the  formation  of  osiia,  vfaidi  would  impair  the  mutual 
affinity  of  the  metals.  Pure  grain-tin  ahould  be  usedtor  this  purpose, 
but  it  is  frequently  adulterated  with  lead.  By  this  means  vessels  of 
copper,  brass,  and  cast-iron  are  tinned  intemslly,  and  thereby  rendered 
fit  for  the  most  delicate  culinaiy  operaUons ;  sod  in  a  similar  way  any 
small  portions  of  iron-plate  may  be  coated  with  tin.  Bridle-bita, 
stirrujis,  and  many  other  small  articles,  are  tinned  by  immersing  them 
in  fluid  tin.   So  also  are  pins,  as  deeoribed  in  Pn  MAiiQrA.OTUBS> 

Analogous  in  many  respeeie  to  are  several  procoeaca  which 

have  been  introduced  or  deecribed  withm  the  last  few  years.  AU  of 
these  relate  to  the  implication  of  a  thin  layer  of  one  metal  to  a  thicker 
portitm  of  another.  So  far  as  they  are  examples  of  electrotyping,  they 
will  be  found  described  under  E^lectbo-Metalluhqt  and  Platiho  ; 
but  most  of  them  occupy  a  medium  plaoe  between  electrotyping  and 
tinning.  Hessra.  Hcwewood  and  Ro^n  have  obtained  patents  for 
coating  lead  witii  zinc,  depending  on  tha  diftoMiee  <A  m«lting-points 
between  the  two  metals.  Lead  mar  also  be  coated  with  tin  or  solder 
by  sprinkling  it  wiUt  ssI  ammoniac,  heating  it,  and  rubbing  a  stick  of 
tin  or  solder  upon  it.  Tinned  lesd  may  even  be  added  to  tinned  iron, 
by  sprinkling  the  surfaces  with  sal-ammoniac,  heating  them,  placing 
them  in  contact,  and  pressing  them  between  heated  rollers.  Methods 
have  been  deviMd  mr  coating  iron  with  copper;  bearing  some 
analogy  to  that  for  makmg  tin-phte;  and  thereeultiog  product  has 
been  recommended  for  use  as  a  cheap  substitute  feu:  ooptper  in  roofing, 
sh^thing,  &c  Messrs.  Qrissell  and  Bedwood  have  devised  a  mode  m 
which  tms  ooating  of  one  metal  with  another  has  been  applied  widely. 
Iron  may  be  coated  with  sine,  silver,  or  copper ;  and  zinc  with  such 
metals  and  alloys  as  melt  at  a  loww  temperature.  The  softer  material 
isiueed ;  the  surface  is  sprinkled  with  any  one  among  ■evOTalchbrides 
or  sulphates;  and  the  harder  plate  is  dipped  into  ua  molten  metal 


Cotain  metals  may  be  coated  with  mlver  by  dipping  them  into  a  bath 
of  mercuiy  before  that  of  silver.  At  Woolwich  Arsenal,  a  method  has 
been  tried  of  ooating  iron  naila  with  oompac.  Some  aohonee  have  been 
broug^it  forward,  in  which  an  electno  ahodt,  inatead  of  a  steedy 
gslvanio  current,  is  used  to  induce  deposition  of  one  metal  on  another. 
The  trade  or  oi»ameroe  in  tin-platee  is  notioed  under  Ta  MaKDrM- 

TUBS  AND  TroDE. 

TINNITUS  AURIUM,  ringing  in  the  eara,  may  arise  from  many 
difierent  oonditsom.  It  is  sometunee  due  to  an  unnatural  state  of  the 
etroulatiiHii  In  eome  part  id  tlie  ear,  the  movement  of  the  Uood 
du<ung  a  vibntion  m  the  nerve  wfaioh  the  mind  does  not  distioguiah 
from  tibat  prodnoed  by  sonorous  vitmtitms  of  the  air.  But  most 
freqneidily  the  sensation  is  due  to  some  disordered  state  of  the  auditory 
nerve,  and  is  entirely  subjective.  It  is  thus  perceived  in  some  diseases 
of  tha  brain,  in  nervous  persons,  and  in  tJiose  who  are  much  debili- 
tated; and  is  a  oommon  sign  of  organio  disease  of  the  auditory  nerve 
itaelL  It  is  analogoua,  in  theee  easaa^  to  the  rabjeetive  sensation  of 
^a^  andflaahea  of  li(^t  whidi  is  peroeived  in  osaes  of  disease  of  tite 
retina  or  optio  nerve.  It  may  therefore  be  a  ugn  of  a  dangerous 
oonditi(»i,  or  a  prelude  to  complete  deabiess;  but  in  the  great 
majority  of  cases  it  is  unimportant^  depending  on  some  local  temporary 
afTeotion  of  the  ear,  or  on  some  disturbanoe  (tt  the  digestive  organs  vita 
which  part  of  the  twain  sympathisee. 

TISBI,  tb»  first  Jewish  inontii  in  eiva  retkonin^  ia  written  in 
Hebrew  ^^1^.  The  name  is  not  mentioned  in  the  BiMe,  bat  it  ia 
found  on  the  momuMits  <A  Fabnyta.  Tiiri  has  thirty  daysl  and  it 
oorrespcoids  with  our  September  or  Oolober:  in  the  i»esent  year, 
1861,  it  will  begin  on  the  fith  September  uid  and  on  the  4th  October. 
The  first  day  of  the  month  must  not  be  either  Sunday,  or  Wednesday, 
or  Friday ;  and  to  prevent  this  from  occurring,  the  months  of  Chisleu 
and  Marchesvsn  may  have  a  day  added  or  subtracted.  The  great  fast 
of  Eippur  [e^qMation],  or  day  atonemrat  for  the  exiHati<m  of  sins,  is 
oommuded  for  the  lOtii  day  of  this  month  in  Lev.  xvL  29,  and  again 
atxxiiL27;  and  so  great  is  the  sanctity  of  tiliia  faat,  that  it  is  held  on 
tiie  Sabbath,  vlten  the  case  ooouts,  whereas  sll  &sts  but  this  are 
observed  on  anotiier  day  in  such  cases.  Another  fast  is  kept  on  the 
third  of  the  month  for  the  murder  of  Gedaliah,  who  was  made  govemw 
of  the  Jews  by  tiie  Babylonians  after  the  capture  of  Jerusalem.  (Jerem. 
xl.,  xlL)  The  feaat  of  Tabernacles  is  celebrated  from  the  15th  to  the 
21st  of  the  montii,  aa  direoted  in  the  SStd  chapter  of  Leviticus,  as  a 
rejoicing  at  the  close  of  the  harvest.  A  feast  for  the  dehveiy  of  the 
law,  and  for  the  dedication  of  the  Temple  by  Solomon,  is  held  on  tlie 
22nd  day :  tn  the  8th  chapter,  2nd  verse,  of  the  1st  book  of  King^ 
where  this  is  related,  the  mootb  is  called  lithsnim.  [BuL ;  Ethahul] 

TITANIC  ACID.  [TirAimni.] 

TITANIUM  (Ti).  This  metal  doca  not  ooour  in  the  &ee  state  in 
nature  but  aa  a  Innoxide  (titeaio aoid)  itts  not  nnoommcHk  In  the 
latter  oonditioa,  assodated  with  protoxide  of  iron,  it  fonns  titaoifbrous 
iroD-ore,  deposits  of  which  are  found  in  various  puts  of  the  world. 
[TiTAHiDM,  in  Nat.  Hist.  Div.]  The  variety  known  as  ihnenito  is 
met  with  in  large  quantity  in  Canada,  At  Bay  St.  Paul,  on  the  St. 
Lawrence,  ilmenite  is  found  in  luge  beds  from  one  to  three  hundred 
feet  long,  and  ninety  feet  thic^  It  is  massive,  of  sp.  gr.  4*6,  and  eon* 
tains,  aootnrding  to  an  aoalysiB  by  Mr.  S.  Hunt : — 

TlttiUe  aeld  4S-60 

Protoxide  of  Iron  S7*H 

PeroxMe  of  iron  •  •  •  ■  >  IMl 
MSftttda  I'M 

Another  kind  of  titaniferous  iron-ore  is  met  with  in  mormoas  quan- 
tity in  New  Zealand,  forming,  in  the  state  of  fine  sand,  a  beach  at  New 
Plymouth  sevml  miles  in  extent.  The  f ollowiiu;  analyaee  of  i^ieeimeoa 
taken  bom  diflbrent  parti  of  the  deposit  iriUat  onoe  induato  the 
nature  of  thla  depodt  ^— 

Oxide  of  hoB  U-45 

Tltanleadd  .      .      •      •      •      •   .  11-4S 

Oxides  of  iron    .      .      .      .      •      .  Cl*14 

Titsnte  oslde  .  

Band  9*1S 

M'Oft 

A  combination  of  cyanide  and  nitride  of  titanium  f  TiCy,  311,^)  in 
the  form  of  reddish-brown  metallic-looking  cub«e,  is  nearly  always 
found  among  the  slogs  and  cinders  that  occur  in  the  bottom  of  iron 
fumacea.  These  crystals  are  batd  enough  to  scratch  agate,  and  are 
attadwd  only  by  a  mixture  of  nitrio  and  hydrofluoric  acid,  or  by  fusion 
witi)  nitre. 

Titanium  may  be  isolated  by  heating  sodium  in  the  vanoor  of  Irichlo* 
ride  of  titanium.  The  small  prisms  thus  obtained  are  aomble  in  hydro- 
chloric acid  with  evolution  of  nitrogen. 
The  equivalent  of  titoQium  is  25.  , 
Oxygen  and  iUaniuia  ayptKC  to  form  three  compounds : — 
Protoxide  Oif  tHanitan  (TiO). — When  titanic  acid  is  axnoeed  to  a 
strong  heat,  a  portion  of  it  loses  oxygen,  and  a  blaok  mass  is  fwmed. 

Digitized  by  Google 


us 


TITANS. 


TITHES. 


whioh  Ib  probably  the  protozid&  It  baa  ad  earthy  fraotnre,  ia  ioioluble 
in  acids,  wad  ia  difficult  to  reocniTart  to  the  titamo  acid.  It  haa  been 
ahmdj  meotiooed  in  tbe  Natural  History  Diviiion  of  thia  Cydopsdia 
that  wntmo  Is  probably  the  protoxide  of  titanium. 

Sapdoxide  of  iitaimm  (Ti,0,=:TiO,  TiO^).— When  rotik  or  titanic 
aoid  is  diaaolreq  in  hydrooblimo  acid,  a  pieoe  of  sine  immeraed  in  the 
•Nation  oooaaioiifl  tna  formation  and  predintstion  of  s  deep  puiple- 
ooloored  powder,  wbtoh  ia  hydrated  aeoquioxide  of  titanium.  It 
returns  to  the  atate  of  penside  very  ra^dly.  It  ia  sUgbtly  soluble  in 
bjdroeUorio  acid,  lonmag  a  blue  Mlution. 

Ptnmde  of  JVlt^ttm,  STtwrie  Ae^  (TlOA— futile  is  titanio  add 
naarly  pure ;  when  it  ia  reduced  to  fine  powder  and  fused  in  a  platinum 
cmcable,  witii  three  times  its  weight  of  carbonate  of  potash,  titaaate  of 
potaah  ia  obtained,  mixed  with  a<»ne  exeeas  of  carbonate  of  potaah ; 
tbi>  is  to  be  removed  by  mdiing  with  water,  and  titanic  acid  is  then 
pceeiutated  by  dilution  and  hMt;  afterwaahing  with  dilute  hydro- 
ehkino  add  it  is  Marly  para.  It  is  quite  white,  veay  infusGUe,  and 
altar  it  has  been  heated  la  soluble  only  in  l^drofluoiio  add.  Its  add 
powen  an  tttblf,  it  is  insoluble  in  water,  sod  does  not  act  on  vege- 
table  Unas;  it  combines,  however,  with  alialtes  and  metallic  oxides, 
forming  salts  which  are  termed  Utanate*. 

Titanic  add  somewhat  resembles  stannic  and  ailido  acids.  It  may  be 
•epsiated  from  tibw  latter  lny  fusion  with  bisulphate  of  potaah  and  aub- 
■Nuent  ■olntioa  of  the  masa  ia  water,  dlioa  remaining  iosoluble. 

SidtMiU  qfTUambm  (TiCS^  ia  formed  when  diloiine  gaa  ia  paaaed 
orer  metaUio  titanium  at  a  red  heat;  It  is  a  oolourleas  tnuuwinQt 
ftoid,  boils  at  377%  and  b  volatiUaed,  and  condenses  unohooged.  when 
exposed  to  the  air  it  ddiquesoes,  and  when  a  few  drops  <rf  it  are  mixed 
with  an  equal  bulk  of  water,  combination  takes  place  with  ccmiderable 
vidtetoe  ukd  tht  erdntion  <d  intense  heat.  It  aosorbe  dry  ammoniacal 
gu,  and  forms  ammonio-diloride  of  titanium  (ZNH^  TiCf). 

Tat»  far  liiOMnm. — ^Tinotare  of  sails  or  ferrooyanide  ai  potaadum 
produoe,  when  added  to  a  solutiim  of  titanic  add,  an  orange-red  pre- 
dfHtate. 

The  other  compounds  of  titanium  are  but  littie  known.  The  metal 
Is  always  estimated  in  the  form  of  titanic  acid. 

TITANS  (TtTWfT,  fern.  TnvWhf)  ia  the  name  by  which,  in  the 
a^tiuAogj  of  andent  areeoe,  a  certain  class  <a  aasa  and  daugfateiB  of 
Uranus  and  Claea  am  dedgnated.  The  original  name  of  Qaea  was  said 
to  have  been  Titoa,  from  whidt  IHtaos  was  derived.  (Diodorus  Sic, 
Ui.  56.)  Tba  bdngs  generally  comprised  under  the  name  of  Titans 
were  Oceaniis,  Coaus,  Criua,  Hyperion,  I^ietna,  Eronoe,  Theirs,  Rhea, 
Themis,  Mnemosyne,  Phoebe,  Dione,  and  Theia  (Apollodor.,  'fiiblioth.,' 
i.  1, 8 ;  Diod(»iis  Sio.,  T.  08) ;  but  writers,  as  St^uuius  of  Byzantium 

«.  'Ataw),  Pansaniss  (vilL  Z7, 8),  and  others,  dinar  both  In  m  names 
gad  nombers  of  the  Titana,  Unuuu  had  by  Qaea  two  other  sets  of 
diildrm,  namely,  the  Heoatondieires  (centtmMii,.or  bdngs  with  a  hun- 
ted arms),  and  the  Cyclops ;  and  these  two  he  cast  into  Tartarus,  at 
which  Qaea,  their  mother,  was  ao  indignant  that  she  induced  Enmos 
and  the  Titans  to  revolt  against  their  father,  Uranus,  with  the  result 
already  tdd  under  Ebosos,  WImu  Zeus,  in  his  turn,  made  war 
^dbst  Us  &ther,  Eronos,  the  latter  ^ahi  callsd  tha  Xltans  to  his  ^ 
▲  sferuge^  ensued,  whidi  lasted  fw  ten  yean,  and  n  odebrated  ia 
n^ythologT  as  the  Titanomachia,  or  war  of  the  Titans  It  was  termi- 
nated byZens  reliering  the  Cydops  from  Tartarus,  and  by  his  gdning 
with  their  weapons  the  victory  over  the  Titans,  who  wen  now  oast 
into  Tartarus  and  were  guarded  there  by  the  Hecatonoheires,  wliile 
Zeus  and  hia  brothers  £vided  the  warwagaiy  of  the  world  among 
themsdvea.   (Apollodor.,'BiUioih.;  i  1  and  S.) 

The  name  Titan  has  abo  been  given  to  those  supMhumsn  beings 
wha  were  desoended  from  the  Titana,  sudt  as  ntnnetheui^  Hecate, 
LatMoa,  Fyrrha,  Helios,  Ac  It  moreover  ooeurs  aaadMrlgnatitin  of  a 
very  early  race  of  men  in  Crete  and  Egypt. 

(Lobeck,  Afflaophamvk ;  Bottiger,  /cfwn  aw  Knuata^/Qu^fogU  j 
Yolcker,  Mytfulogie  da  Japtlia^eit,  OaMeehta.) 

TITH£3  are  the  tenth  put  of  the  increase  ycaafy  aiiaing  and 
renewing  from  the  proflta  oi  lands,  the  atock  upcm  Isnda,  and  the 
personal  induttt7  of  the  inhabitanta,  and  are  oSensga  w^ble  to  the 
dbnrdi,  1^  law.  Under  the  Jewiah  f^atem,  the  tenui  part  of  the 
yeaHy  increase  of  their  goods  was  doe  to  the  priests.  (Kumbers  xviii 
21 :  Dent.  ziv.  22 ;  Levit  xxvii  SO,  82.) 

Jn  the  eariiest  ages  of  the  Christian  otntroh,  oftrings  were  made  by 
its  members  at  the  dtar,  at  ooUecticHis,  and  in  other  ways;  and  audi 
pajmmts  were  «ijoined  1^  decreea  of  the  church,  and  sanctioned  t>y 
cnaral  usage.  For  many  centuries,  however,  thcrjr  were  volantsry. 
But  when  the  diorch  had  increaeed  in  power,  and  be^ui  to  number 
amongst  its  membare  many  vho  adhered  to  it  because  it  was  the  pre- 
vdling  rdigion,  it  waa  deemed  necessary  to  enforce  certain  fixed  contri- 
butions for  the  support  of  the  ministers  of  religioQ.  Tlie  diurah  rdied 
upw  the  exsmple  of  the  Jewa,  and  claimed  a  trath.  Meanwhile,  the 
oonvetnon  of  temponl  prinoes  to  Cfariatianity,  and  their  sed  in  &vour 
of  tiieir  new  faith,  enabled  the  church  to  obtdn  the  eoactnwnt  of  lawa 
to  compd  the  payment  of  tithes.  In  England,  the  first  instance  of  a 
law  for  the  offering  of  tithes  was  that  ol  Offix,  ling  of  Movia,  towards 
the  end  of  tiie  8th  century.  He  first  gave  the  chiirah  s  civil  right  in 
tithes,  and  enabled  the  elogy  to  recover  them  as  thdr  legd  doe.  The 
law  of  OSk  was  at  a  later  period  extended  to  the  whole  ol  yptf|imi1  by 
Eing  Ethdwulph.   <Prideaux, '  On  Tithes,' 197.) 


At  first,  though  every  man  waa  obliged  to  pay  tithes,  the  particular 
church  or  monastery  to  which  they  would  be  pud  appears  to  have 
been  left  to  hia  own  qition.  In  the  year  1200,  however.  Pope  Inno- 
cent III.  directed  a  decretal  epistic  to  the  archbishop  of  Canterbutr, 
in  which  he  enjoined  the  p^ment  of  tithes  to  the  parsons  of  the 
reqwctive  parishes.  Thia  parodilal  impropriation  of  tithes  haa  ever 
aince  been  the  law  of  England.   (Coke,  2  '  Inst.'  641.) 

Tlie  tithes  thus  payable  were  of  three  kinds— j>r(s2ial,  mixed,  and 
pertonal.  Pradial  tithes  are  such  as  arise  immediately  from  the 
ground,  as  grain  of  all  sortiL  fruits,  and  herbe.  Mixed  tithes  ariso 
from  things  nouridied  by  tne  earUi,  as  colta,  calves,  pigs,  lanibs, 
chickens,  milk,  cheese,  and  eggs.  Pertonal  tithes  are  paid  from  the 
profits  arising  from  the  labour  and  industry  of  men  engaged  in  trades 
or  other  occupations ;  being  the  tenth  part  of  the  clear  gain,  after 
deduoting  all  charges.  It  is  sometimes  stated  that  personal  tithes 
seem  to  have  been  goieraUy  commuted  for  tiie  more  mioderate  tribute 
of  Easter  Offcrings;  unless  in  fidiing-towna,  or  other  places  where 
peculiar  droumstanoes  have  caused  a  contlnuanoe  of  tiie  primitive 
usages. 

Tithes  are  further  divided  into  great  and  mail.  The  great  tithes 
consist  of  com,  hay,  wood,  Ac. ;  the  small  tithes  consiHt  of  the  preedid 
tithes  of  other  kinds,  together  with  mixed  and  persond  tithes.  Thii 
distinction  is  arbitroiy,  and  not  dependent  upon  Qit  relative  vdue  of 
the  different  kinds  of  tithe  witiun  a  particular  parish.  Potatoes,  for 
instance,  grown  in  fields,  have  beoi  adjudged  Co  be  small  tithes,  in 
whatever  quantities  planted;  while  com  and  hay  In  the  smallest  por- 
tions still  continue  to  be  treated  as  great  tithes.  The  distinction  ia  of 
moterid  consequence,  as  great  tithea  belong,  of  right,  to  the  rector  of 
the  pariah,  and  small  tithea  to  the  vicar. 

No  tithes  are  pdd  tot  quarries  or  mines,  beoause  thdr  products  are 
not  the  increase,  but  are  part  of  the  substance  of  the  earth.  Iliere 
may,  however,  be  tithes  <x  miaeids  1^  custom.  Ndther  sre  houses, 
considered  se^israt^  from  the  soil,  chargeable,  as  having  no  annual 
increase^  Bj  the  common  law  of  Engluid  no  tithe  is  due  for  wild 
animals  such  aa  fish,  game,  &o. ;  but  there  are  local  customs  by  which 
tithe  haa .  been  pdd  from  each  things  from  time  immamorid,  and  in 
those  places  audi  customary  tithes  may  be  exacted.  Tame  auhnals, 
"ke^  for  jdeasure  or  curioai^,  are  alao  exempt  from  tithes. 

Tithea  were  ori^^nally  paid  in  kind,  that  the  trath  wheat-dieaf, 
the  tenth  lamb  |Hg,  as  the  case  might  be,  belonged  to  the  parson  of 
the  pariah  aa  hia  tithe.  The  inconvenience  and  vexation  of  auch  a 
mode  of  payment  are  obvious,  but  no  attempt  hod  been  mode  in  this 
coun^,  till  very  recently,  to  introduce  a  generd  improvement  in  ^e 
mode  of  collection.  The  inconvenience  of  paying  tithes  in  kind  must 
long  since  have  been  lelt,  and  csrtdn  modes  i«  obviating  it  were  coca- 
uonally  praotiaed.  Sometimes  tiie  owner  <st  land  would  enter  Into  a 
compodtion  with  the  parson  or  vicar,  vrith  the  consent  of  the  ordinaiy 
and  the  patron  of  the  living,  by  which  certdn  land  should  be  dtogether 
discharged  from  tithea,  on  conveying  other  land  for  the  use  of  the 
church,  or  making  compensation.  In  other  words,  the  owner  of  tiie 
land  purchased  an  exemption  from  tithes.  Such  arrangements  between 
landowners  and  the  ehunih  wen  reocgniaed  bylaw;  but  it  was  found 
that  they  were  often  iiHurioas  to  the  oturch  by^reason  <rf  an  insufficient 
vdue  being  given  for  the  tithes.  The  acts  1  SUzabeth,  o.  19,  and  18 
Elizabeth,  e.  10,  were  accOTdingty  passed,  which  disabled  archbishops, 
bishops,  ooUegee,  deans,  chapters,  noapitals,  parsons,  and  vicars,  from 
making  any  alienation  of  their  property  for  a  longer  term  than  twenty- 
one  years  or  three  lives.  In  oraer  to  eetabliu  an  exemption  from 
tithes  on  the  ground  of  a  red  composition,  it  is  therefore  neoaaaaiy  to 
ahow  that  such  compodtion  had  been  altered  into  before  the  statutes 
of  Elisabeth.'  Since  that  time  compodtiona  have  rarely  been  made, 
except  under  the  autiiority  of  private  acta  of  parliament 

Another  method  of  avoiding  the  payment  of  tithes  in  kind  was  by  a 
modtu  deeimandi,  commonly  colled  a  modui.  This  consists  of  any 
custom  in  a  particular  place,  hy  which  the  ordinary  mode  of  collecting 
tithes  has  been  superseded  hj  ataat  spedd  manner  of  tithing.  In  some 
parishes  the  custom  luta  prvnSM,  time  out  of  mind,  of  paying  s  certain 
sum  of  money  annually  for  every  acre  of  land,  in  lieu  of  tithes.  In 
others,  a  smaUer  quanti^  of  prodaoe  is  given,  and  the  residue  is  mado 
up  in  labour,  as  every  twelfth  sheaf  of  wheat  instead  of  the  10th,  but 
to  be  housed  or  threshed  by  the  tithe-payer. 

A  large  portion  of  the  land  of  England  and  Wdes  is  tithe-free  from 
vsricus  causes.  Some  haa  been  exempted  under  red  compodtion,  as 
already  explained,  and  some  by  prescri^on,  which  supposes  a  com- 
position to  have  been  formerly  mode.  The  most  frequent  ground  of 
exemption  is  that  the  land  once  bdonged  to  a  rdig^oua  houae,  and  was 
therdore  discharged  in  tite  following  manner : — ^ijl  abbots,  priori,  and 
ct^  heads  of  religious  houses,  origindly  paid  tithes  from  the  lands 
belonging  to  them,  until  Pope  Foschd  II.  exempted  all  spiritud  per- 
sons from  paying  tithes  of  lands  which  were  in  tiieir  own  hands.  This 
generd  discharge  continued  till  the  time  of  King  Henry  IL,  whra 
Pope  Adrian  IV.  lestrained  it  to  the  three  religious  orders  of  Cister- 
cians, Templars,  and  Hospitalem,  to  whom  Pope  Innocrat  IIL  added 
the  PreemcmstratenseB.  These  four  orders,  on  account  of  their  exemp- 
tion, were  oommonly  cdled  the  privileged  ordera.  The  Council  of 
I^teran,  in  1215,  further  restrained  this  exemption  to  lands  in  the 
occupation  of  tiiose  religious  orders  of  which  they  wtfte  in  possession 
befcre  that  oounoiL   Bulls  were,  however,  obtained  for  discharging 
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partiouUr  monaBteriea  from  the  p^ment  of  tithee,  which  would  not 
otherwise  hare  beeu  exempt;  hj  which  meeiu  muoh  Und  faae  been 
ever  am<»  tithe-free.  Another  mode  hf  which  lands  bslontpng  to 
religioiiB  houMt  beoamfl  not  liable  to  the  wmeat  of  tithes  wm  that  of 
miiy  o/jKMKMum,-  as  where  the  hmde  and  the  rectory  bcHoDged  to  the 
same  ettaUiahment,  which  would  not,  of  courBe,  pay  Uthee  to  itsell 
Yet  the  laoda  were  not  aheolutely  diacltarged  b;  this  unit;  of  poaaea- 
aioQ,  fox,  upon  any  disunion,  the  payment  of  tithes  was  revived ;  so 
that  the  union  only  suspended  the  payment.  The  act  81  Hen.  VUL 
a  13,  which  diascdTed  sereral  of  the  religloufl  houses,  continued  <^ 
disdurge  of  their  lands  from  tithes,  tliou^  in  the  posseeaion  of  the 
king  or  any  other  penon  by  grant  from  the  crown ;  and,  in  oonae- 
qiienoe  of  uiia,  the  landa  of  many  laymen  which  were  granted  by  the 
crown  are  tithe-ft^e,  and  the  right  to  tithe  and  the  property  in  many 
rectories  are  Tested  in  laymen.  Many  monasteries  had  previously  been 
dissolved  by  act  of  parliament,  but  as  no  such  olauae  aa  that  contained 
in  the  81  Hen.  Till  had  been  intooduoed  into  other  acts,  the  lands  oi 
the  monaateries  dissolved  hy  them  beoanw  chargeable  wi^  tithes. 

The  payment  of  tithea  in  kind  has  been  a  cause  of  oonatant  dispute 
between  clergymen  and  their  parishioners.  With  the  best  intentions 
on  both  tides,  the  very  nature  of  tithee  is  such,  that  doubts  and  difS- 
culties  must  arise  between  them  :  and  even  where  there  is  no  doubt, 
the  form  and  principle  of  payment  are  odious  and  discouraginK.  Com- 
mutation of  the  Uues  has  aooordingfy  bean  attenmted  and  boa  been 
found  most  luooessful.  Dr.  Fftley,  who  saw  so  cHeariy  the  evils  of 
tithes,  himsdf  suggested  this  improvement.  "  No  measure  of  such 
eztennve  conoem  appears  to  me  so  practicable,  nor  any  single  altera- 
tion so  beneflcial,  as  the  conversion  of  Utiles  into  eomrreuU.  This 
commutation,  I  am  convinced,  might  be  so  adjusted  aa  to  secure  to 
the  tithe-holder  a  complete  and  perpetual  equivalent  tor  his  interest, 
and  to  leave  to  industry  its  full  operation  and  entire  reward."  {'  Moral 
and  Pblttioal  Kdlosophy,'  chap,  xii.)  This  principle  of  commutation 
was  first  proposed  to  be  applied  by  the  legislature  to  Ireland.  In 
addition  to  the  common  evils  of  a  tithe  ^tem,  that  country  was 
labouring  imder  another.  The  mass  of  the  people,  who  are  Roman 
Catholics,  were  paying  tithes  to  a  Protestant  clergy.  Reeistonoe  to 
the  pigment  of  tithes  had  become  so  general  that »  oommutati<n  was 
deemed  absolute^  neoessaiy  for  the  safel^  of  the  ohiurbh  of  Irdand. 
It  was  reoommMMcd  by  committeee  of  both  houses  <A  parliament  In 
1832,  but  not  finally  carried  into  effect  until  1838. 

The  statutes  for  the  general  commutation  of  titiies  in  England  are 
the  6  &  7  Wm.  IV.  o.  71,  the  7  Wm.  IV..  and  1  Vict  c.  69,  tiie  1  &  2 
Vict.  0.  64,  tiie  2  &  8  Vict  c.  32,  Md  the  5  &  6  Vict,  c  S4.  Their 
object  is  to  substitute  a  rent-charge,  payable  in  money,  but  in  amount 
varying  according  to  the  average  price  at  oom  seven  preceding 
years,  for  all  tithee,  whether  payable  under  a  modvt  or  composition,  or 
not.  A  Toluntaty  agreement  between  the  owners  of  tiie  land  and  of 
the  tithes  is  first  promoted,  and  jn  case  of  no  such  agreement,  a  com- 
pulsory commutation  is  effected  by  tithe-oommiesioners ;  provision 
being  mode  for  the  valuation  and  apportionment  of  tithe  in  every 
pariah  of  England  and  Wales,  Land  not  exceeding  20  acres  may  also 
be  given  bya  parish,  on  aoomintof  any  spiritual  Eenefloe  or  dignity, 
aa  a  commutation  for  tithee  to  eodeaiutical  peteons,  but  not  to  lay 
impropriates. 

The  complete  and  final  commntation  of  tithes  must  be  r^;arded  as  a 
moat  valuable  measure.  It  is  perfectiy  &ir  to  all  parties,  and  is  calcu- 
lated to  add  security  and  permanence  to  the  proper^  of  the  church, 
and  to  remove  all  grounds  of  discord  and  jealousy  between  the  clergy 
and  their  parishioners.  ISor  must  we  omit  to  mention  an  improve- 
ment in  the  mode  of  recovering  titiies,  consequent  upon  the  commuta- 
tion. There  were  formerly  various  modes  of  recovery,  in  the  ecclesi- 
aetioal  as  well  as  in  the  civil  courts,  and  before  justices  of  the  peace, 
all  more  or  leas  leading  to  unaeendy  litigation.  The  present  mode  of 
recovering  the  rent-charge,  if  in  arrear,  is  by  distraining  for  it  upon 
the  tenant  or  occupier,  in  the  same  maouer  as  a  Imdlord  recovers  his 
rent;  and  if  the  ruit-charge  shall  have  been  forlty  daya  in  arrear, 
possession  of  the  land  may  be  given  to  the  owner  of  tiie  rent-i^iarge 
until  the  arrears  and  costs  are  satisfied.  Indeed,  the  whole  prinei^ 
of  the  Tithe  Commutatitm  Act  is  to  strip  tithes  of  the  character  of  a 
tax,  and  to  assimilate  them  as  much  as  possible  to  a  rent-ohatge  upon 
the  land,   [Tithino;  Shim.] 

TITHIKO  (Tmnga,  from  the  Saxon,  ThtoAiatge)  is  an  ancient 
mumapal  division  4d  land  in  Enghmd  under  the  Saxon  kings.  The 
vbxAe  country  was  dlvidad  into  tiuiings  and  hundreds  1^  Alfred  the 
Great.  The  former  was  »  district  containing  ten  heads  of  families : 
the  ktter  comprised  ten  titbings,  or  one  hundred  heads  of  £uniliea. 
Every  tithing  had  its  chief  man  amiually  appointed  to  preside  over  the 
res^  who  was  called  the  tithing-num  or  bonholder,  and  sometimes  the 
headborongh  or  borou^'s  elder.  Each  of  these  litUe  communities 
was  bound  to  keep  the  peace  within  thdr  own  jurisdiction,  and  the 
members  were  responaihla  for  each  other.  So  important  were  these 
assodationa  deemed  to  be,  that  no  man  was  allowed  to  abide  in  England 
ahoye  forty  days  without  being  enrolled  in  some  tithing.  Although 
the  institution  has  long  ceased,  the  name  and  divisua  are  still  retained 
in  many  parts  of  England. 

TITLE.   [Vehdobs  akd  Fdrchasebs,] 

TlTLE-DEEDa   [Vmdobs  a»d  Pobohasees.] 

TITLES  OF  HOKOUit  are  W(n^  or  phrases  T^ch  cotain  persons 


are  entitled  to  claim  as  their  right,  in  consequence  of  certain  dignities 
being  inherent  in  them.  They  vary  in  a  manner  corresponding  to  the 
variety  of  the  dignitiea,  or,  in  ouier  wends,  with  Ibe  rank  of  the 
pooessor.  Thus  Emperor,  King,  Csar,  Prinoe,  are  tides  honour,  and 
tiie  possessors  of  the  high  dignities  represented  by  these  words  are,  b^ 
the  common  consent  of  the  civilised  world,  entitled  to  be  so  deooim- 
nated,  and  to  be  addressed  by  such  terms  as  Your  Ifajeaty  and  Your 
Koyal  Highness.  These  are  the  temu  used  in  England,  and  the 
phnses  in  use  in  otiier  countries  of  Europe  do  not  much  dififer  from 
thnn.  In  foot  one  European  natibn  seems  to  have  borrot^ed  from 
another,  w  all  to  have  taken  their  titles  of  honour  for  this  exalted 
rank  frmn  a  common  ori^al ;  so  that  little  of  the  peculiar  genius  of 
the  European  nations  can  be  traced  in  the  terms  by  which  th^  show 
their  respect  for  the  persons  of  highest  digni^.  But  it  is  <uflerent 
when  we  come  to  compare  them  witii  the  (Mental  natitms.  In  those 
seats  of  anoient  dvilis^ion  the  most  extravagant  terms  of  oom^iment 
are  in  use,  and  a  little  sovangn  a  wandoing  tribe  rqdaes  m  titles 
of  honour  numerous  and  inflated  in  the  highest  degree.  In  the  series 
of  Roman  emparois,  the  woM  Onsar,  originally  the  name  of  a  family, 
became  a  title  of  honour;  Aogustos  was  another;  and  Pater  Fatrisa  a 
third. 

The  five  orders  of  nobilify  in  Eof^and  are  diatjnguiahed  by  the  titles 
of  honour,  I>uke,  Marquess,  Barl,  Viscount,  and  Baron ;  utd  the  persona 
in  whcHn  the  Hgoitf  at  ttie  peerage  inheres  are  entiUed  to  be  desig- 
nated hj  these  words,  and  in  any  1^  proceedings  are  to  be  thus 
designated;  that  is,  the  law  or  the  custom  of  the  rMlm  guarantees  to 
them  the  poesesaon  of  tiieae  terms  of  honour,  as  it  does  of  the  dignities 
to  which  they  correspond.  They  are'  also  entitled  to  be  addrensed  by 
BU(^  phrases  as  My  Lord,  My  Lord  Marquesa,  My  Lord  Duke,  and  they 
have  nsuslly  prefixed  to  their  titles,  OToperly  so  called,  oertsin  jdirasee, 
aa  High  and  Mighty  Prinoe,  Most  fToble,  Bif^  Hraourable, 
with  the  kind  and  depee  of  the  dignity  possessed  by  thwn.  The 
other  membeis  of  the  families  of  peers  have  also  their  titles  of  huioar. 
Thus  the  lady  of  a  peer  has  rank  and  titles  corresponding  witii  those  of 
the  husband,  Ail  the  sons  and  daughters  of  peers  are  Honourable, 
but  the  daughtera  of  earls  and  peers  of  a  higher  dignity  are  entiUed  to 
the  distinction  of  being  called  Lady,  and  the  younger  sons  tA  dukee  and 
marqneasea  are  by  ouBtom  addressed  as  My  Lord. 

The  orders  of  nolnlity  in  other  European  countries  diflEsr  little  from 
our  own.  They  have  their  Dukes,  Marquesses,  Counts,  Viscounts,  and 
Barons.  We  cannot  enter  into  the  nice  distinetionB  in  the  dignities  of 
foreign  nations,  or  in  the  titiee  of  honour  whiofa  oorre^nd  to  them. 

The  Baronet,  which  is  a  new  dignity,  not  having  been  known 
before  tiie  reign  of  James  I.,  lias,  besides  its  name,  which  is  placed 
after  the  name  and  sumanw  of  the  venaa  apoken  of,  the  priviuge  of 
prefixing  Sir ;  and  their  wives  are  Mititled  to  the  {vafix  of  Dame,  and 
to  be  addressed  as  My  Lady  and  Your  Ladyship.  The  titie  is,  like 
the  tities  of  peers,  bOTeditary. 

Another  dignity  which  brings  with  it  the  right  to  a  title  of  honoor  is 
that  of  Knighthood,  and  this  is  not  hereditary.  This  dignity  is  of 
andent  origin,  and,  in  the  form  in  which  we  now  soe  it,  may  be 
traced  far  into  the  depths  of  the  middle  uns,  if  it  be  not,  as  stnne 
suppose,  a  oontinoation  of  the  Bqiiltes  of  Ittnne.  Persons  on  whom 
tlds  honour  is  confenwd  take  rank  above  the  gentlemen  and  esquires, 
nod  are  entitled  to  the  prefix  Sfr  to  thefr  former  name  and  surname. 
Their  wives  are  also  entitled  to  |n^fix  the  word  Dame,  and  to  be 
addreaad  by  the  compellation  Your  Ladyship  or  My  Lady.  The 
knighte  of  partioidar  orders,  as  of  the  Oarter,  the  Thistle,  St.  Fatrit^, 
the  Bath,  are  a  khid  (d  sdeot  number  of  the  body  of  the  knighthood; 
and  the  name  of  the  coder  to  which  they  belong  is  ordinarily  used  by 
and  of  them,  and  thus  becomes  of  the  nature  of  a  titie  of  honour.  The 
Bannerets  of  former  ages  were  a  class  of  knights  superior  to  the  ordi> 
naiy  knight-baohelor,  forming  in  fact  an  order  intermediate  between 
the  Iztight,  in  its  ordinary  sense,  and  the  baron. 

Besides  these,  there  are  the  eoclesisstical  dtgoitlaa  of  Bishop  and 
Archbishop,  whidi  bring  with  them  the  right  to  cerUin  tities  of 
honour  besides  the  phruee  by  iriiidi  the  dioilfy  itself  is  designated. 
And  custom  seems  to  have  sanctioned  the  dsim  of  the  persons  who 
possess  inferior  dignities  in  the  dinrdi  to  certain  honourable  tities  or 
oompellations ;  and  it  is  usual  to  bestow  on  all  persons  who  are 
admitted  into  the  derical  order  the  titie  of  Reverend, 

There  are  idso  aoadouical  distinctimiB  whidi  are  of  the  nature  of 
tities  of  honour,  although  they  are  not  usually  otmsidered  to  fall  under 
the  denomination.  MunidpsI  offices  have  also  titles  aooompanying 
them ;  and  in  the  law  there  are  very  eminent  offices  the  names  t» 
which  become  titles  of  honour  to  tiie  possessors  of  them,  and  irtudii 
bring  with  them  the  right  to  certain  terms  of  distinction. 

AH  titles  of  honour  appear  to  have  been  ori^ally  namea  of  office. 
The  earl  in  England  hod  in  former  agea  substantial  duties  to  perform 
in  his  county,  as  the  sheriff  (the  Vice- Comes  or  Vice-Earl)  has  now; 
but  t^e  name  has  remained  while  the  peculiar  duties  are  gone,  and  so 
it  is  witii  re^ct  to  other  dignities.  The  emperor  or  kii^,  the  higbest 
digni^  known  in  Europe,  still  performs  the  duties  which  originally 
b^osged  to  the  office,  or  at  least  tlie  most  important  of  them,  aa  well 
as  enjoys  the  rank,  diguity,  and  honours ;  and  on  the  Continent  there 
are  dukes  and  earls  who  have  still  an  important  political  character. 

Whoever  wishes  to  study  this  subject  in  all  its  details,  will  do  well 
to  resort  to  two  great  worke :  one,  the  late  '  Reports  of  the  Lords' 
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Committees  on  the  dignity  of  the  Pea^e;*  th«  other,  the  large 
tiwtiM  on  "nOm  o£  Booonr/  the  learned  Selden.  The  latter  was 
fint  jaintad  in  ito,  1614 ;  anin,  viUi  lam  addltinii^  lulio,  1631. 

TOBACCO  CULTURE  AND  TRADE.  Tobaooo  ia  the  common 
nune  of  the  pluta  belonging  to  the  H onopetaloua  genus  Nieotiana. 
Tobaooo  was  the  name  lued  by  the  Ouibbma  for  the  pipe  in  whidi 
ihey  smoked ;  but  this  word  ma  tranaferred  by  the  Spaniurda  to  the 
herb  Haelf.  The  genua  Ificotiana  contuna  about  fortj*  apeoiea,  most  of 
them  yielding  tobaooo  for  amoldng,  and  many  of  them  eultivated  in 
the  gwdou  ^  Enrawk  The  name  ATKOfNHMinM  giraa  to  these  jda^ 
after  Jean  Kicrt,  of  zTiBDua,  in  Langnedoe,  who  mm  an  agent  of  the 
king  oi  France  in  Portugal,  and  there  ravoured  tha  aaeds  o£  the  tobacco 
from  a  Dutchman  who  bad  pnmired  them  in  Florida.  Nieot  aent 
them  to  France  in  1560. 

The  botanical  charaoteriatioa  of  the  tobacoo-plaat  are  deaoribed  under 
NiooTURA  in  the  Nat.  Hist.  Dir. ;  ita  medical  oao  are  diacusBed 
under  Nuxruma  Tabaouh  in  the  preoeni  Division ;  and  ita  chemical 
{Ht^Mrties  under  NloonxB.  We  need  aoaro^  rerot  to  tte  following 
pointi :  that  the  oonumm  Vnrginiaa  tobaooo,  the  NiettiaiM  tabaam,  ia 
the  chief  kind;  and  that  tiie  Orinooo,  Tuniah,  and  Pmiaa  are  tlw 
kinds  rsnloDg  next  in  extent  of  use, 

Guttivatiom. — The  ouhiTation  of  tobacco  ia  most  eztensiTely  oarried 
on  in  the  United  Statea  of  America.   The  plant  requires  oouBiderable 
heat  to  come  to  perfection;  but  with  care  wd  attenu<m,  and  by  treat> 
ioff  it  as  an  exotic,  it  may  be  veiy  auooeasfuUy  cultivsted  in  much 
colder  climates.   The  least  frost  injurea  it.   The  seeds  of  the  tobacco- 
plant  are  sown  in  a  prepared  aeed-bed>  and  cwefully  protected  from 
frost;  for  which  purpose  straw  and  fern  are  used.   When  once  the 
danger  of '  spring  frosta  is  over,  they  may  be  safely  transplaoted  into 
noond  which  haa  been  laid  in  narrow  beds  with  intervals  between 
weni,  dog  out  deep,  and  riohly  manured  wilii  sheeps'  dung.  These 
beds  are  two  feet  wide  at  top,  and  two  feet  six  inches  at  bottom,  with 
sloping  sides  to  keep  Uie  earth  up ;  tiie  intorvala  are  only  six  or  eight 
inches,  and  serve  not  only  as  drains  to  keep  the  beds  dry,  but  aa  paths 
from  which  the  aurhce  <n  the  beds  may  be  stirred  and  weeded.  Two 
rows  of  plants  about  eight  indies  high  are  planted  at  equal  distances 
along  the  beda ;  the  rows  are  sixteen  or  eighteen  indies  apart,  and  the 
idaOM  at  the  same  distance  from  each  othw.   In  wanner  climates  the 
planta  are  placed  three  feet  apart,  as  there  they  grow  to  amuch greater 
rise,  and  cover  more  ground.   A  mtMst  day  is  ohoeen  for  transpUnting. 
The  planta  are  taken  up  carefully  witii  a  small  spade  or  trowd  without 
ihakmg  the  earth  much  from  the  roots ;  they  are  placed  slanting  in  a 
•hallow  basket,  and  thus  carried  to  the  pr^[<Bred  beda ;  they  have  a 
stem  aix  or  eight  inches  long.    They  are  inserted  into  holes  made 
hf  a  proper  instrument,  so  Uiat  the  fibrea  of  the  roots  and  the  ad- 
bering  earth  nu^  be  completely  buried  up  to  the  bottom  of  the  stem. 
Four  or  rix  learea  should  be  on  the  pluit;  if  more,  the  lowest  are 
pinched  oft    Greet  attention  is  paid  to  the  beds  a\l  th6  time  liie 
tobacco  is  growing;  weeds  are  carefully  eradicated,  and  the  earth 
repeatedly  stirred  between  the  plants  with  hoes  and  narrow  spades  to 
acodento  the  growth.   When  the  plants  acquire  a  certain  aize,  the 
lower  leavea  are  janohed  ofF,  to  inoreaae  tiie  bulk  of  the  upper.   A  fine 
tobaooo-plant  should  have  from  eight  to  twdve  large  succulent  leaves, 
and  a  stem  from  tiiree  to  six  feet  hi^ ;  Um  top  is  pinched  off  to  in«- 
Twt  its  running  and  drawing  the  s^intun  tike  iMTei,  and  lateral  sho^ 
are  carefully  pinched  off  as  soon  as  they  appear,  to  prevent  brandling. 
A  few  ^ants  are  left  for  seed,  and  of  theae  the  heads  are  dlowed  to 
dKwt  the  full  leittth.   The  seeds  are  so  small  and  so  numerous  on  a 
^bnti  that  a  lew  plants  produce  a  suffident^  of  seed  for  the  next  crop. 
The  ^ntations  are  continuaUy  examined,  and  every  leaf  injured  by 
insects  or  otherwise  is  pulled  offi   Tobaooo  takes  about  four  montlu 
from  the  time  of  [^ting  to  oome  to  perfection ,-  that  ia,  from  Kay  to 
September,  when  the  leares  are  gathered  before  there  is  any  danger 
from  frost :  one  siu^e  white  frost  would  spoil  the  whole  crop,  and 
cause  it  to  rot   As  soon  as  the  colour  of  the  leaves  becomes  of  a  paler 
green  inclined  to  yellow,  thqr  are  fit  to  be  gathered ;  they  then  be^ 
to  droop,  and  emit  a  stronger  odour,  and  feel  rou^  and  somewhat 
brittie  to  the  touch.   When  the  dew  is  evaporated  and  the  sun  shines, 
the  leaves  may  be  most  advantageously  ^thered,  which .  is  done  by 
cutting  down  the  plant  oloae  to  ^e  ground,  or  even  a  little  under  the 
surface.   Ttu^  are  left  on  title  ground  to  dry  till  the  evening,  taking 
care  to  turn  them  often,  that  they  may  dry  equally  and  more  rapidly. 
T\mj  an  housed  before  tlw  erwiing  daw  falls,  which  would  injure 
tfaoBf  and  laid  up  under  oover  in  heaps  to  sweat  during  the  night,  and 
some  mats  are  thrown  over  the  heaps  to  keep  in  the  heat   If  they  are 
very  full  of  juice,  they  are  sometimes  earned  out  again  the  next  day 
to  dry  in  the  sun ;  but  moat  commonly  they  are  left  to  sweat  for  throe 
or  four  days,  and  are  then  moved  and  hung  up  to  dry  in  sheds  which 
allow  a  thoroi^  drau£|ht  of  air  but  keep  out  the  rain.   Evety  tobacco- 
idantatim  haa  such  binldiiig^  poportioned  to  the  extent  of  the  culti- 
vation.   In  some  places  the  leaves  are  now  stripped  off  the  stoma  and 
strung  on  packthread  to  dry.   In  others  tiie  whole  plant  is  hung  on 
pega  plaoed  in  rows  at  regular  distances,  and  fixed  on  laths  which  run 
across  the  building.    When  the  plants  are  quite  dry  they  are  removed 
in  moist  or  fo^  weather ;  for  il  Uie  air  is  very  d^  the  leaves  would 
fall  to  dust   ^aay  are  laid  in  heaps  on  hurdles  and  covered  over,  that 
thay       sweat  wdn,  whKdi  they  do  but  slowly.   The  hei^  are  care- 
fully examined  from  lime  to  time  to  see  that  th«y  do  not  heat  too 
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mudi ;  and,  according  to  the  season  and  the  nature  -of  the  plants, 
whether  more  or  leas  filled  with  sap,  they  remain  so  a  week  or  a 
fortnight  If  the  leaves  were  not  stripped  off  at  first,  they  are  taken 
off  now,  when  the  proper  fermentation  is  completed.  They  are  sorted; 
those  which  ^row  on  the  top  of  the  stem,  in  the  middle,  and  at  the 
bottom,  are  hud  separately,  as  being  of  different  qualities.  They  are 
tiod  together  in  bundles  of  ten  or  twdve  leaves,  again  dried  carefully, 
ranged  in  casks  horizontally,  and  pressed  in,  by  means  ot  a  round 
board,  by  lever  or  screw,  as  soon  aa  a  certain  quantity  has  been  li^  In; 
the  pressure  is  eqnd  to  that  of  a  wd^t  of  several  tons. '  This  is 
easentUl  to  the  safe  toansportatdoQ  of  l^e  tobacco;  and  it  is  thus  tiiat 
the  great  bulk  of  it  arrives  from  the  places  where  its  cultivstioQ  is 
most  extensive,  as  in  America. 

The  finest  tobaoco,  however,  is  made  Into  rolls,  which  from  their 
shape  ore  called  earrott.  The  leaves  «re  placed  together  by  large 
handfuls,  and  wound  very  tightly  round  by  stripe  of  fibrous  wood  or 
strong  grasB,  at  a  time  when  the  air  is  somewhat  moist ;  they  parti^y 
consouaatoj  and  require  only  to  be  taq>ed  to  make  the  finest  and  most 
genuine  snuft 

The  refuse  stems  of  the  tobacco  are  sometimes  tnimed ;  but  it  Is 
best  to  let  them  rot  in  the  ground,  where  they  are  ctmrerted  into  good 
manure  for  the  next  crop.  From  the  high  state  of  cultivation  of  the  ■ 
land,  it  is  left  very  rich  for  any  other  crop  after  the  tobacco ;  but  aa 
this  is  quite  a  gaiden  cultivaUon,  the  tobaoco  recurs  Tery  soon  on  the 
same  ground ;  the  abundant  manuring  and  deep  trenching  prevent  any 
bad  etfeote  from  this  frequent  recurrence. 

Mmmfaetttrt, — Tobaooo  is  packed  in  hogdieads  for  shipment :  It  is 
done  with  the  greatest  care,  each  bundle  being  laid  sepaiately.  They 
are  ranged  aide  by  side,  and  Uie  direction  of  the  points  of  the  leaves  is 
reversed  with  meij  alternate  row.  When  the  cask  ia  about  one-quarter 
filled,  the  tobaooo  is  oompressed  by  a  powerful  lever-presii,  which 
reduces  the  thickness  of  the  layer  from  about  twelve  Inches  to  three; 
and  the  preseure  is  continued  several  hours,  that  the  tobacco  may 
become  so  consolidated  as  not  to  spring  up  again  when  it  ia  removed. 
In  this  way  the  cask  is  filled,  by  successive  stages,  until  it  oootiuns  a 
mass  of  tobaoco-leaves  so  dense  and  compact,  that  a  hogshead  48  inches 
in  length,  and  80  or  82  inches  ia.  diuneter,  will  contain  1000  Ibe. 
weight. 

Upon  the  arrival  of  the  tobaoco  In  this  connti^  It  is  cohveyed  to 
booding-warehouses.  Those  of  the  metropolis,  which  are  of  immense 
extent,  are  ntuated  chiefly  at  the  London  Doi^,  where  every  cask  Is 
opened  to  examine  its  contents,  and  to  remove  any  tobacoo  which  may 
have  been  injured  in  the  passage.  This  arrangement  ia  due  to  ih.9 
operation  of  the  high  import-duty,  which  renders  it  better  for  the 
owner  to  sacrifice  tobacco  that  may  have  become  impdred  in  Talue  than 
to  pay  the  duty  upon  it  For  the  purpose  of  examination,  the  head  of 
the  hogshead  ia  knocked  out,  some  of  the  staves  are  loosened,  and  Uw 
hogshead  is  taken  completely  off  from  the  tobacco.  If  it  be  found 
that,  from  defeotiTe  packing,  from  tiie  action  of  sea-water,  or  from  any 
other  cause,  part  of  the  euifoce  has  become  so  injured  ss  not  to  be 
worth  preserving,  such  part  is  removed,  with  large  ^werful  cutting 
instruments,  by  smdl  quantities  at  a  time.  This  requires  considerable 
power,  owing  to  the  intense  oompressiun  ot  the  tobaoco,  especially 
upon  the  ^lindrical  sides  of  the  mass,  where  the  cutters  act  across  the 
direction  of  the  stalks  and  leaves.  Thq  damaged  tobacco  thus  removed 
is  consumed  in  a  furnace  on  the  premises.  The  remainder  of  the  mass 
is  accutntdy  weighed,  and  then  returned  into  the  hogshead. 

The  manufiwture  of  the  tobaoco-leaveB  into  the  numerous  varieties 
of  tobaa»  for  smoking  in  pipe* — coosiBting  of  th«  leaf  out  up  into 
shreds  or  filaments,  and  usuuy  divested  of  the  stalk ;  into  cifrari,  which 
are  bundles  of  the  tobsooo-leaf  rolled  compadJy  togpether  into  a  oon- 
venient  form  for  smoking ;  and  into  tnvff,  which  connste  partly  of  the 
stalks  of  the  leaves,  and  piffUy  of  the  leaves  themsdvea,  out  and  ground 
into  the  stato  of  powder— Is  nsoally  oooducted  three  distinct  classes 
of  traders. 

The  first  operation  performed  upon  a  hogshead  of  tobacco,  after  it 
has  been  removed  to  tiie  manufactory  and  opened,  is  the  digging  out 
of  the  solid  tobacoo  with  iron  instruments.  The  pieces  thus  detached 
are  then  aprinkled  with  water,  which  facilitates  the  separation  of  the 
small  bundles  from  each  othea:,  and  also  of  the  leaves  oomposing  each 
bundle.  If  the  tobaoco  be  of  the  kind  called  hand-work, — that  is  to 
say,  with  the  stalks  remaining  attached  to  the  leaves, — it  must  now  be 
sti^>ped,  unless  indeed  it  be  required  for  tiie  production  of  a  kind  td 
Mmooo  called  hird^t-fve,  vriilch  contains  a  portion  of  stalk  as  well  as 
leaf.  The  removal  of  the  stalks  is  usually  effected  in  England  by 
women  or  boys,  who  fold  the  leaf  along  the  middle,  and,  by  means  of  a 
small  instrument,  separate  the  stalks  from  the  leaves,  and  lay  them 
aside  in  different  heaps.  To  prepare  th«n  for  being  cut  into  shreds  or 
filaments,  the  leaves  are  ]^«ssed  together  in  large  numbers  in  the  form 
of  a  cake,  during  whidi  operation  tbfiy  are  occasionally  mdstmed,  not 
only  to  enable  them  to  cake  together  the  more  readily,  but  also  in 
order  to  improve  tira  subsequent  flavour  of  the  tobacco.  The  details 
of  the  machinery  emplcyed  for  compressing  snd  cutting  the  tobaoco 
vary  in  different  establishments.  Originally  the  cutting  apparatus  ccm- 
sisted  simply  of  a  long  knife  worked  by  hand.  Hand-enginee  wero 
then  introduced,  and  such  are  still  partaally  used,  in  which  the  knife  in 
moved  by  a  train  of  madiinery,  traioh  ako  shifts  the  oake  of  tobaooi 
between  each  cu1>  80  as  to  jnake  it  ready  for  the  next   This  kind  of 
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cntting-eo^e  ia  turned  hf  a  wiooh-bandle,  and  the  motion  is  r^uUted 
by  a  1^-wheeL  Honee  uye  been  qiplied  to  a  simUar  maohine ;  and, 
Mtir,  Bteam^owea-  hu  been  iHDuc^t  to  the  aid  of  the  numufiotunr, 
learaig  Um  attnidaDoe  of  mm  neeemiy  onlr  to  i^aoe  the  oake  in  the 
ragioe,  io  attend  to  it  whilfl  at  work,  vai  to  remove  the  cut  tobacco.' 
Oeounlly  cpeaking,  all  of  these  machines  act  upon  the  BMne  principle. 
Hie  cake  of  leaves  is  laid  upon  an  iron  bed,  wnioh  is  auweptible  of  a 
-dow  progresaiTe  motion,  and  another  part  of  the  meohanism  gives 
moikua  to  the  knife.  The  depth  of  tiie  cake  ia  about  two  icohee ;  tin 
fehickDess  of  the  &bn  taken  off  bj  each  abroka,  and  emunqam^^  the 
Adsosm  or  eoaneneea  of  the  filaments  oi  tobaooo^  ii  ngolatad  by 
alfaratioos  in  a  train  of  cog-wheola. 

Many  <nrcum«tances  combine  to  account  for  tiie  difEbreot  quaUties 
and  iqqiearanoe  of  the  numerous  varieties  of  tobacco  used  for  smoking. 
^obaoMB  nised  in  varioiis  places  naturally  present  some  points  of 
^tifiennoe ;  variations  will,  as  already  shown,  appear  in  different  parts 
■flf  the  aame  crop;  and  (iie  retention  or  rejection  of  the  stalk,  the 
Bafcare  and  extent  of  the  moistening,  and  the  degree  of  fineness  of  the 
fibres;  occasion  still  further  differencea.  A  coarse  variety  called  »h<xg, 
whkli  la  uaed  both  for  chawing  and  smoking,  ia  formed  at  Uic  daikest- 
cdoured  leaves,  woU  liquored,  which  darkens  tiiem  still  more.  Pig-taH 
tobaow  oonsista  of  a  rope  or  oord,  about  as  large  as  the  thicker  end  of 
a  tobaooo-pipe,  and  aa  long  as  the  manufacturer  can  conveniently  make 
h.  It  is  produced  by  a  process  similar  to  sjanning;  and  requires  the 
nmiiltaneMut  aid  of  a  man  and  two  boys. 

The  manufacture  of  cigars  is  described  in  another  article.  [Ciqab 

HaKCrACTDRB.] 

SkuS  ^  mode  eithw  from  stalks  only,  from  leaves  only,  or  from  a 
mixtors  d{  the  two.  That  known  as  Scotch  snuff  is  made  either  wboUy 
of  stalks,  or  with  a  very  small  admixture  of  leaves.  Iligh^ritd 
snufb  owe  their  peculiar  qualities  chiefly  to  a  d^jee  of  drying  which 
imparts  a  scorched  flavour  to  them;  and  innumerable  varietaes  are 

Sroduced  by  the  choice,  mixture,  and  preparatiun  of  diflerent  tobaccos, 
[est  of  the  snuff  made  near  Loudon  is  ground  in  mills  whose  machi- 
nery ia  impelled  the  river  Wandle,  near  Mitcham  in  Surrey.  In 
thsM  mills  two  kinds  of  grinding-machine  are  employed.  One  consiato 
of  two  cylindrical  stones,  sevetaJ  feet  in  diameter,  and  one  or  more  in 
thickness,  set  np  on  edge,  ude  by  aide,  upon  a  (^ulnr  slab  or  bed. 
These  stones  have  a  two-fold  motion  imparted  to  them,  resembling 
tliat  of  a  carriage  wheel  compiled  to  revolve  in  a  snudl  circle,  lie 
efBect  of  this  peculiar  motion  is  a  grinding  action  upon  tiie  bed  whei-e 
tha  muff  ia  laid,  peouliarly  adapted  to  the  required  purpose.  Some 
Ui^  of  nuff,  boireTer,  an  better  ground  by  the  other  sort  of  machine, 
lAidh  consists  of  a  kind  of  rolling  pestle,  set  in  motion  by  an  ingenious 
timn  of  wheels  and  set  of  jointed  arms  or  levers.  UtUe  is  done  at  the 
aonff-mills  beyond  a  {nreparatorv  drying  of  the  tobaoco  and  the  actual 
grinding;  but  the  snuff  usually  receives  some  finUhing  opentions 
nom  the  maker  after  it  leaves  the  null. 

Tobwoe  Trade. — The  discovereta  of  the  New  World  learned  the  habit 
(4  wio]^  tobaooo  from  tile  natives;  and  on  their  return  the  practice 
was  at  Bm  introdooed  into  Spain  and  Portugal,  and  soon  spread  to 
other  parts  of  the  Continent.  The  settiers  who  aocompanied  R^lfigh 
<m  his  ezpeditioD  to  colonise  Viiginia,  which  returned  unauoousful  in 
1686,  introduced  the  habit  Into  En^^and.  Before  the  establishment  of 
the  oolooy  of  Virginia  in  1600,  all  the  tobacco  imported  into  this 
eouBtiy  was  wised  by  the  Spaniuds  in  the  Weat  India  Islands,  King 
Jamen  invaoUTea  aainst  the  use  of  this  weed  are  now  curious  matters 
of  history.  In  1601  he  took  upon  himself,  wiUiout  the  oonaent  of 
Parliament,  to  ruse  tiie  duty  on  tobacco  from  Sd.  to  6»  KM.  tha  lb. 
In  161S  the  colonists  of  Virginia  regulvly  betook  themselvfla  to  the 
cultivation  of  the  tobaooo-plint,  abandoning  the  manufacture  of  ashce, 
•eap,  glass,  tar,  and  the  planting  of  vineyard,  which  they  had  ahvady 
OMDmenoad.  James  felt  that,  without  abating  his  well-known  aversion 
to  tobaooD,  in  the  infuicgr  of  the  colony  this  proceeding  of  the  planters 
must  be  tolerated.  In  the  first  instance  he  commanded  that  the  pro- 
duction of  tobacco  should  not  exceed  the  rate  of  a  hnndred-wei^t  for 
each  individual  planter.  The  cultivation  was  forbidden  {n  Eo^and, 
and  the  plants  already  growing  were  ordered  to  be  uprooted.  Sa  the 
nme  time  he  confined  tiie  right  of  importing  the  commodity  to  such 
persons  as  he  shoakl  license  fw  the  piu^NMa.  In  tlu  last  y«ar  of  his 
t«ign  the  exclosive  nmly  of  tlia  Bi^^  maikat  wu  Area  to  the 
BBgluh  plantations  in  America. 

Being  rwarded  as  a  sonroe  of  revenue,  tobacco  is  not  allowed  to  be 
nowu  in  Ea^and.  In  1786  tobacco  paid  an  import  duty  of  IM.  per 
lb. ;  It  was  raised  to  U  8rf.  in  1787,  U  Id,  in  1788,  and  by  gradual 
BtqtB  to  If.  iq  1816,  at  which  it  remained  till  1826.  In  the  last-named 
yevr  the  dnty  was  lowered  to  8s.  if  from  foreign  countries,  and  to 
».  8a.  if  from  British  poasessionB.  The  diaeriminating  duty  was  afto^- 
vards  K>novfld,the  British  was  raised  to  the  same  rate  as  the  foreign, 
*nd  the  duties  settled  down  at  these  rates— Ss.  oo  unmano&otured 
^  cigars,  plus  6  per  cent.  Down  to 

1825 an  excise  aa  well  aa  a  customs  duty  was  levied  on  tobaoco;  but  in 
that  year  the  fcarmer  was  removed,  except  in  so  far  as  concerned  a 
hcense  for  the  tiaders  and  a  supervision  of  the  trade.  Great  i«8trictions 
ara  placed  on  the  importation.  Specified  porta,  about  thirty  in  number, 
ar»  ahne  pennitted  to  import  tobacco.  The  importer  is  not  compelled 
lepoythedat^attmoe;  henuqr  allow  the  tobacco  to  remain  in  bond, 
IB  the  qusen'i  mrdiouiss  at  the  Bereral  pwta,  for  any  space  of  time 


not  exceeding  five  years,  paying  a  rent  ^  it.  aa.  vmj  hogdwad,  oaak, 
chest,  or  case.  Every  sddiar  and  sailor  on  British  aervioe  in  foreign 
ports  may  pnndiaae  dutif  free  to  the  extent  of  21ba.  of  tobaooo  per 
m(Hitli;  bat  another  tobaooo  must  pay  the  du^  before  being  taken 
out  of  bond.  Aa  the  price  <^  tobaooo  in  bond,  after  all  the  expeaiaea  of 
growth  and  freight  l^ve  been  paid,  'varies  from  8d.  to  lOrf.  (pwhapa 
averaging  6d.),  it  follows  that  tiie  du^  (about  8a.  Stf.)  is  enormously 
heavy,  and  this  leads  both  to  smugdtng  and  adulteration.  It  has  been 
pertinency  rmnarked  1^  Ur.  Codley,  that  the  ret^  sale  of  genuine 
tobaooo  at>  Sd.  per  oz.  IS  a  otxnmercial  imposaibilitj.  ^le  tobaooo 
muMt  be  adulterated,  la  wder  to  pay  the  planter,  importer,  manu- 
facturer, n^lesale  dealer,  and  retailer,  and  to  pay  also  the  duty ;  or, 
if  genuine,  then  the  duty  mnat  be  evaded  by  smuggling.  The  ^vem- 
ment  officers,  aa  vrell  as  ohemists  acting  unofficially,  have  detected 
sugar,  trsaole,  molssses,  malt,  roasted  grain,  chicoiy,  liime,  sand,  umber, 
ochre,  sea-weed,  and  leaves  or  herbs  of  various  kinds,  in  tobacco. 
Dye-drugs  are  often  naed,  not  to  increase  the  wdf^t,  but  to  impart  a 
tobocoo-ocdour  to  adulterants. 

Tobaoco,  as  already  stated,  is  not  allowed  to  be  grown  in  England. 
The  acts  prohibiting  its  cultivation  did  not  app^  to  Ireland  till  about 
1840.  Tobaoco  is  extensively  cultivated  in  France,  Prussia,  HoiUnd, 
and  Belgium,  also  in  tiie  soutiiem  provinces  (rf  Rusma,  and  in  Turkey 
and  Syria.  It  has  as  yet  made  Uttle  -ptomm  in  the  British  West 
Indies,  and  itiU  leas  in  Uppar  Cknada,  ^Qw  tobaooo  of  Cuba  h<dda 
the  hie^est  rank  Ibr  die  excellence  of  its  fiavonr.  Kezt  In  favoor, 
periiaps,  are  the  cigars  of  W«nilU.  But  the  cultivation  of  tobaooo  ia 
moat  extensive  in  the  United  States.  In  1850  the  produce  in  eight 
states  of  the  Union  was  estimated  at  200,000,000  lbs-,  of  which  much 
more  tiian  half  was  fnvduced  in  Virginia  and  Kentucky.  About 
120,000,000  lbs.  of  tills  quantity  were  exported,  snd  80,000,000  lbs. 
oonsnmed  at  home,  amountiiig  to  84  lbs.  per  head  oa.  a  pwulation  of 
23/tOO,000.  FMfeasor  WBma,  in  Us  Report  on  the  Kew  Tiirk  Indus- 
trial Exhibition,  spoke  of  the  so-called  Cavendixk  tobacco  as  being  now 
in  Toy  extensive  demand  in  the  United  States.  "  It  is  known  as 
chewing  or  plug  tobacco,  and  is  put  up  in  boxes  of  various  sizes. 
Those  exhibited  weired  88  Iba.,  and  were  of  various  qualities  to  which 
different  names  and' prices  were  attached.  'Ladies'  Love '  sold  at 
leddlamper  boz,'Ladie^  Twist' at  18,  and  '  Fair  Amerioa*  at  10. 
Tobacco  for  diewing  undergoes  a  process  of  gradual  fermentation,  and 
is  then  sweetened  by  the  addition  of  molasses,  and  either  done  up  into 
rolls  or  pressed  into  cakes;  the  former  ia  known  as  ticiri,  the  latter  as 
jAug.  A  good  chewer,  I  am  informed,  would  dispose  of  4  to  8  oa. 
per  day." 

The  quantity  of  tobacco  imported  into  this  country  in  1786  was 
about  7,000,000  lbs.;  in  1796  it  rose  to  10,000,000  lbs.  During  the 
first  forty  years  of  the  present  century  it  rose  gradually  fnHnll,000,000 
to  18,000,000  Iba.— a  ratio  of  increase  for  less  than  that  in  the  popula- 
tion. A  marked  advance  then  took  place,  and  from  lBi4  to  1860  the 
import  was  never  less  than  83,000,000  lbs.  In  1860  tiie  quantity  was 
49,670,803  lbs.,  of  which  86,412,841  lbs.  was  retained  for  home  con- 
Bumptim  and  paid  duty,  the  rest  being  re^ported.  This  quanti^  is 
a  little  more  than  1  lb.  per  head  per  annum  for  the  whole  popuhtioiL 

TOBACCO,  ACTIVE  PRINCIPLE  OF.  [JfreoinrB.] 

TOBACCO-PIPE  MANUFACTURE.  The  materiala  of  which 
tobacoo-pipes  ore  formed  are  very  numerous.  White  and  coloured 
earths,  porcelain,  metals,  Ivory,  horn,  shell,  costly  woods,  agate,  cor- 
nelian, talc,  and  amber,  are  among  the  substances  whic^  nave  been 
used  for  the  purpose.  The  forms  admit  of  equal  variety;  but  perh&ps 
the  moat  remarkable  ia  the  wiantal  hocAah,  in  vhltm  tha  moka  ia 
purified  by  passing  through  water. 

The  tobooco-pipes  most  commonly  used  in  this  country  are  formed 
of  a  fine-grained  plastic  white  clay,  which  is  called,  from  tlus  nppli- 
cation,  pipe-day.  It  is  procured  cmeBy  from  Purbe^  in  Doraetuiire, 
and  is  purified  from  all  forcogn  subBtances  by  vrorkin^  it  with  vrater 
iuto  a  thin  paste,  and  then  either  allowing  it  to  settle  in  pits,  or  paas- 
ing  it  through  a  sieve,  to  separate  tiie  sQioaout  or  other  atony  matter. 
The  watOT  u  subsequenti^  evaporated  until  the  day  becomes  of  a 
douf^y  consistence,  when  it  must  be  vrdl  kneaded  to  make  it  uniform. 
It  is  &ia]ly  formed  into  cubical  masses  of  about  one  hundred  pounds 
each.  From  (me  of  these  the  workman  cuts  off  just  enough  to  make 
one  pipe.  Each  piece  is  kneaded  thoroughly  upon  a  board,  and  rolled 
out  to  neariy  the  form  and  size  of  a  pipe,  with  a  projecting  bulb  at  one 
end  tax  the  formatim  of  the  bowL  These  fiaees  ate  hud  anda  lor 
some  time  to  dry,  and  when  the  olur  la  sufficiently  firm,  they  are  sub- 
jected to  the  curious  process  of  honng.  The  woikman  takes  the  roll 
of  clay  in  his  left  hand,  and  with  his  right  inserts  the  end  of  an  iron 
needle,  previously  oiled,  in  the  small  end  of  the  roll,  and  by  dexterous 
management  thrusts  the  needle  through  tiie  whole  length  of  the  roll 
vrithout  penetrating  tiie  surface.  The  bulb  is  then  bmt  into  the  proper 
position  to  form  the  bowl,  and  tiie  Tdeoe  of  ofaqr,  witb  the  needla 
renudning  in  it,  is  pressed  into  a  mould  to  complete  ita  form.  ^ 

Tobaooo-plpe-moulda  are  formed  nther  of  copper,  brass,  or  iron,  and 
each  consists  of  two  precisely  aimihu-  halves,  with  projecting  pins  lii 
one  half,  and  corresponding  boles  in  the  other,  wnich  ensure  tiieir 
exact  union.  On  tiieir  inner  surfaces,  which  are  hollowed  so  aa  to 
fit  the  finished  pipe,  may  be  added  any  ornamental  device  or  in- 
scripti(»L  One  half  of  tiM  monld  being  laid  flat,  the  [dpa  is  pkoad 
in  it,  oormd  ^th  tlw  other  IwU^  ani  than  firmly  prawed.  Tho 
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buwl  is  pArtially  Imllowed  by  the  fineer,  and  cnmplt^tcd  by  tha  iiiscr- 
tiun  of  Uk  oiled  stopper  or  mould.  The  wire  is  thruafc  backwarda  and 
forwards  until  it  booomes  visible  in  the  bowL  The  wires  are  now 
withdrawn,  and  the  dipefl  ore  taken  out  of  the  moulds,  nlightly 
smoothed  over,  and  laid  aside  to  diy.  After  drying  for  a  day  or  two, 
any  remaining  roughneea  is  removed  ^xj  means  of  an  inatniment  of 
bone  or  hard  wood ;  and  than  the  pipes  are  sometimes  moulded  a 
Mcond  time,  and  polii^ied  with  a  piece  of  flint  bored  wiUi  holes,  throu^ 
which  the  stem  is  passed  repeatedly.  Hitherto  the  pipes  are  straight 
in  the  item ;  but  before  giang  to  the  kiln  th^y  are  slightly  bent.  It 
it  said  that  a  clever  pipe-moulder  will  make  three  thouMuid  five 
hundred  in  one  day.  They  are  fired  in  a  tobaooo-pipe-kfln,  which 
consists  of  a  large  but  very  light  cylindrical  crucible  or  sagger,  with  a 
dome-ahaped  top,  and  a  circular  opening  in  one  aide  for  the  insertion 
of  the  pipea. 

At  the  Chdtenham  Meeting  of  the  British  Association,  in  1856, 
Mr.  Strong  siated  that  tobacco-pipes  are  now  made  more  extensively 
at  Qla^piw  than  in  any  other  put  of  the  Umted  Kingdom.  There  are 
600  persons  employed,  who  manufacture,  finish,  and  padc  about  2700 
gross  of  inpes  per  day,  or  about  120  miUi«ts  in  a  year. 

A  rpmarkable  kind  of  pipe  for  smoking  is  described  under 

MEKaSCHAUH. 

TOD,  an  old  measure  of  wool,  fixed  at  two  stones,  or  28  pounds  avoir, 
dupois,  by  a  statute  of  the  12th  of  Charles  II.  As  usual,  there  an 
several  local  tods. 

TOGA  is  the  name  g^van  to  the  principal  outer  garment  worn  by 
the  Romans.  The  Romans  generally  wore  the  same  kind  of  drees  as 
the  other  Italian  nations  and  the  Greeks ;  the  toga  alone  is  hj  some 
write™  said  to  have  been  derived  fran  the  Indians,  but  this  statement 
probably  arose  from  the  belief  that  the  Etruscans  had  oome  from 
I^iUa;  and  that  at  lekst  a  particular  kind  <rf  toga  (the  tnga  pnxUxta) 
was  introduced  at  R«ne  at  a  rerj  earty  time  from  Etnui^  is  expressly 
stated.  (Livy,  I  8 ;  Fliny, '  Hist.  Nat,'  viii.  74.)  In  later  timM  the 
toga  was  the  peculiar  garment  of  the  Ramans,  which  in  times  of  peace 
th^  worn  both  at  home  and  atooad,  and  whenever  they  ^ipeared  in 
fall  dress.  Henoe  they  are  called  gent  togata  (Virgil, '  .^n.,'  L  282) 
and  toifati  (Sallust> '  Jugurth.,*  21),  in  eontradistinotion  from  other 
natkma.  The  name  "  toga"  was,  aooording  to  Vairo  {'  De  Ling.  Lai./ 
iv.p.38,sd.  Kpont),d«rived  from  <<!fi«fv,*' to  cover,"  because  Hoovered 
the  whole  body,  Gelliue  (vli  12)  states  tiiat  in  early  times  it  was  the 
only  article  of  dress  Utat  was  worn,  but  afterwords  we  know  that  it 
wad  worn  over  otiier  dresses.  The  right  of  vrearing  ik  was  the  exolu. 
sive  privilege  of  Roman  dtixens  of  every  age  uid  sex.  (Servios, '  Ad. 
£a.,'  L  282.)  Slaves,  ftveignerB.  and  Romans  sent  into  exile  were  not 
allowed  to  mar  ft.  (Pliny, '  Epist,'  iv.  11 ;  Hont.,  <  Cam.;  UL  6, 10.) 
The  peooHartlT  of  the  ti^  as  a  Roman  dress  is  sbo  Indioatsd  by  the 
dreumsbuoe  that  comediee  in  which  Romans  appeared  on  the  stage 
and  were  rejaesented  with  thur  native  costume,  were  called  "  togate," 
to  distinguish  tiiem  from  Greek  comedies.  As  the  toga  covered  the 
whole  body  with  the  sxceptioo  of  the  left  arm,  it  could  not  be  worn  by 
a  person  while  at  work  either  at  home  or  in  field.  (Jmenal,  iii. 
m ;  Uvy,  iiL  M.) 

The  material  of  which  the  toga  was  made  was  woollen  doth,  which 
differed  in  thickness  and  fineness  according  tu  circumstances  and  the 
seasons.  Under  the  empire,  persona  of  rank  used  to  have  tbor  togas 
made  of  silk.  The  colour  was  usually  white — probably  the  natmvl 
cutour  of  the  wool.  Those  who  appeared  before  the  people  as  oandi- 
dates  for  a  public  office,  wore  a  particular^  white  ancl  clean  toga 
{atmdida),  irasBoe  thi^  dsrived  their  name  of  candidates  (eoMljilaM), 
Od  tmltim  oooawNiB,  too,  it  was  eomfdared  •  msttsr  iropOTtanoe 
that  the  toga  should  be  perfeotiy  white.  (Horat.,  '  Sat.,'  u.  2,  80 ; 
Cioerc^  '  In  Vatiu./  18.)  On  melancholy  occasiona  tiie  Romans  vrore 
tbe  toga  jndUh  or  " dark-ooloured  tog^"  (Cicero,  '.In  Vatin.,*  IS; 
'  In  Yerr.,'  iv.  24).  Towards  the  end  of  the  repuUio,  and  under  the 
empire,  the  toga,  eapeciaUy  that  worn  by  the  emperors,  was  of  a  purple 
colour,  and  was  called  trabea.  This  custom  appears  to  have  been 
introdnosd  1^  Julius  Cnsar.  (Oowo, '  liiilip.,'  U.  84 ;  Servian  '  Ad 
JEn.;  v^  612.)  As  early  as  the  time  of  Augustus,  many  Romans  hod 
left  off  wearing  the  toga,  and  taken  to  a  kind  of  cloak  called  Iscerna, 
This  induced  the  emperor,  who  was  fond  of  restoring  ancient  customs, 
to  enjoin  the  eedilee  to  see  that  no  Roman  should  appear  in  the  forum 
or  oiicus  without  the  toga.  (Sueton.,  '  Aug.,'  40.)  The  toga  during 
the  empire  ecmtinued  to  be  the  h<Hiourable  dress  which  was  worn  by 
persons  of  tank,  as  seoatorB,  judges,  priests,  and  W  dients  when  th^ 
Bsluted  their  pstoons  or  received  the  sportula  (lurtial,  xiv.  12S),  and 
enedally  on  Ml  ooeadons  where  tiie  emperor  was  present 

The  mode  or  fashion  of  wearing  the  toga  appears  to  have  been 
variously  modified  in  the  course  of  time,  although  the  general  charao. 
ter  alw^s  remained  the  same.  A  great  diffiarenoe  seems  to  have 
e:dst«d  m  tiia  qoantitgr  of  doth  ussd  for  it,  as  soms  statues  present  a 
tteher  drapery  than  others.  Its  fnm  i4>pean  to  ham  been  rounded, 
but  respectmg  that  and  tiie  marmer  of  putting  it  on,  notiiii^f  can  be 
said  with  certainty,  notwithstanding  the  description  in  Quinetilian 
(xi.  S,  137,  ko.)  and  the  many  statues  with  togas  still  extant  (Ferta- 
rius  uid  Rubenius, '  De  Be  yeBtiariA ; '  Becker, '  Gallus,'  ii) 

Besides  the  diflbrent  kinds  of  togas  we  have  mottioned  above,  the 
ioOowing  must  be  noticed: — 

I.  Toga  frtttMa  ma  won  hf  th*  difldzaa  of  tfie  noblss,  by  giria 


until  thpy  m.ari-io.1,  and  by  boys  until  they  attained  the  ago  of  puber^ 
(fourteen),  when  they  exchanged  it  tat  the  toga  virilu,  also  called  jmra, 
libera,  or  tteta,  which  was  the  usual  white  toga  described  tiban,  Tbs 
prtetexta  was  also  the  official  robe  of  the  higlur  magistntes  of  ihs  e&i^ 
and  the  munidpia,  as  well  aa  of  the  oal(mie&  Hie  aanw  ^atsxta  was 
derived  from  the  droumsttoes  at  this  toga  baing  adomad  with  s  broad 
purple  border  {laiut  dama). 

2.  Toga  ptcta  was  a  t<^  ornamented  with  embroidery  and  gold 
aocording  to  the  Etruscan  fashioiL  It  was  worn  bv  generals  in  their 
trinn^h,  whence  it  was  alao  oaUed  loga  OapUouiut,  During  tlw 
empire  it  was  also  mm  by  flw  ooosuli  and  imton  whan  tiwy  mra 
present  at  the  public  gomes. 

TOISE,  a  French  maaaure  of  nx  French  f^t,  particularly  used 
in  all  the  older  French  measures  of  the  earth.    [Whohts  \SD 

MBABtIBXS.1 

TOLEDO,  TABLES  OF.  The  Hoora  brought  astronomy  into 
Spain  at  the  bef^nniiuc  of  the  11th  oentury,  and  about  the  year  1080 
tables  were  caloulsted  for  the  meridian  of  Toledo,  by  Arsachd.  Of 
tiiese  tables  there  was  no  specific  account  till  the  time  of  Delambre, 
and  no  printed  publication  of  them  had  been  made.  It  was-  usual  to 
state  tlwt  they  were  intended  as  an  improvement  on  the  tables  of 
Albat^niuB,  that  their  character  never  was  very  Ugh,  and  that  the 
Alphonsise  Tables  [Alohsihk  Tablxs]  were  intended  as  an  improve- 
ment upon  them.  Delambre  ('Hist  Astron.  MOTenne,'  ik  175)  ex- 
amined two  manusorifi  Latin  tranalations  of  the  tabtos,  whioL  he  fimnd 
in  the  Royal  Library  at  Paris ;  and  his  report  of  their  oontenta  is  what 
might  have  been  expected.  The  theory  and  numerical  quantities 
employed  are  in  almost  evety  instance  those  oi  Ptolemy,  and  there  is 
only  just  maa^  of  ori^^nal  obsarvatioa  to  estaMiah  Hia  fact  that  tbs 
Toledine  observeis  were  very  bad  ones, 

TOLBNB.   A  hydrocarbon  essenoe  obtained  front  balaan  of  Ttia. 

TOLL,  frtnn  the  Saxon  "tofaw;"  in  Gmnan,  "  s<dl "  (called  In  Law 
Latin  "  tslonium,"  "  theolonium,"  and  "  tolnetom,"  wink  many  other 
variations,  which  may  be  seen  in  Ducange,  all  whioh  Latin  terms  are 
deriv^  apparentiy  from  tsX^wmt, "collection  of  tributS'iv  revenue"), 
is  a  payment  in  money  or  in  kind,  fixed  in  amount,  made  either  undo- 
a  royal  grant,  or  under  a  prescriptive  usage  from  whioh  the  existence 
of  snch  a  grant  is  implied,  in  eonsidaEatian  of  some  serrioe  radned. 
benefit  omfened,  or  xifjbA  fcrbotue  to  be  s»adsed  1^  the  par^  who 
is  entitled  to  such  pavment 

The  owner  of  land  may  in  general  prevoit  others  from  oroadng  it 
dther  personally  or  with  their  cattle  or  goods,  by  bringing  actions 
agunst  trespassers,  ordistxainingthdr  cattle  or  goods.  These  rsmedies 
cannot  be  raswted  to  when  the  ownerof  the  land  has  aequieseed  in  its 
bdng  used  as  •  pnMle  way;  but  in  sndi  easo  tilers  msjr  hm  bean  t, 
royafgrant,  manling  the  puty  to  demand  »Msoii^bl«  oompenntfw 
for  the  aooommodatim  :  niis  is  taJl4raverwt. 

Where  a  oorpcnation,  or  the  owner  of  particular  lands,  has  imme- 
morially  repiured  the  streets  or  walls  oi  a  town,  or  a  bridge,  fto.,  and, 
in  ccmsidaration  of  the  obligation  to  repair,  has  immemorially  rvoeived 
oertain  reasnuUe  sums  in  respect  of  persons,  cattle,  or  goods  passing 
throu^  the  town,  such  aums  ars  xeoovoabls  at  law  by  tiw  name  oS  tdf 
ihorouffk. 

An  anoient  toll  may  be  daimsd  by  ttis  ownv  of  a-port  in  respeet  of 
goods  shipped  or  landed  ther&  Such  toHs  are  port-tolls,  more  com- 
monly cwied  port-dues.  The  [daoe  at  wluch  these  tolls  were  set  or 
assessed  was  andentiy  ealled  the  Tolsey,  where,  aa  at  the' modem 
Exchange,  the  moohaats  usually  aasenobled,  and  where  oonmiatdal 
Marts  were  bdd. 

Anothwipedes of  tdl  is  a  immnMe  find  sum  payable- IqrK^ral 
grant  or  prescription  to  the  ownsr  of  a  fair  or  market,  from  the  buyer 
of  tollabM  articles  sold  there.  The  beneBt  which  forms  Ute  oonstdera. 
tioB  of  this  toll  is  said  to  be  the  security  aflbrded  by  the  attestation  of 
the  sale  by  the  owner  of  the  fair  or  market,  or  his  offlcera.  In  some 
eaaea  by  andent  custom,  a  payment^  called  turn-toll,  is-demandable  for 
beast*  which  are  driven  to  the  market  and  letum  unsokL  Hie  term 
toll  is  sometimes  ezteikded  to  the  oompwnaation  p^  for  ths  use  of  ^ 
soil  by  those  who  erect  stalls  in  the  &ur  or  market,  or  f or  the  liberly  of 
pit^i^  holes  for  the  purpose  of  temporaiy  erections ;  but  the  former 
payment  is  more  property  called  stulage,  and  the  latter  |ttoage ;  and 
if  the  franchise  of  the  fair  or  market,  and  the  ownerdiip  of  the  soil  on 
which  it  is  hdd,  oome  into  different  hands,  the  stallMCftand  ^oage  go 
to  the  owner  of  the  soil,  whUe  the  toUs,  prc^Mriy  so  asUed,  are  annexed 
to  the  frandiise. 

If  toUn  are  wrongfully  withheld,  the  party  entitled  may  recover  the 
amount  by  action  as  for  debt,  or  upon  an  implied  prtnnise  of  payment ; 
or  he  may  seise  and  detain  the  whole  or  any  part  of  the  propertv 
in  respect  of  which  the  toll  la  pagrable,  by  way  of  distress  for  such 
tolk  Jf  exoesdve  toll  be  iitkiaa  by  the  lord,  or  wiUi  his  knowledge  and 
0(»iseDt,  the  franchise  dull  be  ssiasd;  if  wiUwnt  suoh  oonsant,  the 
offloers  shall  pay  double  damages  and  niflbr  Imprtsooment  (Stat  8 
Edw.  I.  o.  81.) 

Gmnta  of  tolls  were  formerly  of  very  ordinary  ocourrenos.  But  it 
seems  to  be  voy  probable  that  many  andent  payments  of  this  descrip- 
tion, though  presumed,  from  their  being  so  long  acquiesced  in,  to  have 
a  lawful  origm  under  a  royal  grant,  wwe  in  fact  mere  enoroadunoits. 
The  evil  was,  howerer,  praetuaBy  hssaoed  \jf  the  exertion  of  tha 
proDgativs  of  psatmg  immumtlwi  and  a—iqitioiis  from  llaUlitgr 
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to  ih.e  payment  of  toDs,  eitlier  in  portieiiUr  dutricta  or  tbroughoat  the 
realm ;  a  prerogativs  flzercijwd  vmt  by  inferior  lords  who  poMawad 

jura  regalia.. 

The  term  "toll "  is  used  in  modem  acts  of  parliament  to  ■T*«agn«*» 
the  paymeat  directed  to  be  made  to  the  proprietort  of  canals  and 
nilway 8,  the  trustees  of  turnpike-roada  or  raidgeB,  ko.,  in  rei^ieot  of 
tlie  paisage  of  possengen  or  the  conveyance  of  cattle  or  goods. 

Ti.e  term  toll  is  applied  to  the  portiou  vhich  an  artificer  is,  by 
custom  or  agreement,  allowed  to  retain  out  of  the  bulk  in  respect  of 
services  performed  by  him  upon  the  article ;  as  com  retained  by  * 
miller  in  payment  of  the  mulcture ;  also  to  the  portion  of  minenU 
which  tiie  owner  of  the  soil  is  entitled,  by  custom  or  by  agreement,  to 
take,  without  payment,  out  of  ttie  quantity  brought  to  the  sortaoe,  or, 
u  it  is  technically  caUed,  to  gnm,  and  made  marchaatable,  br  the 
mining  adventurer.  To  collect  these  does  the  duke  of  Corawdl,  and 
other  great  landholders  in  the  *T"'n'TW  districts  of  tbe  west,  hare  their 
ofBcera,  called  "tollers." 

TOLLERS.  [Toll.] 

T0L8EY.  [ToLL.1 

TOLU,  BBSENTIAL  OIL  OF.  tEsanrruL  Ona.] 
TOLU-BUaBNTL.   [Cabtopbtluo  Aoid.] 

TOLUEITE.   [ToLUKtio  Gbodp.] 

TOLUENIC  GROUP.   A  cluster  of  chemical  substawM,  each  ooq- 
taining  the  hypothetical  radical  (oZiWNyt  {C^J3^. 
The  chief  members  of  this  oolleotion  are  $ax  in  auubflr,  natDdy^- 

1.  TMmm  or  hydrUa  of  tolnuyl  ,  Cj^H,  »  | 

i.  HTdrate  of  toluenyl     .      .  .  Ci.H,©,  »  Jo, 

S.  Toluesjl-siilpliuroiu  aoid .      .  .  c.  .n.s.o.  = 

4.  Cbloiide  of  tolne^     ,      ,  .  C,<H,a  b  ^'"q*  } 

5.  MBldliia       .      .  . 


.C..H,8,0,  =  }o,.8,0. 


a.  Aeetate  ot  toliuBjl      .      ...  C„H.,0*  -  c^^Jy^  }o, 

1.  TWume  (CuH„  H).  ToluoL  JUtinaphlia.  Bouotne.  DmofU 
A  ooloiu-leia,  hmpid  oil,  first  obtained  on  submitting  balsam  of  tolu  to 
distillation.  It  has  subsequentiy  been  found  among  the  producta  of 
tiie  destructive  distiUaticn  of  ream,  tar,  and  wood;  and  i|  also  formed 
when  ToLuio  AaD  is  heated  with  lime.  It  may  be  obtained  pure  by 
fraotional  rectification.  The  specific  gravity  of  toluene  is  0*87 ;  vapour 
densit^j  3-260;  and  boiling  poiut,237  Fahr.  Its  odour  resembles  that 
of  benzole.  It  is  insoluble  m  water,  sligfatiy  acduble  in  alcohol,  and  more 
.so  in  ether;  with  fuming  sulphurio  acid  it  fbtma  toluenyl-sulphurous 
acid,  and  nitric  acid  converts  it  into  mtnHaUt»€  i^fiji  ^0,).  The 
latter  body,  called  also  MtroieiisoaM,  is  prae^itated  o&adding  water  to 
the  mixture  of  toluene,  and  fnming  nitrio  add.  It  is  a  liquid,  has  an 
odour  resemblii^  that  of  oil  of  bitter  »l«TiMids ;  boiling  point,  437* 
Fahr.;  and  specific  gntvity,  1-18;  a  nuKtura  of  nitrie  and  sulphuric 
adds  converU  it  into  aoioular  crysUls  of  biai^ntdum*  (C„H„ 
Several  chlorine  derivativea  of  toluene  are  known. 

2.  HydraU  of  tolttatj/l  (C^JSjO,  HO).  The  source,  eompoution,  and 
prt^miies  of  this  substuKe  have  alna^  bean  refeired  to  under  its 
aynonyme,  Behzoio  Alcohoi- 

5.  Tclaenjft-tul^vrmu  aeid  i  tOpKottHuene  or  m&MMaoenie  ocwf 
(C.«H,S,0,  +  2Aq.).  The  lead  salt  of  this  add  is  fonned  on  adding 
excess  of  carbonate  of  lead  to  the  aolutiou  of  toluene  in  fuming  sul- 
phuriosoid.  The  add  itself  is  set  free  on  passing  sulphuretted  hydrogen 
through  the  aqueous  solution  of  the  lead  salt  By  evaporation  of  its 
Bolutton  in  vacuo,  small  deliquescent  pennifoim  dyatals  are  obtained. 

4.  Chloride  of  toluaigl  (C„H„  01).  A  heavy  liquid  nmilting  from 
the  action  of  hydrocblotie  add  sas  upon  hydrate  <a  tolueuyl.  Boilins 
point  about  360"  Fahr. 

6.  Tolvidine  (N(C.^,)H^,  or  tawyUmmtmia  is  produced  by  the 
redociBg  action  of  sulphuretted  hydrogen  upon  nitrotoluene.  Sulfur 
havmg  been  separated  and  the  acdution  evopontad,  the  residue  is  dis- 
tilled with  potash ;  ttduidine  then  paaua  over  huI  cgndwiswi  to  » 
liquid,  which  subsequently  solidifisi, 

Toluidine  is  very  soluble  in  ether,  alcohol,  and  oil.  It  is  but  UtUe 
dissolved  by  water,  but  may  be  obtained  in  large  raystals  from  its 
alcohoho  solution.  It  has  an  aromatic  odour,  much  resembling  aniline, 
and  a  burning  taste.  It  slightiy  blues  red  litmus  paper;  is  heavier 
than  water;  is  volatile  at  common  temperatures;  mdts  at  Xdi"  Falv., 
and  boiU  at  383°'i  Fahr.  It  has  tha  wme  oompoaifcion  as  methyl- 
ajiUme,  but  does  not  give  that  beautiful  bins  ookur  with  diloride  (rif 
lime  that  compounds  of  aniline  do. 

Toluidine  gives  stable  and  crystalline  salts  with  most  ot  the  adds. 
They  mostiy  are  soluble  in  water.  The  siUpAaCe  of  UMdiau  contains 
(2C„HJS,a,0„2HO);  the  add  Msaiafa (C„HJT, C.0„ 2H0).  The 
ekUm^latMoU  (C„H^,  HCi,  PtCU  <>«««•  -  •  b«itifS  orange  om- 
taBine  preapiUte. 

NiirotfimdiM  fonns  in  yeUow  needles  when  biaitrotolnaM  is  acted 
on  by  an  alooholio  adntion  of  nibhida  of  mmmi..*^, 

(^miolobiidme  (2C,«H^,Cy,r)  is  a  body  somewhat  nsembUng 


rillne.   Tt  is  produced  on  paaatng  cyanogen  into  an  aloohoUo  sola- 
of  toluidine;   Ojfanide  of  loUtem^,  or  ejwwcwi'frii^  Is  Imnsd  on 
bdling  dkloride  of  toluenyl  with  mnjda  of  potaaium. 

Two  equivalents  of  hydrogen  m  toluidine  may,  as  in  the  case  ot 
other  ornaic  bases,  be  substituted  by  alcohol  radicals.  Tluis  are 
obtrined^ 


B^UataUttM 


IMathyUolaidiM 


H 

-HTdrsteortrietbTl-toliini^-iunBUHilam    .  M(C«H,),Ci4Ht,  0,  HO 

e.  AettaU  of  toluenyl  {G^fi,0,  C.H,0J.  A  odourleos,  heavy  ml,  of 
■graeable  aromatic  odour  resemluinK  that  of  eertain  pean.  It  is 
formed  on  adding  sulphurio  add  to  soInUon  of  hydrate  of  ttdnany]  in 
acetic  add. 

TOLUENTL.   fTotcuno  Oboup.I 

TOLUENYL-SULPHUHOUS  ACID.   [Tolutoio  Gboup.] 

TOLUIC  ACID  (HO,  Ci.H,OJ.  A  volatile  solid,  produced  mhm 
eymene  [Ctuolb  or  Csjiphooikj  is  heated  with  diluted  nitrio  add. 
It  occurs  in  white  adoular  oryitals,  very  solnUa  in  boiling  water,  in 
alcohol,  ether,  or  wood  q4rit.  It  n  Inodcrous  and  taatafiaa.  With 
strong  nibie  add  it  gives  ititroCoIiue  add  (CjaH^  (NOJOJ. 

Both  toluic  and  nitrotoluie  adds  are  nuMiobasic  and  form  salts,  (rf 
which  many  ore  crystalline.  TolvaU  of  hcayta  eont^m  (Ct,H,BaO^), 
and  nUroMmaU  (C„H.Ba(NO  )0  ).  ^ie  ether  bdla  at  Fahr., 
and  has  the  oconposition  (C„H,(C«H^0J.  tfUrvtohtie  tthtr  has  tha 
componticoi  (&A(C.Ha)  (NO^jOJ. 

TOLUIDINB.  t^LUKRio  Gbovp.] 

TOLUOLE.   [ToLUiHio  Gboup.] 

TOLUONITEYLK.   [ToLDKinc  Gnotrp.] 

TOLUTL-AMMONIA.   [Toldxnic  Group.] 

TOMB  (in  Greek,  Hfifios;  Latin,  Tnmha  ;  Italian,  Tomba  ;  Vrmch, 
Tombe  and  TombeoM)  signifies,  in  its  strict  meaning,  a  mass  of  masonry 
or  stone-woifc  nisad  immediately  onr  a  grare  or  vault  used  tor  inter- 
ment; but  H  is  often  ^>idied,  m  a  wmst  10006,  to  any  acpulohral 
stnioture^  Of  primitive  sepulchres  there  are  tvro  nlinans,  one  at  which 
uu^  be  distingiiiahed  by  the  general  term  SjffOgmm,  that  Is,  subtw- 
raneous  and  excavated ;  the  other,  by  that  ot  Bypergaan,  that  ia, 
abwe-yivund,  or  nuaed  mounda  or  tumuli  heaped  over  Uw  dead. 
Uonumants  of  the  flnt  kind  are  very  numeroua  in  Egypt,  where  th^ 
occur  in  every  variety,  from  the  aimple  rodc-hewn  tomb  to  Hie  wctsnsiTe 
royal  sepulchrea  consisting  of  numerous  gaUutas  and  ohimban, 
other  class  [oveents  itself  m  the  i^ramidB,wluok,  though  br  mora  atti- 
ficial  in  form  and  oonstruction,  uad  no  doubt  a  oonunoB  origin  with 
the  tumulus  [TuHHLira],  which  ooours  under  various  dadgnatlona  in 
every  part  of  the  (^obe. 

The  extraordinaiT  labour  bestomd  in  azoavating  or  oonatnioting 
these  aodent  s^alenrea  ia  periius  not  ao  aoiprUng  as  tha  kvidtness 
with  whieh  the  sndanta  emuUianed  the  sabtemaeous  dwdas  of  tiis 
dead,  not  only  adorning  them  with  polyohromy  and  paintinga,  but 
depodting  in  them  cosUy  and  exquisitely-wrouj^t  articles.  In  this 
respect  there  was  a  striking  similarity  between  the  ^setice  <^  the 
Egyptians  and  that  of  the  Etrurians ;  nor  ia  the  coinddenoe  less 
rematkable  from  such  pnetioe  being  oontraiy  to  that  of  the  oompata- 
tivdy  modem  Oredn  and  Romans,  whoas  tomba  and  sepuldires  wera 
daiefly  arohiteotural  oectlona  Intoidad  for  astsmal  dia^y.  Of 
Egyptian  architecture  and  art,  some  of  the  moat  aatonidiii^  memortala 
are  entombed  within  the  earth.  Among  theae  are  what  are  called 
the  "  Tombs  of  the  Egvptian  Kings,"  at  BibAn  el  Uolouk,  in  one  of 
which  Belzoni  discovered  the  sarcophj^gus,  or  tomb,  properly  so  termed, 
which  is  now  in  the  Scans  Museum.  [Eomuw  Abohitiotobk.] 
In  thoM  tcanfaa  'the  aitntno*  psingas  ira  namw,  and  tha  firat  dum- 
bera  are  smaller  than  those  to  which  they  lead.  The  nunwroai 
pointings  found  in  titese  t«nbs  describe  wHh  minuteness  ttie  aodal  Ufa 
and  manners  of  the  people,  their  banquets,  thdr  festivals,  their  amnso 
meats,  their  costume,  their  furniture,  their  arts,  and  the  variooa 
uteunis  and  implements  empltn^  in  them.  These  records  prove  not 
only  the  perfection  the  medtanic  arts  had  attained,  but  alao  tha 
luxurious  refinement  of  those  remote  ages.  The  same  remark  amiUes 
to  tiie  paintings  and  frescoes  In  the  subtemneous  tombs  and  aepuJdiral 
chambers  discovered  since  1827  at  Cometo,  on  the  dte  of  the  andent 
Tarquinii,  at  Vuld,  Toscanella,  Bomano,  Cere,  Val  d'Asso,  Orchis,  and 
other  places  in  the  ancient  Etruria.  A  brief  description  of  these  will 
be  found  under  Ethuscan  ARCHrTEcroBB. 

Uany  ot  the  tombs  found  in  Lycia  and  other  parts  of  Asia  Minor 
have  oolunma  and  oitablatnres  to  thdr  fagadea  wrought  out  of  the 
solid  rock.  Some  of  the  Lyoian  tombs,  however,  are  ufaight 
structures,  dther  plain  or  decorated  with  pilasters  and  other  ornaments, 
with  roofs  whose  section  ia  a  pointed  ardi,  after  the  faahion  of  some  of 
the  Indian  inonumeuts,  owing  to  which  thc^  present  a  striking  combi- 
nation of  Oriental  and  Gredan  forms.  Ot  aepulcbres  with  temple- 
shaped  fa^adea  there  are  two  examples  at  Orohia,  one  ot  them  a 
tetnstyie,  the  other  a  distyle  in  antis.  Both  partake  of  the  Gredan 
Dorio  character,  *et  dvriats  frun  it  greatly  in  two  paittoilan:  fiits^ 
in  the  great  hedi^t  of  the  pediment;  seoondly,  in  the  great  iridfAi  of 
the  intoroolomna.  What  now  remains  of  tive  oohtmns  thsmsdvea  is 
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only  Bi^cUub  to  sliow  tUeir  number  and  aitualionj  yet  tliat  they  were 
bawn  oat  <A  the  rook,  like  the  entablature  and  pediment,  scarcely 
admits  of  question.  Of  the  magnificent  oepolohre  M  Maaaohu  erected 
by  Greek  architects  at  Halicamaseus,  an  account  is  given  under 
Kaubolkxtu. 

TitntviuB  says  nothing  on  the  subject  of  sepulchres  and  tombs, 
either  Qrecian  or  Roman ;  yet  sepulchral  edifices  are  still  veiy  nume- 
reus  throughout  Latium  and  Magna  Orsscia,  and  nuu^  o<  thaa  must 
ori^nal^  luvelwen  very  conspieuoaB  objects,  and  not  a  little  remaik- 
aUe  on  account  the  studied  an^itectural  decaaUon  bestowed  on 
them  externally :  for  besides  suhtcrraneous  sepulchral  chambers  or 
vault*  (which  were  usually  veiy  carefully  finished  internally,  and  not 
unfreqnently  oniamented  with  punting  and  stnoco-work,  and  with 
marble  or  moeaio  pavemente),  there  is  another  and  quite  distinct  class, 
coniiirting  td  sbuotures  raised  above  ground,  insulated,  and  apparently 
Bcdid.  TnaM  be  deeerfbed  as  generally  ctf  nearly  cubical  form, 
tbou^  9om  an  of  much  loftier  noportions.  There  are,  besidea, 
varieties  of  this  ohm,  in  which  etmer  a  conical  or  cylindrical  super- 
structure  is  nused  upon  the  square  portion,  which  then  beoomes  a 
basement;  or  else  the  aupentructure  is  alao  square,  but  is  distinguished 
from  the  lower  part  by  pilasters,  panels  with  inscriptions,  and  other 
ordiitaotaral  decorationa :  some  of  tiieee  have  an  upper  sepulchral 
vhamber,  othen  a  lubtemtneous  one  also,  or  one  below  toe  level  of  the 
ground. 

What  is  called  the  **  Semlcro  di  Nerone,"  near  Ponte  HoUe,  may  be 
taken  aa  a  sjpedmen  of  uie  usual  duiracter  of  Roman  tombs  ^(Mutating 
of  the  cubic  form.  Like  ^e  generality  of  them,  this  Is  somewhat 
more  than  a  perfect  cube,  the  dimeiteions  b^ng  20  feet  by  24  in 
hei^t,  or,  induding  its  covering,  27  feet.  At  each  angje  is  a  large 
acroterium  presenting  two  quadrant- shaped  surfaces,  meeting  at  right 
■n^ea  at  the  external  edge  ^  two  adjoining  sides — a  species  of  oma- 
nMsit  almost  peculiar  to  audent  altaiB  and  tombs.  Of  luger  tomba  of 
tbii  dasa,  ttiere  is  one  in  the  Via  Portuensts,  a  double  oube  in  height, 
the  meaanremente  being  respectively  ii  and  80  feet.  In  the  example 
previously  mentioned,  the  upper  part  is  rather  less  in  height  than  the 
paeemept,  but  here  it  ii  about  a  tiurd  more,  and  is  also  decorated  with 
four  pilasters  on  each  front,  with  a  small  pediment,  not  supporting 
but  placed  hetween  tiie  Urge  aoroteria  at  the  an^ea.  Ot  dreubr  ti»nba 
we  have  a  wdl-known  example  in  that  of  Uanutius  Plancus  at  Gaeta, 
— a  low  circular  tower  (nearly  solid  within),  about  60  feet  in  diameter, 
and  10  feet  more  in  height ;  therefore,  owing  to  its  rize,  it  is  rather  a 
mausoleum  than  a  mere  tomb.  The  same  may  be  said  of  that  of 
CtM^MetdlaatRome;  which atractore,  otherwise  oaUedXtCapodi 
Bore^  from  the  ornaments  in  its  Ihda  frieca,  exoeeda  the  one  just 
murt^med  in  dte,  it  bemg  90  feat  in  diameter,  and  iti  oitlre  b^g^ht 
about  ISO  feet.  It  does  not,  however,  partake  so  much  of  the 
character  of  a  mere  tower  aa  the  tomb  at  Gaeta,  because  it  consists  of 
two  nearly  equal  masses,  namely,  a  square  one  with  a  cylindrical  super- 
structure,  and  is  therefore  an  example  of  that  oompound-form  class 
whidi  we  have  above  pointed  out.  Among  the  tombs  at  Pompeii 
there  ii  one  which  ii  cu-oular  in  the  upper  part  of  its  exterior,  and 
intenwily  has  a  dome  of  very  peculiar  shape,  which  does  not  show  itself 
on  the  outride,  but  la  out  out  of  the  solid  mass.  Other  sepulchral 
structures  at  Pompeii  are  very  numerous,  forming  what  is  odled  the 
"  Street  of  Tombs."  Instead  of  cemeteries,  or  public  burying-grounds, 
it  waa  the  custom  in  andent  Italy  to  erect  tomba  on  each  side  of  the 
priDdpal  roads  leading  from  a  dty,  as  was  the  case  with  the  Via  Ap^ 
and  oUien  in  Oie  Isnnediate  vidut^  oi  Rome. 

The  tomba  of  the  middle  ages  are  wiUiin  buildinga,  ehnrdte^ 
chantries,  cloisters,  Ac,  and  exhibit  almoet  every  variety  of  form  and 
enrichment,  from  the  primitive  stone  ooffln  or  Christian  sanx^hagua, 
to  those  lavishly  decorated  eatafaleo  monuments  which  are  so  many 
piles  of  architecture  and  sculptnie.  Those  of  the  first-mentioned  kind 
are,  ft>r  the  meet  part,  very  little  raised  above  the  floor,  and  tiieir 
ut^ar  Boriaoa  is  e»  dot  ttme,  or  forms  a  ridge-shaped  lid.  The  next 
dass  eonristi  ot  Altar  or  TVtUe  IWAj,  comjnratively  plain,  although 
with  panelling  or  other  architectural  decoration  on  their  rides.  The  next 
in  order  is  the  Effigy  Tomb,  first  introduced  in  the  18th  oentuiy,  with  a 
recumbent  figure  of  the  deceased  upon  it,  extended,  with  -the  hands 
sligfaUy  raised,  and  joined  aa  if  in  tbe  attitude  of  prayer.  Examples 
of  this  kind  are  very  numerous,  and  highly  interaitii^  both  on 
account  of  their  execution  as  works  of  soolpture  and  the  mformation 
tb^  aflbrd  in  r^tfd  to  the  costume  of  the  period. 

Altar  and  effigy  tomba  were  usually  placed  between  the  piers  of  an 
areh,  or  within  a  receas  in  a  wall ;  and  in  dther  case  the  whole  tomb 
waa  frequently  covered  by  an  arch  forming  a  sort  of  canopy  over  it,  of 
which  lund  is  that  of  Aymer  de  Valence  in  Westminster  Abbey  (1834). 
In  course  of  time  this  mode  of  architectural  decoration  came  to  be 
graaUy  extended.  iwrfcM^  of  a  rin^  arobt  three  or  more  small  arches 
were  mtrodoced,  whidi,  witii  the  columns  dther  supporting  or  phused 
between  them,  indoaed  the  figure  on  the  tomb,  giving  the  whole  the 
appearance  of  a  thine  or  tcrem.  Many  of  the  French  monuments  of 
the  p<»iod  ot  the  Renaissance  are  in  this  style  of  design,  large  and 
lofty  insulated  architectural  masses,  with  a  profusion  of  hignly-enricbed 
pilaster*  and  arches,  and  numerous  all^oricat  figures,  bedde  other 
atatutea  and  bas-rdieb,  so  that  the  deperifo,  or  actual  tomb,  is  the  least 
potthnt  of  the  entire  eompodtion. 

In  Italy  there  an  mai^  ezam^  of  what  vuff  be  oaUed  J\ip«If 


monuments,  whUli  ore  extearive  arohit«otural  compoBitiona,  consiji.iiig 
of  two  or  more  orders  of  cdumns,  with  pedhnents,  niches,  statues, 
panels,  and  various  othw  architeetujal  deooiraons.  Of  such  "mocci^c 
eotouaU,"  as  CScognara  terms  ihem,  the  monument  dE  the  doge  V^iar 
by  TiraH,  and  that  of  the  doge  Pesaro  b^  Lonf^ena,  may  be  quoted  aa 
instances.  In  both  of  them  the  figures  are  merely  accompamments  to 
the  architecture,  and  that  which  should  be  the  prindpal  is  almost 
the  most  insignificant  among  them.  In  the  Catafolo  tomb,  even  when 
equally  extravagant  in  point  (tf  accumulated  embellishment,  tiiere  is  at 
least  a  eertain  degree  of  character  that  stamps  it  at  first  sight  for  what 
it  is,  whereas  in  ttioae  of  the  kind  just  referred  to  thwe  u  notiiing  to 
indicate  a  sepulchral  monument.  1^  last  remark  iq^dliaa  vaiy  forcibly 
to  those  two  odebrated  works  of  Michd  Angelo,  the  tondis  of  Ginlkno 
and  Lorenzo  de'  Medid,  eadi  of  which  has,  bes^ea  the  figures  of  those 
personages,  two  naked  semi-reoumbent  figures,  a  male  and  female, 
intended,  or  supposed  to  be  intended,  to  express  day  and  nigjit  (or 
sleep),  and  morning  and  evening.  More  beounlng  in  feeung  and  in  taste 
are  many  other  Itdian  tombs  (»  about  the  same  period,  which  consist 
of  little  more  tiian  a  simide  dtpoiito,  or  sarcophagus,  with  dther  a 
recumbent  or  semi-reoumbent  figure  of  the  deoeued  upon  it ;  such, 
for  instance,  aa  those  of  Giov.  Audr.  Boccacdo  in  the  cloister  of  Santa 
Maria  della  Pace,  and  of  Angelo  Hard  in  the  churoh  of  the  Annunziata 
at  Florenoe.  Although  they  have  abandtmed  the  aiehiteoturat  cari- 
eatvra  fitfmerly  in  vogue  for  auch  purposes,  instead  <xf  returning  to  tiie 
rimfde  and  natunl  expression  of  Christian  monumental  works,  I^er 
Boulptot*  have  frequent^  given  us  allegoriod  compositi<»a  and  groups 
of  mytiiological  figures,  uid  the  likeness  of  persons  intended  to  be 
recorded  is  diown  only  in  a  medallion.  In  this  vidous  taste  are  many 
of  the  monuments  in  St.  ^ul's  and  Westminster  Abbey,  while  others 
are  chiefiy  remarkable  for  the  fantastic  concdts  into  which  the  artists 
have  fallen,  and  wUoh  render  them  equally  unbefitting  the  porpoae 
they  are  designed  for  and  the  plaoe  wiiere  they  are  erected. 

TOMBS,  VAULTS,  TOMBSTONES,  TABLETa  In  pravions 
artidee  [CorFHi ;  iNntufsm]  the  various  modes  of  disposing  of  the 
dead  have  been  discussed ;  it  u  our  intention  here  to  show  what  rights 
the  suhjeots  of  this  eountiy  have,  1st,  to  burial,  and  Sndly,  to  a  per- 
manent OMumemontion  of  thamselvia  by  means  of  monumeutc  It 
must  be  boriM  in  mind  that  we  treat  ben  only  of  paridi  diurdiea  and 
churchyards,  or  of  the  pariah  bmying-gronnds  subsidiary  to  the 
ehurohyard.  The  oemetenea  which  the  neoesrities  of  an  hicreasing 
population  have  caused  to  be  estaldiahad  in  tbe  neighbourhood  <tf 
many  of  our  densdy  inhabited  towns  an  pritato  |mper^,  regulated  at 
tbe  pleaann  of  Hw  proprietors. 

^  the  68th  Canon  of  160S  it  is  ordered  that  no  mlnirter  shall 
refiue  or  dday,  under  pain  of  nuqienrion  by  tiie  bishop  for  three 
months,  to  bu^  any  corpse  that  is  brought  to  the  churoh  or  churgh- 
yard  (convenient  warning  being  given  him  thereof  before),  in  such 
form  as  is  pnaoribed  by  the  Book  of  Common  Prayer,  unless  the 
deceased  were  excommunicated  majori  exeommunieatiime,  and  no  man 
able  to  testify  <tf  his  repentance.  The  Rnbrio  f  nrdMr  ezdudes  from 
Christian  bniial  those  who  have  not  been  bwtised  or  who  have  di^ 
by  thdr  own  hands;  and  this  latter  ehsa  endued  to  be  aueh  ashave 
voluntarily  killed  themsdves,  being  of  sound  mind,  of  which  fact  a 
coroner's  jury  are  considered  by  eodesiaatical  authorities  to  be  the 
fitting  judges.  Thus  the  eccleaiaetical  law  not  only  gives  to  the 
dergyman  the  right,  but  imposea  on  him  the  duty  to  bury,  witii  only 
three  sxoeptions,  all  who  shall  be  brought  within  the  precincts  of  hia 
dinrch.  Neverthdess  the  fnwlnwiastifial  courts  have  admonished  a 
minister  and  ^urehwarckns  to  abstain  from  bnrying  strangers  in  the 
churchyard,  when  the  practice  of  doing  so  threatened  to  interfere  with 
the  rights  of  the  pariahioners;  for  the  common  law  gives'  to  the 
people  the  right  of  bdng  buried  within  the  churchyard  of  their  own 
parishes :  "  UIm  decimaa  persolvebat  vivue,  sepeliatur  mortuus ; "  aud 
although  the  frediold  of  the  churchyard,  as  of  the  church,  is  in  the 
parson,  he  holds  it  only  for  the  bnoflt  oi  hla  paridUoner^  and  auhjeot 
to  (heir  right  of  intoment  in  it. 

This  right  of  sepulture,  however,  applies  only  to  the  body :  tiie 
Canon  and  the  Rubric  alike  tdk  as  though  studioudy  of  the  "  corpse  " 
alone,  never  mentioning  the  coffin.  In  former  times  the  use  ot  cuthns 
was  confined  to  the  richer  classes,  and  these  were  often  of  stone  or  of 
other  durable  materials  [CorriH] ;  but  tiie  practice  and  no  doubt  thu 
intention  waa  tiiat  in  the  great  majority  of  cases  the  process  of  decay, 
and,  therefore,  the  occupation  of  the  earth,  should  not  be  needlessly 
potracted.  To  use  the  words  of  Lord  Stowell, "  A  common  cemetery 
\hy  which  he  means  a  churchyard  or  pariah  burying-ground]  is  not 
ret  unim  alatit,  the  property  of  one  generation  now  departed,  but  is 
likewise  the  common  property  of  the  living  and  of  generations  yet 
unborn,  and  is  subject  only  to  temp«>rary  occupations."  On  uiis 
dotrtrine  an  hosed  the  main  points  of  the  law  coneendng  burials. 

Tbe  estabUsbment  of  ohurehyarda  b  attributed  to  Cuthbert,  areh- 
Ushopof  Cuiterbury,  who  in  the  year  760  introduced  into  this  country 
the  custom,  then  existing  at  Rome,  of  devoting  an  eodosed  qnce  round 
the  ssered  ed^ie  to  the  interment  of  those  who  hod  been  entitied  to 
attend  or  had  been  in  the  habit  of  attending  worship  within  its  walls, 
Theret<rfon,  notwithstuiding  a  eanon  which  forbade  it  (Z^  noa  agie- 
UendoinSedtiiu),  die  do^  intemd  perscns  of  peouUar  sanotity  or 
importaaoe  vUlifai  tiie  walls  of  tbe  ehnrdi,  espeoiaUy  in  the  dde  aides 
of  thenm^aoaatonmindtbe  faithful  of  their  example  and  <d  tin 
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duty  of  praying  for  ih^  sonla :  and  hoiw  tbe  nle  that  a  body  sbould 
not  be  buried  in  the  church  without  the  consent  of  the  incumbeat,  he 
being  Bupposed  to  be  alone  able  to  judge  whether  the  deceaaed  poa- 
seesed  the  qualities  which  give  hint  a  title  to  that  diatinction.  The 
churchyard  was  anciently  held  among  the  ret  laertB,  and  no  fees  were 
takm  for  the  UBO  of  it :  nererthelefla  tlw  pigment  of  feaa  to  the  olergy- 
man  datea,  In  this  ooontry  at  least,  from  tke  BefonnaUoD,  and  the 
non-payment  of  those  fees  is  held  by  tiie  accleoaatical  courts  a  sutBcient 
ground  for  the  clergyman  to  withnold  his  offices,  or  at  all  events  to 
prevent  t^e  erection  of  any  monumetit  or  tablet  for  which  he  had 
previously  given  bis  consent;  that  consent  being  supposed  to  imply 
the  paymant  of  the  usual  or  a  atipulated  fee.  The  churchwardens  are 
■lao  entitled  t8  a  fee  for  burials  in  the  ohurch,  since  on  them  fidla  the 
expenae  of  repwring  the  pavement.  It  is  even  maintuned  that  an 
incumbent  is  enUtlod  to  a  fee  upon  the  burial  of  his  parishioner  who 
has  died  in  his  parish  and  is  removed  for  interment  elaewhere.  Sir 
H.  Spelman  preserves  a  vestry  constitution  of  1627  containing  a  table 
of  fees  for  burial  in  the  chancel,  the  nave,  and  the  churchytud ;  the 
intermenta  in  the  churchyard  being  differently  charged  as  thc^y  were 
"coffined"  or  " nnooffined."  These  fees  are  not  imposed  at  the  dia- 
oretion  of  the  parson  or  of  the  parish;  they  are  matter  of  eodesiastical 
jurisdiction,  uid  if  they  deviate  from  the  amounts  established  by 
custom,  must  be  approved  by  the  wdinaty  after  oonsulting  tha  minister 
and  the  pariehioners. 

X  vault  cannot  properly  be  made  either  in  the  ohurch  or  churchyard, 
without  the  consent  of  the  ordinary  signified  by  a  faculty,  that  is,  a 
lioenos  or  pormisBion,  for  that  puiposa;  and  this  he  does  n*^  grant 
mtil  he  has  given  the  parson  and  parishionera  an  opportunity  to 
expre«  th«r  opiniona.  A  vault  may  be  attached  by  preucription  to  a 
mansion ;  or  again,  the  proprietors  of  a  mansion  may  have  a  preeorip- 
tive  right  to  be  interred  and  to  erect  a  tablet  or  tombstone  in  the 
aisle  or  chapel  appurtenant  to  that  mansion.  But  it  would  seem  tiiat 
the  right  adheres  to  the  mansion,  not  to  the  family ;  who  if  they 
eeaaa  to  be  parinfaitmen  relinquish  their  risht  to  the  vault,  the  use  of 
which  may  be  granted  to  others.  The  heir,  however,  in  this  and  in 
all  eases  may  obtain  an  action  of  trespass  at  tiie  common  law  against 
any  one,  even  the  panm  or  ordinair,  who  disturbs  the  remains,  or 
removes  or  defaces  the  monument  of  his  ancestor,  or  ^e  hatchment, 
pennon,  or  coat  armour  suspended  over  his  grave.  In  some  parishea 
the  paiishionan  have  a  prescriptive  right  to  place  a  stone  over  a  grave 
in  UM  churchyard  upon  payment  ot  a  cerbdn  fse  estaldiiAied  by 
custom ;  but  noUting  of  height  can  properly  be  crested  without  the 
consent  of  the  ordinary  ;  nor  can  a  tomb  or  tombstone  be  r^Mured 
without  the  leave  of  the  dmrohwardens;  although  the  granting  of  that 
leave  is  a  mere  formality  iaoumbent  on  thoee  officers. 

The  placing  of  a  monument  in  the  church  or  a  tablet  on  its  walls  ia 
also  within  the  jurisdiction  of  the  ordinary ;  for  the  fiiring  (rf  it  in  the 
chancel  the  oonamt  of  the  reettv  ia  required,  yet  a  lay  iwjtor  bai  not 
a  rig^t  to  erect  a  monument  or  construct  a  vault  ueire  without  a 
faculty  from  the  ordinaiy.  To  remove  without  the  ordinary's  oonswit 
a  monument  or  tablet  once  erected  is  an  offence  which  subjects  to  pro- 
secution before  the  eccleaiastioal  courts  the  party  oommitting  it,  even 
though  he  should  have  himself  erected  the  monument,  aoi^  should 
have  the  consent  of  the  incumbent  for  its  removaL 

As  the  erection  of  a  tombstone,  so  the  inscription  upon  it  is  a  matter 
of  ecclesiastical  discii^e,  and  an  epitaph  is  unquestionably  unlawful 
which  is  contrary  to  the  canons  or  constitutions  of  the  church  in  foi«e 
at  the  time  when  the  inscription  is  made.  Thus  when  in  a  recent  case 
the  inscription  "  Pray  for  the  soul  of  A.  B."  was  objected  to  in  the 
Eccleaiastical  Court  as  recognising  the  doctrine  of  purgatory,  ^e  judge 
(whilst  he  deemed  that  prayers  for  the  dead  are  not  contrary  to  the 
canons,  and,  therefore,  that  the  epitaph  was  not  unlawful)  dutincUy 
affirmed  the  doctrine,  that  any  new  epitaph  oppusad  to  tibe  aiootrinea  of 
the  Church  of  Elngland  mi^t  be  removod,  and  the  inicriptim  oi  such 
an  epitaph  would  subject  the  par^  who  inscribed  it  to  imfflftriartifBl 
censure. 

(Haggard's  Quuiitay  S^ta,  1. 1 4,  205 ;  iL  883 ;  Curteis's  Ecclaitu- 
Heal  S^ortt,  L  880;  Burn's  EcUetia^ieal  Law,  artide  'Burial;'  and 
Rogers's  dittOk) 

TON,  or  T0K.  Inmodem  Eng^  qpelling  the  Km  Is  a  wdgfat 
(twenty  hundredwwght,  or  2240  pounds  avoirdupois)  and  the  is  a 
measure  of  wine  (two  pipes,  or  262  galions).  Accoixlingly,  some  have 
supposed  that  the  measure  was  derived  from  the  weight,  and  in  fact  a 
(it»  of  water  weighs  about  a  Um.  But  a  very  little  consideration  of  the 
manner  in  whic^  tmna  and  hrnna  were  tued,  is  enough  to  convince 
any  one  that  the  wd^t  was  derived  from  Uie  measure.  TbMe  words 
are  not  classical,  but  they  occur  frequently  in  middle  Latin  (see 
Ducange,  in  verb.),  and  always  as  signifying  a  large  cask.  The  hollow 
empty  sound  made  by  striking  a  large  cask  may  have  given  rise  to  the 
name  :  we  have  often  heard  them  say  ton  as  plain  ss  a  cask  can  apeak. 
The  diminutive  is  UmtuUa,  which  was  often  used,  bat  not  much  in 
Slawl.  The  Commiwi oners  of  Weights  and  Measures  found  it  only 
Cardiganshire,  standing  for  sixteen  bushels  of  lime.  Tb«  modem 
use  of  the  word  tunnel  is  now  familiar  enough.  The  old  taxes  of  ton- 
uage  and  poundage  are  mough  to  create  a  suspicion  that  the  ton  was 
<ffiginally  a  measure.  This  ^uase  would  be  tautolcfgr  if  tonnage 
meant  a  tu  up(m  weij^ :  wo  must  understand  tonnwe  and  poundage 
to  be  a  tu  en  meamre  and  a  tax  on  might. 


There  are  many  local  tons  of  wei^t  which  have  sprung  up  in  Inodem 
times. 

TONE  (in  Music).  The  technical  use  ot  this  word  may  be  aeen  in 
SoALX,  Tetraohobd,  kc,  in  which  it  signifiea  a  muiioal  irUtrvaL  In 
common  language  it  refers  to  the  (piaUly  of  a  musical  sound,  as  when 
we  speak  of  a  fine-tmed  inatrumant, 

In  painting,  the  word  tone  is  used  in  a  somewhat  iriniDar  mannar. 
With  reference  to  a  particular  tint  it  expresses  the  degree,  quality,  or 
intensity  of  s  colour  or  shade,  in  rdation  to  the  other  colours  of  the 
picture,  or  to  the  ohiaroecuro.  The  tone  (rf  a  ^otnre,  on  the  other 
bond,  baa  relation  to  the  general  scale  of  oolooring:  thoa  a  finttng  ia 
said  to  be  low,  or  graT,  or  warm  in  tone. 

TONI0&  JAvALsmoB.] 

TOTSnSAXis  ia  the  teirm  Bw  the  capacity  of  borden  pooawd  1^  a 
ship  or  other  floating  vessd-  The  amount  of  tonnage  possessed  by  the 
United  Kingdom  is  given  under  Tbadx  and  Shipbisq, 

TONNAGE  (orTUNNAGE)  AND  PODNDAQE.  [Subsidt.] 

TONSILS,  DISEASES  OF  THE.  [Quinst.] 

TONSURE  (from  the  Latin,  Umden,  "  to  clip")  is  the  name  given 
to  a  distinguishing  mark  of  tha  clergy  of  the  Boman  Catholic  church, 
formed  by  cutting  off  a  portion  of  tiie  hair  from  the  head.  Mentwn  is 
msde  of  polled  or  shaven  crowns  in  ooonectioo  with  the  clerical  cha- 
racter in  the  earliest  ages  of  the  church ;  but  it  seema  to  be  clear  that 
this  has  aotiiing  to  do  with  the  modem  tmaure  :  the  practice  of  shaving 
the  head  or  weaiiag  the  kur  too  short  is  in  fact  condemned  in  priests 
Jerome  and  othen  of  the  Fathan.  (' Bii«ham'a '  Originea  Eocleaiaa- 
tiWb'^a-IV'*-!^)  Whatris  DOW  oaUed  the  tonntrewai  probably 
introduced  not  earlier  than  the  latter  part  of  the  5th  century.  Various 
ezplanattou  of  its  mystical  meaning  have  been  i«Qposed  :  one  theoiy 
is,  that  it  is  a  sign  of  adoption  by  the  church ;  another,  that  it  is 
intended  to  symbolise  the  clerical  subjection  and  obedience;  another, 
that  it  i^  a  memorial  of  the  Saviour's  crown  of  thcwns,  Ac  According 
to  tiie  existing  and  long-eatabtiahed  practice,  the  tonsure  is  formed  Iv 
clipping  away  the  hair  from  a  cireular  mce  aa  the  back  tA  the  head. 
The  applicatum  tA  the  scissors  by  the  bishop  to  remove  the  first  tuft 
is  the  initiatory  rite  which  peraoos  are  received  into  the  clerical 
order.  Of  course  the  (Uerioal  crown,  as  it  is  called,  must  be  moserved 
by  repeated  trimming  when  necenary ;  and  the  practioe,  we  believe,  is 
to  mlaige  it  as  the  wearer  riaee  in  eocdeeiasticaf  station  and  dignity. 
The  present  however  was  not  the  universal  form  of  the  ttmsure  in 
fcnmer  timei.  Wlien  the  miinonariea  who  bad  come  over  to  Britain 
iraoL  Borne  cnoountered  in  the  7th  oentui?  tha  SeoUiih  and  Iriab 
priests,  th^  were  horrified  hj  observing  that  instead  of  a  eizcular 
tonsure  on  the  occiput,  they  ware  distinguished  hj  a  tonsure  in  the 
shape  of  a  cresoeot  on  the  forehead.  The  Roman  muuonariea  asserted 
that  this  was  the  sort  of  tonsure  worn  by  Simon  Magus  and  his  dia- 
ciides.  The  true  form  of  the  tonsure  and  tiie  proper  mode  of  calcu- 
late Easter  ware  the  ohief  subjeata  ct  theological  controveny  in 
this  ishnd  in  the  Isttar  part  of  the  7th  and  the  b^pnning  of  the  8th 
centuries. 

TONTINE,  a  spedesi)f  life  annuity,  so  called  from  Lorenzo  Tonti, 
a  Neapolitan,  with  whom  the  scheme  originated,  and  who  introduced 
it  into  France,  where  the  first  tontine  was  opened  in  16fi3,  The  sub- 
aoribers  were  divided  into  ten  olasiea,  aoeording  to  their  BfStB,  or  were 
allowad  to  appoint  nowineci,  who  were  so  dindadt  and  a  proportionata 
annuity  being  assigned  to  each  dasa,  those  who  lived  longest  had  tiie 
benefit  of  their  survivorship,  by  the  whole  annuity  bung  divided 
amongst  the  diminished  number.  The  terms  of  this  tontine  may  bo 
seen  m  the  French  '  E^cyclop<Sdle '  ('  Finance '  division,  ToL  iii).  In 
1089  a  seoond  tontine  was  opened  in  Franoe.  The  last  survivor  was  a 
widow,  who,  at  the  period  of  her  death,  at  the  age  of  96,  enjoyed  an 
income  of  78,500  livras  fur  her  original  subscription  of  800  Uvrea.  The 
last  French  tontine  was  opened  in  1760.  They  had  been  found  very 
(merous,  uid  in  1763  the  Couoeil  ot  Slate  determined  that  this  sort  of 
financial  operation  should  not  be  sgsin  adopted.  Tontines  have  seldom 
been  resorted  to  in  England  as  a  meaaure  of  finance.  The  last  for 
wliioh  the  government  opened  subscriptions  was  in  1789.  The  terms 
may  be  seen  in  Hamilton's  '  Hist.  Poblio  Revenue.'  A  few  private 
speculations  have  been  entered  into  in  the  United  Kingdom  on  the 
[dsn  of  the  tontina. 

TOPOGRAPHT  (from  the  Greek  rerv^Ki^  which  ia  from  rint, 
"  a  place,"  and  ypdi^,tt¥, "  describe  ").  Periiaps  the  nearest  correspond- 
ing combination  of  English  words  would  be  "  place-description,"  The 
word  topography  is  limited  by  usage  to  the  desoriptioa  of  cities,  towns, 
villages,  castles,  churches,  uid  other  artifidal  structures,  including 
notices  of  ereiything  belon^Lng  to  the  ^aoes  or  oonaeoted  with  than; 
tax  instanoe,  not  only  the  site^  oonatruction  of  the  stoeet^  puUic  build* 
ings,  Ac.,  of  (Uties  and  towns,  but  the  number  of  Inhriatants,  trader 
history,  and  so  forUi.  The  word  occurs  in  the  Greek  writers.  Cicero 
('  ad  Attic.,'  i  13)  uses  TopotAay  irowodwia)  as  synonymous  with  topo- 
graphy, though  topotiiesy  shoidd  liave  a  diilerent  meaning.  In  the 
Greek  "  topography  "  has  a  wider  meaning  than  it  has  with  us.  But  a 
deeoriptioi  of  a  giTen  idaoe,  with  reference  to  its  physical  character, 
hardly  comes  within  our  notion  of  a  topographical  deseriptitm,  "wbiotk 
is  generaUy,  at  least,  limited  as  above  stated. 

TOREUTIC.  [Sculpture.] 

TOBMENTIL,  TomaUUla  ofidnaUt  (Smith),  ereda  (XJon.),  a  small 
perennial  idant^  growing  in  the  whole  of  Europe  and  the  norih  of  Aua, 
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TORSION. 


ID  (oiwti,  bogi,  atkd  haitiu.  rPoTEKTiLLA.^  The  root,  or  nther  the 
rhicoma,  u  officinaL  As  the  plant  flowers  in  June  and  July,  the  best 
time  to  ooUect  the  rhinHuata  is  in  Mid  May.  Those  gathered  in 
Mitomn,  wl^  tiuT  remain  movA,  an  jdiomhorevooit.  'Hm  roots 
the  TamuntUla  (Potentalla)  reptana  (Linn.),  oi  tiie  PotentiUa  Oom- 
marum,  thoae  of  the  oommon  ab^wberry,  ot  the  Qenm  urhanninj  and 
abo  ol  the  Pdygonum  bistorta,  are  frequently  confonnded  wiUi  thoee 
ot  the  true  torawntil — errors  of  no  great  importance  m  far  as  their 
medical  w^oyment  ia  ooncemed,  as  they  possoBB  propertiea  aimilar  in 
kind,  but  infanw  in  degree.  In  Italy  the  root  of  the  Oeranium  striatum 
knibatitDtedforit 

nw  ihiiomata  of  the  genuine  plant  are'Iamin  proportion  to  the 
bn&ehn  they  bear.  They  lie  obliquely  in  t&  earth;  old  ones  are 
knotty  or  resemble  knobs,  from  1^  to  2  inches  thick;  younger  ones 
are  nlindrical,  irreRolaily  bnnohed,  the  branches  1  to  2  inches  long, 
and  from  one-fourth  to  one-half  inch  thick,  curved  and  tfristed.  The 
eiadermis  and  liber  are  Tery  thin,  but  firm.  The  central  part  presents 
two  or  mwe  ooDoentrio  oiroles.  The  colour  of  the  interior,  when 
iresh,  is  a  RUfried  cr  fleshy  oolour;  but  when  dried,  it  ineUbeamore 
toa  reddish  or  brownish  yellow;  in  very  old  apecimou  it  beoomea 
wiiite^  It  can  be  easily  powdered :  the  powder  is  of  a  bright  brownish- 
red.  The  rose-odour  of  the  fresh  root  is  loot  by  drying.  Tute  purely 
and  stzongly  astringent  Speoimens  which  are  duk  otenally,  and 
mody  and  white  within,  are  to  be  rejected. 

Water  distilled  from  the  fresh  root  has  an  agreeable  rose-Uke  odour. 
Tlua  plant  n™*""  more  tannin  than  any  other,  exo^t  catechu  and 
gaUs.  TcaiiMsrtal  is  the  most  powerful  of  our  indigenous  astringente, 
and  more  easily  assimilated  than  oak-bark  or  gaUs.  Though  improper 
bk  aefciTe  hnmorrbagee,  in  passtTe  disoharges  it  ia  veiy  useful,  and  ni-ty 
be  ffijm  with  aromatios,  or  o]aates,  or  chalk,  as  m  the  conipound 
ptnraer  ot  ohalk.  Few  medicines  are  more  efficacious  tot  diying  up 
the  alimy  mucus  in  whidi  worms  nestle  in  the  intestines  of  children, 
than  the  compound  powder  of  chalk,  bifuaton  made  willi  cold  water 
is  preferable  to  the  decoction.  The  extract  made  in  the  common  way 
Boon  spoils.  But  valuable  as  this  substance  is  in  medicine,  it  is  of  still 
greater  utility  in  the  arts  and  in  agriculture.  It  may  be  most  bene- 
ficaaUy  employed  to  tan  leather,  both  where  the  oak  grows  and  where 
it  is  absent,  siuoe  one  pound  and  a  half  of  powdered  tonneatil  is  eqitnl 
in  strength  to  seven  pounds  of  tan.  It  is  used  in  Lapland  and  the 
Orkney  lalee,  both  (o  tan  and  to  dye  leathw,  and  in  the  latter  parts  to 
dye  wanted  yam.  By  long  boiling  the  tannin  is  converted  into  gum, 
and  in  times  ot  scarcity  the  poor  may  collect  and  obtain  much  nourish- 
meat  frum  the  root.  But  the  great  service  this  plant  renders  in 
husbandry  w  ita  chief  merit.  Where  it  grows  abundantly  in  wet 
mstures,  the  rot  in  the  sheep  is  unknown.  Where  Ute  heathw  has 
Dam  burned  on  the  WighianH  hiUsj  this  pbuit  sprincp  up  i^ontaiieoudy 
with  the  tedder  mas,  [AKTBKUiiirTHn.] 

TORNADO.  [Whiklwikd.] 

TOERICELLIAN  VACUUM.  [Baroiciter.] 

TORRICELLPS  THEOREM.  [Btdbodyitaiiics.] 

TORRID  ZONE.  rZoHX.] 

TOBSION  is  that  foroe  with  which  a  thread  or  wire  retums  to  a 
state  of  zest  wb«i  it  has  been  twisted  by  bmng  turned  round  on  ita 
axti :  tiM  thread  or  wire,  whkih  is  suspended  vertically,  ia  attached  at 
the  vpstr  t^tmiiif  to  some  objeet^  and  at  the  lower  extremity  ia  a 


weight  with  a  horisontal  index,  or  a  sUrrup,  which  is  to  carry  a  needle 
or  bar  in  a  horizontal  position. 

Let  z  T  be  the  wire,  w  the  weight  or  stirrup,  and  ab  an  index  or 
needle,  and  let  ftaebe  part  of  t  gntduated  ring  on  the  nme  Isrel  as 


the  needle;  tiien,  on  turning  the  object  w  round  till  a  mark  on  tiie 
extremity  a  of  the  index  is  brought  to  any  point,  b,  on  the  ring,  the 
wire  becomes  twisted;  and  when  Uie  power  by  which  w  is  turned  is 
removed,  the  etastici^  of  the  wire  eaosaa  the  pcdnt  at  a  to  oaotltata 
within  the  ring  througjian  are,  as  fi  a  e,  wUch  continually  dlmbdshes 
till  the  index  rests  in  its  original  podtion. 

Under  Elasttoitt  is  given  an  investigation  from  which  it  is  fmved 
that,  while  tiie  force  of  torsion  is  moderate,  its  intensity  is  directly 
proportional  to  the  angle  or  arc  through  which  the  extremity  a  of  the 
mdex  is  moved  in  twisting  the  wire.  It  is  also  proved  that  T,  the  time 
of  a  complete  osoilUti<m,  is  constant,  or  that  tiie  vibntiona  are  isochro- 
nous, like  those  of  a  poidulum  whioh  is  acted  upon  by  gravity ;  and 
further,  that  when  a  body,  as  w,  is  suspended,  tiie  squarss  of  the  times 
of  vibration  vary  directiy  as  the  momentum  of  the  Dody's  inertia,  and 
inTersely  as  the  force  of  torsion  :  consequently  wba  the  forma  and 
weights  of  suspended  bodies  are  the  same,  the  foroe  of  torsion  varies 
inversely  with  the  square  of  the  time.  With  Teq>eot  to  the  effects 
which  a  variation  in  the  length  of  the  wire  will  cause  in  the  foroe  of 
torsion,  it  may  be  observed  that  in  prqiortion  as  the  lengths  of  the 
wires  are  increased,  points  at  the  lower  extiemlties  must  be  turned, 
about  the  axia,  through  greater  arcs,  in  order  to  [soduoa  equal  dc^iesa 
of  torsion  at  equal  distanoea  from  the  points  of  suspension ;  and  hence, 
if  the  number  of  revolutions  be  equal,  the  tacnt  of  torsioQ  will  be  in- 
versely proportional  to  the  length  of  the  wiro :  it  fellows  therefore  that 
the  time  of  a  vibration  varies  direotly  with  tile  squam-roDb  ol  tlu  length 
of  the  wire. 

These  deductions  from  theory  are  confirmed  by  thrir  agreement  with 
the  results  of  the  numerous  experiments  made  by  M.  Coulomb  with  an 
appamtua  aimilar  to  that  which  is  represented  above;  the  times  in 
whioh  a  oertatn  number  of  isochronous  vibrations  were  made  with  wires 
of  different  lengtiw,  and  carrying  at  th«dr  lower  extremities  cylindm 
of  riUfforent  weights,  being  observed.  By  compar^ans  also  o{  azperi- 
menta  <m  wires  of  tiie  same  lengtli  and  ot  dinbrent  diuneten,  conse- 
quentiy  of  different  weights,  Coulomb  foimd  that  the  times  of  vibration 
were  inversely  proporti<Hial  to  the  weights,  or  to  the  squares  ot  the 
diameters  of  the  wires ;  and  since  the  force  of  torsion  varies  inversely 
with  the  nquares  of  the  times,  it  follows  that  when  the  wires  ate  of  the 
like  material  and  equal  lengths,  the  foroe  of  torsion  varies  directiy 
with  the  fourth  power  of  the  diameter.  M.  Ptasaoo,  in  a  memdr  on  the 
eqiiilibriam  and  movement  of  dastio  bodies  ('  M^moires  de  rAoad^mie 
dea  Sciences,'  torn,  viii.),  has  deduced  the  same  law  fnnn  purely  theo- 
retical  oonudeiatitms. 

It  may  be  convenient  to  oompara  the  force  of  torsion  vrith  that  of 
gravity,  and  for  this  purpose  it  will  be  necessary  to  observe  merely 
that  the  time  in  which  a  pendulum,  whose  lei^;th  is  t,  makes  a 

complete  osiallsidon  in  a  very  small  are  b  expressed  by  ir  ^  i. 

[Pendulum],  where  g  represents  the  force  of  gravity  :  then  the  &me 
m  which  the  torsion  wiro  vibrates  once  on  ita  axis  being  made  equal  to 
the  time  in  whioh  a  simple  pendulum  vibrates,  we  nave  (using  the 

formula  in  EulSTICITt),  -— =  — ;  therefore,  as  the  momentum 
*  S 

inertia  for  a  torsion  wiro  suspending  a  body  of  a  given  form  can  be 
computed,  and  as  t  may  be  found  from  tiie  observed  time  of  a  vibm- 
tion,  the  value  of  n  (the  coefDdent  of  the  fnee  ti  torsitm)  can  be 
ascertained  from  this  equation. 

The  torsion  of  slender  wires  was  first  employed  by  Coulomb  for  l^e 
purpose  of  detennining  the  intensities  of  fmves  in  nature  and  the  laws 
of  thrir  action  in  oircuinstancea  whicb  render  direet  meUiodB  in- 
applieaUe:  his  experiments  were  performed  witii  an  imtrument 
which  he  invented,  and  which  he  designated  a  tonion  balance.  Under 
Elxotbohetkk  is  given  a  description  of  l^e  instrument  and  of  the 
method  of  employing  it  in  finding  the  laws  of  electric  attnwtions  and 
repulsions ;  and  it  will,  therefore,  be  sufficient  in  this  place  to  explun 
its  apptici^on  in  determining  tiiose  of  mwnetic  action.  For  this 
piupose  Coulomb  ad^ted  to  the  suspending  vnre,  whioh  was  of  eopper, 
a  small  stirrup,  as  w,  also  ot  oc^iper,  in  which  oould  be  plaoed  a  mag- 
netised needle  of  steeL  Before  this  was  done,  however,  a  copper  needle, 
equal  in  weight  to  the  magnetised  needle  which  was  to  be  used  in  the 
experiment,  was  placed  in  the  stirrup,  and  the  plate  D  at  the  top  of  the 
glass  case  was  turned  round  till  one  extremity  of  the  copper  needle, 
which  turned  with  the  plate,'  was  brought  to  the  xero  of  titkc  gradua- 
tions on  the  luoiiontal  oirole  bae  in  the  case,  the  suspending  wire 
being  in  an  untwisted  state :  the  whole  ease  was  afterwards  turned 
round  till  the  needle,  still  pointing  to  zero,  was  in  the  direotion  of  the 
magnetic  meridian,  which  had  been  proviously  determined.  The 
copper  needle  was  then  taken  away,  and  the  magnetised  needle  put  in 
the  atdrrup ;  and  as  soon  as  it  was  at  rest  in  the  magnetic  meridiaii,  tiie 
suq>ending  vrire  was  twisted  by  turning  the  stem  ■,  to  whioh  it  is 
attached  at  the  ui^ier  extremity  of  the  case,  till  the  index  there  had 
passed  over  some  given  number  of  degrees,  which  in  one  experhnent 
was  860*.  The  suspended  needle  was  tiiua  made  to  deviate  from  its 
previous  position  104  degrees,  in  whioh  state  the  horizontal  foroe  of 
terrestrial  magnetism  was  in  equilibrio  with  the  force  of  torsion ;  and 
the  angle  of  torsion  vraa  then  equal  to  8491"  (=860'— 1(^').  On 
tuiiiiugthe  indexati  through  two  revolutions,  tiie  needle  was  obeerved 
to  rest  between  the  opposoig  forces,  at  21^'  trom  its  original  ^aoe. 
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when  ooDBequently  the  w^e  of  torrion  wh  698]"  (= 720* —21 J'). 
ObtainiDg  in  like  mknner  Mrenl  other  fto^es  of  toraioii  with  tiie 
corrosponding  deriatioiu  of  the  magneUo  needle,  and  compering  them 
together,  Coulomb  foond  tbit  the  foroM  of  tonion  ere  coniteDt^ 
imporUoial  to  the  ainea  nt  the  Amia^&nm  ctf  the  needle^ 

In  order  to  diseorer  Uie  Iftw  of  megnetio  eetioD  with  reepeot  to  the 
diatances  between  the  attreoting  or  repelling  bodlee;  Coulomb  placed  a 
magnetiMd  needle  is  the  atirrup  of  the  beUnce,  and  after  twisting  the 
wire  by  turning  the  mierometer  stem  at  >  on  it*  axis  tiirouf^  a  certain 
numbn- of  deg^«ee,  he  obeeired  where  the  needle  rested  between  the 
oppoaing  foroes  <tf  Umaoa  and  the  horiiontat  component  of  terreetrial 
magnetittni :  MWiming  then  that  the  deriatknu  of  the  needle  were 
pnqKtttioiial  to  tite  fbroei  of  toraion,  he  foond  thai,  in  order  to  make 
the  needle  deviate  one  de(^«e,  it  waa  neceesary  to  employ  a  foroe  of 
torabn  ezpreaaed  by  86°.  The  wire  being  then  untwiated,  and  the 
magnetiaed  needle  placed  in  the  magnetic  meridian,  Coulomb  intro- 
doced  in  the  glaaa  oaee,  in  a  vertical  posiUon,  and  e^  in  the  plane  of 
the  nu^iDetic  meridian,  a  magnetised  needle  of  the  samb  dimennons  aa 
Uie  otJur,  ao  that  if  the  two  needlea  oould  have  approadied  eaoh  other 
th^  woold  have  been  in  oontact  at  about  an  ini£  from  the  extmuity 
of  each;  but  the  p<d«i  of  the  same  denomination  in  the  two  needlee 
being  presented  to  each  other,  a  repulsion  took  place,  and  the  sua- 
pended  needle  came  to  a  state  of  rest  between  the  oppoong  foroes  of 
torsion  and  of  magnetic  repulsion.  When  the  micrometer  at  B  was 
allowed  to  remain  in  ita  actual  position,  the  suspended  needle  was 
repelled  S4  degreea,  and  oonaeqnent^  it  was  prevented  from  returning 
totheaaroiwintby  afoioeof  tonrionegprcBBBd  bythetomof  24dMu«ea 
and  of  the  horizontal  foroe  of  teneatrial  attraction  (=24  x  85°,  or  S40') ; 
UioB  the  whole  f(»rce  of  magnetic  repubion  was  expressed  by  6H\  In 
a  second  experiment,  the  wire  bnng  twiated  by  nuking  the  stem  at  x 
perform  thiee  rerolutitHis  (=  1080*)  in  &  direction  contrary  to  that  of 
the  24' beCoie  mentioned,  the  needle  rested  at  17*  from  zero:  the  force 
olmagnetio  npuUon  waa  then  eomreaMd  b^the  sum  of  1097  degreea 
and  the  value  of  ten«atcialatbaetCsn(>  17x116°,  or  695'),  that  u,  in 
bU,  1692  degrees.  On  oompanng  together  aavwal  ezperimenta  of  the 
same  nature,  and  also  serveial  similar  ezperimenta  in  which  the  poles  of 
aofmtrary  denomination  were  preeented  to  eaoh  other,  Coloumb  found, 
neglecting  email  differencee  which  may  be  lupposed  to  have  arisen 
from  the  extent  and  ccmfigutstion  of  the  nflcdloo,  that  the  foroee  of 
magnetic  repuLdm  and  attraction  Tary  invenely  as  the  sqoarea  of  the 
distances. 

The  "  bifilar  magnetometer"  which  was  invented  by  U.  Qauaa,  is  a 
apeciea  of  torsion  balance :  it  ia  deecribed  briefly  in  the  article  Tibbeb- 
TBUL  Kao8btish„  and  at  length  in  Taylor's  '  Scientific  Memoirs,' 
voL  IL  The  apparatus  with  which,  by  Uie  oeoillations  of  two  balls  of 
lead  at  the  extrnnitiea  of  a  lever  auspended  horizontally  by  a  string, 
Mr.  Cavendish  detatminad  the  average  density  of  tiie  earth,  waa  also  a 
baSanoe  actang  on  the  same  principle.   [Eabth,  Mxav  Dbnbitt  or 
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tricity' 01  the  same  author,  the  Tarioue  torsion  instruments  used  m 
these  branches  of  science  are  fully  and  aatiafaotorily  described  and 
illustoited. 

For  the  atrength  of  torsion  in  machinery,  see  Ha.ti<bu18,Stbsitgth  or. 

TORTOISE-SHELL.  This  beautiful  subatanoe,  or  at  least  the  best 
kind  of  the  material  which  goes  under  the  name,  is  procured  from  a 
marine  tcotoiae  called  the  Eawk'a-bill  turtle,  or  Tetiudo  imMcata; 
the  Latin  name  berag  derived  from  the  mode  in  which  the  scelee 
npMi  the  back  are  arranged,  oTorlapping  one  another  like  the  dies  upon 
the  roof  of  a  hmue,  one  kind  ci  wl^  mre  called  the  Romaoa 
imbriem.  In  most  other  toitfdBeB  the  aeverd  aoalea  of  whidt  their 
covering  ia  oompoeed  adhere  to  one  another  1^  th^  edgee,  like  inlaid 
woriL  Each  aiumal  furnishes  thirteen  principal  {dates,  five  along  the 
centre  oi  the  back,  and  four  on  each  side ;  and  twenty-five  smaller 
■oalea  or  phtea,  which  constitute  the  mai^  of  the  shell  The  size 
and  thickness  ot  Uie  plates  depend  on  the  magnitude  and  nge  of  the 
animal,  a  fresh  layer  being  produced  every  year ;  and  at  the  ntaigin  of 
the  large  [datea  may  be  seen  distinctly  the  edges  of  the  layers  aa  they 
thin  off  in  suocesafMi.  The  homy  ^»tes  are  aeparated  from  1^  bony 
foundation  1^  the  ap^oation  of  heat ;  the  whole  shell  btdng  commonly 
^aoed  over  a  fire  until  the  plates  begin  to  start  from  the  bone,  and  the 
leparation  being  completed  by  the  aid  of  a  slender  knife.  The  shell 
variea  mu<i  in  value,  being  frequenUy  injured  by  bantaolea,  limpete, 
and  other  shell-fish  adhering  to  the  turtles  whOe  alivci,  and  intetfoing 
with  tiie  growth  of  the  shell  where  they  atteoh  thunaelvM.  Oocasitm- 
ally  plates  of  a  uniform  yellow  colour  are  met  with  j  and  such  are  in 
great  request  among  the  Spanish  ladies,  who  will  give  at  least  twice  as 
much  for  a  comb  ot  plain  tort(»aeaheIl  aa  for  a  mottled  one.  The 
beUy-plateaof  the  tortoiae  are  yellow,  and  an  aomatimM  fonnd  aoffi- 
cmrth  clear  for  uae. 

Before  working,  the  aheU  needs  to  be  aoftened  or  mipeml,  which  ia 
mually  done  hj  dipping  it  for  three  or  ftmr  minutea,  or  Imger  if  it  be 
very  thick  and  brittle,  in  boiling  water.  Some  manufiscturera  flatten 
and  temper  the  shells  with  hot  flat  irons,  similar  to  those  used  by 
^undresaea;  the  tortoise-shell  being,  in  the  course  of  the  operation, 
frequent^  diwed  in  cold  water  to  prevent  soorohmg.  QenenUly, 
however,  the  lesa  the  aheli  ia  heated  and  pulled  about  the  better. 


because  iram  ite  apparent  want  of  grain  or  fibre  it  is  apt  to  beooine 
very  brittle.  Being  also  lees  fusible  than  horn,  tortoise-shell  cannot 
be  made  soft  enough  to  be  moulded  without  some  injury  to  the  colour; 
and  accordingly  the  manufacturers,  at  least  in  England,  never  attempt 
to  mroduoe  tortoiae  shell  eomba  with  ornamental  open  work  by  means 
of  diea.  Such  work  ia  produced  by  pasting  a  piece  of  paper  over  the 
tortoiae^hell,  drawing  the  pattern  upon  it,  cutting  it  out  with  drilla 
and  fine  saws,  and,  aSter  the  paper  lus  been  removed^  atecfang  in 
cold  water,  finishing  the  omsmente  with  the  graver.  The  cutting  ot 
parting  teeth  of  combs  by  machinery  is  described  under  Comb  HaifU- 
rACTDRB ;  but  we  may  here  notice  another  mode  which  ia  occasionsUy 
followed,  and  which  iUuatntea  the  oonveniaioe  arisng  from  tiie  flexi- 
bility of  the  material  when  wanned.  A  piece  of  tortoise-shell,  lane 
enough  to  make  two  oomba,  is  bent  or  bowed  in  the  directim  of  toe 
length  of  the  teeth,  to  audi  a  degree  of  convexity  that  thej  may  be 
cut  with  a  straight  bow-saw  without  cutting  through  either  ot  the 
edgee  of  the  pieces  of  shell,  which  are  required  to  form  the  top  or 
bock  portions  of  tiie  oomba.  The  shell  is  then  flattened  and  the  ends 
or  pomta  of  the  teeth  are  sepatated  with  a  nurow  cfataal  or  vrMber, 
after  whidi  the  oomba  are  fimdied  with  filea  and  SBr^ian,  and  oeni  to 
any  required  curvature  upon  wooden  moulds.  The  frames  for  tortoise- 
shell  e^-e-glassea  are  usually  formed  out  ol  narrow  slips  of  shell  in 
which  slits  are  cut  with  a  saw,  tiie  alite  being  aubeeqnenUy,  while  the 
shell  is  warm,  ttrain<d  or  puJUd  open,  until  they  form  circular  or  oval 
apertures,  by  the  inaertion  of  tqiering  triUete  of  the  required  ahape. 
Tba  same  yielding  or  flexible  properto  iamade  use  of  in  the  manufoc- 
ture  of  boxea;  a  round  flat  diae  of  shell  being  gradually  forced  by 
means  of  moulds  into  the  form  of  a  circular  box  with  upright  sides. 
The  union  of  two  or  more  pieces  of  shell  may  be  effected  fay  carefully 
scraping  the  parte  that  are  to  overlap,  bo  as  to  render  them  perfeotiy 
free  from  grease,  even  such  as  might  arise  from  being  touched  by  the 
hand,  soft^iing  them  in  hot  water,  foeesing  them  together  with  hot 
flat  tongs,  and  then  {dunging  the  j<nut  into  cold  water. 

In  veneering  with  tortoiae-ahell,  by  which  rvtjf  beMtlfol  woik  nH^^ 
be  produced,  it  ia  usual  to  apply  fish-glue,  mixed  with  lanu^'Uaok, 
vermilion,  green,  chrome,  white,  or  oihet  colouring  matter,  at  tue  bM^ 
the  sheS,  both  to  hdghten  ita  effect  and  to  oonceal  the  fsfno  or 
cement  by  which  it  is  secured  to  the  wooden  foundation.  In  making 
knife-handlea  atA  aome  other  omamoital  work,  metallkt  foila  are  pat 
beneath  the  toxtdse^hflll  Taneer  with  exodlent  aObet 

The  qoalitiea  of  tcnttrfae-ahdl  aa  lvou|jht  to  market  are  thua  Aa- 
tinguished :  Manilla,  fine  and  large ;  Brngapm,  nearly  aa  good  aa 
Manilla ;  West  India,  Urge  and  heavy,  but  red ;  Honduras,  darker,  but 
with  large  dark  red  spots ;  Calcutta,  dark,  heavy,  and  badly  coloured ; 
Bombay,  the  worst  quality.  Sometimes  plates  are  obtuned  as  large  aa 
18  induB  hv  8  inches,  and  a  qiiartor  of  an  indi  thick  in  the  middla. 
The  price  of  the  best  tortoiae^hell  is  generally  about  60s.  per  lb.  A 
small  import  duty,  formerly  imposed,  was'rqiealed  in  1846. 

TOKTUKE,  which  in  a  legal  sense  means  the  ap^eUitm  of  bodily 
pain  in  order  to  force  discoveries  from  viteeaaes,  or  oonfesai<niB  from 
persons  accused  of  crimes,  has  been  recognised  hj  the  laws  of  meet 
civilised  nations  sa  an  instrument  for  obtaining  judicid  truth.  A 
learned  civilian  trams  it "  Hoe  antiquisaimua,  omniom  tni  bane  insti- 
tutorum  populorum  communis :  ut  non  immerito  pro  hm  to  jure 
quodam  gentium  habeatur."  (Weaenbeiddi,  'Bmrnft  ad  Dig.  do 
Quteationibus,'  num.  8.)  Torture  wss  applied  to  aUvea  at  Athena 
(Bemosthen.,  'Orat  adv.  Pantamet.') ;  and  Cicero  st«t«a  that  the 
Athenian  and  Rhodisn  laws  allowed  it  to  be  applied  even  to  dtisena 
and  freemen  (*  OratoriiS  Partit,'  34) ;  but  there  is  some  doubt  as  to  the 
aocurscy  of  this  statement  with  respect  to  Athenian  freemen.  It  has 
boMi  questioned  whether  torture  was  used  by  the  Komsos  daring  the 
re^woan  period ;  but  Cicero  frequently  speaka  of  it  as  an  anc'ajt 
practice,  and  attributes  it  to  the  customs  and  institutions  of  an  eailier 
sge  ("  moribus  majorum  ").  {'  Oratio  pm  Rege  Deiotaro,'  a  1 ;  *  Pro 
Milone,'  c.  22  ;  '  Orat  Partit,'  84.)  Tacitus  also  ascribes  a  modification 
of  the  practice  to  an  ancient  Senatus-consultum  ('  Ann.,*  lib.  IL,  o.  30). 
However  this  may  have  been,  it  ia  beyond  all  doubt  that  the  use  of 
torttu«  in  judicial  inquiries  Ind  become  faSy  esteblished  in  the  time 
of  the  esriy  emperora.  R^fularly  the  Roman  law  admitted  the  torture 
only  in  the  esse  of  slaves  when  examined  either  as  witneaaea  or  olfimd- 
en;  but  under  the  emperors — even  under  Augustus,  but  more  fre- 
quently under  Tiberius  and  Caligula — iastanoee  occur  in  which  freemen 
aad  citizens  were  interrogated  by  torture :  most  of  these  instances, 
however,  are  to  be  considered  as  irr^^ular  acta  of  power,  not  aanctkmed 
W  law.  Rules  regulating  the  mode  of  applying  torture,  and  limiting 
the  occasions  of  its  application,  were  early  eatudished  in  the  Roman 
law.  One  of  the  most  important  of  these  ia  that  which  Cioero  in  the 
passagee  above  cited  refers  to  ancient  usage,  namely,  that  a  slave  should 
not  be  tortured  to  give  evidence  against  his  msster,  except  in  tiie  cases 
of  inceet  and  conspiracy.  Tacitus  says  that  in  order  to  evade  the  ope- 
mtkm  of  what  ho  calls  an  ancient  decree,  pn^Uting  the  "  qusestio 
aerri  in  caput  domini,"  Tiberiua, "  novi  jnciarqwitor,"  invented  the 
scheme  of  making  over  the  alave  from  mo  accused  to  a  public  func- 
tionary, and  then  putting  him  to  the  torture  against  his  former  master. 
This  ^vioe  is  however  asorilwd  by  other  ' historians  to  Augustus. 
(Dion.,  lib.  Iv.)  In  judicial  inquiries  or  public  trials  for  crimes,  the 
"  qusestio  "  was  ap^ed  at  the  instance  of  the  accuser  in  the  presence 
of  the  pnetw  and  judioea,  uid  the  statemeute  made  under  tortOre  were 
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reduced  into  writing  (in  tabulaa  relata),  And  nmed  by  tho  praetor 
(ffeuwo^us, '  Ant.  Rom.,*  lib.  iv.,  c  18,  sect  25) ;  but  vAntn  penons 
^BD  wan  permitted  "  in  f  oro  domestico  "  to  eztraot  evioenoe  from  their 
filaTflS  Iv  tortuTB.  (Cicero,  '  Orat.  pro  duentio,'  co.  03,  00 ;  Quin- 
tUiaa,  '  DeoUm./  826,  3S8,  353.)  At  a  later  period  of  the  Roman 
empire,  manj  new  r^ulations  appeared,  and  the  earlier  restrictionB 
upon  this  practice  were  wholly  removed  or  greatly  modified.  Several 
ac^tiooB  to  the  rule,  which  prohibited  "  qiuestionee  in  caput  domioi," 
were  introdnoed,  and  even  freemen  were  sulneeted  to  torbire,  when 
there  was  pontive  evidsDce  of  the  "  corpus  delicti,"  and  probable  or 
presumptive  evidence  that  the  accused  waa  the  guilty  person.  More- 
over, when  the  ofienoe  was  <^  a  grave  character,  and  i^ected  the  head 
of  the  state  immediately,  personal  exemptions  from  torture  were  not 
admitted.  "Omnes  omniniJ,"  says  the  'Digest'  (lib.  xlviiL,  tit.  18; 
'De  QoiestionibuB,'  sect.  10),  "  in  majestatia  orimine,  quod  ad  personas 
Frincipiiin  attanet,  cum  res  esget,  tarquentur."  (Wasserschleben, 
'Satoria  Qusostionum  per  Tonnenta  apud  Bomwos,'  BeroL,  18S6.) 

It  is  remarkable,  coiwdoring  the  extent  to  which  the  practice  of 
torture  was  eventually  carried  by  the  Inquisition,  that,  according  to 
the  principles  and  early  practice  of  the  Canon  l&w  all  severities  of 
criminal  justice  were  prohibited ;  and  by  the  ancient  decretals  of  the 
church,  every  ecdeedasuoBl  person  who  took  part  in  them  was  liable  to 
censon.  Previous  to  the  18th  century  no  trace  of  the  use  or  per- 
miwon  of  torture  is  to  be  found  In  the  canon  law,  either  In  the  process 
ei  aeeosation,  which  was  founded  entirely  on  the  model  of  ^e  Roman 
law,  or  in  the  inquiry.  In  the  13th  century  the  severe  rules  of  the 
Roman  law  respecting  the  torture  of  witueaaea  and  accused  persons 
**  in  crimine  majestatis,"  began  to  be  applied  by  the  ecclesiastical  law 
in  the  case  of  heresy,  which  was  then  considered  and  termed  "  crimen 
Isesn  majestatis  divinss."  Nevertheless,  the  earlier  ooundls  relating  to 
the  Inquisition,  though  violent  in  their  denunciations  against  heretics, 
are  lilnit  respecting  tiie  use  of  torture ;  and  the  first  trace  of  any 
eocleaiastical  sanction  of  this  mode  of  inx)Ceeding,  even  in  the  cose  of 
heresy  or  apostacy,  is  found  in  a  decree  of  Innocent  IV.  in  1 252,  which, 
however,  does  not  authorise  the  inquisitors  to  use  it,  but  calls  upon 
the  civil  magistrates  to  presa  oSenders  to  confession  agunst  themselves 
and  others  by  means  of  torture.  At  a  subsequent  period  tiie  necessity 
for  secrecy  in  the  proceedings  of  the  Inquisition  induced  the  use  of 
torture  the  inquLaitora  themselvefl,  and  the  extent  to  which  it  was 
afterwards  used  is  notorious.  (Biener's '  Qeschichte  des  Inquisitions- 
FrooeSBea.')  An  instance  of  the  application  of  torture  under  the  eccle- 
siastical law  occurred  in  England,  under  remarkable  circamatances, 
about  sixty  years  after  the  first  sanction  of  the  practice  by  the  Church 
of  Rome.  In  the  great  contest  between  Clement  V.  and  the  Templars 
la  1310,  inquisitors  were  appointed  by  the  pope  to  examine  the  pnson- 
en  who  were  diUKed  (among  other  offences)  with  a^stacy  and  heresy. 
The  Archbishop  of  Yoi^,  who  was  one  of  tiie  inquisitors,  propounded 
to  certain  monasteriea  and  divines  several  dimcultiea  which  had 
occurred  to  him  respecting  the  mode  of  conducting  the  examinations. 
Among  other  questions  he  asked,  whether  they  might  make  use  of 
torture: — "Licet  hoc  in  regno  Angliss  nunquom  visum  fuerit  vel 
audttum  T  £t  si  torquendt  aunt,  utrum  per  clericos  vel  laicos  T  Et 
dato,  qudd  null  us  omnino  tortor  inveniri  valeat  in  Anglift,  utn!un  pro 
tortoiiDna  mittendum  sit  ad  partes  transmarinast"  (Hemingford,  p. 
256.)  In  consequence  of  the  doubts  of  the  archbishop,  Edward  II. 
refused  to  allow  the  inquimton  to  torture  the  accused.  Upon  this 
Clement  wrote  a  letter  of  remonstinnce  to  the  king,  who  referred  the 
matter  to  the  council ;  and  upon  their  recommendation  it  was  resolved 
that  the  Templars  ehould  in  the  first  place  be  separately  confined  and 
examined  singly;  and  if  upon  this  mode  of  proceeding  tiiey  refused  to 
oonfess  more  tlua  they  had  previously  done, "  quM  eztunc  oiuesttoii- 
armlur,  ita  qutSd  qutcstionea  ilUo  illatro  fierent  absque  mutihttione  et 
debilitatione  perpetuA  alicujus  membri,  et  sine  violent^  aaaguinis 
effusLoue."  (Raynouard,  '  Monumena  Hiatoriques  relati^s  ti  la  Con- 
damnation  des  Chevaliers  du  Temple.')  In  accordance  with  this 
resolution,  a  special  commission  from  the  king  autiiorised  tho  inquiai- 
tors  "to  dispose  and  deal  with  the  bodieatu  the  Templars  in  qtuu- 
(ioMAw  et  aliis  ad  hoc  omvenientibus,"  as  mi^t  seem  fit  to  them  to 
be  done  according  to  ecclesiastical  law ;  and  a  precept  was  issued  to 
the  sheriSs  of  London,  in  whose  custody  the  accused  were,  to  aulTer 
the  inquisitors  to  vxamine  them  and  put  them  to  the  torture.  (Rymer's 
'Fcedem,'  torn.  liL,  pp.  2  ii,  232.) 

Judicial  torture  formed  a  part  of  all  the  l<f[al  systems  of  Europe 
which  adopted  the  Roman  law.  In  Qmnany  it  was  gradually  intro- 
duced as  the  use  of  Roman  law  increased,  and  displaced  tiie  an(»ent 
Teutonic  and  feudal  proceedings  by  ordeal  and  batUe.  Indeed,  while 
these  judida  dei  continued  in  use,  there  is  no  notice  of  the  existence 
of  torture.  In  most  German  cities  judicial  torture  was  unknown  until 
the  end  of  the  14th  century ;  although  it  appears  in  the  statutes  of 
the  Italian  municipalities  at  a  mudi  earlier  period.  (Mittcrm^er's 
'  Deutsche  Strafvo^ahren,'  theil  L)  A  q>ecies  of  torture  was,  indeed, 
empli^ed  in  Oermany  to  a  veiy  great  extent  during  the  middlo  ages, 
of  wtuch  there  are  traces  and  traditions  connected  wiUt  the  torture- 
chambers  and  instruments  still  exhibited  in  Niimberg,  Salzburg, 
Batiabon,  and  other  ancient  cities  and  casUes ;  but  these  were  in  gene- 
ral not  used  for  I^al  or  judicial  torture,  but  for  tiie  proceedings  of 
those  aeoret  rdigioua  tribunals,  or '  Fehmgerichte/  which  abounded  at 
thatpniod.   Tbersgular  torture^  howOTer,  as  deriTedfran  the  Roman 
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law,  continued  in  many  European  states  untal  the  middle  of  the  last 
oeutuiy,  when  more  enligjiteaed  viewa  on  t^e  subject  of  jurisprudence 
led  to  a  prevailing  e<mvicti<m  of  the  Ineficat^  and  injustice  of  this 
mode  of  ascertoinmg  truth.  In  France  the  "  question  pr^paratoire " 
was  discontinued  in  1780  by  a  remarkable  decree,  which  is  to  be  found 
in  Merlin's  '  Repertoire,*  voL  z. ;  and  torture  in  general  was  abolished 
throughout  the  French  dominions  at  the  revolution  in  1789.  In 
Russia  its  abolition,  l^ouj^  recommended  by  the  Empress  Catherine 
in  176S,  was  not  etbcted  until  1801.  In  Austria,  Prussia,  and  Saxony 
it  was  suspended  soon  after  the  middle  of  the  last  century  ;  but 
although  so  seldom  used  as  to  be  practically  extinct,  torture  continned 
to  form  port  of  the  laws  of  Bavaria,  Hanover,  and  some  of  the  'smaUw 
states  of  Oermany  within  the  last  sixty  years.  (Uittermuer's '  Deutsche 
Strafverfahren,'  theil  j.)  In  Scotland,  where  the  law  is  almost  wholly 
founded  upon  the  civil  law,  the  use  of  torture  prevailed  until  the  rdga 
of  Queen  Aime,  when  It  was  declared  by  the  act  for  improving  the 
union  of  the  two  kingdoms  (7  Anne,  o.  21,  s.  5),  that  in  future  "  no 
person  accused  of  any  crime  in  ScoUand  shall  be  subject  or  liable  to 
any  torture." 

The  history  of  the  use  of  torture  in  England  is  curious.  From  tiie 
hesitation  to  apply  it  to  the  Templaia  in  the  reign  of  Edward  II.  (iSlO), 
as  above  mentioned,  as  well  as  from  the  express  statement  of  Walter 
de  Hemingford,  it  appears  to  have  been  at  that  time  unknown  in  Eng- 
land, either  as  an  act  of  prenwative,  or  as  an  instrument  of  criming 
inquiiy  warranted  hj  law.  Nevertheless,  Holinshed  relates  that,  in 
1488,  Sir  Thomas  Coke,  the  lord  mayor  of  London,  was  convicted  of 
misprision  of  treason  upon  the  evidence  of  one  Hawkins,  given  under 
torture ;  and  that  Hawkins  himself  was  convicted  of  treason  by  his 
own  confession  on  the  rock,  and  executed..  From  this  period  until  the 
Commonwealth  the  practice  of  torture  was  frequent  and  uninterrupted, 
the  particular  instuicee  being  recorded  in  the  ooundl-books,  and  the 
torture-warrants  in  many  cases  being  still  in  existence.  The  last 
instance  on  record  occun^  in  1640,  when  one  Ardier,  a  glover,  who 
was  supposed  to  have  been  concerned  in  the  riotous  attack  upon  Arch- 
bishop lAud's  palace  at  Lambeth,  "  was  racked  in  the  Tower,"  as  a 
contemporary  letter  states,  "to  make  him  confess  his  oompamons." 
A  copy  of  the  warrant  under  the  privy  seal,  authoriung  the  torture  in 
this  case,  is  extant  at  the  State-Faper  Office.  With  tfaia  instance  the 
practioe  of  torture  in  England  ceased,  no  tiuce  of  its  continuance  being 
discernible  during  tiie  Commonwealth  or  after  the  Restoration.  But 
although  the  practice  continued  during  the  two  centuries  immediately 
before  the  Commonwealth  without  intermission,  it  was  condemned  as 
contrary  to  the  law  of  England,  and  even  declared  to  be  unknown  in 
this  country  by  judges  and  l^al  writers  of  the  highest  character  who 
flourished  within  that  period.  Thus  Fortescue,  mio  was  chief-justice 
of  the  oourt  of  King's  Bench,  and  wrote  his  book, '  De  Laudibus  Legum 
AngUfB,'  in  the  rugn  of  Heniy  VI.,  and  who  notices  a  case  of  Mse 
accusation  under  torture  (which  was  probably  the  case  of  Sir  Thomas 
Coke  above  motioned),  condemns  the  practice  in  the  strongest  terms, 
though  he  does  not  cannesely  deny  ita  existaace  in  EnA^and.  (Fortesouc^ 
cap.  22.)  Again,  Sir  lltomas  Smith,  a  very  eminent  lawyer,  statesman, 
and  scholar,  who  wrote  in  tiie  eariy  part  of  Elizabetii's  reign,  says  that 
"  torment  or  question,  which  is  used  by  the  order  of  the  civil  law  and 
custom  of  otiier  countries,  is  not  used  in  England.  It  is  taken  for 
SOTvile."  (Smith's  'Commonwealth  of  England,'  book  ii.,  cap.  27.) 
And  Sir  Edward  Coke,  who  wrote  in  the  reign  of  James  L,  says 
"  tliere  is  no  law  to  warrant  tortures  in  this  land ;  and  there  is  no  one 
opinion  in  our  books,  or  judidal  record,  for  the  maintenance  of  them." 
(8  '  Inst,'  35.)  Notwitiutaoding  tins  explicit  denuooiation  of  the 
practice  as  agtdnat  law,  both  Smith  and  Coke  repeatedly  acted  as  oom- 
miauonerB  for  interrogating  prisoners  by  torture  (Jardine's  '  Readiug  on 
the  use  of  Torture  in  England') ;  and  tho  latter,  in  a  passage  which 
ocouis  in  the  some  book,  and  only  a  few  pages  before  tiie  words  ^ust 
cited  (p.  25),  impliedly  admits  that  torture  was  used  at  exatninattoos 
t^en  before  trial,  thuu^  it  was  not  apjdied  at  the  arraigmnent  or 
before  the  judge.  There  is  also  a  direct  judicial  opinion  gainst  the 
lawfulness  of  torture  in  England.  In  1628,  the  judges  unanimously 
resolTed,  in  answer  to  a  question  propounded  to  tiiem  by  the  king  in 
the  case  of  Felton,  who  had  stabbed  the  Duke  of  Buckingham, "  that 
he  ought  not  to  be  tortured  by  the  rack,  for  no  such  punishment  is 
known  or  allowed  by  our  law."  (Rushwortb's '  Collections,'  vol.  L,  p. 
638.)  And  yet  several  o(  the  judges  who  jotned  in  this  resolution  hiul 
themselves  exeonted  the  wamnta  for  torture  when  they  held  minis- 
terial offices  under  the  crown.  Possibly  tiie  explanation  of  this  incon- 
^tenoy  between  the  opniODS  of  lawyers  and  the  i«actice  may  be 
found  in  a  distinction  between  prerogative  and  law,  which  was  better 
understood  two  centuries  ago  than  it  is  at  the  present  day.  It  was 
true,  OS  the  above  auth<Hities  declared,  that  torture  was  not  part  of 
the  common  law ;  it  wasnotnsed  in  judlcaturc^asit  wasby  theRonum 
law  and  the  legal  systems  derived  from  it  in  Qermany,  Italy,  and 
Spain ;  and,  therefore,  in  England  no  judge  could  by  law  direct  the 
torture  to  be  applied,  and  no  party  or  prosecutor  could  demand  it  as  a 
right.  But  that  which  was  not  lawful  in  l^e  ordinary  course  of  justice 
was  often  lawful  for  the  prerogative  of  the  crown,  which  authorised 
this  mode  of  enforcing  the  discovery  of  crimes  affecting  the  state,  such 
as  treason  or  sedition,  and  sometimes  of  offences  of  a  grave  character 
not  politicid, — acting  in  tiiis  req>ect  independentiy  of,  and  even  pan- 
mount  to,  the  common  law,  in  aocordonce  with  the  doctrine  asserted  so 
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early  as  the  reign  of  Edward  I., "  quod  Bex  pro  communi  utilitate  per 
prerogatiTam  suam  in  multiB  casibuB  eet  Buprti  \egea  et  consuetudinea 
in  regno  buo  tuitatas."  ('  Bolls  of  FarliameDt,*  20  £^w.  I.,  a.d.  1292, 
vol.  i.)  Thia  view  of  the  eubjeob  is  confirmed  by  the  circumsfauioe.that 
in  all  inBtonces  of  the  application  of  torture  in  England,  the  mrnuitB 
were  issued  immediately  by  the  king,  or  by  the  privy  counolL  Objec- 
tionable as  the  use  of  torture  waa  in  all  countries  and  under  all  circum- 
stances, it  was  in  no  country  so  unjust  and  dangerous  an  instrument  of 
power  aa  in  England.  In  other  countries,  where  it  formed  part  of 
the  law  of  the  Land,  it  was  subject  to  specific  rules  and  restnctions. 
Sxed  and  determined  Inr  the  same  law  which  authorised  the  use  oi 
such  an  instrument,  and  -Qiofle  who  transgreseed  them  were  liable  to 
severe  punishment.  But  in  England  there  were  no  rules,  no  responsi- 
bility, no  law  beyond  the  will  of  the  king.  "The  rack,"  Bays  Selden, 
"  is  nowhere  used  as  in  England.  In  other  countries  it  is  used  in  judi- 
cature when  there  is  temipUna  probcUio — a  half-proof  against  a  man ; 
then,  to  see  if  they  can  m^e  it  full,  they  rack  him  if  he  will  not  con- 
fess. But  here  in  England  they  take  a  man  and  rack  him — I  do  not 
know  why  nor  when — not  in  time  of  judicature,  but  when  somebody 
bids."    (' Tible-Talk,'— Trial) 

The  particular  modes  of  applying  torture  were  as  -various  as  the 
ingenuity  of  man  is  fertile  in  devising  the  means  of  inflicting  bodily 
pain.  Cicero  and  other  Koman  writers  speak  of  the  equvieia,  or 
eeideut,  and  thefidiculm,  as  common  instruments  of  torture ;  but  it  is 
extremely  doubtful  what  th^  were.  If  uch  discussion  respecting  them, 
and  a  renrenoe  to  the  Torious  authors  who  have  mentioned  them,  will 
be  found  in  a  treatise  entitled  '  Hieronymi  Magii  Anglarensis  de 
Equuleo  Liber  Posthumus,'  Amsterdam,  1664.  The  rack,  which  was 
common  throughout  Europe,  was  a  large  frame,  iu  shape  somewhat 
resembling  a  mangle,  upon  which  the  exominant  was  stretched  and 
bound ;  cords  were  then  attached  to  his  extremities,  and,  by  a  lever, 
graduijly  strained,  till,  when  carried  to  its  utmost  severity,  the 
operation  dislocated  the  joints  of  the  wrists  and  ankles.  This  engine 
is  said  to  have  been  brought  into  the  Tower  by  the  Duke  of  Exeter 
in  the  reign  of  Henry  TI.,  and  was  thence  called  the  Duke  of  Exeter's 
daughter.  (8  '  Inst.,' S5.)  Besidea  the  rack  there  were  endless  varieties 
of  what  were  termed  the  "  leaser  tortures,"  such  as  thumb-screws, 
pincers,  and  manadea.  In  Enghmd,  one  of  the  most  dreaded  engines 
of  this  kind  ww  the  scavenger's  daughter,  so  called  by  a  popular 
coiTuption  from  Skevington's  daughter,  being  invented  by  Sir 
William  Skevington,  a  lieutenant  in  the  Tower  m  tie  T«ign  of  Heniy 
VlIL  (Tanner's  '  Societaa  Europeea.*)  In  Scotland  the  instrumenta 
*rere  the  boots,  called  in  France  "  le  brodequin "  (in  which  th©  tor- 
ture was  applied  by  driving  in  wedges  with  a  hammer  between  the 
fleeh  and  iron  rings  drawn  tightiy  upon  the  lege) ;  the  thummikins ; 
the  lunniewinks,  or  jnlliewinks ;  the  caspitawa,  or  caspicawa ;  and  the 
tosots.  (Uadauiin'a  *  Introduction  to  Criminal  Trials,'  sect.  8.)  The 
particular  construction  of  these  barbarous  instruments  it  would  be  diffi- 
cult at  the  present  day  to  ascertt^  but  several  of  them  were  in 
practical  use  in  Scotland  witiiin  twenty  yeara  from  the  final  abolition 
of  tortiu-e  in  that  country  in  1708.    (Howell's  '  State  Trials.'  vol  vi.j 

It  IB  remarkable  that  although  the  use  of  torture  in  judicature  has 
vrevoiled  in  moat  civilised  countries,'  it  has  been  almost  universally 
denounced  by  enlightened  jurists  of  all  ages.  Cicero  repeatedly  con- 
demns it  as  unjust  aud  inefficacious;  and  even  the  civil  law,  which 
sanctioned  the  practice  in  Europe  for  many  centuries,  apedui  of  it 
•B  "  a  deceitful  and  dangerous  instrument,  which  very  often  fails  to 
extract  the  truth."  ('Dig./  lib.  ilviii.,  tit.  18.)  The  opinions  of 
eminent  lai^era  in  England  have  been  already  cited ;  and  the  juridical 
Tniten  of  toe  Continent,  in  more  recent  times,  have  unanimously 
taken  the  same  view  of  the  subject.  (Hittermuer'a  '  Deutsche  Sti^- 
Ter£ihren,  theil  U  On  the  other  baoii,  a  curious  defence  of  torture 
will  be  found  in  Wiseman's '  Law  of  Laws,  or  the  ExcelleDoe  of  the 
Civil  Law.' 

TORUS.  rMoDLDnras.] 

TORY.  This  name  has  now,  for  about  two  hundred  years,  aerved  to 
designate  one  of  two  principal  politioal  parties  m  this  country.  It  is  not  to 
be  expected  that  for  eo  long  a  tune  the  name  has  been  always  associated 
with  one  imiform  set  of  political  principles,  or  that  any  formula  could 
be  devised  which  would  accurately  describe  Toryism  at  every  period 
of  its  history.  Extending,  like  the  name  of  the  other  principal 
pohtical  ^wrty,  from  t^e  legislature  through  every  class  of  the  com- 
munity. It  would  naturally,  where  the  number  of  persona  to  be  brought 
to  oononr  in  any  ohange  ia  bo  large,  preserve  any  meanmg  which  it  has 
onoe  acquired  ba  a  length  of  time,  and  throughout  perhaps  a  general 
coMiatency  of  meaning;  but  on  tibe  other  hand,  engaged  as  the  Whig 
and  Toiy  parties  of  the  l^palature  have  been  without  intermission  in 
a  struggle  for  power,  which  power  is  attended  by  profit,  they  have 
been  always  e:q>osed  to  the  temptation,  from  whose  insensible  work- 
ings even  the  best  dii^xwed  men  ste  not  secure,  of  altering  and  adapt- 
tag  o^mions  BO  as  to  facilitate  the  gaining  what  they  fight  for,  or  tiie 
keemng  what  they  have  gained ;  and  the  far  more  numerous  members 
of  the  party  who  are  without  the  legishiture  would  generally  follow 
those  whom  they  look  upon  as  tiieir  leaders,  and  by  whose  Buooeea 
"S?  the  party  has  some  hope  of  being  benefited. 

The  name  Tory,  as  well  aa  the  name  Whig,  and  the  existence 
wj^fopaftiw  in  the  state  ooire^imding  to  titose  which  have  now 
been  known  for  a  longtime  aa  Whig  and  Tra^  portiee,  date  from  the 


reign  of  Charles  II.  "  It  was  in  the  year  1679,"  aayB  Mr.  Hallam, 
"  tlint  the  words  Whig  and  Tory  were  first  heard  in  their  application 
to  English  factions ;  and  though  as  senseless  as  any  cant  tenns  that 
could  be  devised,  tiiey  became  inatontiy  aa  laniilur  iq  use  as  th^ 
have  since  continued.  There  were  then  indeed  questions  in  aj^tation 
which  rendered  the  distinction  more  broad  and  intelligible  than  it  has 
generally  been  in  later  times.  One  of  these,  and  the  most  important, 
was  the  Bill  of  Exclusion,  in  which,  aa  it  was  usually  debated,  the 
republican  principle,  tiiat  all  positive  institutions  of  society  are  in 
order  to  the  genwal  good,  came  into  colliaion  with  that  of  monarchy, 
which  rests  on  tiie  muntenaoce  of  a  royal  line,  as  nUiar  the  end  or 
at  least  the  necessary  means  of  lawful  govonment.  But  as  the  exclu- 
sion was  confessedly  among  those  extraordinary  measures  to  which 
men  of  Tory  principles  are  sometimes  compelled  to  resort  in  great 
emergencies,  and  which  no  rational  Whig  eapouaes  at  any  other  time, 
we  shall  better  perhaps  discern  the  formation  of  these  grand  political 
sects  in  the  petition  for  the  sitting  of  parliament,  and  in  the  counter 
addresses  of  the  omKMite  pariy.'*  {*  Constitutional  History  of  England/ 
voL  ii.  p.  592.)  The  first  Traiee  imposed  the  Exclusion  Bill  and  sup- 
ported Charles  II.  in  his  endeavour  to  prevent  a  renewal  of  the  attadt 
upon  his  brotiier,  successive  prorogationa  of  the  parliament.  The 
origin  of  the  name  is  referred  by  Roger  North,  a  very  hot  Tory,  in  a 
curious  passage,  to  the  connection  of  the  party  with  the  Duke  of  York 
and  his  popirii  allies.  "  The  Exclusioners,"  he  says,  "  observing  that 
the  Duke  &voured  Irishmen,  all  his  friends,  or  those  accounted  such 
by  appearing  against  the  Exdusion,  were  straight  become  Irieh ;  thence 
BogU'ottera,  and  in  the  copia  of  the  factious  language  the  word  Tory  was 
entertained,  which  signified  the  most  despicable  savages  among  the  wild 
Irish ;  and  being  a  vo^  clear-sounding  word,  readily  pronounced,  it  kept 
itaholdj  and  took  possession  of  the  foul  mouths  of  the  faction,  and  every- 
where OS  these  men  pasaed  we  could  observe  them  breathe  little  else  but 
Tory."  ('  Examen,'  p.  S21.)  Thus  Dr.  Johnson's  first  interpretation 
of  Tory  in  his  Dictionary  ia,  "  A  cant  term,  derived,  I  euppose,  from  an 
Irish  word  signifying  a  savage ; "  and  Mr.  Moore,  in  his  '  Memoirs  oi 
Captain  Rock,  sarcastically  refers  the  history  of  the  Tory  party  to  a 
general  '  History  of  the  Irish  Rogues  and  Rapparees.'  Dr.  Johnson 
proceeds  to  give  an  explanation  of  the  word  To'i/,  which  lb  perhaps  as 
good  a  short  general  description  of  the  principles  of  Toryism  aa  is  to 
be  given : — "  One  who  adheres  to  the  ancient  constitution  of  the  state, 
and  tlie  apostolical  hierarchy  of  the  Church  of  Euglaod."  In  other 
words,  tiie  maintenance  of  things  as  they  have  been,  or,  when  some 
great  ohange  has  taken  plaoe  against  the  will  of  this  party,  things  as 
tb^  are,  has  from  the  beginning  been  the  prime  characteristic  of 
Toryism.  The  term,  as  indicating  an  existing  party,  is  now  nearly 
obsolete;  no  party,  and  few  individuals,  would  choose  to  designate 
itself  or  themselves  as  Tory, 

The  history  of  the  Tory  party,  rising  and  falling  in  the  state,  may  be 
traced  in  a  series  of  arti<^es  iu  Knight's  '  Companion  to  the  Newspaper ' 
for  1834,  1835,  and  183S,  entitled  'Changes  of  AdminiBtration  and 
History  of  Parties ; '  or  in  Mr.  G.  W.  Cookee '  History  of  Party/  3  vols. 
8vo,  which  is  on  the  whole  a  useful  pnblioation,  though  its  accuracy  is 
not  to  be  imphciUy  depended  on. 

TOURBINE.  [Tdebihi.] 

TOURN.  [Lebt.] 

TOURNAlUSKT,  or  TOURKET,  is  frmn  the  Frenob  tmtmoi, 
formerly  Uwitoiemait,  for  which  tiie  Latin  writers  of  the  middle  ages 
use  tonteamentum,  tojuametitum,  or  turticimenttim,  and  sometimes  also 
ioma,  tome,  tomatio,  tomerium,  or  torneta.  The  Byzantine  annalists 
have  tranafen'cd  the  word  into  temcmentum  f^tpyffuirrav).  There  can 
be  little  doubt,  though  other  etymologies  have  been  suggested,  that 
toumoicmeitt  means  merely  a  turning  or  wheeling  about,  from  tha 
common  French  verb  touniei-,  to  turn.  This  will  agree  with  other 
toums.  We  have  in  England  the  sheriff's  turn  or  toum.  Other  bar- 
barous I^atin  words  of  the  same  connection  are  tornare,  to  turn  about 
in  fight,  and  also  to  call  out  or  cIiallcQge  to  combat  (in  which  last  sense 
there  is  also  the  old  French  lul  toumer  (or  tomer),  par  gage  de 
bataille) ;  torneart,  ti/rniare,  twneare  (in  French  tonmoier),  tomia- 
mentarc,  and  Uxmazare,  to  take  part  in  a  tournament;  torniator,  a 
performer  iu  a  tournament.  (Da  Cange,  *  Qloaaarium  ad  Scriptores 
Med.  et  Inf.  Latintt./  vi. ;  Carpentier,  '  Qlossarium  Novum,'  iii. ; 
H.  Spelman, '  Qlossarium  Archaiologicum ; '  Fr.  Junii, '  Etymologioum 
Anghconum,'  ad  vv.  ToarTieying  and  Tournoy.) 

A  tournament  may  be  defined  to  have  been  a  species  of  combat  in 
which  the  parties  engaged  for  the  purpose  of  exerciaing  and  exhibiting 
their  courage,  prowess,  and  skill  in  arms,  and  not  either  out  of  enmity 
(as  in  ordinsiy  wor&re},  ot  even  (as  in  the  modem  duel)  for  the  mere 
purpose  of  wiping  off  some  dishonourable  imputation  (a  purpoee  which 
was  served  rather  by  the  ancient  ordeal  or  wager  of  battie  than  by  the 
tournament),  It  is  obvious,  however,  that  although  tiie  primary  and 
professed  design  of  the  tournament  was  nothing  more  than  to  furnish 
an  exciting  show,  and  to  give  valour  and  milita^  talent  an  opportunity 
of  aoquiring  distinction,  other  ^taaeions  would  be  very  apt  to  intei^ 
ming^  in  the  heat  of  contest  with  the  mere  ambition  of  superiority, 
and  sometimes  even  to  du^uise  themselves  under  that  pretext. 

The  origin  of  the  tournament  has  been  carried  bat^  at  least  to  the 
Roman  times.  Virgil's  deacription  of  the  game  of  Troy  {Ivdua  Trojot,  Mn, 
T.  615-602)  is,  in  some  passages,  not  unlike  what  the  name  would  lead 
US  to  Buppoae  the  tournament  may  have  orlgjnallj  been.  The  touma- 
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ment,  like  the  other  customs  of  duvaliy,  muat  be  properly  conaidered 
to  have  taken  its  riae  after  the  establishment  of  the  feudal  ByBtem. 
Some  writers  attribute  the  isTeotioo  of  the  tournament  to  ^ 
Emperor  Heoiy,  ntmamed  the  Fowler,  who  died  in  936 ;  and  another 
common  aooount,  given  on  ihe  authority  of  the  Chroi^ole  of  Tours, 
and  the  Chroniole  of  St  Martin  of  Toun,  ia  that  its  inventor  was 
QeoSre;  of  Preuilly,  inceator  of  the  counts  of  Anjou,  who  died  in 
1006  ;  but  Dn  Caoge,  in  hia  Diaertationa  *  De  I'Oririne  et  de  I'Ueage 
dee  Toumois,'  at  uie  end  of  his  edition  of  JoinviUe,  quotes  various 
notices  of  toumamenta  held  before  tiie  age  of  other  of  these  personages : 
among  othen,  one  whidi  place  at  the  edebrated  interview  between 
Louis  of  Germany  and  Charles  the  Bald  irf  Vnoeo,  at  Stnsburg,  in 
841,  as  mentioned  b^  the  contemporary  <jironicIer  Nithard.  QeoSnj 
of  Preuilly  perhaps  mtroduced  the  tournament  into  Western  fVanoe. 
From  the  French  it  appears  to  have  passed  to  the  English  and  the 
Germans,  and,  in  a  later  age,  to  the  Italione  and  the  Greeks.  Touna- 
menta  are  said  to  have  'been  first  practised  the  English  in  the  time 
of  Ste|diRi ;  bat  thm  were  forraddon  bj  Henry  II.,  as  the^  had 
already  been  by  the  diurch;  and  it  was  not  till  the  reign  of  Richard 
Cceur-de-Lion  that  they  were  properly  established  in  this  country. 
The  Souriahing  era  of  the  tournament  t!^  as  well  as  in  France  and 
elsewhov,  was  in  the  Ittth  and  14th  centuries;  but  it  continued  in 
frequent  use  down  to  the  middle  of  the  16th,  and  was  not  altogether 
abandoned  till  a  considerably  later  date,  although  the  few  tournaments 
that  ware  held  in  the  latter  part  of  that  oentniy  were  nther  niah  mere 
shows  or  spectaoleB  as  lure  been  sometimes  eshibited  under  the  same 
name  even  in  our  own  day,  than  the  real  combats  which  were  so  called 
in  an  earlier  age.  The  accident  of  Henry  IL  of  France  meeting  his 
death  at  a  tournament  in  1559  almost  at  once  occasioned  the  cessation 
of  the  practice  everywhere  as  well  as  in  France ;  but  the  spirit  by 
which  it  waa  formerly  kept  up  had  long  before  this  been  decaying 
under  the  influence  of  the  various  circumstances  which,  at  least  from 
the  middle  of  the  preceding  century,  had  been  operating  a  general 
change  in  the  soeial  oo&dition  of  Europe.  Among  tae  pfajrsiosl  causes 
in  question  the  dilef  may  be  coomdered  to  have  been  the  mtroduotion 
of  fire-arms  into  war ;  among  the  moral,  the  extension  of  the  com- 
mercial spirit,  and  the  rise  everywhere  of  a  new  literature,  together 
bringing  with  diem  other  babito,  other  tastes,  another  civilisation. 
The  Church  of  Rome,  however,  it  may  be  obeenred,  which  had  set  ita 
face  very  stoutly  against  tournaments  from  about  the  middle  of  the 
12th  to  the  middle  of  the  ISth  century,  prohibiting  persona  from 
engaging  in  them  by  some  of  its  decrees  on  pain  of  excommunieotioD, 
and  denying  Christoan  burial  to  such  as  lost  their  livea  in  these  oon- 
testa,  had  long  been  reconciled  to  them,  and  tor  some  ages  had  rather 
cherished  and  encouraged  the  practice  than  otherwise. 

Tournaments  were  usually  held  on  the  invitation  of  some  prinoe, 
which  was  proclaimed  by  hu  heralds  throuf^out  his  own  dominions, 
and  at  all  the  foreign  courta  or  otiier  jdoces  whence  it  was  expected  or 
deaired  that  partdes  might  come  to  take  part  in  the  martial  competition. 
A  detail  of  the  forme  and  ceramonies  that  were  obeerved  in  fixing  the 
lista  (or  boundaries  within  which  the  fighting  waa  to  take  place),  in 
oflering  and  accepting  the  challenges,  in  declaring  the  issue  of  each 
encounter,  and  in  assigning  and  bestowing  the  mixes  (which  last  office 
was  often  performed  by  f^iale  hands),  cannot  be  attempted  hero.  All 
these  particulars,  together  vith  tiie  usual  laws  or  regulations  of  the 
combat,  and  the  mode  of  fighting  (which  was  commonly  with  lanoea 
and  sworda,  and  in  the  first  instance  always  on  hoiBaback>  althou^ 
parties  who  were  dismoimted  frequMitiy  continued  the  contest  on 
foot),  may  be  most  conveniently  learned  frx>m  the  many  accounts  of 
tournaments  in  Froissart  and  other  old  chroniclers,  or  even  from  such 
fictitious  narratives  as  the  '  Enij^t's  Tale  of  FoUmoti  and  Axcite,'  in 
Chaucer  (or  Dryden's  paraphrase  of  it),  or  that  of  the  toumament  at 
Aithby  in  Scott's '  Ivanboe,'  or  from  Bocrtt  in  his '  Essay  on  CSuvaby ' 
(*  Misoellaneous  Prose  Woriu '}. 

The  distinction  between  a  tournament  and  a  joust,  or  just,  ia  not 
very  clear.  Du  Cange  makes  the  joust  to  be  properly  a  single  oombat 
or  duel,  whereas  in  a  tournament  a  cunmderable  number  of  combatants 
were  commonly  engaged  on  each  side.  But  this  distinction  is  certainly 
not  generally  obeerv^  in  the  use  of  Hbe  two  words;  and  our  English 
archseoIogiBt,  Spelman,  who  defines  iormare, "  gladiis  concutere,  juiUu 
faeert,  hastitudium  exercere,"  does  not  appear  to  have  been  aware  of 
It.  The  term  jouste  or  joust  has  been  derived,  improbably  enou^, 
from  the  Latin  juxia,  "  near  to,"  because,  say  the  etymologists,  the 
combatants  here  fought  hand  to  band.  It  is,  no  doubt,  oonneoted 
with  the  verb  to  justle,  or  jostle  (in  French,  jtmHer),  though  possibly 
the  original  word  may  be  best  preserved  in  the  Italian  form  giotira, 
which  the  Byaantine  writers  have  imitated  in  their  r^mtmptt  and 
rCMMTpio.  There  waa  also  the  epeciea  of  single  oombat  termed  a  pa* 
SaTvua,  or  passage  lA  arms :  it  was  at  a  pat  <f  omet  that  Henry  II. 
was  killed.  On  this  subject,  besides  the  works  quoted  above,  the 
reader  may  consult  the  '  Traits  des  Toumois,  Jonstes,  Carrousels,  et 
autrea  spectaclea  publics '  (par  Claude  Francois  Menestrier),  4to,  Lyon, 
16tf9 ;  imd '  M^nuares  sur  I'lmcienne  Chevaurie,  oonnd^rfo  oomme  uu 
Et^lisatanent  politique  et  militoire,'  par  J.  EL  da  la  Cume  de  St. 
Falaye,  3  torn.  12mo,  Paris,  1759-1781. 

TOUBKIQUET  ia  a  peculiar  kind  dE  bandage  implied  to  a  limb 
for  the  purpose  kA  atrestiog  the  current  of  blood  through  its  main 
■iteiy.  M  is  onqAoyed  ba  uis  purpose  la  leveial  obim,  but  especually 


in  amputations  of  parte  of  \ke  limbs,  where  large  arteries  have  to  be 
eui^rady  out  across.  Before  the  invention  of  the  tourniquet,  surgeons 
used  to  constrict  the  limb  with  a  simple  tight  bandage ;  but  although 
this  plan  may  well  be  resorted  to  in  an  emergency,  it  not  only  produces 
excessive  pain,  but,  1^  obstnictang  the  ourrent  through  the  veins  more 
than  that  throu^  the  arteries,  produces  an  extreme  engoif;ement  of 
the  limb,  and  m  amputation  permits  severe  luomorrhoge.  A  slight 
improvemmt  in  this  plan  waa  that  of  twisting  pieces  of  wood  under 
the  bond,  and  so  gradually  tightening  it;  but  the  first  instrument 
formed  on  the  prinnpleB  of  the  tourniquet  was  invented  by  Jean  Louis 
Petit  in  1718.  Sinoe  thai  time  various  changes  have  been  introduced, 
but  at  present  the  ctmstruction  of  all  tourniquets  is  nearly  similar. 
They  conmst  of  a  very  tough  band,  about  an  inch  and  a  half  wide,  upon 
which  there  is  a  moveable  leather  pad,  to  be  placed  immediately  over 
the  artery  on  which  it  is  desirable  that  the  chief  preesure  should  be 
applied.  For  this  purpose,  also,  the  surface  of  the  pad  must  be 
directed  towards  the  bone  of  the  limb,  that  the  artery  may  be  pressed 
firmly  against  it.  The  rest  of  the  band  is  passed  round  the  limb,  and 
is  fastened  by  a  buckle.  It  is  tightened  and  loosened  by  means  of  a 
bridge  of  brass,  which  is  capable  of  being  elevated  or  let  down  by  a 
screw  passing  througti  it,  and  at  the  ends  of  whioh  there  are  two  small 
rollers,  around  each  of  which  tiie  band  is  made  to  take  a  half  turn.  In 
use,  the  bridge  and  acrew  an  placed  on  the  oppomte  side  of  the  limb 
to  the  pod. 

The  tourniquet  Is  now  not  80  generally  used  as  formerly.  Many 
surgeons  prefer  to  have  the  artor  compressed  during  an  amputation 
by  an  asaistaut,  because  the  toumlQuet  is  not  free  from  the  objection 
<A  compressing  the  vems  as  well  as  tiie  artery,  and  is  Ihkble  to  acddents 
which  catmot  be  instantly  repaired.  An  instrument  of  a  superior 
character  has  also  been  invented  by  Signor  Signoroni,  a  surgeon  at 
Milan.  It  is  oomposed  of  two  arches  of  steel,  connected  by  a  hinge  at 
one  end,  and  each  oearing  at  the  other  end  a  pad.  By  an  Arcbimedea 
screw  ingeniously  placed  at  the  hinge,  the  pads  can  be  approximated 
and  eeparated  like  the  ends  of  the  Uodes  of  a  pair  of  calippers,  and 
can  be  Immoveably  fixed  in  any  podtim.  In  use,  one  pad  is  put  over 
the  [artery,  and  the  other  on  the  oppoute  part  of  the  limb,  and  the 
screw  is  worked  till,  in  their  tendency  to  approximate,  the  pads  have 
sufficiently  compressed  the  artery,  upon  wmch  alone  the  pressure  is 
thus  made  to  falL 

As  already  said,  in  an  emergency,  such  as  that  of  a  wound  of  any  of 
the  large  arteries  of  a  limb,  when  medical  aid  ia  not  near,  tiie  old- 
fashioned  tourniquet  should  be  instsntiy  applied.  A  piece  of  strong 
tape  or  cord  should  be  tied  in  a  double  loiot  round  the  limb  above  the 
wound ;  a  piece  of  wood,  or  anything  firm,  should  be  then  passed  under 
it,aDd  twiBted,iuBt  as  packers  ti^ten  the  corda  round  bales  and  boxes, 
tUI  the  flow  of  olood  has  ceased.  For  htenunriiage  from  laige  veins  or 
small  arteries,  tUs  tourniquet  should  not  be  employed,  but  dmple 
pressure  with  the  finger  or  the  hand, 

TOWN,  in  its  popular  sense,  is  a  large  assemblage  of  adjoimng  or 
nearly  adjoining  houses,  to  which  a  mai^et  is  usually  incident. 
Formerly  a  wall  seema  to  have  been  considered  necessary  to  constitute 
a  town ;  ahd  the  derivation  of  the  word,  in  its  Anfpo-Soxon  form 
"  tun,"  is  usually  referred  to  the  verb  "  tinan,"  to  riiut  or  enclose.  In 
legal  language  "town"  corresptrnds  witii  the  Nonnaa  "vil^"  which 
term  it  is  frequently  spoken  of  in  order  to  distinguish  it  from 
the  word  town  in  its  popular  sense.  A  vill  or  town  is  a  subdivision  of 
a  county,  as  a  parish  is  part  or  subdivision  of  a  diocese ;  the  vill,  the 
civil  district,  being  usually  co-extensive  with  the  parish,  the  eccle- 
siastical district,  and,  primA  /ooe,  every  parish  is  a  vill,  and  every  vill 
a  parisL  Many  towns  however,  not  only  in  the  popular,  but  in  the 
legal  sense  of  the  term,  contain  several  parishea,  and  many  parishei^ 
particularly  in  tiie  nortii  of  England,  where  the  parishes  ore  exceed- 
ingly large,  conttun  sevenl  villa,  which  vills  are  usually  colled  titUngs 
or  town^pa.  As  until  the  contrary  is  shown  the  law  presumes  towns 
(or  viUs)  and  parishes  to  be  oo-extensive,  Lord  Coke  goes  so  for  as  to 
say  that  it  cannot  be  in  law  a  vill  unless  it  hath,  or  in  times  past  hath 
had,  a  ohurch,  and  oelebr^ion  of  divine  service,  sacraments,  and  burials. 
But  this,  for  which  no  authority  i»  £^ven,  appears  to  confound  parish 
and  vill,  and  to  be  incoosistent  with  the  cases  in  whioh  it  has  been 
held  that  a  pariah  may  consist  of  several  vills.  (1  Lord  Baymond,  32.) 
The  test  proposed  by  Lord  Bcdt  ia,  that  a  vill  must  have  a  constable, 
and  that  otherwise  the  |daoe  is  only  a  hamlet,  an  assemblage  of  houses 
having  no  specifie  l«gal  character.  Hence  a  vill  ia  sometimes  called  a 
caattableuMe.  Towns  are  divided  into  cities,  bwouf^  and  upland 
towns,  or  (aa  we  ahould  now  call  them)  country  towns.  Towns  be- 
longing to  the  last  of  tiiese  olaasee  have  been  described  as  places  which, 
though  endosed,  are  not  governed,  aa  cities  and  boroughs  are,  by  their 
own  elected  officers.  The  Anglo-Saxon  "  tun  "  terminates  the  names 
of  an  immense  number  of  places  in  England;  and  in  the  southern 
counties  the  farm  encfomre  in  which  the  lunnestead  stands  is  usually 
called  du  barton  (banttoiM),  in  Law  I«tin,  bartono. 

TOWNLKT  MARBLES,  the  name  tA  on  assemblage  of  Greek  and 
Roman  sculpture  which  now  forms  %  portion  of  the  extensive  collection 
of  antiquities  in  the  British  Museum.  It  received  its  appellation  from 
Charles  Townley,  Esq.,  of  Townley  hi  Lancashire,  who  began  forming 
this  collection  whilst  residing  in  Rome  between  1765  and  1772,  a 
period  when  excavations  on  uie  sites  of  ancient  edifices  were  eagerly 
^osecuted,  Vx.  Townley  was  s  Roman  Cathcdic,  educated  on  tiu 
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Coutineiit,  ani),  beiog  well  oonoected,  was  in  friendly  relfttions  with 
the  papal  authorities,  and  was  at  the  aome  time  in  intimate  asuciation 

with  Winckelmaan,  Quvin  Hamilton,  nod  other  diatinguished  artists 
and  archit'ologista  then  resi<]eiit  in  Rome,  and  who  readily  aSbrded 
thetrodvice  and  assistaace  in  his  purchases.  Thus  uded,  be  succeeded 
whilst  at  Rome  iu  bringing  together  a  very  choice  collection  of  ancient 
marbles,  bronzes,  terra-cottas,  gems,  &c. ;  aud  after  his  return  to 
]Sngland*ha  continued  to  add  to  it  by  means  of  agenta  at  Rome,  who 
kept  him  apprised  of  any  really  valuable  works  which  were  brought  to 
light  and  open  to  purchase,  as  well  as  by  the  purcha^  of  the  collectiou 
previously  formed  by  Kollekeas,  the  sculptor,  and  any  desirable  speci- 
mens oQered  for  sale  iu  this  country.  After  Mr,  Townley's  death,  ia 
January,  1805,  his  executors,  in  accordance  with  the  terms  of  his  will, 
ofTereil  bis  collection  of  terro-cottas  and  marbles  to  the  nation.  The 
goveroment  accepted  the  offer,  and  a  vote  of  20,000/.  waa  obtained  for 
the  purchase.  The  bronzes,  coins,  and  gems  were  subsequently  (1S14) 
purchased  for  8200^  The  purchase  of  the  Townley  marbles  rendered 
necessoiy  the  erection  of  a  suite  of  rooms  to  contain  these  and  the  pre- 
viously acquired  works  of  ancient  art,  and  led  to  the  creation  of  a  new 
department  under  the  title  of  the  Department  of  Antiquitlei).  The 
coUection  was  opened  to  the  public  in  1807,  and  was  called  the  Townley 
Oallery ;  but  since  the  rooms  originally  built  for  the  coUection  have 
been  swept  away  to  make  room  for  the  present  atmcture,  the  Towuley 
marbles  have  been  incorporated  with  the  general  collection  of  Qr© co- 
Roman  remains,  or  "  works  discovered  in  Italy,  but  owing  their  origin 
and  character,  either  directly  or  mediately,  to  the  Greek  schools  of 
sculpture."  Of  these  works  which  fill  the  Gnoco-Roman  galleries  in 
the  British  Museum,  the  Townley  ooUection  forms  the  most  important 
pordon,  both  as  regards  e:itent  and  chaiwiter.  It  would  be  out  of 
place  to  particularise  here  the  specimens  <^  a  oollecUon  which  is  now 
incorporated  in  the '  national  collection,  but  we  may  mention  that 
among  the  statues  belonging  to  it  ore  the  exquisite  Aphrodite,  or 
Dione  (given  in  this  work  under  DiOKK) ;  the  Discobolus  (the  finest  of 
its  kind  extant,  engraved  under  Discobolus)  ;  the  well-known  Drunken 
Faun;  a  tine  bronze  Heraclee  [Hkraclks],  a  Fortune,  and  several 
more  of  a  very  high  character:  that  among  the  rilievi  are,  Aohilles; 
the  Ifases ;  the  singularly  graceful  Bacchante,  and  various  DioDyuoo 
gi-onpa,  given  under  Diontsia  ;  and  that  the  busts  include  some  of  the 
noblest  character,  including  au  early  Heracles ;  the  Hera,  given  under 
that  name;  others  of  Athene,  Zeus,  Apollo,  and  other  of  the  Olympian 
deitiea;  the  terminal  Fan;  the  very  beautiful  female  head  rising 
from  the  petals  of  a  water-lily  or  lotus,  known  as  the  Clytae ;  the 
majestic  Homer;  with  others  of  the  finest  of  the  Qrsco-Boman 
period,  and  many  of  Koman  date.  There  are  besides  some  very  fine 
sculptured  vases,  sepulchral  uma,  cippi,  altars,  &c.,  in  the  Qncco- 
Boman  rooms,  as  well  as  the  terracottas  which  formed  a  part  of  the 
original  Townley  collection.  A  full  account  of  the  Townley  Marbles 
will  be  found  in  the  two  voluines  pubUshed  under  that  tiUe  in  the 
'  Library  of  Entert^ning  Knowledge? 

TOWNSHIP.  This  term  is  someUmes  used  to  denote  the  inha- 
bitants of  a  town  in  their  collective  capacity.  In  legal  signification  it 
IB  a  vill  forming  part  of  a  pariah  in  cases  where  a  parish  has  been  divided 
for  secular  purposes  into  several  vills  or  townships. 

TBACBHY,  in  architecture,  a  term  of  uncertain  wigin,  and  almost 
peculiar  to  our  own  architectural  vocabulary,  there  being  no  cor- 
responding term  in  any  other  language  to  dniote  with  equal  brevity 
and  clearness  that  cpecies  of  pattem-woil  formed  or  traced  in  the  head 
of  a  Gothic  window  by  the  muUions  [Mdlliob]  being  there  continued, 
but  diverging  into  arches,  curves,  and  flowing  lines,  enriched  with 
foliations.  The  term  is  also  applied  to  ornamental  design  of  the  same 
character,  whether  for  doors,  panelling,  or  ceilings;  the  only  difference 
being  that  in  windows  the  pattern  or  traceiy  is  perforated,  and  in 
other  cases  dosed,  that  is,  is  a  mere  pattern  carved  on  the  aurfoce  of  a 
solid  part;  except  in  particular  instances,  where  the  tracery  on 
parapets,  battlements,  turrets,  spires,  tic  .  Is  pierced,  and  then  it  is 
desci'ibed  as  opcH-teork.  The  latter  term  necessarily  implies  tracery  of 
some  kind  or  other,  though  "tracery"  does  not  imply  "open-wwk," 
the  latter  being  merely  an  exception  from  the  usual  mode. 

Much  both  of  the  beauty  and  character  of  the  Gothic  or  Pomted 
style  depends  upon  windows  and  their  tracery  ;  and  it  is  one  great  and 
peculiar  merit  of  the  style,  that  such  indispensable  apertures  for  the 
admission  of  light  are  made  to  constitute  some  of  its  most  striking 
features,  and  to  exhibit  very  forcibly  the  pervading  principle  of  the 
entire  system.  On  referring  to  Gothic  Architecture,  col.  440,  it 
will  be  seen  that  traoery  does  not  occur  in  the  First  Pointed  or  Early 
English  style,  for  ihere  the  windows  oonaiBt  merely  of  so  many  sis^ 
apwtures,  placed  side  by  side,  and  united  only  by  their  external 
mouldings,  instead  of  being  included  within  a  larger  arch.  The  first 
principle  followed  waa  therefore  rather  of  orfrfid'on  than  of  combination; 
but  M  soon  as  the  latter  idea  was  adopted,  it  necessarily  led  to  the 
continuation  of  the  window  by  perforating  the  tympanum,  or  space 
between  the  smaller  arches  and  the  larger  one  over  them.  At  first 
this  waa  usually  done  by  filling  np  the  head  of  the  window  with  a 
single  circle  eut  into  foils,  and  with  the  open  span^^  or  amaller 
triangular  spaces  so  produced.  Of  such  windows  an  example  from 
Westminster  Abbey  is  shown  in  the  colunm  above  referred  to,  and  in 
the  following  columns  are  other  instances  where  traoery  of  the  same 
iduncter  becomes  more  elaborate  and  compUcatadj  dther     the  cinl« 


being  repeated,  as  in  the  example  from  YaA,  or  Bubdivided  into 
smaller  ornamental  comportments,  as  in  that  from  Exeto-.  Tbisspeciee 
of  tracery  has  been  very  inappropriately  distinguished  by  the  name  of 
Oeomelrical,  while  that  which  succeeded  it  is  termed  Flowing  from  its 
being  composed  throu^out  of  curved  lines  interwoven  with  each 
other,  after  the  manner  of  the  example  from  Kirton,  which  is  shown 
along  with  the  others  above  mentioned.  Ia  Third  Pointed  or  Perpen- 
dicular traoery,  on  the  contnuy,^  lines  of  the  muUions  are  continued 
in  the  head  of  the  window,  and  divide  it  into  panels,  which  are  in  turn 
subdivided  into  eoudler  ones.  The  annexed  is  a  specimea  of  aaob 
window,  from  St.  Uufu  Church,  Oxford. 


What  ia  called  Flawboyant  tracery  ia  a  species  of  the  Floalitg 
tracery  peculiar  to  Franm  Qothio,  and  is  remarkable  not  only  for 
its  richness  and  intricacy,  but  for  its  Irregularis,  the  pattern  of  the 
separate  compartments  not  being  perfectly  symmetrical,  although  one 
half  of  the  window  corresponds  with  the  other.  To  the  above- 
mentioned  varieties  may  be  added  another  peculiar  to  Germany,  but 
not  very  common  there ;  this  has  obtained  the  name  of  Stump  tracery, 
in  consequence  of  some  of  the  mouldings  appearing  to  be  broken  off, 
and  leaving  only  short  ends  or  stumps  where  tocgr  fnteraeot  ether 
lines. 

TBACHEOTOMT  is  the  operation  of  cutting  into  the  trachea.  It 
is  sometimes  also  called  Bronchotomy  ;  and  a  similar  operation  on  the 
lower  part  of  the  larynx  is  named  Laryngotomy.  The  anatomy  of  the 
parts  principally  concerned  in  these  operations  will  be  found  ia  the 
articles  Laryhx  and  Hesfiratiok,  in  Nat.  Hist.  Div. 

Tracheotomy  may  be  perframed  for  several  purposes ;  as,  to  form  an 
aperture  either  for  the  admission  of  air  into  the  lungs,  when  the  larynx, 
fauces,  or  upper  parts  of  the  air-passagea  are  obstructed,  or  for  ib» 
extraction  of  foreign  bodies  from  the  adjacent  parts  of  t^e  air-possages, 
or  for  the  facility  of  inflating  the  lungs  in  suspended  animation.  In 
the  first  view  it  may  be  necessary  in  many  diseases ;  such  as  croup, 
acute  laryngitis,  cedema  of  the  glottis,  severe  cases  of  quinsy,  tumours, 
and  other  growths  in  the  larynx  or  pressing  on  it,  and  diphtheria ;  in  all 
of  which  the  aperture  through  the  glottis  is  frequently  closed,  not 
merely  by  the  swelling  of  the  membranes  around  it,  or  the  enlargement 
of  the  adjacent  parts,  but  by  the  spasmodic  and  fixed  contraction  of 
the  muscles  whose  office  it  is  to  approximate  the  vocal  ligaments.  The 
relief  aiforded  by  the  operation  is  often  instantaneous,  and,  for  a  time, 
complete ;  but  its  ultimate  results  are  less  certain,  for  though  it  may  be 
sufficient  to  pre\'ent  tiie  imprnding  suffocation,  it  has  no  influence  in 
arresting  the  original  disease.  On  Uie  contrary,  the  operation  itself  is 
not  without  danger ;  and  that,  both  from  tiie  aootdents  that  may  occur 
in  its  performance,  and  from  its  eubeequent  eSbcts;  and  therefore, 
although  no  general  rule  can  be  laid  down,  its  performance  should  not 
be  undertaken  unadvisedly,  nor  in  any  oosea  in  which  it  ia  not  abso- 
lutely and  almost  immediately  necessary  for  the  prceoivation  of  life. 

In  its  performance  a  vertical  inoisiott  is  first  mads  in  the  m^j^in  line 
of  the  throaty  either  below  the  thyroid  gland,  or  more  or  less  above  i^ 
according  to  the  clroumstanoes  of  the  case  ai^  the  object  to  be  accom- 
plished. The  dissection  must  then  be  continued  caruully  onwards  in 
the  same  direction,  pushing  aside  the  stemo-hyoid  muscles,  and  what- 
ever vessels  lie  in  or  near  the  middle  line,  till  the  trachea  is  completely 
exposed.  When  the  hemorrhage  has  ceased,  or  is  but  slight,  the 
trachea  must  be  <»wned,  first  a  vertical  incision,  and  then 
removing  portions  of  cme  or  more  of  its  rings,  according  to  the  toMO  of 
t^  aperture  that  is  required.  Through  the  opening  a  shivt  mlvtat 
canula  must  be  introduced,  and,  as  often  as  is  rendered  necessary  by 
mucus  accumulating  in  it,  must  be  removed,  cleaned,  and  agun  Intro- 
duced.  The  means  to  be  Babsequcotly  adc^ted  must  vaiy  with  the 
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drcumRUnccfl  of  each  cose  :  if  the  ohrtnietiou  is  removed,  the  wound 
in  the  trachea  maj  be  healed,  but  if  not,  the  caoula  miiat  be  worn  for 
the  rest  of  life.  If  the  opeiatitoi  were  performed  for  the  removal  <A  a 
foreigD  body,  or  for  the  inflation  irf  the  lunge,  no  canula  need  be  intro- 
duced, but  the  wound  ahould  be  oloeedaa  aoon  u  the  nudn  objeot  ia 
aUained. 

TRACTION,  in  Uechanics,  ia  the  act  of  drawing  a  body  along  a 
plane,  usually  by  the  power  of  men,  animals,  or  ateam;  as  when  a 
vessel  ia  towed  on  the  aurface  of  water  or  a  earriafie  mamA  upon  a 
rood.   The  power  exerted  in  order  to  prodoce  the  efibct  ia  oallad  the 

force  of  traotioD. 

Numerous  experimeota  hare  been  made  for  the  purpose  of  aacer- 
taining  the  value  ol  a  force  so  exerted;  and  when  men  are  employed 
to  draw  ladeu  boats  on  canals,  it  is  found  that  if  the  work  be  continued 
for  sereral  days  BuooessiTely,  of  eight  hours  each,  the  force  of  traction 
ia  equivalent  to  a  weight  of  SI4  ll^>  moved  at  the  rate  of  two  feet  per 
aecond,  or  1^  mile  per  hour  (it  being  understood  that  such  weight  ia 
imagined  to  be  raised  Tertically  means  of  a  rope  pasaiiig  over  a 
pulley,  and  drawn  in  a  horizontal  direction).  The  force  of  traction 
exerted  when,  without  moving  from  hia  place,  a  man  puUs  horizontally 
againsta  weight  so  suspended,  ia  eatimated  at  70  lbs.  I'he  action  of  a 
horse  in  drawing  a  vessel  on  a  canal  is  said  to  be  equivolotit  to  a 
wd{^t  of  ISO  Iba.  raised  vertically,  as  above  supposed,  with  a  velocity 
of  8J  feet  per  second,  or  2^  miles  per  hour ;  but  this  estimate  has  been 
eomddered  too  hig^ ;  and  from  wtperimento  which  have  been  made  on 
the  powor  of  horaes  in  waggons,  oirti,  and  ooadui,  on  level  ground,  it 
ia  found  that  the  force  of  traction  exerted  by  a  atout  horse  iaaquivaleat 
to  80  Iba.  iweed  at  the  rate  of  ^  feet  per  eeoond,  or  3  miles  per  hour. 
Mr.  Tredgdd  oonsidere  that  a  hoise  exwta  a  force  of  traction  expressed 
by  125  Iba.  raised  at  tho  rate  of  St  feet  per  aecond,  or  2^  miles  per  hour. 
A  man  or  a  horse  can  however  double  his  power  of  tnction  for  a  few 
minutea  without  being  injured  by  the  exertion ;  and  when  the  carriage 
is  in  motion,  so  that  the  friction  on  the  ground  is  alone  to  be  over- 
come, a  horse  can  draw,  during  a  short  time,  on  a  level  road,  a  weight 
exceeding  IfiOO  lbs. 

The  fcxoe  of  traction  is  found  to  vary  nearly  with  the  term  (v — »)*, 
where  «  is  the  greatest  walking  velocity  of  a  man  or  horse  when 
um^aisted  (6  feet  pereecond,  or  4  miles  per  hour,  for  a  man ;  and  10 
feet  per  seoond,  or  6J  miles  per  hour,  for  a  horse),  and  v  ia  the  velocity 
with  which  the  vessel  or  carriage  is  moved.  From  theoretical  oon- 
siderationa  it  haa  been  determined  that  the  greatest  effect  is  produced 
when  the  velocity  of  the  objeot  moved  in  one-third  of  that  with  which 
the  man  or  animal  can  walk  when  unresisted. 

If  a  wheel-carriage  were  situated  on  a  level  plana  which  oppoaed  no 
resistanoe,  it  is  evident  that,  whatever  were  the  diameter  of  the  wheels, 
the  amalleat  conceivable  power  of  traction  api^ied  to  the  axle  would 
Buffice  to  put  the  carriage  in  motion.  But  when  a  wheel  in  moving 
meeta  with  an  obstacle  on  the  grotmd,  that  obfltade  is  pressed  at  the 
point  of  contact  by  a  force  acting  in  the  direction  of  a  line  drawn  to  it 
from  the  centre  of  the  wheel,  and  arising  from  that  part  of  the  weight 
which  is  supported  by  the  wheel,  together  with  the  force  of  traction ; 
therefore  by  the  "  resolution  of  forces,"  the  ratio  between  the  resistance 
which  is  to  be  overcome  by  tiie  moving-power  and  the  weight  on  the 
wheel  will  become  less  as  the  diameter  of  the  wheel  ia  incrMsed :  also 
the  most  advantageous  direction  in  which  the  force  of  traction  can  b* 
exerted  is  perpendicular  to  the  line  of  pressure  drawn  from  the  centre 
of  the  wheel  to  the  obstacle.  But  the  height  of  the  wheels  cannot 
exceed  certun  Itmito  depending  on  the  use  to  which  the  carriage  is 
applied ;  and  when  the  latter  has  four  wheels,  the  height  of  thoee 
which  are  in  front  must  be  such  only  as  will  allow  it  to  be  turned 
round  within  a  given  space ;  also,  when  a  horse  is  employed  to  move  a 
carriage,  attention  must  be  paid  to  the  conditions  under  which  his 
power  may  be  advantageously  exerted. 

It  was  first  observed  "by  M.  Depanneux,  and  published  in  the 
'  M^moirea  de  I'Acad^mie  doi  Seiencee,'  1760,  that  horses  draw  heavy 
loads  rather  their  weight  than  by  their  muscular  force.  Dr.  (Sir 
David)  Brewster  has  also  remarked  that  when  the  resistanoe  is  great  a 
horse  lifta  both  ita  f<ve-feet  from  the  ground ;  then,  using  his  hinder- 
feet  as  a  fulcrum,  he  allows  his  body  to  descend  hy  ita  weight,  and 
thus  overcomes  tlw  obstacle :  and  it  may  be  added  that  when  this 
actini  takes  place  with  a  two-wheeled  carnage,  if  the  loading  is  dia- 
poaed  so  that  some  portion  of  it  may  press  on  the  horse's  back,  the 
effect  of  the  animal's  weight  will  thereby  be  increased.  Now  if  the 
traces,  or  the  shafta  of  the  carriage,  ware  attached  to  the  horse's  collar 
near  hia  centre  of  gravity,  a  line  imagined  to  be  drawn  from  the  latter 
point  to  hiB  hinder-feet  may  represent  his  weight,  and  a  line  drawn 
perpendicularly  from  hia  feet  upon  a  plane  passing  through  the  tncea 
or  shafts  may  rc^iresent  the  lever  of  resistance ;  but  whiw  the  f<ainer 
line  remains  the  same,  this  lever  becomes  leas  as  the  plane  of  traction 
(that  of  the  traces  or  shafta)  inclines  more  upwards  from  the  wheel ; 
and  therefore,  in  order  that  the  power  of  the  horse  may  be  advan- 
tageously applied,  the  diameter  of  the  wheel  should  be  as  small  as  ia 
oonnatent  vrith  other  circumstances. 

Bxperimenta  have  shown  that  when  the  angle  of  traction,  m  it  la 
called,  that  ia,  tiie  angle  which  the  plane  of  the  traces  makes  with  the 
road  on  which  the  carriage  is  movhag,  is  15  or  16  d^roM,  a  hone  pulls 
with  good  effect :  and  the  height  of  the  pointa  at  which  the  traces  are 
attached  to  a  horae'i  collar  being  about  4  feet  6  inchei  from  ^ 


ground,  it  follows  that,  in  order  to  obtain  this  inclination,  the  lower 
extremities  of  the  traces  or  shafta  should  be  2  feet  8  inches  from  the 
ground.  In  general  however,  in  two-wheded  carriage^  the  hei^t  of 
theae  extremities  is  about  8  feet. 

As  an  example  of  the  tor»  of  taaction  exerted  by  steam,  it  may  be 
stated  that  on  a  levti  line  (tf  railway,  an  engbe  witli  an  ll^noh 
i^linder,  and  having  an  effective  pressure  of  50  lbs.  per  eijuare  inch  in 
the  boiler,  drew  50  tons  at  the  rata  of  SO  miles  per  hour,  woriung  10 
houn  daily ;  and  that  the  same  engine,  with  an  equal  pressure  in  the 
boiler,  drew  160  tons  at  the  rata  of  15^  miles  per  hour.  (Fambour 
'  On  Locomotive  Engines.'}  The  resistances  to  be  overcome,  or,  in 
other  words,  the  efforts  of  traction  required  upon  the  various  systems 
of  interoommunioatiun,  may  be  stated  as  fcdlowa : — 

Bade  of  Traetlot 
to  wdtbt. 

Ordlnar7  maeadamiwd  roads  la  good  state,  bone  walk- 

Ing at Mefol Telocity  j  I  tailor » 

OrdlDary  macadamlMd  roads  In  food  statf,  bone  troUlog  1  to  11 
Ordlnarr  maesdninUed  rosdi,  paved,  hone  walUag  •  .  1  to  30 
Wooden  road  „  *   .  1  to  TO 

Trunway,  of  granite  bloeki,  bor*e  walking    .      .      ,  1  to  180 
BallwBTS,  velocltj  SO  miles  per  hoar       .      .      ■   .  1  to  300  ' 

I,      30  miles  pel  hour     .      .       .       .  1  to  100 
Cannl  of  imaU  Mctios,  small  velooity,  S  n.Ueipcrhoar  •  1  to  600 
„  „  „  4  mUes     „        .  1  to  lAO 

„  „  „          8  mUes     ^        .  I  to  «7 

Canal  of  large  seoHen,  S  miles  per  hour       ■      ■    .   .  1  to  1000 
„  H         4  mllM  per  hour    .      ■      •  •  1  to  S90 

„  ^8  mllas  per  boor .      ■      ,      .  1  to  6S 

TRACTRIX,  or  TBACTORT,  the  name  given  to  a  curve  described 
by  a  heavy  point  attached  to  a  atring,  the  otiier  end  of  which  is 
moved  along  a  given  straight  line  or  curve.  For  some  account  of  this 
curve,  whi(£  is  of  no  intmest  except  as  a  mathematical  exerose,  see 
Peacock's  Fxamples,  pa^  174. 

TRAD£,  BOARD  OF.  The  department  of  the  English  government 
popularly  known  under  this  title  is  a  committee  of  tlw  Privy  Council, 
and  ita  proper  designation,  which  oorrectiy  defines  ita  principal 
functions,  is — "  The  Lords  of  the  Committee  araointed  for  the'oon- 
rideiation  of  all  matton  relatmg  to  Trade  and  Foreign  Plantations." 
This  departmoit  ia  practically  under  the  direction  of  a  president  and 
vice-president ;  the  other  members  of  the  Board  or  Committee  are,-~ 
the  Lord  Chancellor,  the  Archbishop  of  Caotarbury,  the  First  Lord 
of  the  Treasury,  the  [oincipal  Seoretories  of  States  the  Chancellor 
of  the  Exchequer,  the  Speaker  of  the  Houae  of  Commons,  the 
Chancellor  of  the  Duchy  of  Lancaster,  the  Paymaster  of  the  Forces,  the 
Treasurer  of  the  Navy,  the  Master  of  the  Mint,  and  such  officers  of 
state  in  Ireland  as  are  privy  councillors  in  England ;  but  thoaa 
functionariea  do  not  ordinarily  interfere  with  or  assist  at  the  delibera- 
tiona  of  the  president  and  vice-preaident.  The  clerks  of  the  council 
are,  ex  officio,  secretaiiea  of  the  Board  of  Trade,  but  that  du^  is 
performed  by  two  joint  aa^aatant-aecretaries. 

The  president  and  vice-president  of  the  Board  of  Trade  exertnse,  in 
effect,  the  duties  which  in  other  countries  are  performed  by  the 
minister  of  commerce.  Their  office  is  not  indeed  executive,  but  rather 
consultative,  the  orders  rendered  neoeanuy  by  tiieir  decisions  being 
^ven  by  the  Lords  of  the  Treasury  or  by  the  secretary  of  state,  as  the 
case  may  require.  The  functions  o£  this  board  have  been  1^  lata  years 
cmsiderably  extended,  ita  duties  being  some  of  them  of  a  ministerisl, 
and  others  of  ajudioialcharaGter.  It  lus  the  general  superintendence  of 
matters  relating  to  merchant  ships  and  seamen,  and  the  carrying  into 
execution  of  the  statutes  in  force  relating  to  them.  For  that  purpose 
it  boa  to  require  and  receive  various  kinds  of  returns  as  to  trade  and 
navigation,  and  oiiginato  and  consider  reporta  made  to  it  by  ita 
inapoBtora  and  other  officers.  It  has  also  a  partial  control  over  local 
marine  boards,  and  may  lay  down  rules  as  to  tiie  conduct  of  examina- 
tions, and  as  to  tiie  qualification  of  applicante  for  the  pogta  of  masters 
and  mates  of  fuvign-going  as  well  aa  of  home-trade  poasei^Eershipa. 
[Ships.]  It  grsnta  hoenoes  to  persons  to  enwe  or  supply  seamen  or 
i^preatioes  for  merchant  ships  in  the  United  KLigdom,  adjudicates  on 
daims  for  wages,  and  investigates  cases  of  all^jed  incompetency  and 
misconduct  <17  ft  18  Viet.  o.  104).  The  Beard  idso  apwHittB  ofBcars  to 
report  on  the  condition  of  ■team-veaseb  and  their  maehineiT  (14  ft  16 
Vict.  0.  7»). 

The  Board  of  Trade  exercises  a  supervision  over  railways  and  railway 
companies,  not  only  with  reapeot  to  titeir  original  formation,  but  also 
as  to  their  subsequent  working.  Railwaya  were  first  placed  under  this 
control  by  the  statute  8  ft  4  Vict  o.  97.  A  few  yean  afterwords  the 
powers  of  the  Board  in  this  respect  were  transferred  to  a  Board  of 
Commissions  of  Railways;  but  in  ISSI  all  the  powers  of  this  latter 
board  were  transferred  to  the  Board  of  Trade  (14  ft  16  Vict.  0.  S4). 
Notices  of  ^iplication  for  Railway  Acta,  accompanied  by  plans,  must 
be  deposited  with  tiie  Board,  before  any  bill  can  be  introduced  into 
Parliament;  and  before  a  line  can  be  opened  for  traffic,  notice 
must  be  given  to  the  Board,  and  ita  penntsuon  obtained,  on  the 
report  of  an  inspeetw,  m>ointed  by  the  Board  for  those  and  other 

Soersl  purposes.  So,  wnen  aocidenta  oocur,  uotioa  must  he  given  to 
e  Board,  and  an  in^>eotor  is  generally  sent  to  inquire  mto  the 
ciroumstanoea,  and  on  his  report  the  Board  may  canaa  altantlMUl  to 
be  made  for  the  greater  safety  of  the  puUio. 


Digitized  by 


Google 


2» 


TRADE  AND  SHipPIlja 


TRADE  AlTD  SHIPPIlfa. 


300 


The  Board  of  Trade,  through  the  medium  of  its  registrar,  is  also 
cJiai-ged  with  the  registration  of  all  Joint-Stock  Companies  (19  &  20 
Vict.  c.  47).  By  the  etatut«  giving  a  oopyrigfat  in  designs,  their 
regiiitnitioa  is  effitcted  by  tiie  Regirtrar  of  uie  Board  of  Trade  (5  A  6 
Vict  0. 100;  6  ft  7  Vict  c  «6;  13  ft  14  Vict  c.  104;  14  ft  15  Vict  c. 
8 ;  16  &  16  Viot.  e.  6).  The  Board  also  controls  the  proceedings  of 
the  Commissioners  for  regulating  the  employment  of  cool-whippers  and 
the  discharge  of  coal-laden  veasela  in  the  port  of  London  (6  ft  7  Vict.  c. 
ci.  (local  and  personal);  9  ft  10  Vict.  o.  zxxvL  ;  14  ft  15  Vict.  c. 
IxxviiL).  A  department  of  the  Board  of  Trade  has  the  immediate  con- 
trol of  the  Qoremmaxt  aehods  and  museums  of  scienee  and  art,  as 
explained  under  Soiekob  aito  Am,  Departhekt  of.  Lastly,  another 
deportment  of  the  Board  of  Trade  is  charged  with  the  collection  and 
publication  of  tables,  containing  information  with  respect  to  the 
revenue,  trade,  commerce,  wealth,  population,  and  other  statistics  of 
the  United  Kingdom  and  ita  dependenciea,  ae  well  as  of  foreign 
countries.  The  officers  of  another  department  cuUect  and  prepare  the 
tables  of  the  {Hioea  of  corn,  which  f (mnerly,  and  before  the  abolition  of 
the  corn-laws,  regulated  the  amount  of  duty,  and  itill  govern  the  rent- 
charge  in  lieu  of  tithe  under  ihe  Tithe  Commutation  Act  (Blackst. 
'  Comm.,'  Mr.  Kerr's  edit.). 

TRADE  AND  SHIPPINQ.  The  foreign  trade  of  England  U  coeval 
witb  its  earliest  liistory.  It  must  not,  however,  be  supposed  that  the 
commercial  dealing*  of  those  early  days  bore  much  resemblance  to 
those  of  more  modem  times.  The  visita  of  foreign^  to  our  iborea 
(for  England  waa  an  exporting  country  before  ita  inbabitanta  were 
become  abip-ownen  or  navigators)  were  then  confined  to  procuring  tin 
from  ComwalL  We  may  be  certain  that  thoBe  by  whom  this  earliest 
Brilish  trade  was  ronducted  did  not  obtain  the  metal  without  leaving 
in  exchange  that  which  was  considered  more  valuable  by  the  miners. 
Of  what  uose  imputations  consisted  we  are  not  precise^  informed. 
"Salt,  earthenwarea,  itnplemenU  made  of  ooi^,  of  iTcM7,  and  of 
wmhec,"  are  said  to  hm  formed  the  principal  merchandise  at  uiat  time 
imported  into  Britain;  but  no  mention  is  mode  of  wool,  which  after- 
mrds,  and  at  a  oomparativ^  remote  period  of  our  annals,  became  a 
principal  article  of  export  from  tliis  countty.  We  learn  from  Kadox'a 
'  History  of  the  Exchequer '  that  in  the  reign  of  Richard  I.  Gervaae 
de  Aldermonbury  accounted,  as  chamberlain  of  London,  for  money 
noeived  as  fines  from  merchants  for  laava  to  entort  wool  In  1275, 
according  to  Rymer  (tom  ii,  p.  50),  wool  was  ulowed  to  be  exported 
upon  payment  to  the  king  of  10a.  per  sack.  Within  the  next  twenty 
yeats  the  custom  of  wool  waa  raised  to  20».  the  sack,  and  in  1296  was 
further  raised  at  the  will  of  the  king  to  40«.  the  Back.  This  export 
duty  has  been  juatified  on  the  ground  of  its  being  a  tax  upon  the 
i<ataga  mauufacturera  or  consume,  to  whom  English  wool  was  an 
mtUxSa  at  neoessUy ;  but  the  duty  acted  as  a  burden  i^x>n  thfl  grower, 
not  only  in  re^>ect  of  his  surplus  quantity  which  was  necessarily 
exported,  but  also  because  the  pries  of  the  remainder  was  as  neceasarily 
governed  by  the  net  value  that  could  be  obtained  for  that  surplus. 
Accordingly  we  find  that  this  imposition  of  customs  upon  t^e  export 
of  wool  was  a  frequent  cause  at  ill  feeling  between  the  oommona  and 
tiie  crown. 

In  a  statemetit  of  Hhe  trade  U  England,  said  to  have  been  found 
vupoD  ractwd  in  the  Ezohequer,  and  quoted  in  a  tract  called  tJie  '  Circle 
fd  Commerce,'  publidied  in  1628  by  Edward  HisaeldeD,  the  list  of  our 
exports  compiised  only  wool,  coarse  woollen  doUis,  and  a  small 
quantity  of  leather,  amountii^  in  value  to  284,184/.,  including  the 
export-duty;  while  the  imports  included  fine  woollen  cloths,  wal, 
wine,  linen  doth,  mercery,  and  grocery  wares,  to  the  amount  of 
88,0701.  I'he  dulling  at  that  time  contained  218  groins  of  silver. 
Taking  into  aoconnt  the  different  value  of  mtmey  then  and  at  present, 
these  values  are  equivalent  to  728,606^  and  (»6,618Z.  of  the  present  com 
respectively.  This  statement  of  imports  and  exports  does  not  wpear 
entitled  in  all  reapecta  to  be  oonatdered  accurate ;  but  it  is  remarkable 
that  this  circumstance  waa  brought  forward  and  commented  upon 
as  the  proof  of  "an  eztEaordinaiy  balance  of  trade  in  favour  of 
the  nation,"  a  strange  ooiuduaion  from  siuh  premises.  It  is  now 
generally  acknowledged  that  iho  oommeros  of  a  country  to  be  successful 
nust  include  in  the  value  of  its  imports  the  whole  value  of  its  erports, 
tc«ether  with  the  gain  which  foims  the  scde  indaoement  M  t^e 
merchants  by  whom  it  is  prosecuted. 

^U,  howevM-,  tiie  trade  and  commerce  increased,  and  inm  the 
beginning  of  the  present  century  has  continued  to  incTBaso  till  it  has 
•ttained'a  most  colossal  importance.  This  has  arisen  in  a  great  d^ee 
from  a  j  ustor  percqiUon  of  the  true  principles  <A  political  economy,  and 
also  from  the  vast  improvement  in  mnnVMiwi  contrivances  for  the 
diminutioa  of  mere  manual  labour,  of  whidi  the  application  of  the 
powara  of  steam  by  the  invention  of  Watt,  may  be  deemed  the  chief. 
It  is  due  also  to  the  memory  of  Pitt  to  say,  that  he  early  perceived 
the  truUi  of  the  prindples  propomoded  by  Adam  Smith,  and  in  the 
oommencement  his  career  endewoured,  thouf^  cbxsumstances 
xvndered  his  efforts  ineffective,  to  establish  a  more  liberal,  if  not  an 
entirely  free  tnde.  Old  prejudioea  and  the  war  with  Ftance  combined 
to  prevent  the  adoption  of  those  principles,  and  the  first  qtiarter  of  the 
century  showed  little  permanent  increase.  Thus  the  official  value  of 
imports  in  1802  amounted  to  29,826,2102.,  and  the  declared  value  of 
exports  to  46^02,3301.;  while,  with  eouddmble  fluotuatdons  in  the 
interna,  in  im  the  imports  only  reached  44,187>482I.,  and  tiie  exports 


88,877,388^.,  the  latter  year  including  Ireland,  which  the  former  does  not, 
but  the  atDuunt  of  Irish  trade  was  not  great.  The  ofticial  valuation  is, 
however,  deceptive,  as  the  price  fixed  does  not  represent  the  resl  value. 
This  commerce  was  carried  in  1808  inwards  fay  7806  British  ships, 
registered  at  1,888,005  tons,  and  8728  foreign  ships  irith  a  total  of 
48l>,251  tons,  and  outwards  in  1802  hj  7471  British  ships,  registered 
at  1,177,224  tons,  and  3332  foreign  vessels  with  467,530  tons.  In 
1836,  the  official  value  of  imports  had  increased  to  67,023,867/.,  and 
tile  declared  value  of  exports  to  58,368,671/.,  and  the  number  of 
British  ships  inwards  to  14,347,  of  an  aggn^te  burden  of  2,505,478 
tons,  and  ontwazds  to  14,207,  of  a  burden  ^  2,681,077  tons,  and  the 
foreign  ships  Inwards  to  7181,  of  a  btirden  of  988,899  ttms,  and  out- 
wards to  7048  Bhipa,'and  a  burden  of  1,035,120  tons.  In  1846,  the 
tarilF  was  materially  reformed,  and  successive  improvements  have  been 
since  introduced ;  and  in  1854,  the  real  value  of  the  total  imports  into 
the  United  Kingdom  was  152,389,058^ ;  in  1855  it  waa  143,542,860/,, 
and  in  1856  it  was  172,544,1542.  Theee  values  are  computed  from  Hm 
average  prices  fixed  for  the  arbtcles,  which  are  dhidly  entered  I7 
quantities  at  the  Custom  House.  The  value  of  the  exjforta  is  obtained 
from  the  dedbred  value  set  on  the  artidee,  except  in  tiie  case  of  foreign 
and  colonid  produce,  of  which  the  price  is  computed  in  the  same  vray 
as  with  the  imports.  In  1854  the  total  value  of  exports  amounted  to 
115,821,092/.,  of  which  97,184,726/.  were  for  the  produce  or  manufac- 
ture of  the  United  Kingdom,  the  remainder  being  for  fweign  or 
colonial  produce.  Id  1855  the  total  value  was  116,681,300^,  of  whidi 
95,688,085/^  were  for  the  produce  or  manufactures  of  the  United 
Kingdom ;  and  in  1856  tJie  total  value  amounted  to  189,220,3581.,  of 
which  116,826,948/.  were  for  home  productions;  the  <^ciid  values  of 
the  exports  show  a  singular  contrast  to  the  real  values ;  they  are  for 
the  three  years  respectively,  29,808,044/.,  S1,494,S9R,  and  33,423,724/. 
The  official  values  of  the  imports  for  the  three  years  show  less  dis- 
cnponcy;  th^  were  124,186,018/.,  117,284,881/.,  and  131,987,768/. 

The  remissions  or  reductions  of  duties  on  imports  during  the  sho* 
ceeding  years  contributed  to  the  continued  increase  of  tjnde  and  com- 
merce; for  the  year  ending  December  31,1860,  the  amount  of  the 
principd  articles  imported  was  169,131,063/.,  and  this  does  not 
indude  a  variety  of  other  importations,  of  which  many  are  of  large 
amount,  BP,  for  instance,  animals,  living,  of  which  in  the  year  thnre 
were  imported  77,010  oxen,  bulls,  and  cows,  27,659  calves,  820,219 
sheep,  and  24,462  swine  and  hogs ;  pearl  and  potashes,  of  whidl  there 
were  imported  141,087  cwta. ;  bark,  418,060  owts.;  brimstone, 
1,007,503  cvrts.;  bristles,  2,534,217  lbs.;  oaoutdkouo,  48,089  owts.; 
clocks  and  watches,  497,386  in  number;  nor  eggs,  in  number 
167,696,200,  with  a  few  other  items. 

The  prindpal  articles  imported,  in  addition  to  those  above  men- 
tioned, were — in  artides  used  fur  diet — coffee  to  the  value  of 
3,643,211/.,  of  which  1,818,218/.  was  from  Cc^Ion;  887,226/.  from 
other  British  possessions,  and  the  remainder  from  foreign  countries. 
Com  to  the  value  of  16,564,088/.,  of  which  4,823,808/.  was  from  the 
United  Btatea;  8,561,907/.  from  Russia;  3,410,161/.  from  Prussia; 
1,610,762/.  from  France;  and  the  rest  from  Egypt,  Moldavia,  Waila- 
chi&,  md  other  countries.  Barley,  oats,  peas,  beans,  and  Indian  corn 
to  the  value  of  10,658,162/L  Whcat-mwU  and  Sour  to  the  value  of 
4,820,5682,,  of  which  the  United  Slates  supplied  to  the  value  of 
1,826,682/.;  France,  1,694,030/.;  and  the  rest  from  the  Hanae  towns  and 
other  countriee.  Currants  and  raisins  to  the  vdue  of  1,263,670/.  Bacon, 
870,286/.  Butter,  4,078,0172.  Cheese,  1,597,669/.  Eggs,  478,6582.  Rice, 
not  in  tiie  husk,  1,023,1082.  Spirits—rum,  brandy,  and  Qenera,  to 
the  value  of  1,918,889/. ;  and  vrine  to  that  of  4,201,431/.,  of  which 
1,734,613/.  was  contributed  Spain;  1,036,6202.  by  Friuoce (almost 
twice  as  much  as  in  1859);  898,336/.  by  Portugal,  and  the  rest  by 
various  countries.  Sugar  of  all  kinds,  including  sugar-condy  and 
molasses,  to  the  value  of  12,106,069/.,  of  which,  of  the  raw  sugar  of  all 
kinds  7,110,2032.  came  from  British  posseenons,  and  4,727,658/.  from 
foreign  countries.  Tea,  6,944,042/.,  an  increase  of  1,182,497/.  over 
1859.  Tobacco,  to  an  aggregate  of  1,777,6822.  Of  articles  used  in 
manufactures,  vra  imported  cotton  to  the  value  'of  85,756,880/^,  the 
United  States  supplying  it  to  the  amoont  of  30,069,819/. ;  the  ^tish 
East  Indies,  3,873,614/.;  Egypt,  1,480,895/.;  Brazil,  561,9492.;  and 
only  271,112/.  from  aU  other  countries,  fbs  total  quantity  imported 
waa  1,890,938,762  lbs.  Flax  to  the  value  of  3,836,770/.  -was  imported, 
three-fourths  being  from  Russia  and  Prussia;  and  hemp  valued  at 
1,199,018/,,  of  wikidi  907,442/.  waa  from  Russia,  the  rest  from  various 
countries,  with  jute  and  other  substances  used  as  substitutes  for 
hemp  to  the  vdue  of  665,764/.  Hides,  dry,  wet,  and  tanned,  or  dressed, 
to  the  vdue  of  8,296,5122.  Indigo,  to  the  value  of  2,528,888/.  Of 
metals— copper  to  the  amount  of  2,213,141/.,  ChiU  and  Cuba  fur. 
nisbing  the  largest  amount,  though  Australia  sent  ore  to  the  amount 
of  178,061/.;  iron,  659,6202.;  lead,  468,436/. ;  sndter,  499,636/.;  tin, 
887,8072.  Oils— trdn,  spermaceti,  pdm,  and  dive— to  the  vdue  of 
3,923,236/.  Sdtpetre  and  cubic  nitre  to  the  value  of  1,165,8162.  Silk, 
raw  and  thrown,  to  the  vdue  of  10,323,8372.,  of  which  raw  dlk  to  the 
vdue  of  6,629,496/.  were  supplied  by  the  British  East  Indies  and 
Egypt,  2,186,742/.  by  China,  while  the  whole  of  the  thrown  siUc 
only  amounted  to  336,991/.,  of  which  172,867/.  came  from  France. 
Tallow,  to  the  vdue  of  4,014,2802.,  of  which  3,040,997/1  was  supplied 
by  Russia,  only  88,8802.  by  Ausfralia,  and  the  rest  by  South  America 
and  oUier  coontriea.  Timber,  to  tho  aggregate  value  of  0,206,0&2&, 
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of  which  Britiflh  North  America  contributed  4^09,235/. ;  Sweden  and 
Norway,  2,169^4St;  Frusaia,  1,093,4121. ;  Russia,  783,38S;. ;  and  tlie 
x«mi^d«r  by  various  oountriea.  Wool>to  -theviUue  of  10,704,!)22^, 
of  whioh  £,387,0781.  was  fuxnlshed  by  Australia;  1,187,748^,  by 
Brituh  poesesaioDB  in  SouUi  Africa;  699,861/.,  by  the  British  East 
Xndiea;  and  the  rest  from  various  places,  chiefly  through  the  HaoBe 
towiw;  together  with  alpaca  and  Uama  wool  to  the  value  of  326,557/., 
and  woollen  manufactures  not  made  up,  to  that  of  918,927/.  For 
•grieohural  puposaa,  we  imported  guano  to  the  value  oi  1,563,14$/. ; 
oil-seed  cakes  to  HxaA  of  910,840/.,  and  flaxseed  and  linseed  to  the 
amount  of  3,391,938/. ;  but  of  this  a  large  pcnlion  waa  for  manufaoture 
into  oil  The  total  unporta  amounted  to  210,648,6481.  The  customs 
duties  for  the  year  amounted  to  28,032,395/.,  a  decrease  of  1,862,184/. 
on  HhoBB  of  the  preceding  year. 

The  decdared  value  of  British  and  Irish  produce  and  manufactures 
exported  during  the  same  year  (1860)  was  135,842,817/.  This  does 
not  include  the  foreign  and  colonial  articles  re-exported,  which 
amounted  in  declared  value  to  5,136,652/.  The  chief  aiticles  were— 
^parel  and  slops,  to  South  Africa,  Australia,  other  BritiBh  possessions, 
and  to  foreign  countries,  2,156,343/.  Beer  and  ale,  of  which  the  East 
Indies,  Australia,  and  the  United  States  were  the  cluef  consumers, 
l,S63,998i.  Printed  books,  494,915/.  Butter,  633,280/.  Cheese, 
118,859/.  Coals  and  culm,  3,321,539/.,  of  which  Fnmoe  took  666,10£>/. 
Cotton  (woven),  40,342,819/.,  of  which  the  Hanse  towns  took 
1,191,703/.;  Turkey,  2.789,954/.;  Egypt,  1,045,988/.;  the  United 
States.  8,648,750;,;  foreign  West  Indies.  1.062,965/.;  Brazil, 
8,800401/.;  China.  8,157,359/.;  Java,  1,057,617;.;  British  ITorth 
America,  the  West  Indies,  and  South  Africa,  1,528,106/.;  the  East 
Indies,  10,518,094/.,  no  other  country  reaching  to  a  million ;  while 
other  cotton  manufactures,  such  as  lace,  net,  stockings,  oountenianea, 
■nd  amall  wares,  and  sewing  thread,  were  exported  to  the  value  of 
1,795,593/.,  and  cotton  yam  to  the  amount  of  9,875,073/.  Earthen- 
wars  and  porcelain,  1^440,998/.  Olaaa — flin^  window,  bottles,  and 
plate,  663,224/.  Haberdashery  and  millineiy,  4,011,277/.  Hardware 
and  cutlery,  8,772,035/.  Leather,  tauiled  and  manufactured, 
2,129,094/.  Luiens  (woven),  4,432,823/.,  with  thread  lace,  thread  and 
tapes,  369,380/.,  and  linen  yam,  1,800,927/.  Machinery,  including 
steam-engines,  8,826,861/.  Metala  :— iron,  including  pig,  twr,  railway, 
wire,  oast,  wrought  of  all  kinds,  and  steel,  12,158,355/.;  copper,  of  M 
•orts,  inoluduig  brass,  8,001,992/.;  lead,  of  sorts,  699,648/. ;  tin  and 
tin  platoa,  1.862,1 50/.,  of  which  the  United  States  took  1 ,018,066/.  Oils, 
&om  seeds,  1,132,324/.  Silk,  manufactured,  1,577,001/.;  with  thrown 
silk  and  silk  twist  and  yam,  822,29U  Soap,  249,876/.  Soda,  982,906/. 
Bpirits,  British,  286,651/.  Btatiooery,  720,721/.  Sugar,  .re£ned, 
239,762/:  Telc^phic  wire  and  apparatus,  250,655/.  Wool,  868,781/. 
Woollen  eloths  and  other  manufactures,  12,192,861/.,  for  which  the 
United  States  were  the  largest  oustomeis,  though  the  dispenuon  is 
pretty  general ;  and  woollen  and  worsted  yarn,  3,843,396;. 

^ppin^r.— This  mormous  trade  requires  a  correspouding  unount  of 
shipping.  In  1860,  there  were  enterod  inwards  with  cargoes  20,104 
British  ships,  of  an  aggr^te  burden  of  5,762,464  tons,  an  average  of 
286  tons  each;  and  18,270  foreign  vessels  of  4,292,823  tons,  an  average 
of  285  tons ;  an  increase  of  both  British  and  forei^  over  the  years 
1858  and  1859  :  aiid  there  were  cleared  outward  with  QUgoes  23,713 
Skitish  ships,  of  an  aggregate  burden  of  6,359,103  tons,  an  average  of 
S60  tons  each;  and  20,777  foreign  ships  of  4,425,433  tons,aa  average  of 
only  205  tons.  Tile  greatest  number  of  fca-eign  ships  was  that  of  the 
Danes,  2957  entered  inward,  and  3362  cleared  outwards ;  the  Nor> 
w^iana  sent  2862  vessels,  and  cleared  out  1746 ;  but  the  shallow 
waters  of  the  Baltic  necessitate  the  use  of  small  ships,  so  that  the 
tonnage  of  the  two  inwards  was  onW^ 929,483,  outwards  677,605  tons, 
■a  average  of  only  140  tons  each.  The  largest  amount  of  tonnage  is 
fay  the  Umted  States,  who  entered  1,361,021  tons  in  1417  ships ;  and 
OMCred  out  1,867,988  tons,  in  1456  ships,  an  average  of  945  tons  each. 
Igwards  Rustda  sent  436  ships  of  125,612  tons ;  Sweden,  1119  ships  of 
181,755  tons;  Prussia,  1795  ships  of  425,436  tons;  MecklenXurg  and 
Oldenburg,  722  ships  of  144,088  tons ;  Hanover,  970  ships  of  81,196 
ti»is,a&  a>Tsnge  nf  cnily  84  tons;  the  Hanse  Towns,  530  ships  of  212,006 
tons;  Holland,  1501  ships  of  185,098  tons;  Belgium,  257  ships  of 
54,lt;6  tons ;  France,  2187  ships  of  186,524  tons;  Spain,  244  ships  of 
67,048  tons;  Porturad,  147  ships  of  33,638  tons;  Sardinia  and  Sicily, 
493  ships  of  118,914  tons;  Aostria,  467  ships  of  162,058  tons ;  Greece, 
69  ships  of  16,125  tons ;  other  European  countries,  38  ships  of  12,280 
tons;  and  otba*  countries  in  America,  Asia,  and  Africa,  20  ships  of 
68S5  tons.  Oatwards  liiere  were  oleared,  in  addition  to  thtwe  men- 
tioned abore,  from  Bnsria,  396  ships  of  116,991  tons;  Sweden,  1163 
ships  of  165,192  tons ;  Prussia,  1595  ships  of  360,088  tons ;  Mecklen- 
buj^g  and  Oldenbu^,  905  ships  of  100,222  tons ;  Hanover,  1666  ships 
of  134,919  tons;  Hasse  Towns,  867  ships  of  290,788  tons;  Holland, 
1756  ships  of  260,050  tons ;  Belgium,  262  ships  of  59,102  tons ;  France, 
4068  ddpe  of  480,440  tons,  a  remarkable  difference  from  those  entered 
inwards;  Spein,  221  ships  of  61,388  ttma;  Portugal,  143  ships  of 
91,021  tons ;  Sardlnta  and  EUdly,  558  ^ps  of  189,801  tons ;  Austria, 
501  ships  of  163,091  tons;  Greece,  44  ships  of  15,684  tons;  other 
European  countries,  44  ^ps  of  15,684  tons;  and  other  countries -in 
America,  Asia,  and  Africa,  19  ships  (rf  6081  tons. 

The  coasting-trade,  including  that  between  Great  Britain  and  Ire- 
Isod,  is  even  larger  in  amount  oE  tonnage ;  but  as  the  return  gives  the 


Repeated  voy.igoa  when  entered  or  cleared  with  cargoes,  the  number  of 
ships  employed  is  not  shown,  but  only  the  number  of  voyages  made. 
These,  in  1330,  were,  inwards,  153,782,  and  the  aggregate  burden 
was  17,003,411  tons,  of  which  only  102,223  tons  came  in  666  foreign 
bottoms.  Outwards  there  were  deared  157,419  ships  of  17,014,399 
tons,  of  which  644  foreign  vessds  carried  100,056  tons. 

The  total  number  of  registered  ships  in  1860,  not  including  river 
steamers,  was  20,019,  of  an  aggregate  burden  of  4,251,739  tons;  of 
these  929  were  steamers  of  399,494  tons  burden.  The  number  of 
men  employed  In  these  vessels  was  171,592,  exdusive  of  masters.  The 
total  number' of  vessels  built  and  registered  in  Uie  year  was  1016  of 
211,968  tons  burden,  of  which  198  were  steamers  of  63,796  tons 
burden. 

TRADE  WINDS.  [Winds.] 

TRADER.  [Bankhupt.] 

TRADITION  (from  the  Latin  tradere)  comprises,  in  the  widest 
sense  of  the  word,  all  that  has  been  handed  down  (qus  tradita  sunt) 
to  us  concerning  the  events  of  the  past,  and  in  this  sense  all  history  is 
tradition.  In  we  early  ages  of  mankind  imd  of  every  nation,  when 
the  art  of  writing  was  unknown  or  little  used,  all  histoty  was  handed 
down  by  oral  communication  from  generation  to  generation  without 
written  records.  Afterwards,  when  the  accounts  thus  propagated  were 
written  down  and  assumed  a  definite  shapc'or  many  shapes,  according 
to  tiie  information,  the  opinions,  or  the  judgment  possessed  by  the 
person  or  persons  who  wrote  them  down,  such  accounts  were  found  to 
differ  materially  from  accounts  written  by  qre-witnesses  at  or  soon 
after  the  times  when  events  happened.  Hiatorical  criticism  distln- 
guishes  the  two  kinds  of  history  b;  calling  the  former  tradition,  in  a 
narrower  sense  of  the  word,  and  the  h^ter  hittory.  Those  who  know 
how,  even  in  our  days,  r^orts  are  changed  and  embolli^ed,  how  some 
features  are  omitted  and  others  added  during  the  process  of  passing 
from  mouth  to  mouth,  and  how  in  the  end  they  frequently  assume  a 
totally  difEsrent  aspect  from  what  they  originally  bad,  will  readily 
admit  that  such  baditions  cannot  be  receivedwiui  the  same  faith  as 
contemporary  history.  We  may  add  that  the  more  important  the 
occurrence  handed  down  by  tradition  is,  and  the  more  it  affects  the 
feelings  and  passions  of  men,  the  greater  will  be  the  changes  and  cor- 
ruptions which  it  experiences  in  its  progress.  The  desire,  moreover, 
of  seeing  things  clear  and  complete  is  inherent  in  the  human  mind ; 
and  hoice  we  find  that  in  innumerable  instances  where  a  tradition  or  a 
series  of  traditions  was  defiiuent,  unclear,  or  incomi^ete,  man's  iman- 
nation  and  ingenui^  have  been  at  work,  to  make  up  an  apparenuy 
complete  account,  either  by  filling  up  the  gaps  in  the  original  account 
with  pure  fictions,  or  by  transferring  and  combining  events  which 
belong  to  different  times  and  countries.  Such  accounts  require  to  be 
examined  with  more  caution  on  the  part  of  the  historian  the  more 
skilfully  they  are  made  up,  and  the  more  their  apparent  consistency 
resembles  real  history.  It  is  the  business  of  the  historian  who  ieeu 
the  want  of  a  positive  conviction,  and  is  not  satisfied  with  cUscovering 
that  a  tradition  is  obscure,  inconsistent,  or  incredible,  to  find  out  its 
historical  groundwork,  by  comparing  the  traditions  about  one  and  the 
same  subject,  by  analogies,  and  by  separating  such  additions  and 
embellishments  which  have  been  made  with  a  view  to  satisfy  man's 
curioeity,  or  bis  feelin^i,  eitiier  religious  or  political  The  historian 
who  undertakes  tiiis  task  has  to  guard  against  two  duigerous  rocks : 
the  one  is  the  desire  to  construct  out  of  a  tradition  a  history  according 
to  a  preconceived  notion  or  theory,  tho  very  thing  which  in  many  cases 
was  the  cause  of  the  adulterated  tradition  itself ;  and  the  other  is  the 
so-called  rationalistic  mode  of  dealing  with  tradition,  which  consists  in 
stripping  it  of  everything  poetical  or  marvellous,  and  leaving  nothing 
but  a  skeleton,  which  is  considered  as  histoiy  merely  because  it  pre- 
sents nothing  that  might  not  happen  every  day  and  within  our  own 
experience. 

In  the  history  of  Christianity  the  term  tradition  has  bera  applied  to 
the  so-called  unwritten  word  of  Qod ;  that  is,  to  the  doctrines  said  to 
have  been  communicated  by  Christ  to  his  apostles,  which  were  not 
written  down  by  them,  but  were  handed  down  by  their  oral  iustfuction 
to  their  succesaoTB.  This  tradition  is  preserved  in  the  writings  of  tiie 
ecclesiastical  fathers ;  and  the  Churuh  of  Rome  regards  tiiem,  next  to 
the  Bible,  as  a  source  of  knowledge  which  ou^^tto  regulate  the  life  and 
religious  observances  of  Christiaiu,  She  claims  for  tradition  the  same 
unconditional  faith  in  regard  to  its  divine  authority  as  for  the  doctrines 
of  the  New  Testament.  The  substance  of  the  tradition  thus  revered 
by  the  Church  of  Rome,  however,  afi'ecta  rather  the  forms  of  religion 
than  its  essence ;  and  some  of  these  forms,  such  as  the  b^»tiam  of 
infants,  the  celebration  of  certain  festivals,  and  the  lilce,  are  letuned 
and  observed  by  the  majority  of  Protestants,  while  on  the  whole  they 
reject  tradition,  and  do  not  consider  it  binding. 

TRAQACANTH,  familiarly  termed  Gum  dragm,  is  the  produce  of 
several  species  of  the  genus  Attragalai.  [Astbaoalus,  in  Nat.  Hist, 
DiV.]  The  A.  venu  (OUviw,)  a  native  of  the  north  of  Penoa, 
Armenia,  and  Aaa  Kinmr^  yieMs  the  grsater  part  of  what  is  used  in 
Europe.  Persia  supt^ies  it  likewise  to  India,  Baghdad,  uid  Basrah. 
A.swmufer  (LabilL)  yields  some  of  the  white  tragocanth.  A,  ere- 
(wu(,  tiamarck  (TroQacanOia  Cretica  incana,  Toumefort),  yields  it 
sparingly ;  while,  according  to  Sibthorp  ('  Prod.  F\.  Greecoi,'  li.  90), 
the  tiagaconth,  which  is  used  in  Italy  is  obtained  in  Greece  from 
the  A  arittatuM  (Villars),  and  which,  according  to  Sibthorp,  yidds  the 


Digitized  by 


Google 


SOS 


TRAJECTOBT. 


TRANSCENDENTAL. 


tragac&Dth  of  Dioscorides.  The  A,  tragaeanlha  (vxr.  a.  Linn.),  the  A, 
Matnlientit  (Lamarck  et  Dec),  long  reputed  to  be  the  source  of  tra- 
gacanthj  yields  so  oonoreta  gum,  but  merely  a  gummy  juice,  which  is 
used  in  confectiooaiy.  The  A.  Diehonii  (a  name  subsUtuted  by  Ttr. 
Boyle  for  A,  tlnwifarut  of  Lindle?)  yields  the  reddiah-coloured 
tngoeaDtfa.  In  the  hot  months  of  July  and  August,  pirticulariy  aftor 
a  dewy  or  a  doudy  night,  the  branch ee  trf  A.  twno  are  found  eoonisted 
with  trsgacanth.  It  ia  not  procured  by  artdfidal  incisions,  but  exudes 
spontaneously  from  natural  clefts  in  the  bark,  or  tiom  punctures  made 
by  insects,  or  more  probably  by  a  subepidermal  ftingna,  like  die  netna- 
tpm-a  crocea,  as  the  shrubs  from  which  the  juice  exudes  are  always  in 
an  unhealthy  state,  or  ready  to  perish.  (Decandolle,  'Il^flL  Veg./ 
i.  p.  174.) 

In  commercs  tragaoanth  ooGun  in  two  fonni,  termed  venrnform, 
and  flak«  or  cake  tragacanttu  The  former,  called  also  Morea  tragacanth, 
is  not  frequent  in  this  country.  It  is  mcwtly  in  small  twisted  thread- 
like pieces,  seldom  in  flat  or  bandlike  portions,  of  a  variable  size,  of  a 
whitish  colour.  The  larger  irregular  pieces  often  run  together,  and  are 
of  a  yellow  or  yellowish-brown  colour.  White  worm-like  [Heces  are 
■elected  and  sold  as  vermioeUi  Hake  or  Smyrna  traaaeanth  occurs  in 
tolerably  large,  broady  thin  pieces,  wHli  cooeeQlrie  ueTa4a<aiB  or  lines, 
seldom  of  a  filiform  shape  :  colour  whitish.  Both  sorts  are  hard,  yet 
somewhat  soft  and  even  flexible  before  breaking ;  fracture  dull  and 
splintery.  It  is  with  difficulty  reduced  to  powder,  except  in  winter, 
or  in  a  heated  mortar.  It  is  devoid  of  taste  and  smelL  It  swells  in 
the  mouth,  and  is  lubricous.  line  tragacaoth  is  not  rendered  blue  by 
iodine,  but  the  Moreatragaeanth  is  aflfected  it,  as  waU  aa  an  artificial 
substance  prepared  b^  boiling  starch,  which  last  orlide,  called  ttaga- 
cantin,  does  not  swell  m  water.  Kutera  gum,  the  produce  of  a  species 
of  cochlospermum  and  stercutia,  which  is  sometimea  mixed  with  or  sub- 
stituted for  genuine  tragacantii.  Is  notaflfected  by  tincture  of  iodine.  It 
always  occurs  in  stalactite-like  pieces,  and  consisting  almost  entirdj  o( 
bassorin,  is  scarcely  soluble  in  water.  [Qux.] 

TnncanUi  q^irozinutea  more  to  starch  than  common  gum,  than 
which  » fs  more  nourishing,  bat  less  digestible.  Tragacantfi  is  to  be 
preferred  to  gum-arabic  to  form  a  mucilage,  as  one  part  will  inspissate 
fifty  parts  of  water.  It  is  better  to  allow  pieces  of  tragacanth  slowly 
to  dinulve  in  cold  water  than  to  use  the  powder  with  boiling  water. 
Both  the  mucilage  and  powder  are  used  to  suspend  heavy  powders  in 
water;  also  to  make  losenget  and  pills.  For  electuaries  it  is  improper, 
as  it  renders  then  din^  on  keej^ng.  As  a  demulcent,  or  means  of 
sheathing  the  Umoea  ana  intestiues,  it  is  preferable  to  gum-araUo,  its 
insoluUlity  rendering  it  a  more  efficient  protecMon  to  the  mucous 
membnme  against  either  acrid  poisons  or  unhealthy  secretions.  Thus 
in  India,  tragacanth  boiled  in  rice-water  is  advantageously  administered 
in  dysentery  and  bloody  fluxes.  Externally,  a  thick  mucilage  of  tn> 
gaoanth  is  a  good  ap^cation  to  bums,  to  aislnde  the  air. 

TBAJECTORT.  teohnicd  name  whioh  was  former^  given  to  a 
curve,  that  Is,  to  a  curve  required  to  be  found  hj  means  of  ^ven  con- 
diUons ;  most  freqnentiy  used  for  the  required  path  of  a  particle  acted 
on  by  given  forces.   The  term  is  now  seldom  used. 

TBAMMEL3,  the  name  of  the  Eluftio  Comfasbbs,  described  in 
thai  article,  in  which  a  bar  oanying  a  pencil  is  guided  by  two  pini 
which  move  in  grooves. 

TRAHWAT.  A  timek  laid  down  on  the  snrboo  of  a  common  road, 
for  the  purpose  of  diminishing  tiie  effort  of  tncfion  Teqnir«d  in  moving 
wheeled  vehicles ;  and  for  this  purpose  it  is  necessary  that  the  materiid 
of  the  tramway  should  be  practically  incompressible,  and  as  smooth  as 
possible.  Iron,  wood,  marble,  and  granite  are  used  in  the  formation  of 
tramways,  as  in  the  cases  of  Train's  Street  Railways,  the  forest  roads 
in  wood  countries,  m  the  Italian  cities,  and  in  the  Commercial  Road, 
Loodon  Docka.   See  IUilwats  ;  Tbactioh. 

TRANSCENDENTAL,  a  mathematical  term  of  deaoiption,  the 
meaning  of  which  is  not  very  unifnm.  When  any  particular  formula 
is  incapable  of  being  expressed  by  any  particular  range  of  algebraical 
^bols,  it  is,  with  respect  to  those  symbols,  transcendental— that  is, 
it  transcends  or  climbs  beyond  the  power  of  those  symbols.  The  word 
was  perhaps  first  used  by  Leibmta  ('Lwprig  Acts,'  1686),  who  wys, 
"  pla«et  hoc  loco,  ut  magis  profutura  dloamua,  foniem  t^erire  trcmtcm- 
oenteKm  qwttUttahm,  cur  nimirum  quiedam  problemata  neque  sint 
plana,  neque  aolida,  neque  suraolida,  aut  ulliua  certi  gradus,  eed  omnem 
sequationem  algebraicam  transcendant."  Here,  then,  is  tiie  first 
meaning  of  the  word ;  a  transcendental  problem  is  one  the  equation 
of  which  is  infinitely  high,  or  contans  an  mfinite  series  of  powers  of  an 
ui^iown  quantity,  so  that  its  highest  d^;ree  transcends  every  degree. 

T^  form  an  idea  of  what  is  now  most  oommonly  meant  by  transcen- 
dental, it  will  be  desiiaUe  to  recapitulate  the  steps  hy  which  algebis- 
haa  arrived  at  its  present  state  of  expreasion, — ot,  rather,  mathematiaBl 
analysis,  as  those  would  aay  who  do  not  like  to  call  the  differential 
calcultw  by  the  name  of  algebra. 

And  first  we  have  tiie  state  which  preceded  the  time  of  Tieta,  in 
which  formuUB  wwe  moetly  deecribed  in  words,  and  the  adoption  of 
■r^traiy  symbda  d  ^uantitjr  was  only  of  casual  occurrence. 

Next,  we  have  the  mtroduction  of  arUtrary  symbols  of  quantity  by 
Vieta,  but  not  "to  the  extent  of  uang  arbitrary  numbers  of  multipli- 
cations, or  algebraical  exponents.  Here  what  we  now  call  a*  was 
transcendental ;  Vieta  could  have  described  by  a  cubo-mibum,  or  a* 
1^  a  quadrato-qnadiato^ubum,  but  a*  bid  neitho'  name  nor  KymboL 


Thirdly,  we  have  the  stage  whit^  b^an  with  Harriot  and  Descmtes, 
and  whidt  brought  ordinary  algebra  into  substantially  ite  present  form. 
During  these  periods,  however,  geometry  and  arithmetic,  without  help 
from  idgebra,  had  brought  into  use  sines,  cosines,  Ac.,  and  logarithms, 
which  were  then  properly  transcendental.  The  words  which  deacribed 
a  particular  mode  of  drawing  lines  in  a  drde,  or  the  result  of  many 
interporitions  of  geometrical  meuia  between  two  given  numbers,  did 
not  luaoe  those  lines  or  means  among  the  objeota  of  algebra,  and  gave 
no  clue  to  any  algebraical  properties. 

Fourtiily,  we  have  the  short  but  interesting  period  in  which,  before 
the  formal  invention  of  fluxions  or  the  diSerenttal  calculus,  infinite 
series  began  to  be  employed,  and  the  transoendentais  laat  alluded  to 
ceased  to  be  absolutely  incapable  of  expression.  This  was  the  state  in 
which  Leitmits  found  the  soienoe  lAen  be  first  proposed  to  distinguish 
between  algebi^oal  and  transcendental  problems. 

Fifthly,  we  have  the  period  succeeding  the  invention  of  the  diGTe- 
nemtial  calculus,  in  which  the  areas  and  lengUis,  Ac,  of  curves  oould  be 
expressed,  whether  they  could  be  reduced  into  (dder  luguage  or  not, 
by  the  new  signs  for  fluents  or  integrals. 

Sixthly,  we  have  an  alteration  which  it  might  have  been  suppaaed 
should  have  come  long  before,  namely,  the  expresnon  of  the  old  tran- 
sccndentals  as  recognised  functions,  and  the  writing  of  them  accordingly, 
as  log  X,  sin  x,  cos  x,  Ac  Strange  as  it  may  appear,  this  was  never 
done  till  the  time  of  Euler.  And  it  is  only  in  our  own  day  that  the 
system  has  been  completed  by  the  recognition  of  the  number  whose 
logarithm  is  x,  the  angle  whose  sine  is  x,  Aa,  as  functions  of  x,  and 
the  adoption  of  the  a^ffftqiriato  qrmbols  Iag~i  x,  rin-'  x,  Ac 

Seventhly,  a  most  important  addition  baa  been  coming  into  use  in 
the  present  century, — ^namely,  the  employment  of  definite  integrab  aa 
modes  of  expression,  not  merely  of  functions  of  the  variable  of  integra- 
tion, but  of  other  quantities  which  only  enter  as  constants,  or  which, 
if  they  vary,  vary  independentiy  of  the  variable  used  in  int^ration. 
So  powerful  is  this  mode  of  expression,  that  it  may  almost  be  bub- 
peoted  to  be  final ;  and  the  word  transcendentsl  is  rapidly  aoquixing  a 
new  meaning.  We  predict  that  it  will  settle  into  the  following :  a 
transcendental  result  will  be  one  which  is  ino^l^  of  expreerion 
except  by  a  definite  integral,  or  by  an  infinite  senoa  whiidi  cannot  bo 
otherwise  expressed  than  by  a  definite  integraL 

In  the  meanwhile  there  are  two  senses  in  friiich  the  word  is  used. 
The  fiiBt  is  that  just  exphuned ;  the  second  has  reference  to  tiie  old 
distinction  of  algebraical  and  transcendental.  A  function  of  x  is  alge- 
braical when  it  is  finite  in  form,  and  x  is  never  seen,  nor  any  functitai 
of  it,  in  an  exponent,  nor  under  the  symbols  of  a  sine,  cosine,  Ac.,  or  a 
logarithm.  Ko  operation  then  enters  with  x  unless  it  be  one  of  the 
four  great  operations  of  arithmetic,  or  else  involution  or  evolution  with 
a  definite  exponent.  Thus,  in  this  sense  of  the  word,  log  x  and  sin  x 
are  botii  transcendentale.  But  in  the  modem  sense  in  which  transcen- 
dental is  not  opposed  to  algrineieal,  bat  to  that  which  is  expressible 
by  ordinary  means,  log  x  and  sin  x  are  not  transcendental,  beli^  among 
the  most  common  of  the  present  modes  of  exjn-esnon,  and  being,  in  fact, 
connected  with  algebra  in  a  way  which,  had  it  been  understood  when 
these  symbols  were  first  used,  would  probably  have  always  saved  them 
from  ^e  distinctive  tenn. 

The  roots  of  equations  of  the  fifth  and  higher  degrees  are,  pn^ier^ 
spelling,  tnuweeodental :  tiiere  is  no  mode  of  expresrion  except  by 
infinite  esriei.  And,  generally  speaking,  and  with  the  exo^tim  of  a 
few  oases  in  which  modes  of  expression  have  been  invented  and  studied, 
INTEBSI  functions  are  transcendental.  And  a  result  of  such  inversions^ 
even  thought  from  our  ignorance  of  its  real  properties,  it  ma^  be 
expressible  hy  ordinary  means,  is  transcendental  so  long  as  that  igno- 
rance lasts.  And  it  is  useful  te  observe  that  forms  of  the  most 
different  kind  may  be  eonneeted  together  by  such  a  relation  aa  thi^ 
that  both  are  cases  oont^ned  tmder  the  same  transcmdental. 

To  exhibit  the  arrival  of  one  of  these  transcendentals  of  inversion,  as 
they  might  be  called,  let  us  take  the  equation  ia.  ^'x=p{fx),  where 
^'x  meaqs  the  difi'erential  coefficient  of  A  large  class  of  solutions 
may  be  obtained  as  fdlovra: — The  equation  ylogy=olu8  an  infinite 
number  of  roots,  two  at  most  bung  real,  and  all  uie  rest  of  the  form 
a  +  fiyZ-i,  Let  a,  b,  e,  Ac.,  be  any  of  these  toots,  and  let  fix  be  a 
function  of  x  formed  aa  foUows : — 

fa:=Aii»  +sh'  + .... 

where  one,  two,  or  any  number  of  roote  may  be  taken  at  jdeasure  :  and 
A,  B,  Aa  are  any  quantities  independent  of  x.  Let  f~>x  be  the 
inverse  funotumtrf  so  that  f(f-ix)  isx;  then  f  (f~^x— 1}  is  a 
solution  of  the  original  equation,  or  ^=^{ifr-^x — l)give8^.fx= 
^  <^).  Now  ^-^x  is,  when  more  thim  one  root  is  used,  inexpreasibis 
except  by  infinite  series  :  that  is,  not  mwely  inexpressible  in  common 
algebrai(»l  terms,  but  even  with  the  assistance  of  logarithms  and 
trigonometrical  functions.  Nevertheless,  as  paiticuhw  oases  of  this 
solution,  both  ax  and  are  found. 

As  soenoe  advances,  quantities  whioh  are  now  called  transoendwital 
will  lose  the  name,  and  be  received  amcmg  the  ordinary  modes  of 
expression  of  analysis.  Oneof  the  first  of  these  will  be  the  well-known 
function  of  »,  which  is  generally  designated  \^  F»,  and  is  sometimea 
called  the  famiaa-function,  aometimee  the  aotorial  function.  Ita 
expresuon  isyc-*  x^ilx  taken  firom  x=Oto«=ao  ;  andiriwn»ui 
an  integer  It  is  dmply  Sx  lxSx,...xii.  But  when  n  la  a  fnusUut 


Digitized  by 


Google 


TRANSCENDENTAL. 


TRANSFORMATION  OP  CO-ORDINATES. 


H  cu  only  be  calculated  hy  Beries.  Neverthelesa,  as  tables  are  now 
formed  of  ita  values,  aud  as  many  properties  and  consequences  of  it 
are  known,  it  stands  in  as  favourable  a  position  for  tue  as  ordinaiy 
logarithms  at  the  end  of  the  17th  century. 

TRANSCENDENTAL,  a  technical  term  in  philosophy,  derived 
&om  the  Latin  iraiucendere,  to  go  beyond  a  certain  boundaiy.  In 
tdiilosophy  tnuucendeoital  8igtii6es  anything  which  lies  beyond  the 
bounds  of  oar  experience,  or  which  does  not  oome  within  the  reach  of 
our  aenseab  It  is  thua  opjtned  to  empirical,  which  may  be  applied  to 
all  things  whioh  lie  witoin  our  experience.  All  philoaophy,  tnerefore, 
which  oairiea  ita  investigationa  beyond  the  q>here  of  thingi  that  bU 
nnder  our  aenaea  is  tranaoendental,  and  the  term  is  thus  i^onymous 
witii  meti^yBicaL  Tianscendeatal  philosophy  may  begm  with  ex- 
perience, and  thence  proceed  beyond  it ;  or  it  may  start  from  ideas 
d  priori  which  are  in  our  mind :  in  tiie  latter  case  philosophy  is 
purely  transcendental ;  while  in  the  former  it  is  of  a  mixed  chuacter. 

[HlTAPHTSICS.] 

TRANSFORMATION,  a  general  term  of  mathematics,  indicating  a 
change  mode  in  the  object  of  a  problem  or  the  shape  of  a  formula,  in 
such  manner  that  the  orginal  problem  or  formula  is  mora  easily  eolved, 
calculated,  or  used  after  the  transformation.  Thus  it  fraquently 
happens  tiiat  the  solution  of  an  equation  is  facilitated  by  reducing 
it  to  another  equation  having  roots  which  bear  a  simple  relation  to 
the  roots  of  the  frnmer :  a>  an  instance,  we  may  refer  to  the  solution 
of  the  cubic  equation  in  the  article  Irrxdooiblb  Cask. 

All  the  process  of  algebra  oonsists  in  transformation,  from  and  after 
the  point  at  which  the  problem  to  be  solved  is  reduced  to  an  equaUon : 
BO  that  to  vnite  on  this  subject  in  detail  would  require  an  article  on 
algebra.  A  few  remarks  on  the  leading  pmnta  which  present  them- 
selves in  ferausfbrmationa  are  all  we  can  here  undertake  to  giva 

It  frequently  happens  that  transfumation  points  out  the  nature  of  a 
consequence  in  a  manner  by  which  the  direct  reasoning  of  algebra  is 
strongly  confirmed  and  illustatted.  For  instance,  when  we  assart  that 
a  quantity  haa  two  square  roots,  one  positive  aikd  one  negative,  our 
aaaertion  is  easily  verified  in  its  positive  part :  but  it  doea  not  follow 
by  the  same  reasoning  that  a  quantity  has  only  two  square  roote.  We 
may  say  that^=l  ia  satisfied  bya:=2,or  x=~2,  beoausa  2  x2=4, 
and  — 2x  — 2»4;  but  how  are  we  to  say  that  tiiera  are  no  other 
values  which  satisfy  tUa  equation  1  When  we  transform  the  equatim 
3i*=4  into  (x-2)  (2+2)o0,  vith  which  it  is  identical,  we  than  see 
that  this  product  can  only  vanish  when «— 8  or«+2  vatdahfls;  that  is, 
when  X  is  ■>-  2  or  —  2. 

Tianafonnationa  frequently  leave  a  point  unsettled  which  can  only 
he  determined  by  a  subeequoit  speciea  of  experimental  test ;  or,  lest 
the  word  experimental  as  applied  to  mathematical  reasoning  should 
give  alarm,  by  a  process  of  detection  which  la  to  ohooae  between 
alternatives  which  the  process  of  transformation  leaves  undecided. 
This  fireqoently  happens  when  the  nature  of  the  transformation  is 
ascertained  hy  means  not  of  the  expression  to  be  transformed,  but  of 
one  of  ita  particular  properties.  For  instancy  when  we  expand  a'  into 
»  aeries  of  powen  of  «t  supposing  we  proceed  upon  the  propea^  a*  xa" 
sm  o^-f-r^we  find  that  there  ia  no  aenea  fit  to  fulfil  this  ocoidition  except 

l+a*  +  -5-  +  O*-' 

but  we  also  find  that  this  ieriet  ia  equally  fit  to  fulfil  the  condition, 
whatever  may  be  the  value  of  a.  8o  iar  t^en  our  tranaformaUon  ia 
effected :  we  see  that  one  among  the  series  formed  by  giving  values  to 
A  must  be  the  series  we  want,  if  there  be  any  such  aeries.  If  we  make 
x=-l,  we  tlua  immediately  detect  the  condition  which  is  to  give 
the  vitlnfl  of  a,  namdy ,  that  a  miiat  be  so  taken  as  to  make 

A«  A» 

•  -I  +  A+-3  +  j78  +  '"« 

Thisbrinn  or  to  the  mention  of  »  defect  of  reasonfaig  which  has  fre- 
quently vitiated  mathematical  works,  namely,  the  assumption  of  the 
species  of  a  transformation,  and  the  supposition  that  only  tne  character 
01'  ihe  details  remains  to  be  settled,  or  the  individual  of  the  species  to 
be  picked  out.  In  the  preceding  case,  for  example,  it  is  often  stated 
as  foUowB :  "  Required  the  expansion  of  a*  in  a  seriea  of  powers  ofx." 
The  fonnof  the  series  is  then  assumed,  say^  +  {s4-n^-f-. . . . ,  and 
1^  the  use  at  the  pnmrty  above  ollnded  to,  it  la  f  onnd  that  the  series 
must  be  (rfthe  fona  i+Ax+\i.*3fi+  ....  But  sll  thstis  here  pmvad. 
ia,  that  If  a  ■  be  capable  of  expannon  in  integer  powers  of  x,  the  expui* 
aion  must  be  of  the  form  1  +  ax  + . .  . .  It  is  true  that,  looUng  at  what 
we  see  in  algebra,  that  science  mi^t  be  strongly  suspected  to  have  a 
pftffwliar  power  of  rejecting  false  suppositions,  or  of  indicating  their 
falsehood  by  refusing  to  furnish  rational  results :  thus  it  certainly 
does  generally  happen  that  when  we  attempt  to  select  from  among 
series  of  integer  powers  the  one  belonging  to  an  expression  whl(£ 
reaJly  has  no  such  series,  we  find  infinite  ooefBcients,  or  some  other 
warning.  But  it  is  too  mnoh  to  ssk  of  a  beginner  tiiat  he  should  take 
it  for  granted  that  algebra  has  so  peculiar  a  properly ;  nor,  in  fact,  is 
it  true  that  such  a  property  lb  quite  univeraaL  It  is  necessary, 
therefore,  to  watch  all  transformations  narrowly,  both  in  tiieir  genonl 
an  well  as  their  speoifio  form :  first,  because  there  can  be  no  sound 
reasoning  without  socli  caution;  next,  because,  thou^  It  be  true  that 
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in  many  parte  of  algebra  the  science  will  refuse  to  acknowledge  and 
obey  a  false  assumption  of  form,  yet  it  is  almost  impossible  to  draw 
the  line  at  which  this  refuasl  ends,  and  the  idea  th^  such  a  pown-  is 
universal  in  algebra  iriU  lead  the  stodent  into  many  a  serious  cUffloultj 
in  the  higher  branches  of  mathematics. 

TRANSFORMATION  OF  CO-ORDINATES.  We  intend  this 
article  purely  for  reference;  that  is,  supposing  the  subject  already 
known,  we  mean  only  to  put  tagger  toe  formula  in  suoh  a  mmwtn^ 
that  any  one  can  be  used  at  once. 

Rectilinear  co-ordinates  are  the  only  ones  which  are  usually  trans- 
formed ;  such  a  thing  rarely,  if  ever,  happens  with  polar  oo-otdinatea, 
except  in  investigations  each  of  which  hss  ite  peculiar  method.  And, 
first,  we  shall  consider  rectilinear  co-ordinates  in  oaa  plane,  and  after- 
wards in  space.  What  is  usually  wanted  is  to  express  the  oo-oidinataa 
of  a  first  sjatam  in  tenns  of  those  of  a  Baoan<^  and  subsequantly  given, 
system.  ' 

And,  first,  as  to  00-otdinatas  in  one  gireo  planet 

1.  Soth  inttemt  Mique.  Let  x  and  y  be  the  dd  co-ordinates  of  » 
point,  x'  and  j/  the  new  ones.  Let  fi  and  r  be  the  old  coordinates  of 
the  new  origin ;  9  the  auj^Ie  made  by  the  old  co-ordinates ;  ^  the  angle 
made  by  the  axis  of  a/  with  x;  ^  the  angle  made  by  y'  with  x.  Angles 
are  to  be  measured  as  explained  in  the  artide  Sioir ;  thus  the  an^ 
mads  by  with  x  means  tiie  amount  of  nrrotutitMi  which  would  bring 
the  positive  ^srt  of  x  into  the  direetfon  of  tiie  poiitive  part  ol  tha 
revolution  being  made  in  the  poative  direction. 


«to  (9  -  »)  _    sin  («  -  W 


an  0 


al  + 


sin« 


2.  The  old  lyOem  tHique,  tiis  ngmone  rMtavwfar.  Hara  f  b  m 
ri^tan^,  and 

Bin*     '  ein» 


f-W  - 


sin  9  laa  9 


8.  The  M  $g$ten  rtdangvlar,  ike  mm»  one  Mique,  Kat,  la  (1),  9 
must  be  a  ri^t  sngl& 

ai-/(soos^,«'-<-oos^.y 

y  — I'ssin^.x'  +  sin^.y'. 

4.  Bofk  ^/item  reetangiUar.  Here  9  snd  ^  —  f  are  both  rif^ 
an^es, 

»  -  ^  -  oos^.je'-  ■in^.y' 

y  -  r  =an^.tf  +  cos^.y* 

5.  The  ethordinata  0/  the  new  ^rie»  pcavUel  to  thm  of  (As  oU  one. 
Here 

x-H^af,  y  — y-y*. 

In  any  of  the  preceding  cases,  if  the  new  and  old  origin  ootncide,  m 
have  only  to  make  n  =  0,  »  =  0,  and  use  the  formuln  aooordin^^. 

Next,  when  the  oo-ordlnates  are  those  of  pointe  of  space.  The  only 
two  cases  which  are  particularly  useful  are  when  both  ^sterns  are  rec- 
tangular, and  when  the  new  one  <nily  is  obliqua  L«t  iv,  y,  *  be  the  old 
co-ordinates,  aud  x^,  y„  <^  the  new  ones.  Let  X,  r  be  the  oU 
ordinates  of  fh«  new  origm,  and  let  tiu  angle  made  by  x^  and  yi  be  £ 
that  of  y^  and  ^  be  {,  sad  that  of  %  and  be  1),  which  we  uaj  tiuu 
denote: — 

A  A  ^ 

^Hien  wa       the  foUowing  fonnuhs : — 

«  -  »•  -  a"x,  -t-  0%  +  y'z,  i 

Where  the  meanings  of  a,  Ac.,  and  the  eonueotion  <4  those  meaa- 
inga  with  the  places  of  the  letters  in  tiie  formula,  will  be  asAly  aau|^ 
ttom  the  following : — 

AAA 

■  Booaxxj,  ^  =  ooaxy,,  T«-oosxSt 

A  A  /\ 

a^BOOsy ;r|,,  ^->oosyyi    y  =  coByj, 

A  ^  A 

■■—ooBSXi,  fl^ai  coesyj     y=  oosse,. 
And  a,     &c-,  are  subject  to  the  following  ux  conditions  i-^ 

+      a'»=,i      *r  +  iry  +  /sy  -  ooB  { 

7«  -t-  y*  -f  7""  -  1  «fi  +  i^ff  +  tC0'  -  fxx  c 

This  ease  ia  not  much  required.  The  following,  in  which  both  sys- 
tems are  rectaisular,  is  of  the  highest  importance.  When  we  speak  of 
the  angle  made  dj  two  axes,  we  mean,  as  Wore,  the  angle  made  by  the 
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poatiTflddttot  DOB  witii  that  of  tlw  other;  bat,  ilnco  onlf  ooduM  ure 
uwd,  th«  diraotion  of  nrolution  u  iDmuteriiiL  If  both  systeais  be 
notaoBular,  ud  if  Uuit  bftve  the  nme  origin,  we  hAve  two  Mts  of 
•qiutions,  Nwh  of  whim  foUown  from  tiw  other,  on*  Mt  being  in  eeeh 
odunm;  the  mtttning*  of  a,  a', btiog ai  before^ 


a' +  «'•  +  «"'  =  ! 

7« + yo*  f  y <^ = 0 

a3  +  o'^+«"i8"-0 


=  ax  +  a'y  +  «"* 

«,  -7* +yjr +y'« 

«•  +i8»  +7*  -1 

o^+i»^+y^=i 
rfrf'+iB'r+yy-o 
•"o+a'fl +yr  «-o 


BaeidM  iriiioh,  eooh  of  the  quantities  Ottl^toa.  may  be  dproaaed  In 
ienrn  ol  the  othan,  aa  fbUowa 

^^i^-ift,   r-y-oy  y=fl^'-;w. 

For  the  mode  in  whioh  these  nine  quantitiee  are  made  to  depend 
upon  three,  ve  muat  nf^  to  worki  on  mei-hanios,  in  which  aiudi  reduc- 
tion ie  paiticularly  useful  We  avoid  giving  it  here,  beoanse  triOing 
differences  exist  in  the  manoer  of  taking  the  quantities  to  functions  of 
which  all  the  rest  are  to  be  reduced,  so  that  no  tet  of  equations  can  be 
given  which  can  be  called  univeruJ.  So  far  as  m  nave  gone,  the 
expreauone  of  sll  writm  are  the  muom,  though  the  UMeca  need  are  not 
alwmidike, 

TRANSFUSIoy  OF  BLOOD  ii  the  c^ieration  A  ttaufening  the 
Uood  of  one  animal  into  the  blood-TesBels  of  another,  and  ia  sometimea 
banefietallf  employed  for  reviving  those  who  are  nearly  dying  after 
were  hnmorrhage.  The  operation  had  long  been  used  aa  a  means  of 
experiment,  and  in  the  vain  hope  that  by  injecting  the  blood  of  a 
healthy  man  or  animal  into  the  veasela  of  a  diseasad  one,  the  health  of 
the  Ii^er  would  be  restored ;  but  it  bad  rarely  been  en^iloyed  for  ita 
mly  useful  pnrpoae  till  Dr.  Blundell,  after  a  long  eeries  n  well-con- 
dacted  experiments  on  animals,  proved  that  it  might  be  aafely  and 
advantageousljr  emplimd  in  men.  Hia  obaervations  are  pabliahed  in 
his '  FhysiolofpoBl  and  I^thologioal  Beeearohee ; '  aud  ainoe  his  revival 
of  the  operation,  the  lives  of  many  penons  have  been  saved  who  were, 
in  all  probability,  dying  from  the  loss  of  blood  during  or  after  surgical 
oper^iona,  during  gestation,  and  in  othw  circumstances.  The  opera- 
unn  hai,  indeed,  often  Uled ;  it  haa  often  been  unneoeaaarily  per- 
fonnad ;  and  ita  performanoe  ia  not  onaooompanied  by  danger  to  the 
paitient ;  but  sUll  there  is  sufficient  evidence  of  its  high  utility  in  cases 
wliidi,  without  it,  would  have  been  quite  or  nearly  hopeless,  to  warrant 
Ha  being  resorted  to  under  Uie  guiduice  at  a  sound  judgment 

The  diief  instniments  empli^ed  in  the  opomtion  are  a  syringe,  with 
double  pipes,  a  beein  of  ^qwo^iate  form,  and  a  fine  tube  fixed  on  qua 
id  the  pipes  of  the  qninge.  Ont  ol  the  vdna  of  tiie  am  of  Uie  patient 
Mng  opansd  Juat  nifiBoietttly  to  admit  the  point  of  the  tabe,  and  fixed 
.1^  a  probe,  blood  must  be  drawn  througji  a  free  opening  in  tiie  vein  of 
aMoa  haaltiiy  pevaon,  and  as  it  flows  into  the  basin  muat  be  slowly 
imAed  up,  without  any  mixture  of  air,  by  the  syringe.  When  the 
iiyringe  ia  filled  and  carefully  cleared  from  aU  air  by  forcing  blood  up 
to  the  very  point  of  the  tube,  the  lattor  must  be  introduced  Into  the 
patient^!  vsui,  and  the  blood  steadily  snd  slowly  injected.  Four  or 
five  ounces  are  often  su£Boient  to  revive  a  patient,  and  if  they  pn>duce 
head-ache,  fiushings  of  the  face,  tendency  to  fainting,  and  other  unplM- 
aant  symptoms,  the  inosfuaion  should  be  arrested ;  but  if  not,  liie 
injection  should  be  continued  till  it  producea  some  good  effect,  or  till 
a  pint  of  blood  has  been  transfused.  Beyond  this  it  is  not  safe  bo  carry 
itha  operation,  nor  ia  it  likely  to  be  beneficiaL  Asecondoratiiirdiujeo- 
tiion  may  be  emjdoyed  whm  the  state  of  the  patient  aeeras  to  render 

TiM  experimenta  of  tranafuiing  the  Uood  of  various  aalmala  into 
the  vessels  of  man  proved  only  mischievous ;  and  those  of  transferring 
the  blood  of  an  animal  of  one  speciee  to  tlie  blood  of  another  speciea 
are  of  too  little  interest  aud  have  produced  too  few  general  results  to 
be  worth  recording  here.  The  injection  of  various  medicinal  substances 
into  the  veins  haa  been  triad,  but  its  effisota  are  not  aufficiently  diflEbr- 
ant  from  those  produced  by  the  ordinary  mode  of  taking  medicine, 
to  render  it  advisable  to  submit  to  an  opetaiiou  which  is  itself 
4atwaroua.  All  the  important  fsots  relating  to  the  subject  may  be 
read  in  an  article  on  Transfusion,  by  Dr.  Kay,  in  the  '  Cyclopaedia  of 
Practical  Uedlcine,'  and  in  the  works  from  which  he  quotes. 

TRANSIT,  or  TRANSIT  INSTRUMENT  {fnitrummt  da  Pattaga), 
waa  Invented  hw  Bdmer  about  the  year  1690.  The  desoripUon  is  to  be 
found  at  page  47  of  the  *  Baua  Aatronomife,'  by  his  pupu,  Horrebow, 
Havidse,  17S5 ;  and  we  recommend  the  peruml  of  Uiis  boo^,  which 
oontaina  an  account  of  Rdmer's  inventions  and  methods,  to  all  those 
who,  readmg  Latin  with  moderate  eaae,  feel  a  dflure  to  leun  the  origin 
of  modani  praotical  aatrouany. 


The  object  <A  the  preaent  article  is  to  give  such  an  account  of  the 
ttsosit  aa  will  enable  any  one  to  use  it  with  tolerable  success.  Those 
who  wish  for  more  perfect  inf(«ination  must  consult  the  introductions 
to  the  Greenwich,  Konigaburg,  Dorpat,  Cambridge,  Edinburgh,  Ac., 
'  ObawvaUona.'  Our  type  will  be  the  portable  tannsiVinatrument, 
leaving  the  reader  to  aooommodate  what  ia  haraaaid  to  th«  powen  of 
hia  own  instrument,  or  to  the  ^actioa  of  the  Obaerratory  which  he 
adopts  lor  a  model. 

There  are  three  principal  paiia  expressed  in  the  cut.  The  iron 
stand,  carrying  the  t's  with  thuir  adjustments ;  the  telescope,  inserted 
at  right  luigles  through  an  axis  with  a  small  vertical  circle  for  finding 
or  verifying  stara ;  and  the  eroaa  levaL  The  stand  ia  made  of  cast- 
iron,  and  should  be  of  great  atrength,  though  perhapa  that  whioh  ia 
here  figured  would  be  found  Ineonvimientiiy  heavy  if  the  instnunoat  is 
often  moved.  The  Vs  an  oontained  in  brass  pieces,  strongly  united  to 
the  tops  of  the  two  uprights.  The  left  hand  T  haa  a  motion  up  and 
down,  which  is  given  by  a  milled  screw  partially  seen  immediately 
under  the  pivot.  The  right  hand  T  is  moved  in  asimuth  by  a  aorew, 
t^e  milled  head  (rf  which  ia  seen  projected  upon  lantern.  In  port- 
able instnuoenta  it  ia  rmj  oonvenient  to  have  this  latual  or  aahnutbal 
adjuatment  ia?4«  by  screwing  against  a  spring,  aa  it  ia  in  this  instru- 
ment In  fixed  obaerfatoriaa  the  adjustment  ia  made  by  two  antago- 
nist drawing  screws,  one  of  whioh  ia  tightened  and  the  outer  loosened ; 
and  indeed  this  is  the  general  construction  of  instruments  of  every 
size,  and  is  the  most  soM  fixtiue.  But  it  is  so  oonvenient  to  be  able 
to  move  the  instrument  at  pleasure  in  aiimuth  iriiile  actually  looking 
throu^  the  telceocme,  that  w  should  atrwigiyreooiTimand  the  adoption 
of  the  oounter  spnng  whenever  tiie  instrument  is  small,  and  ia  either 
tu  be  frequency  shiftiMl,  or  ia  not  furnished  with  a  meridian  mark. 
The  spring  must  press  pret^  strcmgiy  against  the  screw,  and  there 
should  be  a  damping  button  in  each  adjustment,  to  keep  all  aecure. 

The  A»ia  ia  made  of  two  strong  brass  conee  soldered  on  the  central 
■phare.  The  sphere  ia  cast  he^ow  with  two  ahouldera,  over  whii^  the 
eonea  alip.  Aa  this  ia  tiw  moat  important  part  of  the  instrumoit^ 
great  oare  ahould  be  takan  of  the  fitting  bafnv  the  axis  ia  finally  put 
together,  and  the  symmetry  of  the  parts  as  to  the  centre  should  be  per- 
fect. If  the  instrument  is  weak  here,  it  ia  attariy  worthless.  In  the 
older  English  instruments  (die  centre  was  a  cube,  and  tlut  form  is  fre- 
quently adopted  at  preeent  by  continental  aiiiats.  The  transit  at 
BrunuleB,  by  Qambey,  one  of  the  largest  and  finest  initrun^ts  in  the 
worid,  is  so  ooDstruoted.  The  essential,  re^ulaita,  howwrar,  i»  tfrn* 
metrical  itrength,  and  any  shape  is  good  which  fulfils  thia  oonditum. 
The  pivots  are  soldo^  into  the  extremltiea  of  the  oonee,  and  are 
turned  ^ter  the  whole  is  fixed.  One  of  them  ia  pieroed  to  admit  light 
into  the  axis.  In  large  instruments  the  pivots  have  an  outer  aurfaoe 
of  steel,  whioh  is  leas  ofEected  by  wear.  Greater  care  is  required  to 
guard  ateel  jnvota  from  mat,*  and  tlia  turning  must  be  performed  witb 
a  diamond  cutter,  as  the  hard  knots  to  whiidi  steel  ia  snbjeot  resist  and 
jar  the  ordinary  cutter  out  of  ita  place.  The  pivots  should  b«  turned 
pretty  neariy  to  the  same  diameter :  the  marks  of  the  tool  are  ground 
off  afterwards  by  ooUars  whioh  are  made  to  fit  closely  on  the  pivots, 
and  are  «h*ngwl  and  rerersed  from  time  to  time.  When  the  surface  ia 
perfectly  formed,  the  grinding  should  be  discontinued,  as  a  small 
difference  of  size  in  the  pivots  ia  little  consequence,  while  an  altera- 
tion of  Uie  cylindrical  form  of  the  [dvots,  or  of  tlie  direction  of  than: 
axes,  ruins  the  insbiiment  'The  perforated  or  ittuminaUd  end  of  the 
axis  is  on  the  right  hand  pier  in  this  Sgui-e.  The  light  of  the  lantern 
shines  through  this,  and  hghts  up  an  annular  plate  in  the  centre,  which 
makes  an  angle  of  45*  with  the  axis  and  with  the  telescope,  and  thus 
light  enough  is  thrown  down  to  the  eye-end  to  illuminate  the  field  very 
vividly,  while  the  opening  allows  the  rays  from  the  object-end  to  pass 
ndthout  impeiUment  fl^e  quantity  of  liriit  may  be  regulated  by  a 
contrivance  for  iljniininbing  tiie  i^>erture  oi  the  lantern,  or  by  a  shade 
passing  between  the  lantern  and  the  pivot.  In  some  tnuwito  there  ia 
a  contrivance  for  altering  the  angle  of  the  central  refiector  in  the  body 
of  the  instrument ;  but  this,  although  very  handy,  ia  objectionaUe,  as 
affBcting  the  symmetry  of  the  instrument.  In  a  Uiiri^-ioeh  tranmt  the 
lantern  ia  witlun  reach,  and  may  be  twisted  a  little,  ao  aa  to  reduce  the 
li(^t  ai  pleasure.  Tb»  setting  ouole,  with  ita  Isvel  and  daui^  are 
towards  the  illuminated  end  of  the  azbk  The  tail-pieoe,  whhdi  is 
attainted  to  the  verniers  and  level,  is  held  between  the  rounded  ends  of 
^a  two  screws  at  a.  By  screwing  one  and  loosening  the  other,  the 
bubble  of  the  level  ia  brought  to  the  middle,  when  the  vernier  pointa 
out  the  reading  of  the  circle.  There  ia  a  lena  and  reflector,  for  lighting 
and  reading  off  the  circle.  The  instrument  here  figured  has  a  vamiw 
which  reads  aingia  minutee ;  but  the  vernier  is  inconvenient^  Img  for 
a  fixed  lens,  and  we  ahould  prefer  reading  to  every  2',  which  is  mm 
than  Bufflciently  near  for  finding  or  identifying  stats.  If  the  small 
cirde  is  carefully  locked  at,  two  out  of  thne  small  screws  are  aoMi 
which  fix  the  cirde  to  the  axis.  When  these  are  released,  the  cirde 
will  turn  freely  round.  This  oontrivance  will  save  some  trouble  when 
an  instrument  is  used  for  a  long  time  in  the  aame  place  without 
reverang,  but  is  aoaroely  worth  being  applied  to  one  which  is  fre- 
quently shifted  or  reversed.   The  damp  for  fixing  the  taleaoope  in 

•  When  the  taslnuant  Is  snail  and  baqoMlIy  eul  e(  as^  It  Sho^  be 
removed  hen  the      and  tba  pivots  pnrtestad  bf  saps  whkb  slip  ilssijy  anr 
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ftltitiide  and  the  Blow-motion  sorew  are  aeen  at  b.  There  b  a  caution 
to  be  given  here.  The  tail-pieoe  should  never  be  tightly  nipped,  unleas 
the  iBotrument  ib  oud  for  observing  declinations,  and  it  and  tiie 
tangmt  Mxew  miut  be  releued  when  the  observer  usee  the  aomuth 


screw  for  bisecting  any  object,  auoh  as  a  mark  or  a  star  at  a  given 
moment.  la  large  tnouita  there  are  generally  two  Btfull  cbolea  fixed 
on  each  side  of  the  transit  towards  the  eye-end.  Tbej  are  her*  mor* 
oonvenient  for  lettingi  and  tb  ia  tiay  to  paaa  i^kUj  xrom  one  itv  to 


TruuU  Xurtrannt. 


another,  when  both  the  cirolea  are  previously  set.  There  is  great 
divern^  ia  the  gtaduati<»i  of  the  setting  ciroles.  In  lai^  instruments 
whii6h  are  uaed  iot  soma  time  in  the  same  poution,  it  is  best  to  make 
the  Tsniien  read  pcihr  distenoa  or  deolinslicai,  re-adjusting  the  droles 
whenenr  tlw  Inndt  ii  reratied.   Witii  a  portable  transit,  whieh  is  or 


oufdit  to  be  veiy  frequently  reversed,  a  graduation  to  altitades  oiMWBir, 
wmdi  becomes  zenitii  distancee  when  reversed,  ie  ^eihapa  as  oonTsniaifc 
as  any,  tiiough  a  slight  eonnnitation  for  each  star  is  required  to  form  ft 
workmg  catalogue.  The  t4«Mope  in  this  instnunent  is  not  ioaeited  m 
the  ormatxy  manner.   The  oenm  portion,  from  e  to  rf,  la  In  one  tub% 
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pierced  on  the  right  side  to  allow  the  light  to  pass,  and  soldered  at  e 
and  /  to  the  oontnlatdiere.  The  reflecting  plate  is  fixed  in  this  tde- 
aoope,  and  can  be  turned  to  throw  the  light  up  or  down.  The  object- 
end  and  eye-end  are  screwed  on  at  c  and  d,  and  are  interchangeable. 
The  telescopes  are  usually  in  two  pieces,  which  are  screwed  into  the 
central  sphere  at  e  and  /.  The  advantage  expected  from  the  present 
construction  is,  that  there  is  firmer  screw-hold  and  less  leverage  for 
any  blow  or  rough  tiandling ;  and  that  by  interchanging  tiie  object  and 
«re-end,  freah  portionsof  the  plvota  are  brouglit  into  action, thus  dinii- 
mabiiig  wear,  utd  equalising  minute  crron  of  form  or  flexure.  The 
object-glaas  of  the  tdescope  should  be  carefully  selected,  and  of  as  large 
an  apf^ure  as  will  show  a  good  image.  The  superiority  of  a  laige 
instrument  over  a  small  one  is  wholly  in  the  increased  optical  power. 
In  all  other  respects  it  is  probably  inferior,  that  is,  if  the  support  of  the 
smaller  instrument  be  as  solid  as  that  of  the  larger.  There  are  seven 
fixed  vertical  wirea  at  equal  ^^obb,  and  two  horizontal  wires,  between 
whioh  the  star  ia  obaerved.  The  head  of  the  micrometer  is  shown  at  jr. 
A  small  prism  for  observing  stars  near  Uie  zenith  is  slipped  on  the  eye- 
piece when  required,  as  at  A, 

The  level  rUIe»  on  the  pivots  with  its  t's.  There  is  a  pin  at  each 
end,  which  drops  into  a  fork  at  i,  to  hold  the  level  safely  and  upright 
This  is  completely  seen  at  the  left  pier.  At  this  end  is  the  adjustment 
for  setting  the  level  tube  paralld  with  the  axla.  At  the  otl^  end  is 
an  adjustment  for  ndsing  or  d^wessing  lhat  extremity  of  the  lord. 
The  level  should  be  very  sensible  and  of  the  same  curvature  through- 
out. The  graduation  we  have  found  most  convenient  is  to  have  the 
principal  divisiona  to  15"  and  the  subdivision  to  numbered  as 

units  and  tenths,  which,  though  erroneously,  is  briefly  described  by 
calling  the  units  seconds  of  time.  If  this  scale  should  be  too  fine  for 
the  level,  a  prinupal  division  to  30",  and  sabdiviaiona  to  8",  but  still 
numbered  as  unite  and  tenths,  will  be  fonnd  equally  convenient  The 
riding  level  is  generally  appli^  to  the  instruments  which  are  so  large, 
and  consequently  the  piers  so  high,  that  a  man  cannot  apply  the  level 
safely  while  standing  on  the  floor,  and  also  to  small  instniments,  of 
necessity,  when  they  are  clamped,  as  this  is,  to  the  pier.  For  a  transit 
between  stone  piers  which  does  not  exceed  five  or  six  feet,  we  prefer  a 
swinging  level,  which  may  b9  applied  and  read  while  atanding  on  the 
floor. 

When  Troughton  undertook,  muoh  against  his  will,  to  construct  a 
ten-foot  transit  for  the  Royal  Observatory,  he  adopted  a  very  ingenious 
mode  of  uniting  the  cones  and  the  telesoope  with  the  central  sphere. 
The  description  will  be  found  in  the '  PhiL  Trans.'  for  1826,  p.  423  ; 
that  part  which  treats  of  the  construction  of  the  instrument  u  from 
Troughton's  own  pen.  He  also  added  four  braoea,  to  oonneot  the 
telescope  with  the  axis.  We  are  not  diapoaed  to  attach  much  value  to 
this  mode  of  connecting  the  axis  and  telescope,  which,  moreover, 
requires  very  accurate  fittings.  The  braces  are  positively  injurious, 
unless  they  are  exactly  and  at  the  same  moment  exposed  to  the  same 
temperature.  It  is  said,  indeed,  in  the  memoir  just  mentioned,  that 
when  the  antagonist  braces  were  exposed  to  very  different  tempera- 
tures, the  instrument  continued  to  presove  its  form-  If  m>,  the  expe- 
riments nmply  show  the  centre-work  to  have  been  so  strong  that  we 
Inaoeg  could  not  disturb  it,  in  whidi  case  they  are  merdy  useless. 
At  Ounbridge  the  braces  were  found  to  derange  the  instrument, 
and  were  consequently  removed,  to  the  great  improvement  of  its 
steadinees. 

There  is  no  great  difference  of  construction  between  dififerent  tran- 
uts,  except  what  we  have  already  mentitmed.  It  ia  desirable  even  for 
the  amallest  instruments  that  the  supports  should  b«  of  stone  when 
they  are  not  perpetually  shifted  about  The  t's  then  are  aqporate 
pieces  fixed  by  screws  to  plugs  let  into  the  stone.  For  small  transits 
the  stone  may  be  ta  one  or  three  pieces,  according  to  the  siza  When 
inaoticabls,  the  piers  should  be  high  enough  and  wide  enough  apart  to 
let  tile  observer  stand  or  lie  down  between  them.  This  saves  perpetual 
meddling  with  the  ^e-pieoe,  and  the  ^  ia  lev  strained.  We  have 
already  remarked  that  the  performance  of  a  well-made  tensit  depends 
rather  on  the  permanence  of  its  fixing  than  anything  else.  It  ia  to  the 
greater  care  bestowed  on  the  foundations  of  large  instrument  that 
muoh  of  their  superior  performimce  is  to  be  attributed. 

The  ptincapal  use  of  a  transit  instrument  is  that  of  detsroiining  the 
exact  raomuit  when  a  celestial  body  passes  the  meridian  of  the  place 
of  observation.  Now  the  meridian  is  a  fptat  circle  which  passes 
ttrough  the  zmtti  and  the  pole,  and  the  instmment  ia  adjuited  when 
the  hue  of  sight*  is  a  portion  of  the  meridian  during  tiie  whole  rota- 
tion of  the  telescope. 

Aj  m  all  other  instruments,  the  telescope  is  first  to  be  adjusted  for 
disunet  vision.  Put  on  a  tolerably  high  power,  and  slide  the  eye-piece 
out  and  in  till  yoa  see  the  wires  sharply  without  stiainiog  the  eye. 
Then  direct  the  telescope  to  a  bright  star  or  a  double  star ;  and  if  the 
miage  of  it  is  distinct,  the  telescope  is  in  focua.  If  not,  release  the 
screws  at  i,  and  draw  the  tube  out  or  push  it  in  imtil  tiie  image  is  as 
perfect  as  you  can  make  it  There  is  another  opposite  screw  to  i,  and 
the  exterior  holes  allow  a  litUe  play.  Some  bonble  and  guesswork 
may  be  saved  1^  nuking  two  alight  acratchea  on  the  ey»-iaece  where 

*  We  ahall  apeak  at  ^want  w  IT  tbne  were  only  an  fixed  wire  In  the 
telescope,  namely.  Uic  middle  vertleal  wire.  Tlis  inbHqnnt  modifloaUon  will 
eaoso  no  diffleol^. 


the  sight  of  the  wires  and  of  the  star  are  respectively  most  perfeot,  and 
drawing  the  principal  tube  out  or  pushing  it  in  this  quantity.  The 
operation  has  succeeded,  if,  in  viewing  a  slow-moving  star,  like  Polaris, 
there  is  no  shifting  between  the  star  and  the  wire  which  bisects  it, 
wtiile  the  observer  moves  his  head  laterally.  This  adjustment  is  gene- 
rally best  made  by  the  Instrument-maker,  and  as  it  is  not  liable  to 
alter,  we  should  prefer  to  have  the  telescope  tube  cut  the  proper  length 
upon  his  responsibility,  so  that  the  position  of  tiie  wire  is  permanent 
When  tids  adjustment  is  oompleted,  the  tcdeacope  must  be  turned  on 
some  tdoably  distinct  object  which  is  to  be  bisected  by  the  middle 
wire  near  the  upper  part  of  the  field.  If,  on  raising  the  t^escope,  it  is 
also  bisected  at  the  lower  part  of  the  field,  the  wire  is  perpendicular 
to  the  axis ;  but  if  not,  the  tube  is  to  be  twisted  without  altering  the 
focal  length  until  the  object  comes  half-way  to  bisection.  The  bisection 
is  oompleted  by  Uie  aaimuth-screw,  when  the  object  ought  to  be  seen 
bisected  at  the  top  of  the  field  when  the  telesc^w  is  depressed.  One 
or  two  trials  will  suffice  for  this  purpose,  and  then  the  screws  at  £  must 
be  tightened. 

The  first  of  the  principal  adjustments  is  that  of  setting  the  line  of 
sight  at  right  angles  to  the  cross-axis,  when  it  neoessarUy  describes  a 
great  circle.  A  distinct  object  must  be  selected  not  far  from  the  hori- 
zon, and  bisected  by  the  middle  wire,  using  the  aEimuth<«a«w.  The 
axis  ia  then  carefully  lifted  out  of  its  T's,  ai^  returned  end  t<x  end,  or 
reversed,  and  the  object  viewed  again.  It  ia  now  to  be  bisected  oa 
before,  half  by  moving  the  aadmuth-screw,  and  half  by  the  screw  at  I 
and  its  antagonist,  each  of  which  drawt  the  plate  on  which  the  wires 
are  fixed.  The  operation  must  be  repeated  until  no  diffflrence  can  be 
seen  in  the  biseotion,  whichever  be  the  position  of  the  axis.  When 
there  is  a  mIorometOT,  the  operation  is  aomewhat  easier.  The  micro- 
meter wire  ia  brought  first  on  one  ude  and  then  on  the  other  of  the 
centre  wire,  so  ai  just  to  diut  out  the  lij^t  between  them,  and  tiie 
mean  of  these  two  readings  is  the  reading  of  the  zero  point,  that  which 
corresponds  to  the  exact  superposition  of  the  wires.  The  distinct 
object  is  bisected  by  the  micrometer  wire ;  and  we  will  suppose  that 
the  screw  has  to  be  turned  three  revolutions  for  this  purpose  from  its 
zero  position.  Now  reverse  the  axis,  and  suppose  the  micrometer  has 
only  to  be  moved  two  revolutions  from  its  aero  to  biaectioo.  The 
half-way,  or  two  tevolutiona  and  a  half,  ia  the  diataooe  which  should 
be  shuwn.  Carry  the  micrometer  wire  two  revolutions  and  a  half  back 
from  its  last  position,  and  that  is  the  position  which  tiie  centre  wire 
should  occupy.  If  the  joint  thicknesses  of  the  two  wires  (previously 
detennined;  equal  ten  parts,  carry  tiie  micrometer  five  parts  still  Ur- 
ther  back,  and  bring  up  the  middle  wire  to  touch  it  by  tiie  screws  at  I 
SB  before,  ^le  error  ot  ooUinudion  is  now  corrected,  as  will  be  found 
by  repeating  the  obMrvation.  The  eollimating  screws  have  geimally 
a  capstan-hud,  which  is  awkward,  and  indeed  dangerous  so  near  the 
eye ;  and  we  think  the  square  head,  which  ia  turned  by  a  key,  is  more 
manageable.  The  screws  should  be  drawn  tight,  but  not  forced.  We 
have  here  followed  the  xisual  rule  of  directiug  the  observer  to  select  a 
well-defined  object  near  the  horizon.  If  the  pivots  of  the  axis  are 
equal,  the  mark  may  be  considerably  elevated  or  depreased  without 
introducing  any  error ;  and  an  object  which  is  not  very  distant  may  be 
seen  shari^  defined  when  the  ap^ure  of  the  object-glass  is  diminished. 
In  fixed  observatories  there  ia  usually  either  a  meridian  mark  north 
and  south  at  a  considerable  distance,  or  two  near  marks,  which  are 
made  distinct  by  interposing  lensea.  At  Oreenwich  and  Cambridge  a 
south  meridian  mark  is  combined  with  a  supplementary  buisit  in 
the  north  dit;  at  Oxford  two  near  marks  are  made  visible  by  lenses 
fixed  in  the  observatory  sUts.  By  using  north  and  south  marks  at  the 
same  time,  you  are  warned  of  any  alteration  in  tiie  t's  during  the 
reversal,  which,  when  the  instrument  ia  heavy,  is  always  to  be  feared. 
Such  shifting  would  cause  the  error  of  oollimation  to  appear  different 
according  as  it  is  taken  from  one  or  the  other  mark.  In  standard 
observatories  the  error  of  collimation  is  not  actually  corrected  unless 
it  is  large,  but  measured  by  the  mioronieter,  as  we  have  deacribed,  and 
the  efl^  thua  allowed  for  dt  oalculatioiL 

When  the  illuminated  end  is  west,  and  the  telescope  pointing  south, 
let  the  middle  wire  appear  to  be  3'263  Revolutions  to  the  right-hand  of 
the  eollimating  mark  :  as  the  telescope  reverses,  this  means  that  the 
transit  points  8*263  R.  to  the  left  of  the  mvk,  or  to  the  etuL  Now 
reverse  the  telescope,  the  illuminated  end  is  east,  and  suppose  the 
middle  wire  still  to  ^pear  to  the  nf^t  of  the  mark,  but  only  S-I87  B. 
These  observations  are  best  mode  on  a  calm  doudy  day ;  often,  after 
rain,  the  mark,  if  distant,  is  seen  sharply  and  steadily.  If  t^ere  were 
no  error  of  collimation,  the  micrometer  should  give  the  same  quantity 
at  both  observations,  or  i  (3*263  R.  +  3*187  R),  that  U,  3*225  U. 
The  error  in  collimation,  theref(»e,  is  0'038  R.,  and  the  instrument 
points  to  the  east  that  quantity  when  the  illuminated  end  is  west 
The  scale  of  the  micrometer  screw  is  known.  Let  one  revolution  cor- 
respond to  the  space  m  equatorial  star  would  move  over  in  3*  ^  time ; 
then  0*038  R.  is  the  space  which  an  equatorial  star  would  move  over  in 
0**114,  which  is  set  down  as  the  error  to  be  employed  in  calculation. 
Now  the  effect  of  an  error  of  collimation  is  to  make  the  instrument 
describe  a  parallel  to  a  great  circle,  and  distant  from  It  by  the  collima- 
tion error.  If  tiie  instrument  points  to  the  east  of  the  south,  it  also 
points  the  same  quantity  to  the  east  of  the  north,  and  a  star  above 
pole  will  pass  the  appannt  before  the  true  meridioiL  The  correction, 
therefore,  to  be  apjdied  to  the  observed  transit  is  -f-,  and  when 
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the  uHtmnunt  is  mened  vill  bo  — .  The  time  whidi  a  star  takes 
to  pua  between  tlw  tvro  oirole^  or  the  eorreetUta,  is  equal  to  the 
error  of  commatioo         a,  ,opporition  we  h«e  made,  i>- 

*  + 0^114  eee.  deeUn.   IlL  end  Wort. 
-  0^114  eeo.  dedin.   IlL  end  east 

The  aign  cbangea  for  stan  tub  pUo. 

Recently  a  method  has  been  deTised  for  recording  truuite,  founded 
upon  the  principles  of  electro-magnetism.  The  sidereal  clock  is  made 
to  break  the  electric  circuit  at  regular  interrals  of  one  second,  and  by 
A  procese  simiiar  to  thitt  employed  in  Horse's  tdegraph,  the  effect  is 
impressed  on  a  recordiiu:  apparatus  in  oonneetion  with  the  dock.  The 
olMenrer  is  also  msUed  to  break  the  cfrouit  at  any  instant  between 
two  snccesaive  beats  of  the  clock,  and  to  record  the  fact  in  its  pTop:.^ 
pibee  npon  the  registering  paper.  Hence  in  determining  the  transit 
of  a  star,  the  obaerver  breaks  the  circuit  at  Ute  instant  of  the  star's 
passing  each  sucoesaire  wire,  and  the  results  are  imprinted  in  th^ 
proper  place  upon  the  recording  apparatus.  The  distance  between  one 
of  such  recorded  results  and  tbe  nearest  second  as  imprinted  "by  the 
r^;uUr  break-circuit  apparatus  of  the  dock,  will  indicate  the  fractional 
part  of  a  second  corresponding  to  the  instant  of  the  star's  passage  of 
the  wire.  In  this  meUiod  the  eye  and  the  sense  of  touch  are  nlled 
into  operation  instead  of  the  eye  and  ear,  as  in  the  usual  method.  It 
originated  in  tiie  United  States  of  America,  where  it  has  been  practised 
since  the  year  1849.  It  has  been  subsequently  adopted  at  the  Hoval 
Obserratory,  Greenwich,  and  also  at  Altona,  on  the  Continent.  Tlie 
differences  depending  on  personal  equation  are  almost  annihilated 
thia  method,  which  is  well  adapted  for  recording  the  transits  of  a  great 
number  of  stars  within  a  short  compass  of  time. 

The  next  adjustment  is  to  make  the  axis  horizontal.  If  the  poles  of 
motion  are  in  Uie  horizon,  the  great  circle  which  the  instrument,  {reed 
from  collimation, -describes,  miut  pass  through  the  zenith.  Put  on  the 
level,  and  bring  the  bubble  into  the  middle.  Now  rock  it  a  little  to 
and  from  the  obeerver,  and  see  whether  the  bubble  still  remains  in  the 
same  plaea.  If,  in  pushir^  the  level  from  you,  the  bubble  runs  towards 
the  -Uft  hand,  this  shows  tliat  the  level  tube  Itself  is  set  askew  upon 
its  support,  and  that  the  left  end,  being  nearest  the  observer,  is  elevated 
by  that  motion  above  the  right  end.  Screw  the  small  screw  seen  at  tn, 
and  release  its  antagonist  (these  are  puihinff  screws)  until  a  cotwderable 
rocking  motion  scsrcely  moves  the  bubble  at  all.  There  is  generally  a 
cross  level,  to  show  when  the  prindpal  level  is  ujo-ight;  and  this 
should  bt  brought  to  have  its  bubble  in  the  middle,  when  the  principal 
level  baa  been  adjusted  as  above.  The  fork  in  the  present  example 
serves  the  ssme  purpose  when  the  levd  itself  has  been  carefully 
adjusted.  To  levd  the  axit,  bring  the  bubble  of  the  levd  to  the  same 
reading  at  each  end  (the  numeration  of  the  division  is  supposed  to 
from  tiie  cen^)  by  the  elevating  screw  at  the  left  hand  T, 
Bevetse  the  levd  and  Ining  the  ends  again  to  the  same  reading,  half  by 
the  devating  screw  of  the  t,  sod  half  b^  the  two  screws  seen  at  n, 
which  nuse  or  depress  the  levd  tube  in  its  supports.  On  returning 
the  level  to  its  first  position,  the  bubble  should  still  be  in  the  centre ; 
but  if  not,  it  must  be  brought  titere,  half  by  the  t  devating  screw  and 
half  by  its  peculiar  screws ,-  and  the  operation  must  be  repeated  till 
Uiis  is  affiaoted,  that  is,  if  the  observer  cannot  or  will  not  calculate  the 
effect  of  a  mall  enw,  which  may  easily  be  measured.  If  he  can  (and 
there  are  few  obserrerB  at  preMit  woo  oannot),  the  proocaa  is  pvetiy 
modi  u  foUows;  the  graduation  being ntppowd  to  be  nnttsaMih  aqud 
to  Iff*  :— 

Illuminated  9bA  West.  Td^cope  South.  Altitude  40'. 

Observer.  North. 
Level 

East  end  of  bubble,  4*76.   West  end,  5*-84. 
The^levd  is  now  reversed  end  for  end,  and  the  two  ends  again  read 
off:— 

East  end.  9-24         Wertend  5*-S4 

Uean,  East  IH)0  Wert     .  6*-6» 

iriuoh  is  the  reading  which  the  levd  would  show  in  both  positions  it 
it  were  in  adjustment.  Hence  the  west  end  ia  higher  tlum  the  eart  bj 
half  f  the  dififorenoe,  or  0**295.  The  levd  should  be  applied  in  revaned 
podtione  several  times,  and  a  mean  taken. 

Now  let  the  telescope  itself  be  revenedj  and  auppoee  the  following 
entriee  of  observations  to  be  made  :■— > 

ninminated  end  East   Tdesoope  Nnth.  ABitnde  40". 
Obeerver  NortlL 
Bart  4»»8  Wflrt  0-M 

5  •48  fi  -19 


Mean  Eart  5  -176 


Haaa  Wert  5  -486 


*  The  rotation  of  the  earth  reqidres  the  apparmt  place  of  a  >tar  to  he 
iBcreued  1>7  4>'010a.  cos.  latitude  x  see.  of  *'•  declination.  This  e<»nes  to  tha 
same  thillr  as  ■ahtnctlni  0*-03D8  x  ooa.  latitude  from  the  eolUmatioa  oor- 
Teadoo*   In  1st.  Al*  SV  thls=0*-01>.   The  eorreotions  for  coHlmation  beeome 

+0*>lftl  XMO.  dee.  *  Ul.  end  West. 
-0*-l»  X  SCO.  dso.  •  lU.  end  East, 
t  If  flu  ndt  were  SO-,  Oe  west  and  vovUbtUgherbrae  whole  dflMDSi. 


The  diffarenoe  ia  now  O'iiff,  and  the  wort  and  ia  oonsequently  too 
high  by  half  the  diffiwmoe,  or  by  0*'125,  a  resalt  wliudi  cuffers  from 
the  former  (Dlumiruted  end  West)  O**!?.  If  the  partial  observe- 
tions  have  been  pretty  acoordant  (we  suppose  0*17  to  be  the  mean 
result  of  a  considerable  number  of  obeemtions),  this  difference  between 
the  values  of  the  inclinatiort,  aocording  to  tiie  position  of  tiie  iUumi- 
nated  end,  must  be  supposed  to  be  owing  to  a  di&rence  in  tlie  pivots ; 
and  if  so,  a  little  oonaidemtion  will  show  that  to  obtain  the  true  indi* 
natitn  of  the  axis  in  the  twopodtions,  i  of  0*-17  mnrt  be  anbtnwted 
from  the  levd  error  lU.  end  West,  and  must  be  added  to  the  error  IlL 
end  East   The  true  levd  errors  therefore  are — 

IlL  Weal,  +O«-295-0"042,  or  +0^8j 
UL  East,  +  0-lS£  +  0-042,  or  +  0*167. 

By  the  mean  of  a  great  many  careful  observations  made  when  the 
temperature  ia  steady  *  and  ihe  sky  overcast,  the  difference  of  the 
pivots,  if  it  exists,  is  to  be  ascertained,  and  the  correction  due  to  that 
cause  is  to  be  implied  to  the  indication  of  the  level. 

The  error  of  mdination  in  the  axis  being  measured,  the  corresponding 
cotreotion  which  ia  to  be  applied  to  the  obserrations  is  thus  computed : 
If  the  west  end  of  the  tnndt  axis  be  rdsed,  it  is  dear  that  the  circle 
perpendicular  to  that  axis  will  eontinue  to  out  the  horizon  at  tiie  north 
and  south  points,  but  will  pasa  to  the  east  of  the  zenith,  from  which  it 
will  be  removed  by  an  aro  equal  to  the  inclination  of  tiie  tranut  axis. 
All  the  stars  above  the  pole  will  therefore  appear  to  pass  too  early,  and 
those  below  the  pde  will  pass  too  late ;  and  if  the  mdination  be  Ifi", 
the  eCbot  in  (mm  upon  any  star  will  be 


ooe  zenith  diatenoe 
ooB  dedination 


Now  the  levd  graduated  as  we  hare  described  gives  the  inclination 
in  parts  of  which  15'  is  the  unity ;  lience  the  corrections  to  be  added 
to  the  obaerved  tinua  of  paange  of  stara  will  be,  using  the  prerioua 
ftrample 

«.     .  »*    COS.  sen.  dist  . 

iu.eiidw.rt  +o^''-i5rdsr°'"^* 

ooa.  sen.  dist. 
IILendEMt   +0-Wx of  rtr. 

The  above  onreotions,  for  errors  of  collimation  and  inclination,  are 
purdy  instrumentd,  and,  as  the  reader  will  perceive,  do  not  require 
any  celestial  observation.  Before  proceeding  to  the  third  adjustment, 
that  by  which  the  great  rertiod  drde  now  described  by  the  telescope 
is  made  to  pass  through  the  pole,  it  will  be  proper  to  mention  how 
trandt  observations  are  actuuly  made,  and  then  describe  how  this 
error  is  corrected  or  computed.  The  instrument  is  in  or  very  near  the 
meridian;  a  star  on  entwing  the  field  is  placed  between  the  two  hori- 
zontd  mres.  It  will  then  gradually  travd  through  the  fidd,  describing 
a  paralld  to  the  horiKmtal  wires,  and  passing  over  the  vertiod  wires  in 
suocesdon.  The  observer  looks  at  xus  dock  a  littie  before  the  star 
comes  to  the  first  verticd  wire,  and  counting  the  beats  steadily  forward 
by  Mr,  determines  as  well  as  he  can  the  second  and  decimd  of  a  second 
at  which  the  star  is  immediately  under  the  wire.  He  writes  this  down, 
counting  all  the  time,  and  goes  through  the  same  process  at  each  of  the 
seven  wires  with  wfaidi  his  instrument  ia  fumidwd.  When  the  sta^ 
has  passed  all  the  wires,  he  looks  again  at  the  dock  to  see  that  his 
count  is  right,  and  then  sets  down  the  hour  and  minute  corresponding 
to  the  last  wire.  The  habit  of  mentally  counting  on  to  sixty  while 
writing  down  the  observation  is  easily  acquired.  The  estimation  of 
the  dedmd  of  a  second  at  which  the  star  is  covered  by  the  wire  is  a 
matter  of  more  difficulty,  and,  with  some  pexaoni,  reqoirea  considerable 
proctioeit  The  observer  is  to  attempt  to  fix  in  his  mind  the  jdaoes  of 
the  star  with  reepect  to  the  wire  at  ttie  [receding  and  suooeedmg  beat, 
and  to  divide  the  second  in  proportion  to  tht.  two  spaces.  Thus  if  at 
16'  the  star  !s  rather  nearer  the  wire,  before  passing,  than  it  is  at  17*, 
after  passing,  he  seta  down  16"4  ;  if  he  judges  the  proportion  to  be 
less  toon  one  to  two,  he  seta  down  1S*'3 ;  and  so  on.  Finally,  the 
mean  of  the  observations  over  the  seven  wires  ia  to  be  taken,  wnioh  is 
to  be  used  as  the  aotud  time  of  trandt^  It  would  be  denraUe  tiiat  an 
obeerver  should  begin  by  leandng  to  nota  the  obBerration  with  con- 
nderable  exactness,  and  if  it  may  be,  under  the  care  of  a  pnotised 
guiUle ;  but  tiie  obseryation  ia  so  simple,  that  every  one  aoquirea  the 
power  who  has  the  will  to  try;  and  we  believe  that,  w^  a  little 
experience,  one  observer  is  nearly  as  good  as  another. 

*  Br  sddlni  the  two  Tssdlngs  togetbsr,  700  have  the  length  of  the  hahUt^ 
which,  if  the  tsmperatare  la  Bteadj,  wUl  continiie  to  be  of  the  ume  value 
during  the  serlea,  but  will  grow  shorter  \>j  heat.  The  level  ihonld  b*  ezpoEcd 
■ome  time  before  it  li  used.  The  eeherenes  in  the  tsIum  of  the  length  ia  a 
proof  of  the  goodness  of  the  otMerratioas.  If  the  bubble  eontinue  to  be  of  the 
same  length  vhen  the  aero  Is  ehatkged  it  is  probable  that  the  enrratora  Is 
onifonn.  After  the  level  has  taken  the  tmperatura  of  the  air,  about  a  minute 
should  be  given  Cor  U  to  settle  after  each  applieatton,  but  not  more  than  two. 
The  obeerrer  ihould  leant  to  read  the  level  raidiUjr  and  boldlr,  as  the  aero 
ehanges  if  a  light  i<  held  near  to  It  fbr  manj  Meosds. 

f  Buceess  will  depend  a  good  deal  on  the  defloltion  and  magnifying  power 
of  the  teleAopfi  and  also  on  the  sharpaeiB  ot  the  wires  and  the  beat  of  the 
oloek.  The  advantage  of  a  dMInot  andlUa  beat  It  very  often  entirely  otk- 
looked  ^  elDdMBakan  wte  aieBBt  oteenn 
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Btt{onai^yu)gthebui^iinftaimwiittoMtu«lobsn^Uai,tliead^ 
meot  of  the  lerel  of  the  vertical  cirola  tnuct  be  ezuDined,  which  we  viU 
■uppoM  to  read  altitudes  wh«n  the  illunuiMted  end  ii  wert,  aad  Banith 
distanoea  when  the  axis  U  revemd.  Having  levelled  the  azia  approxi- 
mate^, bring  the  bubble  of  the  Rnalllevel  to  the  middle  by  the  aerawi 
at  a  whiohhold  the  taU-piece,  fix  thoae  fiimly,  and  then  dirMt  tha 
telescope  on  some  point,  which  is  to  be  placed  exactly  on  the  horizontal 
wiivil  thmii  bntono,  or  batwtok  the  wins  if  there  «re  two.  BmuI 
off  tho  Twnier,  wbidh  «•  will  nnpptM  to  give  an  altitudo  of  4*. 
Beverae  the  axis  and  repeat  the  former  observation ;  and  now  nad  tlie 
vernier,  which  we  will  suppose  to  give  a  canith  distanoe  of  87'.  Tbo 
earn  of  these  readings  ia  91",  while  it  ought  to  be  SO',  showii^  so 
exoees  of  4  a  degree  in  each  reading.  Kow  aet  the  vernier  at  86°  SO", 
el&mp  the  screw  at  b,  and,  by  the  toil-piece  screws  at  a  bring  the 
object  to  iti  proper  jdaoe  between  the  wires ;  finally  brfaig  the  bubble 
of  tiw  small  level  to  tho  middle  by  the  antagoi^  oapatan-headed 
serews,  whidt  are  seen  towards  the  end  of  the  level  at  o.  The  instru. 
ment  will  now  show  true  altitudes  and  seni^  distanoei  within  1'  if  the 
operation  has  been  nicely  performed.  When  the  vernier  reads  polar 
distances,  the  vernier  must  be  set  to  the  polar  distanoe  of  a  known 
atar,  the  telescope  brought  to  the  star,  and  the  bubble  of  the  small 
level  afterwards  broiuht  to  i^e  middlei  Thelatitadetrfthe  pbos  may 
generally  be  supposed  prctly  well  known  ;  If  not,  dizeot  iha  telescope 
to  the  pole  star,  or  S  VntB  Minoris,  when  near  their  upper  or  lower 
oohninationa,  or  to  the  sun,  or  to  any  star  whioh  the  observvr  can 
identify  when  it  is  nearly  south  or  nortii.  The  altitude  or  Eenith 
distance  of  a  known  object  will  give  a  latitude  near  onouf^  for  flndlBg 
a  star  from  its  catalogued  place,  or  for  instruments  otHrectiona.  ^ 

We  will  now  proceed  to  the  asimuthal  oorrection.  If  the  time  is 
known  from  any  other  observations,  the  middle  wire  of  the  transit 
may  be  nude  to  biseot  a  star  at  ttte  time  when  by  calculation  it  should 
pass ;  and  if  thia  star  be  Polaris  or  S  Unso  Minoris,  the  instrument 
will  be  very  nearly  in  the  meridian ;  but  if  the  observer  has  nothing 
but  a  transit  instrument  and  a  chronometer,  he  must  place  it  as  near 
aa  he  can  guess  in  the  meridian,*  and  level  the  axis  pretty  carefully. 
A  moderate  knowledge  of  tlw  heavens  will  tell  what  known  star  is 
likely  to  pass  soon ;  and  I3ie  insbvment  having  been  set  to  the  proper 
altitude  (or  sweeping  for  it),  the  observer  must  wait  patiently  till  it 
enters  the  field.  The  obsflrvatitm  is  then  made  in  the  manner  already 
described.  If  the  star  ia  near  the  zenith,  thia  alone  will  Kive  an 
approximate  dock-error.  Now  compute  the  time  a  star  near  ue  pole 
or  horiEon  shouUjpass,  and  bisect  the  star  by  the  middle  wire  at  the 
oomput«d  time.  If  the  error  in  the  pontion  of  the  iDatrament  la  too 
luge  to  be  oorreoied  by  the  admuth  lercrw,  the  stand  must  be  shifted 
bo£ly  a  suffident  angle,  and  the  instrument  levelled  afresh.  In  two 
or  three  triajs  it  is  easy  to  get  the  error  within  command  of  the 
azimuth-screw ;  and  the  observer,  if  he  dislike  caloulation,  may  con- 
tinue getting  his  clock-error  by  a  star  near  the  senitfa,  and  then 
bisecting  a  star'  near  the  pole  or  horizon  at  the  calculated  time  with 
tile  azlmuth-wmr,  until  ul  star^  Ugh  and  low,  give  the  aame  doek- 
Mnff.  The  instrument  is  then  In  the  meridian,  and  the  clock-wror  is 
the  tnu  one.  This  tentative  process  may  however  be  oonddenbly 
abridged  by  a  little  ea^y  caloulation,  whidi  we  will  proceed  to  exjdain. 

The  errorv  td  collimation  and  inclination  being  supposed  to  be 
annulled,  eithw  by  adjustment  or  calculation,  the  line  of  sight  describee 
•  great  eirde  paining  through  the  xenith  and  not  far  from  the  pole. 
On  <b«wing  tiie  figure^  and  auwosiag  the  davlaitioD  to  be  to  the  east  of 
tiie  soutii  and  wwt  of  the  north,  it  wiU  be  seen  that  the  afllBCt  of  the 
error  is  to  cause  all  stars  between  the  south  horiaon  and  the  senith  to 
pass  too  early,  as  wdl  as  all  stars  nb  polo ;  while  stars  between  the 
Benith  and  pole  pass  too  late.   The  e&ot  upon  the  passage  of  a  star  Is 

sin.  zenith  distance   .  .  ,     .  . 

P'^P"^"^  *°  cosin.  dediuation  «  «  to  be  the 

amotmt  of  the  deviation  to  the  east  of  the  south,  measured  in  units  of 
16",  and  the  latitude  of  the  place  and  the  declination  of  the  star  be 
dsiuited  reapectirehr  by  p  and  I,  the  correction  to  be  added  to  the 
observed  passage  of  each  star  hi  respect  of  the  error  ai  deviatim  is 
«in  {*  —  I) 

— jjj-j —  X  Ji».t  Now  mppow  two  ftais,  a  and    to  be  obsMvod, 

I) 

which  differ  a  good  deal  in  declination,  and  let  the  values  of  am  ^ 

for  these  stars  be  p  and  p' :  then  t  +  px  and  i/  +  p'x  are  the  times  at 
which  the  staia  would  have  been  obaeixed  if  the  instrument  had  been 
in  the  meridiaa.  The  interval  thereftne  between  their  tnmUe  thus 
corrected  <ssd  also  ooireoted  for  the  rate  of  the  dodk,  if  neoessair) 
will  be  equal  to  the  difference  of  their  ri^  aeoenitone,  irtddi  may  be 
taken  from  the  'Nautical  Almaaaoj'  If  the  stan  ate  oontdned  in  iti 
list,  or  must  be  computed  from  some  good  catalogue,  if  they  are  not. 

*  If  s  Udc  be  diawn  from  Foluli  between  Ute  flftb  and  >lxth  itsn  of  the 
Grcftt  Bear,  and  a  point  taken  In  this  U&e  about  I  f  from  PoUrli,  the  transit 
directed  to  this  point  will  aoarcely  be  1°  from  the  meridian,  'With  a  little 
practice  one  may  come  nearer  than  this  at  onee. 

t  Throngbovt  we  shall  aHome  the  laUtode  to  be  north :  when  the  declina- 
tion Is  sooUi,  the  sign  of  >  U  ebaaged,  and  (9—1]  becomes  Korth  of 
the  lenlth  the  nnmerator  la  ntfaUTO,  and  the  ooRcetlon  is  to  b»  sahtnoted 
bstwcoi  scalth  Bad  pole.  Bdow  the  pole  Oe  aos  '  beaonts  nefattta  (ceduwed 
tbroogh  the  pete),  and  tht  eotrsstbn  bceonss  addlUva^  as  at  ftnt. 


Let  the  ri^t  aaoenaioDS  ol  tiie  two  itui  be  «  and  and  we  have  the 
following  equation : — 

(^+|/«)-(t  +  2'«>-«^-fc 

P  —P 

If  the  value  of  a  revolution  ot  the  azimuth  screw  is  known,  it  is 
ea^y  to  correct  for  this  error  at  once  with  otmriidarable  MMMiracty.  If  x 
exceed  1*  or  2*,  it  must  be  reduced  to  tiiose  limits.  Should  x  be 
nentive,  the  deviation  is  to  the  west  of  the  south. 

The  accuracy  of  the  determination  of  x  dq>«ids,  cftUrit  parihat, 
upon  the  stars  which  are  used  for  the  computation,  that  is,  upon  the 
value  of  the  denominator  of  tiie  above  fnurtion,  which  should  be  as 
large  as  possible.  The  most  favourable  oondition  is,  tiiatboth  stars 
should  be  near  tiie  pde,  one  above  iad  tin  other  bdow :  t  Vnm 
Minoris  and  Ce[difli  01  Herein  wesent  this  oombination.  li  is  alwaya 
desirable  that  one  of  the  stars  snonld  be  pretty  near  the  pole — Polaiu, 
if  possible.  If  tiie  instrument  is  nearly  in  the  meridian,  it  ia  better 
not  to  touch  the  azimath  screw,  but  to  determine  the  value  of  x  by 

grou^ng  the  stan  togetha,  in  vdiioh  ^JtiZ^  is  nsuly  of  the  same 

cost 

3itude  with  the  same  sign.  The  value  of  x  may  afterwards  be 
to  oorrect  each  star  separatdv,  and  the  tranaitB  thus  corrected 
will  be  very  nearly  such  as  would  have  been  made  If  the  instnunent 
had  been  exactly  placed  in  the  meridian. 

In  fixed  obBervatoriea  the  meridian  error  is  obtained  when  poenble 
from  consecutive  tmnsits  of  Polaris  above  and  below  pole.  The 
obaervations  are  corrected  for  collimation  and  inclination,  and  for  the 
rate  of  the  dock.  If  the  times  of  passage  thus  corrected  differ  twelve 
hourL  Uiere  is  no  meridian  error :  but  if  the  difference  is  greater  or 
less  than  twelve  hours,  the  deviation  may  be  oomputed  thus :  Let  « 
and  ^  be  observed  times  of  upper  and  lower  oulmination,  corrected  for 
collimation,  inclination,  and  rate:  let  ct  and  a'  be  the  apparent 
right  ososnsion  of  Polaris,  token  from  tiie  '  Nautical  Almanao ;  j^the 

deviation  as  before;  —p  and  p'  the  values  of  ^  ^^~^)..  for  Folaria 

oos  t 

above  and  below  pole,  which  have  different  signs.  Then,  exactly  aa 
befan^S'-jiaudr-t-p'd:  will  be  the  oorreoted  timei  of  tnuuit^  and 


P  +P 

When  three  consecutive  transits  are  observed,  there  is  no  need  ot 
taking  any  aoeount  of  the  rate  of  the  dock  (which  is  suppowd  to  go 
uniformly),  or  the  change  in  right  ascension  of  Polaris  in  the  interv^ ; 
only  a  mean  ia  taken  oi  the  flnt  and  third  tnmsiti,  which  is  compared 
wiu  the  Moomd.  ThediRereooe  between  these,  divided  by  p'  +p,givm 
the  value  of  x.  The  sign  may  be  made  out  1^  seeing  whether  the 
passage  from  upper  tolowv  culmination  la  too  siwl,and  from  lower  to 
upper  oulmination  too  large,  when  the  deviation  is  to  the  wast  ot  north, 
and  therriore  to  the  east  of  south,  and  the  correction  is  to  be  added, 
or  veni  nos,  whim  it  is  to  be  aabtraotad.f  In  well-regulated  obaerv»- 
torles  F(darls  Is  alwqn  obsarvod  when  it  la  eonvenisikt,  and  often  whan 
hianot;  and  the  right  aaoensi<»i  of  the  star,  ai  well  aa  tht  position  of 
the  instrument,  is  deduced  from  these  douUa  transits.  When  tho 
right  aaomaicMi  is  thus  perfectly  known,  single  transits  of  Polaris  may 
be  safely  used  in  combination  with  other  stars,  to  determine  tfaa 
azimuthal  eiror  t<a  those  times  of  the  year  when  the  star  at  one  of  its 
culminations  passes  altogether  nuseas<Hiably.  It  is  assumed,  in  this 
method,  that  the  position  of  the  instrumoit  la  the  same  for  twenty- 
lour  hours ;  or  that  it  durages  uniformly. 

If  the  reader  has  fully  understood  what  precedes,  he  will  have  no 
difficulty  in  oomprehenmng  the  mode  of  observing  and  reducing  the 
observations  which  is  followed  at  Greenwich  and  our  principal 
obaervatories ;  but  the  private  observer  cannot  always  command  a  site 
which  ia  wholly  to  be  relied  upon,  and  very  seldom  can  afford  the  time 
for  Budi  an  umnterrupted  series  of  obeervationa  as  is  required  to  give 
full  effbot  to  the  system  just  described.  The  preeauMtais  to  be  taken 
will  depend  mainly  upon  the  objeots  he  has  in  view,  but  generally 
speaking,  the  private  transit  obse^r  will  do  wisely  to  take  the  places 
of  the  prind|Ml  fixed  stars  from  the  lista  fuiTiished  by  Greenwich, 
though  he  may  subseqnentiy  modify  the  values  mter  s«  by  his  own 
observations.  Having  done  this,  it  will  be  eaiy  for  him  to  fix  any 
otiier  object  with  perleot  aoonraqy,  or  to  determine  hia  time  most 
Borupuloudy,  altiiou^  the  steadiness  of  his  tranait  ia  not  beyond 
auapdon,  and  hia  avocations  or  jnclination  should  only  allow  him  to 
observe  by  fits  and  starts.  We  shall  proceed  to  ahow  how  he  mi^  pro- 
ceed under  different  hypothesea. 

If  he  haa  a  diatantmaik  or»  coTHmatingtdesoope  [w*  Ouuiutob] 


•  Bnbitltatlng  tor  jf  asd  p  their  values,  the  deaomfastor  of  this  frmclloa 

•In  [P-r)      sin       J)  ,     ,  _  _  "In  (i—V) 

*  eosSeosr- 


00*  9  (Ian       tan  y)  or 


aoa  y  eos  > 

This  last  Is  the  nsoal  fton  for  eoo^tlng  the  aslmnth  bj  a  high  aad  low  star. 

t  To  prevent  wlstahi^  wa  ribdl  alw^«  ipsak  of  the  qoaatlty  whleh  is  ta  be 
appUsd  Is  the  AMmtim  ts  aaka  U  ■errstt. 
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with  ft  micrometer  to  his  transit,  he  proaeeda  exaotly  M  we  fasre 
described  ebore  to  meftsure  the  quantity  and  direction  of  the  ooUims- 
tion,  the  quantity  and  direcU<»i  of  the  inclination,  and  then  obfterves 
away,  only  taking  care  to  note  as  many  standard  start  as  will  give  him 
a  correct  clock-error,  and  at  least  some  so  &r  i^Hurt  as  will  enable  hitn 
to  detect  his  asimnthal  error.  U  lie  obeerre  we  or  two  stars  sear  the 
pole,  so  much  the  batter.  Now  calling  •  the  ooireotton  for  tiie  clock 
at  the  mma  of  the  time  of  the  obaervwona  of  standard  stan ;  *,  a*  s*, 
kc,  as  before  the  observsd  times  of  tranut,  ocnrected  for  coUimiition 
and  level  as  aforesaid ;  p,  p',  p",  &c.,  with  their  proper  signs,  the 
correcting  factors  of  the  untjiown  azimuth  x ;  and  a,  a',  a',  Ac,  the 
appamnt  right  aseeariMia  of  tiu  standard  stars,  he  has  tb*  following 
■erioa  of  limpls  equationi  :— 

iC  +  s  +  pa/ai^ 
i».  ke.  &0. 

Group  togsAher  the  equations  fat  which  the  ooefAdeni  of  « Is  nearly  of 
the  same  magnitude  and  with  the  same  Bign,"  and  dividing  each  group 
by  the  numlser  of  its  component  parts,  so  as  to  hare  c  with  unity  aa  a 
ooeffioient,  form  at  least  two  equations  in  which  the  coeffidenta  of  x 
differ  oonsiderably,  and  anbbaoting  one  from  the  other,  a  value  of  x 
wHl  be  found  with  it«  -profn  sign.  Snbstitutfaig  this  valoe  ol  a;  in 
each  of  the  equations  «  »  ■  —  a— par,  you  will  have  aa  nui^  Taluea  of  • 
as  you  bava  •qnattons;  and  tokmg  the  mean  of  tluise  whidi  are 
derived  from  the  quick-moving  stars,  yoo  have  a  good  dock  oorreotion. 
Now  if  any  other  objects  have  been  determined,  the  right  asoenaion  ol 
which  la  required,  add  (speaking  algebnuoally)  the  sum  of  all  the 
•omofeioM  for  aollimation,  inclination,  deolination,  and  clook-error  to 
the  obaarred  transit,  and  you  will  have  the  c^otmU  right  aacmuon. 

But  it  moat  finaqnently  biqi^ans  that  the  observer  has  no  ecdUmatiiig 
mark  aod  no  mierometar  to  his  instroment ;  nay,  he  may  only  have  a 
view  out  <tf  a  window  f  which  commands  no  distant  or  diatinct  object, 
and  not  be  able  to  see  even  the  aenith,  much  less  the  pole.  Tliia  hut 
is  the  greatest  objection  (  for  the  accuracy  of  the  nuridian  adjustmsni 
dapMida  ehiafly  upon  getting  atara  near  the  pots.  To  detect  the  error 
•f  ooliifnatinn  tha  obacmr  must  proceed  thus : — After  having  carefully 
determined  tha  Inclination  of  the  axis,  he  obaervea  as  many  well-known 
stars  as  he  can,  a^eeially  getting  them  as  hi^  and  aa  low  as  possible 
tor  asoartainiDg  anmBthaf  error.  He  must  tiien  reverse  the  azti, 
repeating  the  measurement  of  the  inclination,  b.ut  by  no  means 
touching  the  elevating  screw  of  the  instrument,  and  make  a  similar 
■at  of  observations.  A  series  of  equations  must  be  formed  for  each 
position  of  the  inatrament,  whioh  will  be  of  the  following  form  :— 
■apposiog  a,  a'  «*,  to  be  the  observed  transita  of  the  stars  oorxected  tor 
inolinatitm  oiUjf  /  f ,  9*  to  be  the  voluee  of  the  secant  of  declinataon 
for  each  star  rsspeotivsly ;  e,  the  unknown  value  of  the  ooUimation 
•nor  in  the  fint  poatifm  (which  becmnea— o  whra  the  instrument  ia 
nvanad);     tha  amv  of  dariation;  and  c  tha  olook  oonsotioiv 

■nd  Ml  oui  for  tiM  atan  flrst  obawved,  and 

and  so  on,  for  the  storB  of  the  aeotmd  set  after  the  inatnunenfc  is 
nvanedi 

The  mode  ol  treating  these  equations  will  differ  aocording  to 
dieoinstanoai.  They  might  be  solved  by  the  method  of  least  sqoares  j 
bat  it  is  aoaroely  worth  while  in  ordinary  cases  to  use  any  such  reflna- 
mant  Form  four  groups,  two  in  each  set,  those  in  which  «  has  the 
largest,  and  thoaa  in  which  a;  bos  the  smaUeat  coeffidents,  dividing  each 
group  by  the  number  of  ita  component  ports,  so  as  to  leave  •  with 
unity  for  its  ooefiBciant.  Call  these  equatioua  1,  3,  S,  and  4.  Bub- 
tnetinfc  (4)  from  (1),  we  ahall  diminate  e  will  have  a  +  ooefiBcient 
•xeeeding  2,  and  « in  the  moat  diiaonlt  case,  that  is,  when  the  observer 
oan  mly  look  to  the  south,  haa  a  small  positive  ooefilcivit.  Again 
subtracting  (8)  from  (3),  we  shall  have  «  with  a  poaitive  coefficient 
exceeding  2,  and  x  with  probably  a  small  negative  oodloient.  From 
thoaa  two  equations  o  oaa  be  determined  pretty  accutately.  Substitute 
this  vahie  in  equations  (1)  <3)  (8)  and  (4),  group  (1)  uid  (8)  togrther, 
and  (8)  and  (4)  together,  and  we  have  a  pair  of  equations  in  which  a 
has  ooeffloienta  oonsiderably  unequal;  and  Iqreubtnetiivonaflpom  tha 
other,  «  is  eliminated  and  x  datanninad  with  ttderaUa  aocnraoy. 
Finally,  the  substitution  of  these  values  of  «  and  at  in  tha  original 
equations  will  give  a  sataafactoij  dock-error  if  the  obaervations  are 
good  and  pretW  numerous,  even  although  the  observer  has  not  more 
tbsn  60*  of  dear  aky  to  work  upon.  The  times  of  transit  of  other 
objeeta  must  be  ocKreeted  Iff  tha  quantitiea  ^ua  found,  and  in  this 

•If  two  kaown  elrenmpolar  stars,  Uka  1  Urns  sad  CtpM  II  HeveUI,  an 
•laarvod,  snMrsat  ens  of  Uuas  equstioas  tnn  the  otliar,  end  you  have  as 
•qnsUoB  In  whlgb  s  bu  a  Isnr*  eoeffleiaat,  and  tiimforo  s  good  detBrmintdan  ; 
U  PoUrla  Is  well  obMrrcd,  nae  it  linglj,  and  group  the  auwlard  ttsis  faveUier 
vhicb  have  not  nore  than  SO*  or  40*  decUiiation. 

t  ThU  vu  the  esM  with  Bfimer,  and  the  trsarit  hutrnmenlwao  lavaatad 
^edssly  A>r  aaeh  a  altastlea.  Bse  *  Basis  Aatrooenba,' «v.  8. 


way  apparent  rig^  aMBuioiii  may  be  deduoad  with  oonaidaTablfl 

certainty. 

The  dook  oorreotion  ihould  evident^  oome  out  the  aame  in  both 
poaitiona  <rf  the  inatrummt,  and  the  dlffwences  from  the  mean  £lU 
within  the  ordinary  errors  of  obaervatim.  If  this  is  not  the  case,  and 
thsm  should  be  reason  to  faar  any  alteration  in  the  poaition  of  tiie 
stand  or  the  Y'a  in  the  process  of  reversing,  ^e  values  of  x  cannot  be 
assumed  to  be  the  same  in  both  groups,  if  the  time  i^ould  be 
required  with  extomte  aoooracy  fnon  such  imperfect  obeervations,  the 
obaervar  may  alter  the  quantity  of  collimation  in  hia  calculatiw  till  he 
doea  get  the  same  dock-error,  alUumgh  with  different  deviations,  from 
both  sets.  Tliis  may  be  done  by  one  or  two  trials,  but  genei^ly 
qieaking  the  mean  of  the  clock -errors  from  both  seta  will  be  near 
enough,  and  not  iiSar  sensibly  from  the  more  daboimte  oalcolation. 
It  ia  not  however  tny  to  get  the  time  vtry  taUi^ktlmriljf  witbont  being 
able  to  see  the  pole,  or  at  least  tiie  aenithi 

In  what  precedes  we  have  auppoaed  Uie  extreme  case,  that  is,  that 
nothing  ia  to  be  seen  north  of  the  senith,  and  that  x  therefore  haa 
always  tha  same  sign.  The  intelligent  reader  will  be  guided  in 
praetioe,  not  b|r  the  directions  here  given,  but  by  t^a  value  of  tkt 
m^gieieHU  of  ku  wainovnt  qumHtia,  a  discretion  which  some  astrono- 
man  cannot  or  will  not  use. 

>  It  la  always  desirable  that  the  value  of  the  three  tnuuit  corrections 
Aould  be  small  (indeed  the  formuhe  are  not  exact,  when  the  errors  are 
large),  to  aave  tttmecesBaty  trouble  in  multiplying.  Tha  method  of 
maasoring  the  inclination  implies  that  jrou  can  rely  on  theaoala  of  the 
level  for  the  quantity  meaaured,  which  is  acarody  true  when  the 
amount  exceeds  a  few  seconds  of  space.  The  collimation  error  is 
easily  brought  within  reasonable  limits,  if  the  observer  has  a  micro- 
meter, or  can  see  any  fixed  object  diatinctiy  while  he  alters  the  screws. 
The  oaimuthal  adjustment  requires  either  an  object  of  referenoe, 
which  is  slwaya  the  case  in  principal  observatories,  or  adjusting-aorewa 
of  which  the  thread  and  value  are  known,  but  this  can  only  give 
ootreot  results  when  the  load  upon  the  t  is  Inoonsidtinble.  PortaUa 
instrumeDts,  which  are  really  carried  aboni  and  stuck  at  times  oat  of  a 
window,  ought  to  lum  the  spring  to  the  aaimatii-aarow  such  as  boa 
been  desaribed. 

It  ia  conveident  that  the  dock  ahotild  be  a  little  slow  and  have  a 
email  losing  rate,  the  oorreetions  iot  error  and  rate  are  then  additive : 
if  the  wset  end  of  tha  axia  be  tha  higher  and  the  deviation  to  tha  east 
of  the  soBth,  the  otHreetlon  for  Utese  eiron  will  also  ba  adtfiftve  to 

the  observed  traneita  of  the  greater  part  of  the  stars  observed. 

In  most  coses,  tiie  determination  of  the  absolute  time  at  the  place  is 
wanted,  and  this  cannot  be  got  without  tiie  level  or  some  equivalent 
which  tdls  how  far  the  instrument  swerves  from  the  senith.  But 
where  it  is  merely  required  to  observe  in  a  meridian,  aa  in  observing 
for  a  oatalogu^  it  ia  more  expeditions  to  change  the  form  of  the 

otmettoni,  Thatwofaotora  S2iii=^)ciMUaat.    +  ^  x 

oca  8  ooB  8 

deviation  may  be  expressed  by  a  correctiottof  this  f<Nrm  :'fli-l-a  ton  8, 
where  a  and  n  are  two  constants  to  be  determined  obaerration.* 
In  this  case  the  stars  should  be  observed  in  zones,  and  when  the 
sweeps  are  not  near  the  pole,  it  is  easier  to  destroy  tiie  error  of  colli- 
mation by  adjustment  very  nearly  tiian  to  allow  lor  the  error.  Tha 
secant  of  detmnatioi  Tuiea  very  uowly,  and  may  ba  oraiaiderad  aa  a 
constant  for  the  whde  sweep,  within  moderate  hmits,  and  for  a  small 
value  of  the  collimation,  which  may  easily  be  reduced  to  0"1  at  onoa. 
Suppose  an  observer  to  have  this  purpose :  he  obeervee  a  loige  set  of 
stars  nearly  at  the  same  declination,  taking  oare  to  have  as  many 
standard  stars  oa  possible  above  and  below  the  limits  of  hia  sweep,  and 
it  ta  proper  to  have  several  with  cmitrary  dedinstiona.  Now  calling 
the  obaerved  times  of  transit  a,  a*,  &o.,  he  forma  the  followiog  equations 
with  standard  stars 

« -(• « -I- •  tan 8  »■ 
/+»-4-«tan8'-a' 

and  M  on.  Vma  theae  he  eompoaed  two  equatiotui,  one  fanned  of  all 
thoae  In  which  ton  S  is  positive  and  another  in  wUdi  tan  8  is  negatire, 
and  whldt  therefore  may  be  represented  tboa  ; 

3 -h  W  -t-  «T  =  A. 

a'  +  »— rT'=>a'. 

_  (A- 3) -(A' -30 


from  which  « ia  found= 


T  +  T' 


Subatitnting  this  value  of  » io  the  mean  of  the  two  aqtuations,  wa 

•  If  f  be  the  InelinstioB  ss  fiven  by  the  level  and  •  the  dsvlatlea,  thsn 
ezpsadlBf  the  nomoivtoT*,  the  anin  of  the  oorreetiona 

i(fxm  p.  OM  ?-nln  ft  sin  >J-h»  (■lnp.eos>--ccis».sln>l 
ws) 

»i  COS  f-t-x  Mn  «■!-(>  stn  9— «  ooa  f)  tan  I 
wUah  agress  trttk  tha  fsrauda  fives  above,  putUar 
SKsi-hi  ooa  p+*  wSu  f 
mialmf— aeoaf 

Tfea  ftnaala  Is  saaDr  dsdvaed  by  drawlag  a  flc«ra  snd  rebtrlnc  tha  ttaaalts  Id 
tha  asridlsa  lAlsh  eats  tha  a«Htsr  at  the  sasu  point  as  tks  slnls  dsssdM 
by  the  telascafii, 
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have  the  value  of  m,  and  that  with  great  exactneas,  if  the  stora  have 
been  well  selected,  are  pretty  numerous,  and  have  been  tolerably 
observed.  To  reduce  the  transits  of  the  other  objects  observed  to 
apparent  B.  a.  nothing  more  is  required  than  to  add  m  +  n  tan  8  to  the 
observed  transit,  which,  besides  bong  a  good  deal  shorter  than  the 
melhod  previously  described,  only  requires  a  tftble  of  nstnra]  tangents 
for  computing  the  corrections. 

If  the  obewvAtions  are  made  on  or  near  the  pole,  where  the  sea  S 
varies  almost  as  rapidly  aa  the  tangent,  a  sensible  error  of  collimation 
vould  mix  itself  up  in  the  value  of  tan  S.  If  the  pivots  of  the  instru- 
ment are  ezactiy  equal,  two  series  might  be  observed  in  reversed 
positions  of  the  axis,  and  as  «  and  n  would  have  the  same  value  in 
each,  while  the  sign  of  oolHmatioti  ohaoges,  the  determination  of  the 
latter  would  present  no  difficult.  We  have  used  another  plan,  which 
in  steady  weaiwer,  when  obsemtUuts  can  be  made  tm  consecutive  ni^ts 
and  in  large  masses,  is  perhaps  the  best  for  cataloguing.  On  the  first 
night  ohs^e  forty  or  fifty  stars,  oonsiBtiDg  of  all  the  standards  which 
msB  81^  those  stars  the  places  of  which  you  wish  to  determine. 
These  may  now  lie  scattered  all  over  the  heavens,  so  far  as  the  method 
is  conoemed.  On  the  foHowing  evening  reverse  the  instrument  and 
observe  the  some  stars.  The  first  night,  each  observed  star  should  be 
increased  by  m  +  »  tan  S  +  e  sec  S,  while  the  second  night  the  correc- 
tion is  m.'  -Ml'  tan  S  —  e  sec  S,  the  collimation  bein^  supposed  (as  is 
found  to  be  the  case)  to  be  invariable  in  a  well-made  instrument,  unless 
violence  is  used.  Now  if  we  add  the  observed  transits  of  each  star  on 
the  two  nights  together,  and  take  a  mean,  the  result  requires  a 

ooiTeotion  of  «  +  +    ten  I;  and  theoollimation  ia  eliminated. 


^lis  new  correction  for  the  mean  of  the  two  ni^ts  is  ezactiy  of  the 
same  form  aa  the  original  correction,  call  it  M  -t-  B  tan  S,  and  u  and  ir 
are  found  by  comparing  the  observed  places  of  the  standai-d  stars  with 
their  known  computed  places,  just  as  before.  If  the  clock  rate  is 
sensible,  the  values  of  H,  preceding  and  succeeding  the  mean  of  Ibe 
standard  stars,  must  receive  a  proportional  correction,  but  it  is  easy  to 
make  the  rate  of  a  good  clock  so  small  that  in  ordinary  oircumstanoee 
tliia  may  be  n^iected.  The  rate  maj  be  detennined  near  enough  by 
observing  the  same  high  star  both  nights  in  the  same  position  of  the 
axis,  and  measuring  the  inclination  by  tiie  level.  From  some  trials  of 
this  method,  we  should  strongly  recommend  it  in  a  steady  dimate  and 
where  a  large  catalogue  of  stars  is  to  be  formed.  An  error  of  0"1 
would,  ws  are  convinced,  be  very  rarely  found  in  the  a.  A.  of  stars  so 
determined  within  40*  of  the  equinoctial;  the  computations  are  very 
short  and  can  scarcely  be  wrongly  made,  and  ihere  is  tmly  one  com- 
putation of  a  mean  place  for  two  complet«  observations  of  an  apparent 

f>lace.  Writing  the  separate  results  imder  each  other,  is  aa  exoel- 
ent  check  against  those  provoking  small  errors  which,  when  they 
once  get  admittance,  are  so  difficult  of  detection.  It  is  a  drawback 
that  the  computation  does  not  furnish  the  absolute  time  or  dock 
error,  if  that  should  be  required  for  othsr  purpoees,  witiunit  further 
calculation. 

In  this  climate  it  frequentiy  happens  that  the  star  is  visible  during 
only  a  portion  of  its  passage  over  the  wires,  or  the  observer  may  lose 
some  of  the  wires ;  hence  it  is  necessary  to  have  some  means  of  com- 
pleting the  imperfect  transits,  and  ascertaining  so  &r  as  possible  at 
what  time  the  star  would  have  passed  the  mean  of  the  wires,  if  all 
could  have  been  observed.  For  this  purpose  a  sufficient  number  of 
complete  and  eatlafactory  observations  is  selected  (suppose  the  illumi- 
nate end  to  be  west),  and  the  difference  token  between  each  wire,  and 
the  mean  of  the  wires.  Multiplying  these  numbers  respectively  by 
the  cosine  of  the  corresponding  star's  declination,  we  have  the  difier- 
enees,  such  as  they  would  have  been  if  the  stars  observed  had  been  in 
the  equinoctial.  A  mean  of  these  is  taken  for  taah  difference,  and  the 
pnnksr  ngn  affixed.  If  a  second  series  be  selected  of  observations 
made  when  the  illuminated  eoid  is  east,  and  be  Seated  similarly,  nearly 
the  same  values  will  be  found  as  before,  but  in  reversed  order,  and 
with  different  signs.  A  mean  is  taken  when  tiie  number  ia  sufficient 
to  give  a  satishutory  result ;  and  the  logarithms  of  the  intervals  be- 
tween each  wire  and  the  mean,  for  an  equinoctial  star,  are  set  down 
for  future  use,  discriminating  whether  the  instrument  is  lUumiuated 
end  E.  or  W.  _  Now  suppose  a  broken  set  of  wires  is  to  be  made  up : 
take  the  logarithms  witn  the  proper  sign  OMresponduig  to  each  wire, 
add  to  each  logarithm  the  log.  secant  of  the  star's  dedination,  and  take 
the  natural  numbers  corresponding  to  the  logarithms  thus  found,  and 
you  have  the  number  of  seconds  a&d  decimals  of  a  second  which  are  to 
be  added  (algalvaiealh')  to  the  observation  of  eiM^  wire  to  reduce  it  to 
tiie  mean  wire.  Of  these  partial  results,  a  final  mean  is  taken.  The 
numbers  for  reducing  eacn  wire  to  the  mean  vArt  are  found  in  the 
introductions  to  all  the  modem  observations. 

The  slow-moving  stars,  such  as  Polaris  and  S  Uisea  Minoris,  are  those 
best  suited  for  determining  the  interval  of  the  wires,  and  this  ia  one  of 
the  first  points  to  which  an  observer  should  direct  ids  attention,  for  he 
will  observe  a  slow  star  as  well  at  starting  as  afterwards,  and  as  he 
will  probably  make  a  good  many  broken  transits,  the  sooner  he  acquires 
Hie  means  of  reducing  them  the  better.  The  deelinilaon  of  these  stars 
]■  polscdy  known  for  every  day  from  tiie  Nautical  *iTniinaf!.  bat  thm« 
js  a  ■pnaixAim.  to  be~~  token  herei,  which  is  unnecessary  with  quick- 
moving  start,  as  the  path  of  the  star  bdi«  HudUy  eonwd  in  moving 


from  the  outer  to  the  inner  wires,  the  motion  between  the  wires  is  not 
uniform.  The  exact  formula  is 

dn  distance  of  any  wire  from  mean  =nn  time  from  mean 
X  COS.  dedin.  star; 

and  the  equatorial  interval  may  be  computed  by  taking  tiw  log  sin  of 
the  interVBls  —  log  nn  16",  inst^d  of  simply  the  log  interval  in  seconda 
of  time,  as  in  other  stars.  Or  if  the  following  quantities  be  first 
subtracted  from  tiie  intervals  observed,  the  ordinary  rule  01*7  be 
followed : — 


iBtcrval 

Interval 

Observed. 

Oorreetlon. 

Observed. 

CorreotloB. 

4* 

21". 

l»-8 

8    .  ■ 

O'l 

23 

• 

S  •fl 

13 

0  *s 

S3    .  , 

■  ■ 

s-s 

It  . 

0  '4 

S4 

* 

s  ■« 

14 

o-a 

35  . 

* 

s  •» 

1«    .  . 

0  -s 

36 

8  '8 

16 

0-8 

37  . 

8*7 

17   .  . 

0-fl 

38 

■  * 

4'S 

IS  . 

1  ■! 

S»    .  • 

4-« 

19    .  . 

1  -s 

SO  . 

5  -1 

SO 

I  'S 

This  table  may  also  be  used  when  the  broken  wires  of  a  close  cir- 
oumpolar  are  to  be  reduced.  Compute  the  correction  for  each  wire  by 
the  ordinary  formula,  and  add  to  it  the  number  from  this  table  corre- 
sponding to  the  inteiTal,  before  applying  the  oorreeticn  to  the  obeem- 
tion  of  the  wire. 

As  the  stars  jMie  pass  the  wires  in  a  contrary  directum,  the 
numbegrs  iat  reducing  eadh  star  to  the  mean  wire  must  be  taken  from 

the  table  corresponding  to  the  reversed  position  of  the  instrument,  or, 
what  comes  to  the  same  thing,  they  must  be  reckoned  backward  with 
changed  signs  from  the  table  which  belongs  to  the  existing  position. 
When  the  interval  between  tiie  m€«i  wire  and  the  other  wires  is  well 
established,  the  collimation  error  must  be  referred  to  the  meun  wire 
after  it  has  been  measured  for  the  middle  wire.  There  is  a  way  of 
measuring  tiie  ooUimation,  when  the  distance  of  each  wire  from  the 
mean  is  well  determined,  which  is  very  useful  in  the  absence  of  a 
meridian  or  collimating  mark.  Polaris  or  t  Ursas  Minoris,  or  any 
slow-moving  star,  is  observed  over  the  first  four  wires  (the  inclinaticu 
error  having  been  previously  measured) ;  the  instrument  is  then  re- 
versed and  the  star  is  observed  over  the  remaining  three  wires,  and  the 
itutUnation  again  measured.  Tba  first  set  of  observations  is  reduced  to 
the  mean  wire  by  1^  known  Intervals  at  the  horizontal  position  of  the 
axis.  The  second  set  is  similarly  reduced  to  the  mean  wire,  at  the 
horizontal  position.  The  difference  between  the  two  results,  if  the 
t's  have  not  been  ^tered  by  lifting  the  instrument  and  setting  it  down 
again,  is  the  sum  of  the  collimation  in  two  positions ;  and  when  this  is 
divided  by  twice  the  secant  of  the  star's  declination,  the  result  is  the 
collimation  error  required.  If  the  invots  are  i>erfectly  equal,  the 
levelling  may  be  omitted  except  as  a  precaution  against  altering  the  t's. 
When  the  time  is  wanted  with  great  nicety,  it  ia  convenient  to  observe 
a  series  of  stars  before  reveraing  upon  Polaris  or  S  Urste  Minoris,  and 
a  second  series  after.  If  the  pole  star  has  been  properly  observed  and 
reduced,  and  tiie  collimation  rightly  deteimined,  the  two  series  will 
give  nearly  the  same  dock-error,  and  be  a  check  on  each  other.  The 
instrument  must  always  be  need  in  reversed  positions,  for  determining 
tiie  time,  when  this  is  practicable. 

There  is  a  curious  anomaly  sometimes  found  in  transit  observations, 
namely,  that  two  practised  observers  will  make  a  notable  and  constant 
difference  in  observing  the  exact  moment  at  which  a  star  passes  a  wire. 
Maskelyne  first  noticed  this  dngularity  in  his  assistant  Kinnebrodc, 
who  observed  a  star  0"7  later  thui  the  Astronomer  RoyaL  Beasel  and 
Argelander  have  a  still  larger  diftrence ;  and  we  found,  on  deter- 
mining the  longitude  of  BruxeUes  ohronometrically,  that  M.  Quetele^ 
the  director  of  that  observatory,  noted  a  transit  about  0*'8  earlier  tium 
Mr.  Henry,  one  of  the  transit  observers  at  Greenwich  :  so  that  if  the 
tame  at  eadi  place  had  been  simply  taken  from  their  observations 
without  any  allowance,  the  longitude  would  have  been  erroneous  on 
tiiat  account  alone  0"8,  which  might  have  been  either  way.  This 
shows  how  insecure  all  nice  dironoinotrical  longitudes  are,  unless  the 
same  observer  detenmnes  the  time  at  both  esMB  of  the  arc,  or  unless 
the  relative  pertonal  eqnatUM  of  the  observers  at  each  end  is  carefully 
detennined.  [EquAHON,  Peesomal.]  It  would  be  advisable  pei^ 
haps,  where  tiie  result  is  very  important  and  the  distance  conaiderablo, 
to  reverse  ^e  observers,  as  it  seems  that  fatigue  will,  in  some  cases  at 
least,  cause  a  variation  in  the  personal  equation,  and  that  two  obattwa 
may  begin  a  night  with  one  differMioe  and  end  with  another. 

If  It  were  not  for  this  latter  drcumstance,  it  would  perhaps  ha 
possible  to  train  observers  to  observe  alike,  by  exhibiting  the  same 
phenomena  of  sound  and  sight  (the  relation  between  which  might  be 
established  mechanically)  to  a  class,  and  habituating  them,  like  an 
orchestra,  to  keep  tiie  same  time;  and  such  a  [aece  of  mechanism 
would  be  easily  made,  though  there  would  be  a  difficulty  in  getting 
obeerrers  to  submit  to  the  driu.  We  have  found  the  following  prao- 
tioe  a  good  exerdee  for  making  the  eye  and  ear  work  together.  The 
pointa  of  a  dodE,  with  dead-beat  soapement,  springs  forward  simul- 
taneously with  the  sound  of  the  beat.   When  there  is  a  good  deal  nf 
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noiM,  maA  ttw  clock  has  a  low  beat,  it  is  found  neeeisary  to  have  a 
■eeood  clock  called  a  joumeTinan,  which  atrikea  loudly  and  ipeaka  aa 
it  were  for  the  tnaait  olook.  The  observer  makes  them  beat  jnttj 
nearly  together,  aod  then  listudog  at  Qi6  principal  olook  and  noting 
the  dilftrence,  he  uther  pushes  forward  or  delays  the  pendulum  of  Uie 
jouxiMiyinan  to  make  the  ooinoideaoe  perfect,  and  wis  oug^t  to  be 
ctmtinued  until  he  cannot  Hi«tJngi"nh  between  the  two  beats  when 
standing  close  to  the  traosit  do^  X<et  a  person  try  to  make  this 
cdncidence  by  loiJemff  at  the  tnuint  dock  and  luteniftg  to  the  journey- 
man, and  if  he  can,  or  can  very  nearly  do  this,  it  is  evident  that  he 
□otea  an  appearance  at  the  time  it  happens.  Perfaqw  by  tzying  the 
same  tbin^  when  fatigued,  he  might  detect  a  change  in  his  paroeptions, 
for  Ute  comcidence  of  sounds,  as  judged  of  when  equalised  py  standing 
near  the  weaker  source,  is  one  in  which  a  tolerable  ear  can  scarcely  b« 
more  than  0*'01  or  0M)2  out  at  farthest 

The  poation  of  the  htnizcmtal  am  has  been  all  altmg  supposed  to  be 
measored  by  the  level,  and  this  is  oertainly  the  most  reedy  method. 
But  the  level  may  happen  to  be  broken,  or,  unless  it  comes  from  a  vwjr 
CMef  ul  maker,  it  may  be  sluggish,  or  unequally  divided.  The  beautif  m 
levels  which  accompany  Ertd^  instruments,  which  are  covered  at  the 
aids  with  parchment  and  filled  with  ether,  are  very  liable  to  leak,  as 
we  know  by  experience.  In  such  a  difficulty,  our  celebrated  surveyor 
Captain  W.  F.  Owen  raised  a  tall  pole,  ana  having  put  thereupon  a 
distinct  mark,  adjusted  his  instrument  by  moving  the  elevation  screw 
oatil  the  wire  passed  through  the  marie  seen  directly  and  by  reflexion. 
la  anotlMor  iastanoe,  when  the  lerol  wis  brbkea,  an  obwrrer  of  some 
name  wu  unable  to  aopply  its  ^aoe,  and  a  projected  sot  of  observa- 
tions &iled  in  consequence.  The  simplest  method  is  that  pursued  by 
Captain  Owen,  substituting  the  pole  star  or  other  slow-moving  star  at 
its  culmination  for  the  taU  pole.  When  the  axis  is  thus  n^rii/  cor- 
rected, which  may  eanly  be  done  when  the  star  passes  the  first  wire,  it 
is  better  to  observe  the  star  over  the  rest  of  the  wires  hsU  direct^  and 
half  hj  refieonon,  and  to  raduoe  each  sat  to  the  mean  wire.  On  draw- 
ing the  figure  it  will  be  seen  that  lay  «cnv  of  level  will  affect  the 
tnnait  of  a  star  seen  directly  one  way,  just  as  much  as  it  will  affect 
the  tnnut  of  the  same  star,  seen  by  rwexion,  the  otiur  way,  at  tfiat 
the  difference  of  the  two  transits,  after  each  set  has  been  reduced  to 
the  mean  wire,  is  twice  the  error  due  to  indination :  that  is,  the  differ- 
ence of  the  transits  in  the  two  positions  is,  when  the  star  is  above  the 

pob  m  ^<x»  i^—*!  K  i.  from  which  i  li  determined,  «nd  m»  be  need 
oos  t 

for  all  the  other  observations.  The  obsoration  will  suooeed  very  well 
wtth  any  dow-moving  star,  if  the  obseorver  has  time  to  shift  from  tme 
podtion  to  the  other  without  hnny ;  or  he  may  use  two  high  stars, 
each  observed  over  all  tho  wires,  if  tiiey  have  tiis  aame  altitude,  or  if 
he  should  happen  to  know  the  other  errors  of  his  instrument.  Indeed, 
if  he  has  no  objection  to  solve  simple  equati<ms  witii  four  unknown 
quantitiea,  he  may  proceed  exactly  as  we  have  shown  in  former 
instances,  introdnemg  another  term  witii  t  and  its  co^dent,  and 
ehauging  the  nga  for  the  observations  by  r^ezion. 

Observations  by  reflexion  of  Polaris  are  wdl  suited  for  anoAer 
purpose,  namely,  for  examining  the  value  of  the  levd  scale  by  means 
proper  to  iha  uiBtrument  itself.  Raise  the  west  end  until  the  bubble 
IS  nearly  at  the  west  end  of  the  scale,  and  by  a  mean  of  half  a  dozen 
rnadingTi,  reveidng  each  time,  ascertain  the  error  of  indination.  Now 
obasrve  FtAtris  euctly  as  we  have  before  mentioned,  or,  if  tiie  observer 
Ukfls  better,  directly  over  the  1st,  2nd,  8th,  and  7th  wires,  and  by 
reflexion  over  the  Sra,  4tii,  and  fith ;  reduce  each  set  to  the  mean  wire, 
and  calculate  bv  the  formula  already  given  the  true  inclination  of  the 
axis.  On  a  following  night  repeat  the  operation,  the  illuminated  end 
being  on  the  same  pier,  only  lowering  the  west  end  of  the  axis  until 
the  bobUe  is  nearly  at  the  east  end  of  the  scale,  and  get  as  before  two 
values  for  the  indmation,  one  from  the  scale,  and  anotiier  by  observa- 
tioiL  Take  a  mean,  and  you  will  have  the  tirue  value  of  the  parts  of 
the  scale.  If  the  result  varies  much  in  the  two  experiments,  it  shows 
either  that  the  curvature  of  the  levd  is  unequal,  or  that  one  pivot  is 
thicker  tiian  the  other.  This  may  be  aacertamed  by  the  level  alone, 
as  we  have  shown  above,  or  would  be  indicated  by  a  difference  between 
the  direct  and  reflected  observations  when  the  axis  is  horizontal  by  the 
levd,  or  by  eomjparing  the  incUnation  obtained  from  reflexion  in  the 
manner  mt  pointed  out,  in  reversed  positions  of  the  instrument, 
supposing  the  r's  not  to  change  during  the  e^>eriment.  Thus  if  the 
indmation  be  determined  by  observing  Polaris  over  the  flret  half  of 
the  wires  direcUy  and  the  second  hdf  by  reflexion,  a  value  of  the 
inclination  will  be  found.  Reverse  the  instrument,  and  make  the  same 
observations  upon  another  dow-moving  star,  and  you  will  have  a 
second  value  of  the  indination,  which  snould  agree  with  the  former  if 
the|Hvots  are  equal;  half  the  difference,  if  it  exists,  is  the  difference  in 
the  radii  of  the  pivots.  The  levd  however  affords  a  mudi  eader,  and, 
we  believe,  better  measure  of  inequality ;  but  it  will  not  show  if  the 
pivots  be  elliptic,  which  the  observations  by  reflnxion  would  do  if 
stars  at  different  altitudes  were  obeerved  If  the  two  tests  agree,  it  ib 
a  reason  for  believing  that  the  pivots  are  round  within  the  limits  of 
these  very  searching  experiments.  But  as  we  believe  these  observations 
luve  never  yet  been  made,  it  would  be  useless  tu  expatiate  further 
upon  their  poosible  advantages.  The  late  astronomer  royal,  Mr,  Pond, 
tested  the  tomait  at  Greenwich  by  observing  a  set  of  atats  direcUy  and 
•  second  set  by  reflexion  after  the  axis  had  been  moat  carefully 
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levelled,  and  found  that  on  reversing  his  sets  on  a  subsequent  ni^b  he 
got  the  same  mean  intervd,  as  he  ought.  Professor  Woodhouse 
examined  his  levd  scde  by  observing  Polaris  over  half  the  wires  witit 
one  end  hi^  aud  the  otiier  hslf  with  the  other  end  hig^  This  is  Ins 
sensitive  than  the  method  we  have  pofaitMi  oo^  but  will  do  for  its 
pur^toss  vei7  well,  if  the  instrumeot  is  ■«i«*«f^  toad  verified  by  * 
meridian  mark  between  the  first  and  second  set  of  observations,  other- 
wise we  should  be  afraid  a  change  in  admuth  might  be  caused  by 
turning  the  elevating  screw,  in  sp&  of  all  the  oare  of  the  artist  to 
prevent  it. 

An  ey»-pieoe  hss  been  introduced  into  use  within  the  last  few  yean, 
which,  by  illuminating  the  wires  in  a  partaoulsr  manner,  enaUai  the 
obeerver,  looking  downwards  into  a  basin  <A  vmnmj,  to  see  at  the 
same  time  the  wires  and  thdr  reflected  image  ;  if  ^ese  be  made  to 
ooindde,  the  telescope  is  vertiad,and  therefore  the  axis  horirontaL  If 
the  micrometer  wire  be  used  to  measure  the  interval,  the  result  will 
be  found  to  be  twice  the  indinatitni. 

The  tzmndt  may  be  levelled,  as  it  was  in  older  times,  by  a  plumb- 
line,  which,  hanging  from  a  frame  placed  close  to  tlxe  instilment  and 
in  front  of  it,  is  i^e  to  pass  over  two  dots,  plaoed  at  the  eye  and 
object  end  of  the  tdeaoope.  This  is  an  aoeurate  but  intoUombly  trouble- 
some method.  In  Qroombridge's  drde,  ^roughton  used  a  [uumb-Iine 
in  a  tube  at  rig^t  angles  to  the  axis  and  to  tiie  tdeaoope  for  the  same 
object.  The  images  of  the  oppodte  dots  at  top  and  bottom  were 
thrown  on  the  line  by  Lenses,  and  viewed  through  miorosoopes,  in  the 
way  in  which  he  dwaji  applied  the  plumb>UiM.  We  do  not  know 
whether  Mr.  Groombridge  adjusted  the  horimntal  a^  by  means  <k 
this  plumb-line  or  no,  but  the  artist  himself  sdd  that  he  introduced 
the  tube  prindi»lly  to  make  the  axis  equally  weak  dl  round,  flmiigg 
that  it  was  TH^ously  so  much  stronger  in  one  direction  than  another 
as  to  g^ve  him  tix)uble  in  dividing  it  Finally,  the  axis  may  be 
adjusted,  or  the  inclination  measured  micrometricolly,  l^  means  of  a 
vertical  odHmsitor,  which  is  convenient  enough,  but,  so  nr  aa  our  own 
experience  goe^  rather  onoertain  in  its  indicatitms,  and  much  Inferior 
in  both  n^eett  to  a  good  levd.  ▲  really  good  levd  carefuUy  and 
frequently  applied  will  show  the  position  of  the  transit  axis  to  about 
V'i  or  0"'8,  or  the  inclinatfam  owrection  to  0*'O2,  and  this  is  a  imaUer 

auontity  than  a  eouddanUa  number  of  oaralal  ohaervitimi  will 
liow. 

From  what  we  have  already  add,  it  is  evident  that  where  exact  time 
is  wanted,  the  odlimation,  inclination,  and  deviation  fMsttm  are  per* 
petuaU^  required.  The  eolUmati<m  faotw  is  merely  a  table  of  secuits 
of  dedmati<m,  and  m»  be  taken  frtHn  any  table  of  naturd  secants. 
The  inoUnaticn  and  deviation  footcmi  diould  be  computed  fw  each 
observatory  to  every  lO'  of  dedioation,  and  be  tabulated  for  constant 
use.  For  the  stars  often  obssrved,  we  find  it  most  convenient  to  have 
a  catal^^iae  in  which  the  log  Moants  of  dedination,  tiM  natnrsl  ssosnts 
and  tangents  of  declination,  end  the  fitctors  fw*  irwlbiatiui  and  dsvistioo, 
are  entned  in  paralld  oolumua  with  the  [nvper  signs.  The  asbronomer 
royd  employs  a  sliding-rule  for  these  and  dmilu:  computations.  In 
oompatmg  this  taUe  for  a  given  latitude,  the  fonnohe  will  be  advan- 
tagaoudy  tnuifomied  thai 


IncUnatioQ  factor 
Deviation  factor  < 


oos  (0 — 8) 
oogg  '  =  OOB ♦+  KB t tan «! 


ain(^g) 
oos  9 


sin  f  —  008^  taaS: 


BO  that  having  the  natural  sine  and  cosine  of  latitude,  and  also  tiie 
log  dne  and  ooeine,  the  computation  reduces  itself  to  adding  the  log 
tan.  declhiation  to  these  last  The  necessary  tables  may  be  computed 
in  a  few  hours  aa  far  as  is  advisable ;  for  near  the  pole  the  change  of 
dedinaU<ni  has  so  large  an  effect,  that  it  is  necessary  to  use  the  exuA 
dedination. 

Great  service  would  be  done  to  amateur  practicsl  astronomers  by  a 
judidous  set  of  printed  forms,  in  which  to  enter  and  reduce  tiidr 
observations;  and  by  a  set  of  tables  sufllcient  for  these  small  com- 
putations, and  not  containing  anything  further.  This  can  only  be 
obtained  by  repeated  attempts,  and  after  all  most  observers  would 
TOob^bly  prefer  a  modification  of  some  form,  to  adopting  it  impllcitiy. 
We  have  trted  to  noduce  something  in  this  way  on  which  a  better 
attempt  may  be  founded.  The  as&onomer  ro^  published  a  por- 
tion of  the  forms  used  at  Greenwich  in  the  volume  of  the  Observa- 
tions for  1840,  and  we  venture  to  recommend  his  practice  to  other 
observers,  in  cvder  that  their  less  able  brethren  may  profit  by  their 
superior  skill  and  experi«)oe. 

While  he  was  em;^oyed  in  the  Royal  Observatory  of  Paris,  Romer 
[Mvposed  a  method  of  datscminin^  the  equinox  by  observing  the  ad- 
muth of  the  sun  at  rising  and  setUog  near  the  time  of  the  equinox, 
which  method  he  illusbated  by  an  example.  <'  Bods  Astronomioe,'  p. 
107.)  He  thus  got  rid  of  the  effects  of  pardlax  and  rcfnction,  and 
deduced  an  accurate  dedination  of  the  sun  without  on  exact  knowledge 
of  the  latitude.  The  method  is  a  very  good  one,  though  undoubtedly 
inferior  to  that  proposed  and  executed  by  Flamsteed.  Many  years 
after,  RSmer,  on.erscting  a  small  observatory  in  his  own  country, 
placed  a  transit  east  and  west,  that  is,  in  the  prime  verticd.  Almost 
all  his  papers  were  destroyed  by  a  great  fire  at  Copenhagen,  and  it 
does  not  eeem  by  Horrebow's  account  that  any  use  was  miida  of  tlus 
prime  verticd  trandt   He  intended  probably  to  observe  the  sun  in 
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the  prime  vertical  for  the  parpose  already  explaioed ;  but  as  he  had 
now  a  meri<Haii  tranut  drole,  with  which  he  could  measure  dedhutiotu 
with  gnat  accuncy,  he  seetOB  not  to  have  followed  np  tbli  idea. 
BesMl,  In  the '  A«trtaionil«ihe  Ifachriohten,*  toL  iL  p,  9,  Bhowed  tliat 
tiie  transits  of  stars  over  the  prime  rertlcal  near  the  zenith  mlgfit  be 
etnplo red  for  detenoiiiing  dlfl^nces  of  latitude  with  great  accurat^ ; 
and  BUMS  that  time  sereral  obsemtories  abroad  have  had  translta 
erected  in  tliia  position.  We  shall  here  briefly  show  how  terrestrial 
latltudeB  and  di^rencea  of  latitude  nuly  be  determined  by  a  tratant  in 
ibo  prime  vertioal. 

Let  p  be  the  pole,  2  the  seoith,  mtir  the  prime  tertleal,  whloi  is 
also  the  line  deeerib^  in  the  heavens  by  tlie  transit,  knd.  bub'  part  of 
the  daify  patalld  of  a  atsr  which  parses  south  of  the  senith  and  near 
to  it  Than  if  the  Ume  at  wfaidi  toe  star  la  on  the  wire  at  a  and  1/  be 
noted,  the  sDj^  BFR'  Ib  the  dUlteetaM  td  &ote  tttnw,  md  therefort 
kaown. 


In  the  right-angled  triangle  2  fa, 

tanFz  =  taiiPB  xeossrs; 
er,  cotan  f  =  cotni  S  x  tm  4  time  elq^aed. 

It  then  the  debUnaUon  of  the  star  1b  known,  tbe  htttade  ia  found ; 
or  if  the  same  atar  be  obeerved  at  two  placee,  the  diflbrence  of 
latitude  may  be  found  with  only  an  approxUnate  knowledge  of  its 
place. 

Agaiiii  if  the  same  star  be  obWrred  regularly  at  the  same  place,  as 
tan  dediiiation  =  tan  latitude  x  cos  {  time  elapsed,  and  as  the  time 
elapsed  can  be  observed  with  the  greatest  nicetnr,  the  variotioru  of 
dedination  can  also  be  measured  wltii  great  [occislon.  Thus  the  con- 
otontfl  of  aberratitm  mA  notaifoQ  nay  be  determined  by  a  traoiut 
in  the  prime  vertical  instead  of  a  zenith  sector;  but  the  advan- 
tage ^peon  to  ue  questionable.  The  telescope  in  a  zenith  sector 
may  he  of  almost  any  siee,  wiiich  gives  it  an  immense  advantage  over 
the  traiUit.  The  level  may  be  applied  just  aa  well  to  one  instru- 
ment as  the  other  {the  pluml)-line  much  better  to  the  zenith  sector;) 
and  though  the  diviaion  by  time  in  the  transit  is  more  perfect  tiian 
division  by  arc  in  the  sector,  the  telescopes  being  of  the  same  power,  it 
is  certain  tliat  the  division  is  not  tlie  failing  put  of  the  sector.  An 
error  in  the  form  of  the  pivota  would  be  injurious  to  the  transit, 
and  is  not  readily  to  be  detected :  but  of  littie  oossequence  in  the 
lectOT,  and  eaidt^  detected.  It  must,  however,  be  admitted,  in  re- 
turning from  thu  digreouon,  tluit  the  sepith  sector  hai  not  quite 
equalled  the  expectationa  wh^  mi{^t  jia  formed  ol  it;  and  that 
tile  modem  transit,  as  it  comee  from  tlM  best  maken^  is  an  almost 
perfect  instrument. 

In  determining  the  latitude  by  the  portable  transit,  it  is  essy  to 
place  the  instrument  with  sufficwnt  accuracy,  for  tiie  error  must  be 
connderable  to  affect  the  remit  vary  sensibly.  An  objeot-glaaa  may  be 
inaarted  in  one  pivot,  and  wirea  and  an  eye-piece  into  the  other,  and 
tiie  telescope  be  directed  upon  a  mai-k  placed  in  the  meridian  by  the 
inabument  used  in  the  ordinary  way.  Tliis  would  posdbly  suit  most 
observers  best.  Ertd  of  Munich  (and  many  other  continental  artists) 
makes  an  aatrtmomical  theodoleb,  which  is  particularly  adapted  to  this 
observation:  the  divided  horizontal  circle  enables  you  to  aet  the 
taudt  axis  In  the  prime  vertical;  and  aa  the  teleeoupe  has  a  raiam  at 
the  centre  of  the  axis,  to  reflect  the  rays  down  the  traodt  axH  itedt 
the  observer  looks  horizontally  wherever  the  stars  may  be.  It  m^  be 
necessary  to  warn  iho  unpractised  observer  that  ia  this  problem  he 
only  gets  the  exact  latitude  at  once  if  the  telescope  passes  throng  the 
Kcmth,  or  if  the  axis  is  truly  horizaotaL  If  the  north  end  is  hign,  for 
matonce,  E>",  the  circle  described  by  his  instrument  will  pass  6"  to  the 
south  of  the  true  zenith,  and  he  -vnll  get  by  Uie  formula  givm  above 
im  apparent  oo-latitude  too  great  by  5". 

If  the  axis  is  very  incorrectiy  placed  with  respect  to  the  Bferidlan, 
the  co-latitude  will  be  sensibly  too  MoaU.  Let  the  axis  jpoint  to  the 
cast  of  the  north ;  then  the  teteicope  desorihes  a  vertioal  mrcle  passing 
through  x'z  w,  and  Fz,  which  bisects  s  B*,  will  he  the  oo-latitode  which 
results  from  the  formula. 

If  the  true  sidereal  time  be  known  with  moderate  accuracy,  &nd 
how  much  the  middle  of  tbo  times  of  the  star's  transit  over  the 
luj^KMed  prime  vertical,  corrected  for  dock-error,  diffbra  from  the 
time  at  which  it  actually  paasee  the  »n«w<^ffn,  that  ii,  from  its  rigjLt 


ascenslou.  Tlus  difference  Is  the  z  x  Pz,  whldi  Ib  oomBqaentijbiowiti 
Xow  from  rig^t«agledtrianf^ fix 


tei  TM.  ooa.  I  M<Bian  Fi^ctan  f  s  x  ooe.  (  ekpaed  tame; 

tan  8  X  COS.  z  ra 
or,tan      coa.  j|  time  elapsed  ' 

It  Would  be  bettor  to  deduce  the  angle  z  ve,  which  is  the  same  for 
an  stars,  from  a  star  which  does  not  paaa  very  near  to  the  zenith,  as 
the  passage  is  more  easily  observed,  but  the  lengtii  of  time  which 
dapsee  betweed  the  two  passages  of  auoh  a  star  is  inoonvenldit.  If  the 
time  is  well  known,  one  such  passage  will  do. 

If  the  obanrrer  has  ai^  meeae  <tt  detennining  the  error  in  admuth 
1^  a  tefereboe  to  known  objeete  in  the  horizon,  the  ooireot  latitude 
may  be  eadly  deduoed  from  the  ^tproximate. 

BlnF't  COM,  aprooxlmate  latitude. 

Sinpi  =•  _i  ,or  eoalat 


am  fix ' 


COS.  of  ludmntbal  enxff. 


Lastly,  as  almost  all  transits  have  vertical  circles,  which  are  or  mar 
be  tolenh^  adjusted,  the  observer  may  measure  tiie  aj^mrent  zenith 
dlBtancee,  t  s  and  a  8',  pretty  neariy,  and  liaU  the  difference  gires  zz. 

Then  coa  F  f =eoB  fs  x  cos  xs,  or  sin  latttade=ain  approsdmate  btU- 

tude  X  cos  of  half  difference  in  star's  altitude  east  and  west. 

by  reveising  the  instrument,  any  error  of  collimation  or  inequality 
of  pivots  will  produce  exactly  a  contrary  efiect  on  the  latitude, 
Obaervationa,  therefore,  of  two  stars  on  the  same  day  in  revereed 
poBtions,  or  of  the  same  star  on  following  days  in  reversed  podtitm^ 
will  correct  each  other,  and  the  mean  will  give  the  true  latitude,  that 
is,  aa  nearly  aa  the  declination  of  the  star  is  knowa  We  have  dwoH 
the  loi^r  and  more  minutely  on  this  problem,  J>ecaii8e  where  great 
accuracy  is  required  with  but  moderate  means,  it  would  seem  that  thia 
is  the  beat  method  of  determining  the  latitude,  and  is,  thereforet 
especially  suited  to  coast  Burveying.  It  has  been  exteUsivdy  used  in 
the  Russian  navy,  and  by  many  travellers,  German  and  Russian. 
There  is  one  caution  which  the  users  of  this  method  must  not  dis- 
regard, and  that  ia,  that  the  position  of  the  instrument  be  so  stable  that 
no  motion  of  thdrs  while  observing  can  affect  the  horixontality  of  the 
axis.  With  this  precaution,  and  sudi  trimeits  aa  are  turned  out  of  the 
beat  workshops  here  and  abroad,  a  thirty-inch  instrument  will  give, 
we  conceive,  the  latitude  within  1*  or  2*,  mthoui  any  partionlar  skill 
on  the  part  ol  the  obaerrer. 

There  is  one  word  more  to  be  said  on  the  subject  of  pivots  before 
concluding.  By  the  mode  in  which  they  are  turned  and  finished,  tiioy 
ought  to  be  true  cylinders,  having  their  axes  in  the  same  right  line ; 
and  so,  no  doubt,  they  are,  very  nearly,  when  the  axis  is  stroi^  and  the 
pivots  are  turned  in  a  good  lathe,  using  a  diamond  for  steel  pivots. 
A  little  inequality  of  radius  we  have  shown  how  to  measure  and 
correct  for.  But  if  the  pivots  are  elUptioal,  the  fault  will  not  he 
shown  b^  the  level ;  and  its  efibct  will  oe  to  ^ve  the  instrument  a 
small  vonable  error  in  azimuth,  the  period  of  which  ia  90°.  There  are 
several  ways  of  trying  whether  the  pivots  have  a  correct  form,  but  the 
error  is  so  small  as  not  to  offer  much  hold  to  any  direct  method ;  and 
yet,  if  it  does  exist,  no  mass  of  observations  will  have  any  tendency  to 
get  rid  (rf  it  Rerorslon  gives  a  chance  of  compensating  the  error  in 
part;  and  we  think  the  plan  of  rendering  the  object  and  eye  end 
mterchangeable  Is  worth  considering  with  a  view  to  correcting  such  an 
error,  at  least  in  small  instruments. 

The  right  ascension  of  the  standard  fixed  stars,  as  they  are  pub- 
lished by  the  principal  observatories,  do  not  io  all  instances  agree  aa 
doeely  as  mignt  be  expected  from  the  mass  of  observations  and  the 
^>parent  accuracy  of  each.  Whether  this  can  be  accounted  for  by 
supposing  each  catalogue  to  have  a  small  variable  error  depending  on 
the  flexure  of  the  axis  of  the  instrument,  or  an  error  in  the  form  of 
the  pivots,  is  more  than  we  can  imdertake  to  say ;  but  it  is  a  matter 
well  worthy  of  investigation  in  the  present  state  of  practical  astro- 
nomy. 

We  have  deferred  ouraooount  of  the  Astronomical  Obgervatory  until 
the  prindpal  instruments  which  form  its  furniture  were  described. 
We  cannot  attempt  audi  a  minute  delineation  as  would  euffioe  to  guide 
any  tme  who  wished  to  erect  such  a  building.  It  will  be  enough  to 
stirte  some  of  the  piopaties  whidi  a  well-ooutrived  obeeoratoxy  dumld 
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poaaei,  and  ihia  may  help  an  iateUigent  person  to  form  *  juijgment 
after  axamining  eavem  of  those  which  exist. 

An  obaervatonr,  u  Via  well  remarked  by  Bomer,  is  nothing  more 
than  a  coreriiig  for  tiie  mbtnunentfl  and  a  protection  for  the  obserrer 
from  Uie  inclemencies  oi  the  veather,  Thia  should  be  steadily  borne 
in  mind  by  an  architect  who  is  called  upon  to  fuzniah  «  plan  for  suoh  a 
building,  eapedally  if  he  be  limited  iu  cost  The  best  sitiuition  ia  a 
gentle  emioenoe  which  oommande  an  uninterrupted  view  of  the  borifon, 
But  which  should  not  be  abrupt  or  Tery  high.  The  obaerratoiy  at 
Cambridge  is  nearly  perfect  in  t|iijB  reepecL  The  best  foundation  is 
undoubtwily  rook ;  the  foundation  must  bp  solid  enough  not  to  change 
i^idly.  Absolute  immoveability  is  not  to  be  obtained  The  supports 
of  kU  instruments  whioh  are  enrefully  w^uhad  show  dor  movements 
depending  either  on  temperature  or  mt^oref  or  some  oauaea  which 
more  obscure.  No  rule  can  be  given  as  to  the  depth  at  which  the 
foundations  of  the  piwa  sujqwrting  the  instruments  should  be  laid, 
The  deeper,  broader,  aud  nxoro  soUd  ths  better.  The  outer  earth 
should  not  touch  the  base  below  the  aui&ce,  and  the  outer  walls 
should  stand  quite  freely  from  it.  The  floor  should  be  quite  dear  of  a 
«er  or  its  imindaUona.  WitJi  these  preeautitnis  the  change  of  powtion 
intiwisstmmantBwiU  be  very  slow,  and  when  it  isfilow  aod  unifonn 
^e  effect  ie  easily  tai^  into  account.  In  aome  of  the  earlier  observa- 
twies,  the  instrumenta  are  placed  high  above  the  ground,  and  in 
■ereral  of  the  Itelian  and  some  Continental  observatories  they  are  at 
the  summits  of  lofty  towers.  We  seed  not  say  that  any  elevation 
beyond  that  which  is  reqmred  to  command  the  homon  and  keep  tiie 
building  diy  and  well  ventilaiad  ii  ininriooi.  If  distant  mendlan 
warki  aa  he  erected  to  the  IS.  and  8.  it  u  of  advantage,  but  this  oon> 
dition  ii  not  essentiah 

The  inatmmenta  which  are  required  for  an  observatory  dq>end  of 
course  upon  the  class  of  observaUons  which  are  to  he  pursued  there. 
It  has  been  too  much  the  custom  to  build  observatories  nearly  alike 
and  to  pursue  exactly  the  same  objects.  We  shall  mention  those 
instmmenta  in  order  which  may  be  considered  imp(»-tant  enough  to 
give  the  name  of  observatory  to  Uieir  enveloping  buildings. 

The  trantit  and  its  dock.  These,  on  aome  scale  or  other,  are  re- 
quired 1^  ahnost  every  observer,  as  the  tune  enters  nearly  into  every 
obeervation,  and  a  transit  is  the  best  instrument  for  getting  it,  and  a 
good  w^-fixed  clock  is  wanted  for  keeping  the  time  when  got.  In 
liriacinal  observatcoiea  the  tnnsit  is  generally  from  five  to  ton  feet 
focal  length.  We  think  the  latter  size  unnecessarily  huge  for  the 
object*  usually  observod,  and  faint  objects  which  require  light,  and 
OMiHqnently  a  telescope  of  laige  aperture,  might  be  turned  over  to 
the  large  equatorial  and  micrometer.  A  fi-foot  transit  with  an  object- 
gjaaa  of  the  beat  quality  wiU  show  everything  that  is  usually  observed, 
as  well  as  the  largest  instruotent,  and  is  much  more  manageable.  It 
can  be  levelled  by  one  peraon  with  a  hanging  level  and  reversed  by 
hand.  The  time  can  be  got  to  the  tenth  H  a  second  by  a  45-inch  or 
by  a  80-inch  transit,  if  they  are  of  the  bat  kind  »nd  well  handled,  so 
that  these  axe  suffiduit  for  the  most  dehcato  determination  of  time. 
The  larger  tnosits  are  necessarily  supported  between  two  stone  pillars, 
and  we  sbx>ngly  recommend  that  the  sm^ler  transits  should  also  be 
■0  mounted,  when  practicable,  and  on  a  sound  and  detached  founda- 
tion. The  clock  is  firmly  fixed  to  its  own  innilated  pier,  or  against  a 
■olid  wall  where  there  is  not  room  or  convenience  for  a  separate  pier. 
The  beat  situation  is  with  its  face  looking  towards  the  observer  when 
he  is  lotdiiut  south,  and  w  that  the  observing  chair  is  not  I&ely  to 
strike  it.  Tb»  windows  should  be  on  the  nortb  rids  of  the  trandb  and 
circle  roMna, 

The  Mcndtan  dreU,  which,  in  England  at  least,  is  always  ft  mural 
circle,  and,  so  far  as  we  know,  there  has  been  hitherto  no  matorial 
improvem^  in  the  plan  first  followed ,  by  its  invented,  Troughton, 
Perhaps  if  the  eirole  were  oast  in  one  pieoe,  the  wlKtle  would  be  firmer. 
The  sfandard  mia  of  the  muni  dnde  u  aiz  feet,  bat  it  has  beeo  made 
of  as^t»  of  five,  umI  of  four  feet.  The  transit  and  drde  require  two 
obeervere,  and  consequently  separate  apartments,  as  the  transit  obacrver 
while  counting  the  dock  would  be  disturbed  any  noiee.  Where  two 
oijBcrven  cannot  be  affisded,  a  troMni  ctn2e  may  be  made  to  answer 
both  purposes,  and  such  are  used,  in  preference  it  would  seem,  in  the 
Qerman,  iiussian,  and  Italian  obaervatorieB. 

Tb»  transit,  meridian  circle,  and  olook  are  the  instrumeots  <ni  which 
•zset  astronomy  is  foonded,  and  they  diibr  from  other  astronomioal 
instruments  in  the  obserratoiy  they  require.  This  should  be  for  each 
a  square  or  oblong  room,  from  14  to  20  feet  in  its  smallest  direction, 
namely,  north  to  south,  and  10  or  14  feet  high,  with  a  sht  of  from  18 
to  80  inches  wide,  cut  in  the  direction  of  Uie  meridian  through  the 
roof  and  side>i^ms,  to  about  six  inches  below  the  hei^t  of  the  centre 
ctf  the  taleaoop&  As  this  must  be  open  during  obaennitionj  it  most  be 
dosed  to  exuude  the  weather  shutten  easily  removed.  If  the 
building  is  not  very  largo,  the  vertical  sUfai  may  be  sectu^  by  a 
shutter  in  one  or  two  pieces,  and  the  top  by  one  or  more  shutters 
turning  on  a  binge,  pretty  much  hke  a  box-lid,  in  a  way  that  any  good 
carpenter  will  understand.  A  specimen  of  what  appears  to  us  a  veir 
good  fundamental  observatcoy  is  the  working  part  of  that  at  Oxford^ 
•oasisting  of  two  square  rooms  like  thoae  desoribed,  sepanted  by  a 
small  waiting-room  between  them  and  by  an  entnnoa.  The  slits  in 
laiger  rooms  may  be  dosed  by  shutters  which  slide  back  and  forwards 
bj  pulling  tiie  rc^  attached  to  them.    The  shutters,  where  the 


cmnmg  is  wide,  are  in  halves,  meeting  in  the  middle.  This  is  the 
Greenwidi  shutter :  at  Brussels  the  a&utters  are  in  one  piece.  At 
Cambridge  the  shutters  are  double,  as  at  Greenwich,  and  the  ropes 
connected  with  both  ades  are  drawn  simultaneously  and  either  way  by 
turning  »  winoh.  But  whatever  be  the  plan  of  the  shuttani,  the 
opening  must  be  wide  enough  to  let  tiie  air  within  and  without  the 
building  come  to  the  same  temperature  very  nearly.  A  telescope 
never  performs  well  opiicaUy  which  peep*  through  a  narrow  slit,  and 
the  refraction  must  always  be  nncertoui  where  the  tempet»ture  of  the 
air  varies  rapidly  and  irregularly. 

Tiie  next  instrument  is  the  equatorial,  whidi,  when  it  is  used  for 
exact  measurement  depending  upon  the  gniduated  circles,  should 
scarcely  have  a  larser  telescope  than  one  of  five  feet,  with,  cirdes  of 
from  two  to  three  leet  diuneter.  Such  an  equatorial  is  intouded  at 
times  to  supply  the  phkoe  of  the  meridian  ioBtrumente  when  the 
phenomenon  olwrved  is  not  visible  on  the  meridian,  and  yet  w^ere 
the  observations  cannot  be  confined  within  the  limits  of  the  micrometer. 
The  equatorid  is  necessarily  an  indiflerent  instrument,  except  used 
differentially ;  and  in  this  case,  Uie  inunoveabillty  of  tiie  foundation  is 
d!^  lesi  importfuice  than  the  extent  of  the  horizon.  It  is  generally 
nised  high  enough  to  overlook  the  circle  and  transit  rooms,  and  has  a 
revolving  roof  with  a  slit  on  one  side,  which  thus  gives  a  conun^nd 
over  Uie  entire  heavens.  If  an  observer  wishes  for  one  inatniment 
yhich  will  make  good  obserratlons  in  any  part  of  the  heavens,  he  must 
confine  himself  \o  the  aZtUude  and  admuth  cirde  under  a  revolving 
dome;  but  thoufi^  everyUung  may  be  done  with  this  instrument,  it 
must  be  admitted  that  itiiwith  otaunderable  eiqtense  thouf^t  and 
calculation. 

To  be  able  to  pnntue  some  of  the  most  interesting  departments  of 
modem  astronomy,  an  observer  must  possess  a  telescope  of  large  size, 
equateridly  mounted,  and  carried  by  clock-work.  This  Li  eepedolly 
designed  for  making  dl  micrometricd  observatious,  as  thoae  of  double 
stars,  diameters  of  planets,  &c.,  and  requires  a  graduated  cirde  only  for 
finding  or  identifying  objects.  Budi  an  instrument  is  the  superb 
telescope  presented  by  the  Duke  of  2forthun^>erland  to  the  Cambridge 
Observat(»y,  which  was  mounted  entirely  on  the  plan  of  the  astronomer 
royd.  Instruments  of  this  class  ore  almost  necessarily  on  tihe  ground, 
and  may  be  in  an  isolated  building,  if  a  better  horizon  can  be  thus 
commanded.  It  is  not  a  simple  thing  to  construct  a  rotatory  roof  of 
"25  or  80  feet  diameter,  light  enough  to  be  easily  moved,  and  yet  of 
suffident  strength,  since  it  must  necessarily  have  a  slit  on  one  dde 
from  top  to  bottont  The  astronomer  royal  adopted  at  Cambridge  a 
Chinese-looking  form,  namely,  a  flatter  cone  on  tiie  frustum  of  a 
sharper  cone.  There  is  a  fiattish  channd  on  the  top  of  the  circular 
wdl,  in  which  hdf  a  dozen  cannon-balls  are  laid  at  equd  distances, 
and  the  roof  reste  on  them,  with  another  channel  in  its  curb.  This 
appears  to  be  the  cheapest,  easiest,  and  most  certdn  mode  of  getting  a 
rotatory  roof,  but  there  is  a  good  ded  of  roUing.  The  conical  form  is 
of  mudi  simpler  construction  than  the  sjdieriad,  and  the  shutters  can 
be  bettor  applied  to  it ;  but  in  appearance  the  sphericd  form  has 
gt^atiy  the  advantage  any  other  form.  For  measuring  objeoto 
which  do  not  require  a  large  fidd,  the  astronomer  royd  has  applied  a 
divided  eye-piece,  which  answers  very  well.  Both  that  and  the  usud 
micrometer  are  very  limited  as  to  the  extent  of  uigle  ttiey  can 
measure ;  and  where  it  is  proposed  to  make  most  aoourate  measure- 
ments of  angles,  which  may  Extend  to  I'.the  tauptt-  instrumentis  the 
hdiometerf  or  equatorid  witii  a  divided  objectglass.  It  is  with  this 
last-mentioned  instrument  that  Beasd  suooeeded  in  sstablishing  the 
existenoe  pamllaXf  whidi  had  baffled  aBtronomsrs  evar  dnoe  the 
existence  oiE  parallsx  was  propoaed  as  ^  tsst  of  the  m^tioa  Ot  the 
earth. 

Lastly,  if  it  is  wished  to  cultivate  that  department  of  astronomy 
whidi  we  will  call  the  Sja^tehdian,  an  obeeryatoiy  must  be  furnished 
with  gigantic  reflectors,  as  it  seems  hopdess  at  present  to  expect  that 
refractors  can  be  made  huge  enough  to  transmit  suffidutt  li^it. 
These  instruments  however  must  almost  of  necessity  be  used  in  the 
open  air. 

A  private  astronomer  would  probably  do  most  to  advance  the 
science  by  confining  himself  chiefly  to  extra-meridian  obs«rvati(HiB, 
which  may  be  taken  up  and  left  on  at  pleasure.  A  small  transit  tar 
tim^  and  as  laigie  an  equatorid  teleaot^  as  he  osn  aCEbrd  to  sat  np, 
would  be  suffident  to  employ  his  leisure  veiy  profitab)^. 

An  observatory  is  a  veiy  dull  and  uninteresting  aight  to  any  one 
who  is  not  acquainted  with  the  purposes  to  which  it  is  apidied;  and 
we  can  scarcdy  concdve  how  Lalande  could  say,  or  others  repeat  after 
him,  that  a  person  would  learn  more  of  astronomy  in  one  night  in  an 
observatory  than  in  six  months  elsewhere.  We  should  say  there  was 
no  worse  schod;  and  that  a  pwson  would  leann  astomomy  far  better 
from  a  celestial  globe  and  a  fine  sky.  It  is  probable,  however,  that 
Lalande  supposed  his  learner  to  possess  some  dementary  knowledge, 
and  to  be  acquainted  with  the  geometricd  port  of  astronomy;  in 
which  case  he  would,  no  doubt,  leun  that  in  an  observatory  whidi  is 
not  to  be  learned  or  understood  elsewhere. 

There  is  no  perfect  ntodd  of  on  observatory,  as  respects  the  building, 
to  which  we  can  refer.  Ciunbridge  is,  perhaps,  the  best,  but  on  a 
hxsef  scale  than  is  nocesaaiy.  We  have  already  mentioned  Oxford ; 
Qxeenwidi  baa  nothing  to  recommend  it  as  a  building,  but  the  good- 
ness of  the  insbwuents,  and  the  number  and  methodicid  arrangraient 
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of  the  observstioDs  and  oompatetioiu  my  be  judged  of  from  the 
printed  Ob8erv»tioD& 

If  an  arohitect  ohoold  have  to  oonatruot  a  firat-nte  obaemtoty,  we 
AxaOd  adTise  lim,  after  learning  wbtA  inatrnmenta  are  to  be  aooom* 

modated,  to  study  each  of  these  obaervatorieB,  and  amuge  the  rooma 
in  the  moet  oouvenlent  nuumer.  The  best  appearance  which  the  case 
admits  of  may  be  giren  afterwards,  but  he  should  not  be  veiy  rigorous 
as  to  outnde  symmetiy.  It  is  soweely  jpos^ble  to  unite  oonvenieuce 
aa  an  obaemtoiy  wiUi  a  regular  exterior,  except  at  a  considerable 

"'{'KUTSITS  OF  HBRCORT  AND  VENUS.  The  inferior  pbnets 
as  they  are  called,  whose  orlnta  are  within  that  of  the  earth,  may  some- 
times appear  to  pass  orer  the  body  of  the  sun,  eolipaing,  hv  their 
opacity,  suocessiT'e  parts  of  tlie  solar  surface.  The  tnuiaitH  of  Hercuiy 
and  Venua  are  phenomena  of  this  kind.  Tbtj  do  not  take  place  veiy 
oftao,  as  they  can  only  be  when  the  planet  is  in  or  rery  neer  to  the 
node  of  its  orbit,  at  the  time  when  a  line  dimwn  throng  the  sun's 
osntre  and  that  node  passee  through  the  eaitii.  As  the  nodes  of  the 
planets  alter  their  poutions  on  the  ediptlo  veiy  dowly,  it  will  happen 
for  many  ceoturies  together  that  these  appearancee  can  only  take  place 
at  stated  periods  of  the  year  in  which  they  happen.  A  tran^t  of 
Mereuiy  is  always  either  in  Kay  or  November  (according  to  tiie  node 
of  tiie  mrbit  at  which  it  takes  idace),  and  one  of  Venus  in  June  or 
December.  The  flrat  trannt  of  Mwtmty  iriiich  wis  obesrred  toc^ 
place  in  16S1,  and  of  Vema  in  1689,  and  the  fdlowing  are  the  datea 
of  those  whidk  haTo  ooourred  rince,  or  will  occur  for  a  Img  time  to 
oome  :— 

TsAHnra  or  Hsbcubt. 


Not.  6,  lOSl. 
Not.  8,  16««. 
Nov.  3,  1091. 
U*7  S,  1661. 
Hot.  4,  1664. 
Hay  1674. 
Mot.  7,  IflTT. 

Not.  g,  isgo. 

Not.  3,  1697. 
Hay  6,  1707. 
Her.  6. 1710. 
KOT. «.  1729. 


Not.  10,  17  S6, 
Not.  S,  it  40. 
Nov.  4,  1746. 
Her  S.  11  i». 
Not.  6,  1796. 
Not.  9,  1769. 
Not.  a,  1776. 
Not.  13,  1781. 
Umj  S,  1786. 
Not.  S,  1769. 
Hay  7,  1799. 
Not.  8,  ie«S, 


Not.  II,  181B. 
Not.  4,  ISSS. 
Hay  S,  IMt. 
Nor.  7. 18SS. 
Hay  S,  184  ft. 
Not.  9,  1848. 
Not.  11,  1861. 
Not.  4,  1868. 
Har  6,  1B7B. 
Not.  7,  1881. 
Hay  9,  1891. 
Mot.  10,  1694. 


Of  these  the  tnmaiu  yet  to  c<nne  in  1S61, 1868, 1878>  wtU  be  vinUe 
(weather  permitting)  in  this  country. 


Dm.  4, 16S». 
JniieS,  ITOl. 
Jnna  9,  1769. 


Tbaxsits  o»  Ymtm, 

Dee.  B.  1874. 
Dec  9, 1889. 


Inae  7,  S004. 
Jdim  »,  tOlS. 


Of  these  the  traunts  of  1S83  and  2004  may  be  risible  in  this 
oountty. 

The  use  these  transits  is  threefold.  First,  they  may  be  employed 
in  cwrecUng  tiie  tables  of  the  planet  in  question ;  secxmdfy,  in  oom- 
puting  the  longitude  of  the  place  of  obserratton ;  thirdly,  in  UnMng 
the  actual  distances  of  the  planet  and  of  the  sun  from  the  earth.  The 
first  of  the  \uea  is  shared  by  the  tranaita  with  many  other  kinds  of 
obaervationa,  and  as  they  oocur  so  seldom,  it  is  fortunate  that  in  this 
respect  th^  are  bgr  no  maaoaiadinenaaUd;  and  the  same  may  be  aaid 
of  the  aeooud  use.  As  to  the  third,  the  tnuisita  of  lleroaiy,  which 
occur  with  tolenble  freqaew^,  are  oomparatiTely  useless,  from  the 
difBcult?  of  the  obsarvaticm ;  bat  the  tiansita  of  Venui  are  more  avail- 
able, and  furnish  our  most  precise  mode  of  aaoertaining  the  distaDoe  of 
the  earth  from  (he  sun. 

It  cannot  be  shown  prteiadf  to  any  but  a  mathematician,  how  it  Is 
that  the  obsetvatioD  of  ft  teaurit  of  Venus  at  seveial  difierent  phiM*  cat 
Ote  earth's  suriaoe  is  made  to  answer  the  above  purpose.  The  phe> 
nomenon  iteelf  obviously  reaemblee  an  eclipse  of  the  sun,  as  distin- 
guished from  one  of  the  moon ;  and  is  affboted  in  ilB  prepress  by  the 
rotaldoa  of  the  earth.  If  a  spectator  were  |daoed  at  the  earth's  centre, 
he  would  see  Venus  pass  over  a  certain  line  on  the  sun's  disc,  traced 
out  by  a  ukoving  line  the  end  of  whieh  ia  hi  his  own  eye,  and  irtiich 
passes  through  the  centre  of  Venus.  Whenever  tiiia  line  passes  through 
the  Bun-aaurCaocVenns  will  appear  to  be  projected  on  that  mr&ceM 
a  dark  spot  At  tii*  same  time  a  spectator  on  the  sur&oe  the  earth 
will  refer  the  spot  to  a  different  point  of  the  sun's  surboe,  and  the 
thmg  to  be  noted  ia,  that  the  difference  of  the  lines  which  Venus 
appears  to  pass  over  on  ^e  sun's  sur&oe  depends  jointly  on  the  apeo- 
tator's  place  and  the  poaitiona  trf  Venus  and  the  sun.  The  fmnula  by 
which  the  time  of  trandt  is  oooneeted  with  theae  two  thin^tha  spec- 
tator s  place,  and  Oie  podtioB  of  Venus  and  the  ann— pouita  out  tikat 
the  difference  of  the  ^^parent  beginnings  and  endings  <rf  the  transit  at 
different  places  on  the  earth's  surface  depends  entire^  oa  the  difference 
of  the  distancea  of  the  sun  and  Venue  from  the  earth  (as  is  BufBcienUy 
evident  without  the  formula ;  for  if  the  planet  were  at  the  same  dis- 
tance from  us  as  the  son,  that  ia,  if  it  rerily  passed  over  the  body  of 
the  sun,  the  phenomena  wotOd  not  be  sensibly  djfferait  at  any  two 
parts  of  the  earth).  The  distances  of  the  aun  and  planet  entn  into 
the  formula  by  means  of  their  pazillaxes  [pAiuiiAxl:  and  if  the 
dt»rence  of  the  panllazes  ia  once  known,  tbe  puallaxea  themsetvee 


are  known,  for  the  proportion  of  the  distances  of  the  earth  and  Venus 
from  the  sun  ia  suffiaently  well  aacertained  from  Kepler's  laws.  At  a 
place  of  known  longitude  it  only  the  ingress  or  ^reas  of  the  jdanet  be 
obsnred,  either  of  tile  two,  sod  if  the  pbenomen<m  can  be  calculated 
as  it  wotdd  be  seen  from  the  centra  of  uie  earth,  then  the  difference  of 
the  parallaxes  can  be  found;  but  this  supposes,  first,  that  the  longitude 
of  the  place  is  very  well  known ;  secondly,  tliat  the  errors  of  the  tables 
of  the  sun  and  Venua  are  insensibly  BmaU.  If  both  the  beginning  and 
endhig  of  the  transit  can  be  observed  at  one  place,  it  is  no  lon^  of 
any  consequenoe  that  the  lougituds  of  the  place  should  be  so  accu- 
rately known ;  an  approximate  determination  of  it  will  be  sufficient. 
Still  the  errors  of  ue  planetary  tables  remain.  But  if  both  beginning 
and  ending  of  the  banidt  can  be  observed  at  two  differmt  places  (and 
the  greater  their  difference  of  longitude  the  better),  then  the  differences 
of  we  parallaxes  can  be  computed  from  the  two  observed  durationa  of 
the  transit,  independent^  boUi  of  the  lonmtudea  of  the  places  sad  of 
the  planetary  taUea,  that  ia,  ao  as  not  to  bs  rendered  senaiUj  inaccu- 
rate by  any  modnate  inaoeuncy  in  rither.  The  bet  is,  that  when  th« 
transit  is  observed  at  one  ];^ace  only,  the  formulte  suppose  it  to  be 
known  at  some  other,  either  the  cenije  of  the  earth,  or  Greenwich  or 
some  other  observatory.  When  the  transit  is  observed  at  two  places, 
t^  second  observation  is  insoted  instead  of  the  oomputed  substitute 
for  observation,  ^ua  explains  wl^  it  was  that  expeditions  were  sent 
1^  diflbrntt  goraraments  to  diffteent  parts  ot  the  pobe  to  observe  the 
tranriti  of  1781  and  1796.  If  the  transit  should  bs  seen  both  at  its 
beginning  and  ending  at  six  different  placea,  every  pair  of  them  (and 
there  are  IS  pdrs)  would  give  a  determination  of  the  diffea«nce  of 
parallaxes,  and  the  mean  of  all  the  results  would  be  entitied  to  a  high 
deforee  of  confidence. 

Tha  first  transit  of  Heroury  that  was  ever  observed  was  seen  by 
flsssnnitl.  November  8,  1631 ;  the  first  tranmt  of  Venua  hj  Hortocks, 
Deosmbw  4, 1889.  Bailey  pointed  oat  the  use  of  such  trannfel,  and 
preparation  was  made  to  obeerre  that  of  1781.  L€^tttil  was  sent  to 
In<ua,  Chappe  to  Tobolsk,  aud  FingnS  to  tiie  island  of  KodrigueE,  by 
tiie  fVench  government ;  Haakelyne  went  to  St  Helena,  and  Mason  to 
the  Cape  of  Qood  Hope  (be  intended,  but  was  prevented,  to  go  on  to 
Sumatra),  The  weather  hindered  or  injured  mort  of  the  observations ; 
the  most  fintnnate  was  tiiBife  of  Hason,  who  made  the  son's  psrallax 
right  seconds  and  a  halL  The  transit  of  1769  was  still  better  stfeended 
to.  The  complete  duration  of  the  transit  was  observed  at  Cape  Ward- 
has,  Kola,  Cajanebuig,  0-tatti,  Fort  Prince  of  Wales  on  the  north-vrest 
ooBst  of  Hudson's  Bay,  St  Joseph,  and  Santa  Anna  in  California.  The 
ingress  of  the  planet  wax  seen  at  ^most  all  the  obserratories  of  Europe ; 
the  egress  at  Petmbutg,  Yakutsk,  Manilla,  Batavia,  Pekin,  QiuW, 
Orska,  and  Onobo^  The  value  of  the  pazallaz  was  vaiioaaly  de- 
duced, different  astronomera  preferring  different  values,  from  8'''5  to 
8**8  :  Lafdaoe  used  B'Mi  VL  Eocke  deduced  S'-STTS  from  all  the 
observations,  De  Ferrer  ('  M^m.  Astron.  Soc,'  vol.  v.,  p.  298),  from  a 
re-examinatioD  of  the  whole  observations,  deduces  8*  "68,  and  thinks 
this  caimot  be  wrong  by  so  much  as  i^ths  of  a  second. 

Most  the  obeerven  who  saw  the  ingress  of  the  planet  unite  in 
stating  that  after  tiie  plMMt  had  entered  on  the  sun,  it  oontinued  for  • 
duRt  time  to  uppeur  as  if  it  wsn  jmned  to  the  limb  or  border  of  the 
son  a  iaA  protuberance  m-  ligament  (aome  call  it  a  Uiread).  This 
phenomenon  appears  to  battf  the  same  sort  as  that  notioed  in  Sim  witii 
respect  to  the  annular  eclipse.  A  full  aooount  of  vrtiat  was  seen  vrith 
re^>ect  to  Venus  will  be  found  in  Ur.  Baily's  pi^er  there  rented  to. 
('  H^.  Artnm.  Soa/  voL  x.,  p.  1.) 

TRAKBLATIOK.  This  word  ia  used  in  mebbanios,  as  distii^idied 
fr«n  BoTATiov,  in  the  following  manner A  body  has  motion  of 
franalation  when  all  ita  points  move  in  parallel  straight  lines ;  when.  In 
&ot,  all  its  points  have  the  same  motion.  If  all  have  not  the  same 
motion,  there  is  either  simple  rotation,  that  is,  about  one  permanent 
axis;  or  rotation  about  m  wyingaxis;  or  dse  a  oompoand  of  tisna- 
lation  and  rotation. 

The  pidnt  which  is  oallsd  the  centre  gravity  of  a  system,  and 
which  is  of  no  small  importance  in  the  thecnry  of  equilibrium,  has  yet 
more  in  that  of  motion.  Hie  motion  of  any  free  system  ia  com- 
pounded of  the  translation  of  its  centre  of  gravity,  and  the  rotation 
about  an  axis  (whether  always  in  one  direction  or  not)  paaaing  through 
its  centre  of  gravity.  Now  whatever  the  foroea  may  be  by  which  such 
a  system  is  eitiier  set  in  motion,  or  acted  on  wlule  in  motion,  the 
translation  oi  its  oeato«  of  gravity  may  always  be  made  a  dirtinct 
proUem  from  the  rotation  about  its  centre  of  gravity,  by  the  following 
simple  rules : — 

1.  The  centre  of  gravi^  moves  just  as  it  would  do  if  the  whole 
system  were  there  collected,  and  all  the  forces  were  there  applied. 

2.  The  rotation  of  a  system  about  its  centre  of  gravity  ia  no  other 
than  what  it  would  be  if  that  centre  were  made  a  fixed  poin^  and  all 
the  forces  affiled  in  their  proper  places. 

Suppose,  for  instance,  a  bar  A  B,  whose  centre  of  gravity  ia  «t  0,  is 
aent  spinning  into  void  space  by  a  certain  blow  in  the  direction  D  s, 
communicated  at  D.  Let  there  be  another  similar  bar  06,  whose 
centre  of  gravity  e  moves  on  a  fixed  pivot  without  friction,  and  whidi, 
being  parallel  to  a.  B,  is  struck  at  the  same  instant  with  a  similar  blow 
in  the  direction  de.  To  find  the  position  of  the  bar  at  the  end  of 
any  givon  time,  say  thfee  asoonds,  is  a  twoftdd  proUon,  as  fcdlows  >~ 
Firat  suppose  all  the  maw  of  the  bar  oonoentrated  at  o,udle^tb« 
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blow  be  gtniiA,  vrUh  the  aame  fonw  aad  direction,  at  Uie  point  a 
Thu  pdnt  0  ^than  doNribe  »  oertMn  pmbob  OUH;      thai  in 


three  teoonds  it  l9  at  B.  Next  turn  to  the  bar  which  mores  on  a 
fixed  pivot,  and  let be  its  position  in  tiiree  seconds.  Draw  FO,  a 
poaition  (rf  the  bar  parallel  to  fg,  H  being  its  centre  of  gravity,  and  »  Q 
will  be  the  real  poeitaon  of  the  bar  at  the  rad  of  the  given  time,  three 
■econda ;  and  similarlT  f<sr  ftny  other  given  timei 

Thus  mufdi  of  tnauati(»i,  meohanioutv  considered :  we  now  wptak  of 
the  wider  use  which  the  word  has,  or  might  have,  in  geometry;  i^any 
nte  we  have  the  thing  to  oonstder,  and  perhajps  trantfertnoe  n^ffA  be 
preferable  to  translation,  as  applied  to  the  motion  of  a  figure  from  one 
part  of  qiaoa  to  another.  The  conception  of  the  poesibUil^  of  figures 
differing  tmlj  in  position,  and  compoaed  of  perfeeily  equal  and  similar 
parts  of  space,  umilarly  bounded,  is  one  iralch  is  demanded  of  the 
banner  in  geometry.  Eudid  requires  this  when  he  speaks  of  equal 
figures;  sndhis  test  of  equality,  namely,  the  posdbOit^  of  creaUnga 
perfeet  eohioldeooe,  requires  the  notion  of  one  figure  bemg  tnnsfwred 
in  any  requinte  maniwr,  whether  by  what  is  called  in  mechanics  tranit 
lation,  or  Dy  rotation,  or  both.  It  must  be  a  sort  of  copy,  or  facedmile, 
of  one  part  of  space  which  is  thus  moved  into  and  nude  to  oocuiiy 
another :  for  it  is  impoBsible  to  imagine  space' kmomi^  or  any  part  of 
space  made  to  change  place.  And  this  oopy,  or  whatever  it  may  be, 
mnst  have  rigidi^,  that  it  may  not  change  form  by  the  way :  it  must 
be  rigid  in  oor  thoughts,  at  least.  We  are  thus  required  to  imagine 
apace  endowed  witii  some  of  the  eoential  qualities  of  matter,  before 
we  can  prove  tiie  fourth  proposition  of  Euclid's  first  book :  there  must 
be  the  oonusteuce  of  matter  without  its  impenetralnlity,  but  whether 
It  require  force  and  time  to  diange  ^ace,  or  not,  is  of  no  ccmsequence. 
Kven  a  plane  figure  must  be  a  wart  of  rigid  comuateaoe  with  two  rides 
to  it,  for  it  is  necessary  to  imaj^e  it  turned  round,  so  as  to  present  a 
different  face  to  the  spectator.  In  the  fifth  proposiUoB  of  the  first 
book,  the  very  first  step  is  the  application  of  toe  fourth  proposition  to 
prove  the  equality  of  two  trianglea.  Now  the  fourth  proposition 
requires  one  triangle  to  be  placed  upcm  the  other,  which  cannot  be 
done  in  the  figure  of  the  fifth,  unless  one  of  the  trlaiu^  be  turned 
nmnd,  so  as  to  show  theotherfront  to  tite  qtectator.  IxEudid  meant, 
by  giving  the  trian^e  two  huidlee,  to  make  it  easier  to  turn,  he  has 
been  unfortunateTfor  the  proposition  has  acquired  the  name  of  tiie 
01^*  bridge,  probably  as  bring  that  which  sto]pa  a  dull  reader.  The 
foUowing  proof  is  as  cOTrect  as  that  of  EucUd,  and  it  is  not  much 
to  ma  that  those  who  do  not  understand  it  will  not  understand  the 
CDehegtvai. 


Let  ABO  beanisosoelea  triangle,  having  AB=Aa  Let  it  be  turned 
round  <for  illustratiw,  the  dotted  lines  show  the  tracks  of  the  three 
points,  and  two  intermediate  positions  are  shown)  into  the  pocdtion 
SET.  Then  in  the  two  trianglee  a B 0, D B F,  we  have  a B =D B,  for  D E 
is  Ao(=AB  by  hypotheeis)  removed.  Also  ac^df,  for  a  similar 
WBOP.  And  the  angle  BAOB  the  an^  BDV,  the  seotmd  being  on^ 
the  removal  of  the  flrsL  Hence  we  have  aB3=db,  ac=df,  and 
^BAO=  ^EDF,  and  now  by  the  fourth  propontion  it  follows  that 
/.ABO=^DBr.  But  /.DKF  is  only  anothi»  position  of  Z.ac'b; 
whence  ^abo  =  /,ac^  which  was  to  be  shown.  If  prefened, Uie 
triangle  a  b  o  might  be  turned  round  upon  itadf,  and  the  reascming 
of  tiM  fourth  propoaition  applied  at  onoe. 

It  is  not  to  be  si^posed  that  Eudid  did  not  see  the  Receding :  but 
be  Is  «  writer  who  v«y  rare^  goes  out  (d  the  most  obvious  path 


without  some  oogent  reason  oonnected  with  his  system.  The  proof 
given  above  would  not  serve  to  demonstrate  tite  equally  of  the  ex- 
ttfnal  angles  without  the  ineviouB  introduotion  of  the  propertiea  of 
adjacent  angles ;  and  it  happens  tliat  the  knowledge  cf  the  equali^  <A 
the  extenuu  angles  is  immecUately  wanted. 

TRANSLATION.  [Vebsioh.] 

TRANSMUTATION  OF  METALa  [AxoHEitT.] 

TRANSOM.  [MirtLioN,] 

TRANSFABENCT  is  that  quali^  of  certain  subetonces  or  media 
by  wbioh  rays  of  U^t  an  allowed  to  pasa  freely  through  them.  It  is 
imnbtfnl  whethw  oi^  aubetsuoe  exists  wlddt  is  perf  eotiy  transparent ; 
for  even  water  and  au-  stop  more  or  less  of  the  light  possii^  Uirou^ 
them  when  the  length  of  its  path  is  veiy  great.  It  is,  however,  exceed* 
in^y  difi&cult  in  such  oases  to  say  whether  the  observed  stoppage  be 
due  to  the  pure  lubetotioe,  or  to  foreign  bodies  present  in  proportionB 
otherwise  perhaps  inappreGiable.  On  the  oiber  hand  we  have  reason 
to  believe  that  all  bodies  poassM  the  lonperty  of  transpacaMy  in  a 
oertain  degree.  Thus  mai^^  metals  have  been  obtained  hj  meidianioal 
ot  chemical  means  in  such  a  state  of  thimwss  as  to  transmit  a  certain 
amount  of  light ;  for  example,  gtdd,  whitdi  in  the  state  of  gold-leaf 
bansmits  a  greenish  light. 

There  are  two  distinot  obstacleB  to  transparency,  one  a  defect  of 
homogenei^,  whereby  a  portion  of  the  light  in  its  onward  progress  is 
oontinually  reflected  in  another  direction,  at  the  aurbee  of  separation 
of  odjaouit  pOTtions  of  the  body  having  different  rebaelive  powers; 
the  other  the  power  which  a  very  great  number  of  sabatsDcea  possess 
of  abtorirmg  l%ht.  [Absobftion  of  Light.]  A  good  example  <^ 
the  former  is  i^orded  by  snow,  which  in  suffidmt  Sickness  prevents 
the  transmission  of  light,  but  simply  in  consequence  of  its  reflecting 
tiu  li«^t  backwards  at  the  various  snr&oes  of  the  icy  crystals ;  and 
snow  is  brilliantly  white  reflection,  whareaa  the  single 
reflection  Irom  a  sheet  of  water  or  ioe  is  oompata^ely  feeble.  Ot^r 
examples  are  afibrded  by  a'  mixture  of  water  and  oil,  or  water  and 
bisulphide  of  carbon,  shaken  up  together ;  or  better  still,  an  alcoholic 
solution  of  bisulphide  of  carbon  precipitated  by  the  addition  of  water. 
In  theee  oases  mixtures  are  obtained  wbidt,  from  the  multiplied 
reflections,  have  a  miU^  iqwearanoe,  and  in  sufficient  thickness  atop 
transmitted  JiAt,  thoi^  ue  mixed  fluids  (bisulphide  of  oarlxm  ana 
watMyaloohd  in  the  last  example)  are  separately  tmnsparait.  The 
transparency  of  white  paper  Is  greatiy  increased  bv  oiling  the  paper, 
the  reason  of  which  is  that  the  quanti^  of  light  rejected  at  the  com- 
m<Hi  Burhce  of  the  fibres  and  dl,  which  do  not  veiy  greatiy  diflTer  in 
refractive  power,  is  very  much  leas  than  that  reflected  at  the  common 
surface  of  the  fiines  and  air.  The  mineral  hydrojAiaue  derives  its  name 
from  becoming  sum  tanapaienfe  after  bdng  plaoed  in  water,  which  ia 
in  oooseqoenoa  of  fta  fanmUng  water  in  the  p(nes  with  which  it  is 
filled. 

Examples  of  the  second  obstacle  to  transparency  are  sufficientiy 
familiar,  as  may  be  gathered  from  the  article  on  A^obption.  Thus 
the  common  blue  glass  cuts  off  a  large  quantity  of  the  light  incident 
upon  it,  and  when  in  tolerable  tiiickness  may  for  most  purposes  be 
regarded  aa  opaque.  Most  emnmonly  both  obstacles  to  tranaparmey 
eust  together,  as  ia  the  case  id  wood,  cork,  biiok,  dyed  cloths,  ka. 

That  homogeneifcy  should  be  one  requisite  &r  transparency,  follows 
from  the  eziatenoe  of  refiertion  at  tike  common  surfsoe  of  media  of 
unequal  refractive  power ;  and  therdore  in  considering  the  cause  of 
tavnaparenc^  it  wiU  be  sufficient  to  oonfine  our  attention  to  homo- 
geneous media.  In  such  media  transparency  is  to  be  contrasted  with 
the  power  oi  aheorbing  light ;  the  former  in  the  absence  of  the  lattw. 
The  speculations  at  one  time  Mitntdned  req>eotihg  the  cause  <A 
absorption  on  the  suppocdtion  tiiat  light  consists  in  particles  darted 
forth  by  the  luminous  body  can  now  only  be  matter  of  history;  we 
shdl  confine  ouiselvea  to  a  conuderatim  of  the  probable^oause  of 
absorption,  on  the  supposMon  that  Hfl^t  oonrists  In  we  -tronors  of  an 
elastic  medium. 

In  the  case  of  goasous  media  especislly,  the  rate  of  absorption  of 
light  paastng  through  them  dianges,  in  many  instances,  in  a  very 
remarkable  manner  with  the  refnngibility  of  the  light.  Hwoe  the 
spectrum  of  white  light  subjected  to  prismatic  absorption  on  the  part 
of  such  media,  presuits  fluctuations  of  intensity,  simulating  more  or 
less  completdy  effects  doe  to  interference  Accordingly  attempts  have 
been  mine  to  refer  absorption  to  ordinary  interference.  Bat  such 
axjdaiudionalaboar  under  one  fatal  defect;  th^y  suppose  the  annihil» 
tim  ot  vi»  vieo.  The  effect  of  ordiaaiy  interferenoe  is  not  to 
dattvy  lif^t,  but  merely  to  alter  the  distribution  of  illumination. 
!niua,  when  the  M^t  of  a  rather  distant  candle  is  reflected  from  a  thin 
plate  of  mica  bent  into  a  cylindrical  form,  and  the  linear  image  of  the 
fliune  is  analysed  by  a  prism,  it  is  true  that  dark  bands  are  seen  which 
remind  one  of  the  bands  produced  bv  tiie  absorption  of  light  by  the 
vapour  of  Iodine,  and  were  applied  ly  tiie  Baron  von  Wrede  to  the 
explanation  of  the  latter  Tdusunnenon,  and  of  absorption  in  general. 
(Poggendorff'B  '  Anoalnn,'^  vol.  xzxiii.  (1884),  p.  86S,  and  Taylor's 
'  Scientific  Memuira,'  vol  i,  p.  477.)  But  there  Is  this  difference 
between  the  two  oases,  that  in  the  experiment  with  mica,  the  light 
which  is  defective  in  the  reflected  beam  ia  found  in  excess  in  the 
transmitted  beam,  which  would  yield  a  spectrum  having  bonds  com- 
jdementaiy  to  those  of  the  former;  whereas  in  the  case  of  absorption 
the  missing         aebiaUy  disappeata  as  fMcfl.    It  is  not  howevec 
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annQdllated;  la  offeot  U  projooad  on  the  nudium,  whetlur  it  ba  that 
the  temperature  in  tBisad,  or  that  chemiiHl  chaogM  ve  produced,  or 
that  the  medium  is  nude  to  «mtt  light  of  a  diiwept  kind,  «a  la  the 
jd^Lenomena  of  phoiphoresceoce  and  &uQTeM«ic&  [Fluobhobhob.] 
Theso  phenomena,  and  especially  perhapa  the  b*t,  indicate  that  the 
molecules  of  the  medium  are  thrown  into  a  state  of  agitation ;  and  thoB 
we  are  led  to  Buppoae  that  the  andulationa  of  the  luminiferoiM  ether 
are  qiant  in  [nwlueing  agitatjona  among  the  ultimata  molBOulat  of  the 
abaorbing  boidy,  the  consideration  of  which  therefore  must  form  an 
mauifd  port  of  a  complete  explanation  of  ahuMption.  That  tiiB  pniod 
of  the  incident  undulations  should  play  such  an  important  part  in  the 
phenomena,  may  be  illustnited  to  a  cdrtain  extent  by  otmaidOTing  the 
effect  of  a  series  of  slight  pushes,  periodically  applied  to  a  body  capable 
of  swinging  as  a  pendulum,  whwh  viH  throw  it  into  a  itata  of  oon- 
viderable  vibration,  provided  the  period  the  puahes  neariy  agraes 
iritb  that  <d  the  natural  TitKatitma  of  the  body.  U  the  eanaa  of 
absoiptioD  be  that  jiut  explained,  we  must  attribute  tranaparenoy  to 
the  existence  of  such  a  constitution  in  the  body,  that  the  ether,  or  a 
portion  of  it  at  least,  can  in  its  undulations  i^e  freely  among  the 
molecules  of  the  body,  without  throwing  them  into  a  Btate  of  sgitation. 

TRANSPIEATION,  a  term  appUed  by  Mr.  Graham  to  a  peculiar 
and  fundamental  propoty  of  the  gMeoua  form  itf  matter  in  pasnng 
through  caiHllary  tubes.  It  diflbn  from  EvvQUOK  1^  whioh  gases 
pass  throng  a  small  aperture  about  of  an  inch  in  diam^w,  into 
Bvaouam;  but  some  of  theresulto  «  transpiration  correspond  witii 
the  &0T  of  Uquids  throuj^  capillary  tubes  lefeired  to  under  Dirru- 

«01f. 

The  results  obtiuned  by  Dr.  Poiseuille,  and  oonflrmed  by  Begnaoltj 
hrere  obtained  by  sending  a  liquid  under  examinatiim  through  a 
eapillary  tube  under  the  iifluenoa  of  condensed  air  of  known  prssswire. 
.For  a  minute  account  of  these  experiments  we  must  refer  to  the 
'  Aonales  de  Chimie,*  Se  serie,  xxi. ;  an  abstract  of  them  is  also  given 
in  Professor  Mills's  '  Chemical  Fhyaica,'  where  the  i^tpaiatus  is  also 
figured.  Among  the  general  results  obtained,  it  appears  that  the  rate 
of  efflux  of  the  liquid  when  the  tube  exoeeds  a  certain  length  (which 
is  greater  as  the  diametw  increases)  incrosses  directly  as  the  nreaure, 
BO  that  by  doubling  the  pressure,  tiie  amount  of  liquid  discharged  is 
double,  we  times  being  equal  With  tubes  of  equal  Muft^Mf  the 
quantities  disch&iged  in  equal  times  are  inversely  as  the  length  of  the 
tube,  BO  that  a  tube  two  inches  long  diaoharging  100  grains  of  liquid  in 
five  minutes,  a  similar  tube  four  inches  long  would  disduu-ge  only  50 
grains  in  the  same  time.  In  tubes  of  equal  lengths  but  of  different 
diameters,  the  flow  is  as  the  fourth  power  of  the  diameters,  so  that 
the  flow  from  a  tube  Hth  of  an  Inch  in  diameter  would  be  16  times 
aa  great  as  from  a  tube  ^jgth  of  an  inch  in  diameter,  or  *s  1* :  a*.  The 
piaterial  of  the  tube  does  not  ai^Msr  to  inflnenoe  the  result ;  but  the 
nature  of  the  liquid  does  so  greatly.  In  most  cases  the  dow  of  saline 
solutiona  was  found  to  be  slower  than  that  of  distilled  water :  the 
alksliea  produced  this  efibot  Certain  subetancea  appeared  to  exert  no 
influence^  auch  as  nitnte  of  silver,  corrosive  sublimate,  iodide  of 
sodium,  iodide  of  iron,  nitric,  hydriodio,  bromic,  and  hydro-br(mue 
acids.  The  presence  of  some  other  subdwioes  inoresaad  the  n{^^ 
of  the  flow,  auch  as  hydro-sulphuric  acid  and  hydnHiyanio  add ;  the 
nitrates  of  potash  and  ammonia,  the  chhmdes  of  potassium  and 
ammonium ;  the  iodide,  Iwomide,  and  cyanide  of  potassium.  A  dtght 
increase  in  temperature  genoally  augments  tlie  flow;  water  at  118° 
«K»ping  ^  times  quicker  throu^  the  same  tube  than  it  did  at  41". 
But  it  Is  remarkable  that  concentrated  atdutatou  of  iodide  of  potassHmi 
above  liO°  Fahr.,  and  of  nitrate  of  potash  above  104'  flow  more  slowly 
than  disUlled  water.  In  gcmsral,  noiram,  the  sduttone  eontatned 
only  1  per  cent,  of  the  substeooss;  and  they  were  exposed  to  a 
pressure  equal  to  that  of  a  column  of  watw  1  mMn  (89-37  inches) 
high,  at  the  tonperatore  of  62*-16,  and  escaped  through  a  tube  84 
millimetres  (2-S18  inches)  in  length,  and  0*24940  milUmetres  (0*0108 
inch,  in  diameter.  No  connection  has  been  traced  between  the  rate  ot 
efflux  of  the  liquid  and  its  denst^r,  c^tUaril?  or  fluidity.  The  dilu- 
tion of  alcohol  retards  its  efflux,  up  to  a  ootun  point,  beyond  whioh  it 
increases  it,  the  minimum  efflux  oomapraiding  with  that  mixture  of 
alcohol  and  water  which  is  attended  with  the  maximum  contnction. 
The  solubility  of  a  substance  in  water  exerts  only  a  secondary  influence 
on  the  efflux.  Dr.  Poiseuille  bae  shown  that  vuioua  aoludons  intro- 
duced Into  the  blood  of  a  living  animal  ^^larrathr  produce  eflbcts  of 
acceleration  or  retardation  on  the  capillsfy  oireumoa  oonssponding 
with  those  noticed  with  the  same  liquids  in  glaes  oapillaiy  tubes. 

Substituting  gasea  for  liquids,  it  appears  that  the  rate  ot  efflux,  or 
the  velocity  of  transpiratiou  for  each  gas,  is  independent  of  its'  rate  of 
diffusicoL  In  Graham's  experiments  on  this  subject,  Fldl.  Tnns.' 
1846  and  1848)  the  gas  wss  contained  in  a  graduated  jar,  standing  over 
water,  and  suwended  80  that  the  water  on  the  inside  should  be  kept  on 
the  ssme  level  as  that  on  the  outside.  On  allowing  the  jar  to  aink,  the 
gfM  was  expelled  by  a  flexible  tube  into  a  bent  tube  oontaioing  efaloride 
calinum,  and  being  thus  dried,  it  passed  through  a  long  c^illary 
tube,  and  thus  entered  the  exhausted  receiver  of  an  air  pump,  which 
was  either  kept  exhausted,  or  the  amotmt  of  exliaustion  waa  noted 
means  of  the  g^uge,  the  quantity  ot  gas  that'  entered  the  resaiver 
w  a  given  time  being  carefully  noted. 

^y  empbymg  a  certain  length  of  tube  faureawig  with  the  diameter, 
vol  the  same  for  all  g»ss^  ft  ajvaan  tbrt  the  nte  cl  tau^ntifla 


increases  directly  ss  the  pressure,  so  that  equsl  volumes  of  air  at 

difilsreid  denidtdes  reqnire  times  inversely  proportioned  to  the  densities  : 
— 4hu8  a  pint  of  air  double  the  densi^  of  the  atmosphere  will  pass 
through  we  capillary  tube  into  vacuum  in  half  the  time  required  for 
a  pint  of  air  of  ordinary  density.  With  tubes  of  equal  bore  the 
Tolume  transpired  in  equal  times  is  inversely  as  the  length  of  the  tube ; 
thus,  if  30  cubic  inches  of  gas  were  transpired  through  a  tube  10  feet 
long  in  5  minutes,  a  similsr  tube  SO  feet  long  would  only  allow  the 
passage  of  16  cubic  inches  In  the  same  time.  It  was  also  found  that 
the  tnins[»ia<»on  of  equal  volumes  becomes  slower  as  the  temperature 
rises.  Uniform  results  were  also  obtained,  whether  the  tubes  were  of 
copper  or  of  glass,  or  a  porous  xaass  of  stucco  were  employed.  Trans- 
pixal^on  was  found  to  vary  with  the  chemical  nature  of  the  gasea.  The 
velocities  of  transinration  of  diflerent  ^ses  bore  a  constant  relation  to 
each  other,  independoit^  of  their  densities  snd  it  was  tbouriit 
probable  that  tiie  rate  of  tranwration  is  tiie  resultant  of  a  kindtrf 
elasticity  depending  on  the  al»(Mute  quanta^  of  heat,  latent  aa  well  as 
sensible,  which  diflerent  gases  contain  under  the  same  volume,  so  that 
transpiration  seems  to  be  intimately  connected  with  Uie  qtedfio  heat 
of  gaaea. 

Oxygen  has  apparently  the  slowest  rate  of  banspiration,  and  is  taken 
aa  the  nnit  in  the  following  table.  It  is  found  that  n  mixture  of 
equal  volumes  of  two  gsses  does  not  always  give  the  mean  transpira- 
bUity.  Thus  the  time  (or  the  transpiration  of  t^drogen  Is  much 
prolonged  by  admixture  of  oxygen,  the  rate  bslngO'9008  issteed  of  the 
mean  0*72. 
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Tnuuvlratlea. 

Oxy^ea       .            .  . 

,  I'MOD 

I'oooe 

ia074 
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.    .  0-SAlO 

l'B» 

1*9U 

1'97S 
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I'SSO 
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.    .  0>4STO 

Tapoan. 

Bromine,  about   .      ■  * 

.  1-OODO 
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.    .  1-000» 

Elaslphide  of  carbon    .  • 

.  0'S195 

Chloride  of  uethjl  .  ■ 

.    .  0-5475 

Chloride  of  ttbjl .      .  . 

.  e-4sis 

Oxide  of  mathrl 

.    .  0-4C14 

Jiydroojanie  seU       *  • 

.  O-44O0 

Jtthsr  .... 

•    .  0-44QI 

In  these  experiments  capillary  glass  tubee,  varying  from  SO  feet  to 
2  inches  in  length,  gave  similar  results,  where  a  sufGcient  resistance 
was  offered  to  the  passage  of  the  gas.  The  effusion  of  gases,  or  the 
discharge  hy  an  aperture  in  a  thin  plate,  is  dependent  in  all  gases  upon 
a  constant  lunctlou  of  their  apedfic  gravity ;  but  the  discbarge  of  the 
same  gases  from  tubes  has  no  uniform  reU>tion  to  the  density  of  the 
gases.  Both  hydrogen  and  carbonic  aeid,  far  exam|de,  fam  more 
quickly  throuj^  a  tube  than  oxygen,  although  tbe  one  is  lighter  and 
the  other  heavier  than  that  gas. 

One  of  the  capillary  tubes  used  by  Qraham  was  as  much  as  22  feet 
in  length ;  it  was  made  up  of  several  portions  of  capillary  tube  as 
nearbr  equal  in  bore  as  could  be  judged  of  by  the  eye,  cemented  together 
by  the  olcw-inpe  so  as  to  form  a  continuous  length,  but  bmt  up  into 
coils  for  the  convenience  of  using.  Its  extremities  were  connected 
with  blo<i-tin  tubes,  proceeding  from  the  drying-tube  and  air-pump 
jar  by  means  of  thick  caoutchouc  adopters.  This  long  capillary  tube 
allowed  one  cubic  inch  of  air  to  pass  into  a  vacuum  in  lfi'64  seconds; 
two  inches  of  the  tube  held  2-66  grains  ot  merouiy,  which  glvea  A 
dumber  of  0-0222  inch,  or  /jth  of  an  inch. 

It  waa  found  possible  to  form  a  catallaiy  tube  of  eopper  ot  less  dia- 
meter than  one  of  g^ass,  by  the  following  means : — a  cylindrical  hole 
was  first  drilled  in  the  axis  of  a  solid  copper  rod,  four  or  five  inches 
long,  wfaicfa  rod  was  then  extended  by  passing  it  through  a  wire  draw- 
plate.  An  iron  wire,  or  triplet,  was  placed  within  the  copper  tube,  and 
drawn  through  the  plate  at  the  same  time,  in  order  to  keep  the  surface 
of  the  copper  tube  smooth  and  uniform.   It  was  found  neoeesaiy  to 

EH  out  the  inm  wire  evny  time  the  copper  was  drawn,  to  prevent  its 
sonung  fixed.  The  iron  wire  was  then  extended  seperatdy,  and 
again  inboduoed  Into  the  copper  tube,  and  the  operati<Hi  of  drawing 
out  was  repeated.  In  this  way  the  copper  tube  was  extended  11  feet 
8  inches,  and  it  remained  perfectly  sound  and  air-tight.  One  cubic 
inch  of  air  passed  through  it  into  a  vacuum  in  22-12  seconds.  Its 
diameter  was  thus  found  ; — Of  tiie  iron  wire  on  which  the  copper  was 
last  drawn,  92-7  indue  weighed  18-80  grams,  or  one  insh  weij^ed 
0-1974  grahH.  Tddng  tbe  speciflo  gnuri^  of  Iron  at  7*7,  this  gim  tkm 
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dlamoter  ol  th«  oopper  tabe  0*0114  incit,  or  ^th  of  an  liu^  In  tidng 
tluB  tube  lor  tnnirairalioo  a^erimeuti^  It  ma  ooOed  tip  tllto  drdee 
about  10  Inches  in  maawto*. 

Hr.  Graham's  ezparimeote.  wbidh  are  exceedingly  nomerouB,  are 
very  neat  and  predw  in  uiair  results :  the  experimento  ot  i)r. 
FoiseuiUe  have  auo  an  equal  oooBtancy  and  precieloQ  of  result  in  th6 
pa— ge  of  liquids  through  cainUaiT  tubes  which  is  quite  remarkable. 
To  take,  for  example,  a  few  of  Mr.  Oraham's  resulte :  the  tranqnntaon 
nloei^  of  hydrogen  b  ezaotiy  donble  that  of  nltrogeB,  liUtou^  Urn 
niMtoik  in  dansHy  to  a>  1  : 14,  The  tnuumratioo  of  oarbonlo  oxide, 
like  the  ip.  gr.,  is  also  identical  with  that  of  nitiogen.  The  txan8|sia< 
tkn  Tdooit7  of  oxygen  is  related  to  that  of  nit^igsa  in  the  inverw 
ratio  of  the  densities  of  these  gases,  that  is,  as  14  : 16.  In  equal  times, 
and  with  equal  weights  (not  equal  volumes)  of  these  two  gases,  the 
more  heavr  gas  was  more  slow)^  ttaiiB|nred  in  proportion  to  its  greater 
dan^ty.  Mixtures  of  tnygen  and  nHnwen  have  tihe  mean  velocify  of 
these  two  gases,  and  henoe  the  time  of  ^  is  also  found  to  be  propor- 
tional  to  its  densi^  when  compared  to  the  time  of  oxygtm.  uideed, 
the  velocdty  of  different  gases  tlmjugh  oapillaiy  tubes,  bears  a  oonatant 
relation  to  each  other.  The  constancy  of  these  relations,  or  of  the 
toaospirstion  times,  has  been  observed  for  several  of  the  gases  for  tube 
raoistanoes,  vaiying  in  amount  from  1  to  1000.  These  relations  are 
more  simi^  in  thdr  expression  than  the  densities  of  the  gases.  It  is, 
indeed,  very  nmarkable  to  find  tba  relocd^  of  hj^ogen  to  be  exactly 
double  that  of  nitrogen  and  carbonic  oxide ;  tiie  T^)oity  of  nitrogea 
and  oxygen  to  be  inversely  as  the  specifio  gravi^  of  Uiese  gaaas  [  the 
vdooity  of  binoxide  of  nitrt^en  to  be  the  same  as  nitrogea  and  carbonio 
oxide ;  the  velodty  o{  carbonic  acid  and  nitrous  oxide  to  be  equal  uid 
directly  proportional  to  their  specifio  gnvitiee  when  compared  with 
oxygen.  In  like  mamMr,  it  la  found  that  the  velocity  of  pToto«arbu- 
ratted  hydrogen  is  0-8,  l^drogan  bedng  i=  1,  the  velocity  of  chlorine  ii 
14  that  of  oxygen,  of  bromine  vapour  and  mlphuric  acid  vapour  the 
same  as  oxj^en,  while  that  of  euur  vapour  is  the  same  as  hydrogwi. 
Olefiant  gas,  ammonia,  and  cyanogen  are  equals  or  nearly  equal,  m 
velocity  which  approaches  closely  to  double  that  of  oxygen.  Hydro* 
aulphurio  acdd  gas  and  the  vapour  of  bi-aulphide  of  oamsn  have  an 
equal  transpiration  time.  The  compounds  of  methyl  have  a  less  velo* 
city  than  the  corresponding  oompounds  of  ethyl,  but  are  connected  by 
a  certain  constant  relation. 

Anumg  the  general  results  obtained  by  Ur,  Graham  are  the  fol- 
lowing : — 2.  T^  the  resistance  of  oapilhoy  tubes  of  uniform  bore  to 
the  paeaage  of  any  gas  is  directly  proportional  to  tiie  length  of  the  tube. 
3.  That  tne  velodty  of  the  passage  of  equal  voliunea  of  air  of  the  satne 
temperature,  but  of  different  densities  or  elasticities,  is  directly  propor- 
tional 4.  That  rarefaction  by  heat  has  a  precisely  equal  eSect  in 
diminishing  the  velocity  of  the  transpiration  of  equal  volumes  of  air, 
as  the  loss  of  denuty  and  elastidtnr  by  diminislwd  pressure  has.  6. 
That  a  greater  reaistaaoe  in  the  capiUary  tube  is  required  to  bring  out 
the  third  result,  or  law  of  densities,  than  is  apparently  necessary  for 
the  fint  or  sfecond  result,  and  a  resistance  stdll  further  increased,  and 
the  higheet  of  all,  to  bring  out  the  fourth  result,  or  the  law  of  tempera- 
tures. 6.  That  tianspiratifm  is  promoted  ,by  density,  whether  due  to 
comprenon,  to  oold,  or  to  the  addition  of  an  element  in  omnbiuation, 
as  the  vdooifer  of  oxygen  is  fncreaeed  "bf  oomUning  wiUi  oarbon,  with- 
out change  of  volume  in  carbonio  add. 

With  teepect  to  the  influence  of  transiuration  on  the  distribution  of 
ooal-gas  hj  means  of  pipes^  the  results  are  similar  With  tmly  dastio 
gases  whether  the  tubes  be  capilluy  or  many  inches  in  diameter,  pro. 
Tided  the  length  iA  the  tube  be  not  less  than  4000  times  its  dismeter. 
The  malt  pn^inlKTe  pressure  applied  to  ooal-gas  h  flmnirable  to 
tranqniatian  as  well  aa  the  great  length  of  the  mains.  Hie  velocity  of 
coal^u  should  be  1*675,  air  being  1  under  the  same  pressure.  With  a 
constant  propulsive  force  in  the  gasometer,  the  flow  of  gas  should 
increase  in  volume  with  a  rise  of  the  barometer  or  with  a  nil  in  tem- 
perature directly  in  fm^xntion  to  tiie  Increase  of  its  density  from  aitiier 
9i  these  causes. 

T&^SPORTATIOK  (fnitu  and  porto),  remoral,  banishment  to 
some  fixed  piece.'  IVansportation,  as  a  pu^slmient  for  crime  in  Et^ 
land,  having  been  practically  abolished,  it  is  <mly  in  its  historical  ptunt 
of  view  that  it  will  be  here  considered.  Under  Crwkb  jjtd  Pdhibh- 
HERTS ;  Law,  Cbuiihal  ;  and  Penal  Sebvitodi,  will  be  found  the 
present  state  of  the  law  with  regard  to  the  punishmoit  ot  crime,  and 
the  nature  of  the  system  of  imprisonment. 

The  statute -of  39  Elisabeth,  a  4,  for  the  banishment  of  dai^wooi 
iDgnee  and  vagabonds,  was  virtually  oonverted  by  Jamee  L  into  an  act 
for  transportation  to  America  by  a  letter  to  the  treasurer  and  ooundl 
of  the  colony  of  Virginia,  in  the  year  I61S,  commanding  them  "to 
send  a  hundred  dissolute  persons  to  Virginia,  which  the  knight-marshal 
would  deliver  to  them  for  that  purpose."  Transportation  is  not  distinctly 
xMotitmed  in  any  Engjish  statute  j^ior  to  thestat  18  Car.  IL,  0.  S> 
whldi  ^fw  a  power  to  the  jtdgea  at  their  diecretion  either  to 
execute  or  transport  to  America  for  life  the  moas-ti«oi>en  fii  Com- 
beriand  and  Northumberland.  Until  after  the  pasidng  of  the  stat. 
4  Gea  I.,  0.  2,  continued  by  stat.  6  Geo.  L,  0.  23,  tiiis  mode  of  punish- 
ment was  not  brought  into  common  operation.  By  these  statutes 
the  courts  were  allowed  a  discretionary  power  to  order  felons  who 
were  by  law  entitled  to  benefit  of  clergy  to  be  transported  to  the 
Amerioan  plantatiouL  Transportation  to  America  under  the  sUtutea 
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of  George  I.  lasted  from  1718  till  the  commoicemait  of  the  War  of 
Independence  In  1775. 

A  piaii  for  the  establlahtnent  of  penitentiaries,  wliich  was  strongiy 
recommended  hv  Judge  Blaekstone,  Mr.  Eden  (afterwards  Lord  Auck- 
land), and  Hr.  Howard,  was  taken  into  consideration  by  parliament, 
and  the  act  10  Geo.  IlL,  c  74,  for  the  erection  of  penitentiaries,  passed. 
The  government  &iled,  however,  to  adopt  the  necessary  measures  for 
its  execution ;  and  transportation  was  resumed  hj  an  act  passed  In  the 
24th  year  of  George  IIL,  which  empowered  his  nu^ea^  m  council  to 
appoibt  to  what  place  beyobd  the  seas,  either  within  or  without  his 
m^esty's  dominions,  oBenderB  should  be  transported;  and  by  two 
orders  In  council,  dated  December  6th,  1786,  the  eastern  coast  of  Aus- 
tralia and  the  adjacent  Islands  were  fixed  upon.  In  the  montii  of  May, 
1787,  the  first  band  of  convicts  left  England,  which  in  the  ■uoceoding 
year  founded  the  colony  of  Kew  South  Wales. 

By  statute  6  Geo.  17.,  o,  84  (amended  by  the  11  Geo.  lY.,  and  1 WSL 
IV.,  c.  39)  the  crown  was  empowered  to  appoint  places  beyond  the  seas  to 
which  poiBODS  under  sentence  or  order  of  transportation  or  banishmmt 
should  oe  conveyed,  the  governor  of  the  oolcmy,  or  his  aarignee,  having 
the  property  In  the  service  of  tite  convicts.  The  crown  was  also 
empowered  to  appoint  places  of  confinement  at  home,  either  on  land  or 
on  board  Vesseu  in  the  Thames,  or  other  rivers  or  harbours,  for  the 
removal  and  confinement  of  male  oSenderi  (extended  by  the  itat 
16  ft  IT  Tict.  to  females)  under  sentence  of  death,  but  retrieved  ot 
respited,  or  under  sentence  of  transportation,  there  to  remiun  under 
order  of  the  Secretary  of  State  until  entitled  to  their  liberty,  or 
removed,  or  otherwise  dealt  with.  The  capital  punishment  for  offend- 
ers found  unduly  at  large  before  the  expiration  of  their  sentence,  was 
still  retained,  but  was  subsequently  abolished  by  the  stat.  4  ft  ff 
Will.  IT.  c.  67,  which  substituted  transportation  ftv  llfo,with  prerioui 
imprisonment  not  exceeding  four  years. 

Kew  South  Wales,  Tan  Diemen's  Land,  and  Norfolk  Island  became, 
undor  these  statutes  ahd  an  earlier  statute  of  George  IIL,  the  principal 
receptacles  for  convicts.  The  power  of  the  colonial  governors  to  remit 
sentences  was  next  restrained  by  the  stat.  3  ft  3  WilL  IT.,  c.  62,  they 
being  only  empowered  to  pardon  or  remit  labour  after  the  conviots  had 
undergone  a  certain  portion  of  their  sentence ;  but  tluB  statute  was 
repealed  by  the  6  ft  7  Vlct.  0.  7,  which  provides  that,  instead  of 
governors  of  colonies  remitting  either  absolutely  or  conditionally  the 
period  ot  tranaportatton,  the  governors  shall  recommend  fdons  to 
government  at  home  for  pardon,  and  they  are  to  be  pardoned  according 
to  the  instructions  received  thereupon,  such  pardoni  having  the  same 
eflfect  as  a  pardon  under  the  great 

Although,  as  already  stated,  the  proper^  in  the  services  of  convicts 
was  vested  in  the  otdcoiBl  governor,  a  practice  prevailed  in  those  pkcea 
to  which  ofibndera  were  transported,  of  granting  them  In  certain  cases 
permisrion  to  empltw  themselves  for  their  own  benefit  These  pw* 
jnisaons  were  usually  called  "  tickets  of  leave."  By  the  stat  6  ft  7 
Vict.  c.  7,  the  legislature,  thinkiog  it  just  that  such  convicts  ahould  be 
protected  in  their  persons  and  in  the  possession  of  such  property  as 
they  might  acquire  by  their  industry,  empowered  them  to  hold  per- 
sonal property,  aai  to  maintain  actions  in  reqieot  thereof  wliile  Uieir 
tickets  remained  unrevoked. 

The  reception  ot  convicts  having,  however*  beoome  distasteful  to  the 
colonies,  the  stat.  10  ft  11  Vict.  c.  67,  was  passed,  permitting  ofiendem 
undf)r  sentence  of  transportation  to  be  removed  to  any  prison  or  peni- 
tentiary in  Great  Britain ;  directors  of  the  principal  conriot  prisons 
bemg  appointed  afterwards  under  the  stat  13  ft  14  Vict.  0.  39.  The 
difficulty  attending  the  reception  by  the  colonies  of  transported  con- 
viots havxag.inoreaeed,  the  stat  16  ft  17  Vict  c  09,  next  abolished  the 
pimisbment  M  transportatlcB  for  any  term  lees  than  fourteen  years,  and 
substituted  penal  mrvitude,  giving  the  courts  power  in  all  cases  to 
awaid  that  punishment  in  lieu  of  transportation. 

liinally,  the  stat  SO  ft  21  Vict  c.  8,  abolished  transportation  alto- 
gether as  a  punishment,  substituting  F^hal  Servttudk  ;  but  convicts 
under  sentence  of  penid  servitude  may  atill  be  sent  beyond  seas  by 
order  of  the  Seciotary  of  State. 

Traoapratatiai  was  of  great  value  to  om-  early  colonists,  aa  it  sup* 
plied  what  was  so  eesential  to  their  well-being — cheap  labour.  From 
Australia  it  was  subsequently  extended  to  the  settlements  of  the  Cape 
of  Good  H<^,  to  Bmnuda,  and  Gibraltar,  but  the  last  two  were  (and 
are)  more  of  the  nature  of  placea  of  penal  imprisonment  abroad ;  and 
with  reinject  to  Bermuda,  it  has  been  recenUy  (1861)  announced  by  the 
Secretary  of  the  Colonies  that  tiie  government  have  adopted  measures 
for  diminishing  the  number  of  convicts  at  Bermuda,  with  a  view  to  the 
euly  abolishing  of  transportation  to  that  colony. 

All  conriets  sent  to  Bermuda  or  Gibraltar  are  employed  by  the 
government  on  public  works  in  the  dockyards  and  fortifications.  The 
system  of  punishment  puisued  is  essentially  different  from  that  which 
has  been  in  force  in  the  Australian  penal  colonies.  The  convicts  sent 
to  Bermuda  are  k^  ^art  from  the  free  population ;  tiiey  are  shut  up 
in  hulks  by  night,  and  are  woAibA  in  gangs  by  day  under  the  superin- 
tendence of  free  overseers.  A  small  amount  ot  wages  is  paid  to  them 
for  their  labour,  a  portion  of  which  they  are  allowed  to  spend,  and  the 
remainder  forms  a  fund,  which  they  receive  on  becoming  free.  At 
the  expiration  of  their  sMitences  they  do  not  remun  in  Bermuda,  but 
ate  sent  back  at  the  ei^ense  of  tiie  government  of  this  country. 

Hr.  Bentham,  Dr.  Whately,  the  present  archbidi^  <^  Dubliik  and 
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other  writera  on  the  theory  of  puniibment,  have  oondenmed  the  genenl 
principle  of  tmuiportatioa ;  and  comparatively  little  bu  been  uiged  in 
f^^oMtion  to  their  aigumesta.  Mr.  Beotbam'a  objections  will  be  found 
in  a  chapter  on  Tranapcotatiioo,  in  his  '  Theoiy  of  Pmuihxaenta the 
ardilaalu^  of  Dublin's,  in  his  two  '  Letters  to  Kari  Qrey.*  These  ai|^- 
ments,  bnt  still  more  the  reaolatiooi  of  the  colonies  not  to  reodve  any 
more  convicts,  led  to  the  abandonment  of  the  Bystem.  The  colonists 
were  no  doubt  right  in  reusing  to  let  their  seotety  oontinue  to  be 
the  receptacle  of  the  crime  and  fxvfligacy  of  the  parent  state ;  but  it 
is  not  so  clear  from  doubt  that  in  an  early  stage  of  settlement  the 
system  of  transportation  mar  not  be  adopted  with  advantage ;  indeed 
uie  remariuble  prosperity  ta  AuatnUa,  u  not  its  very  existence  as  a 
■ettleinent,  is  owing  to  this  system.  Where  the  populati<m  is  small, 
aiul  labour  scarce,  the  crimitul  ts  removed  from  much  temptation, 
and  placed  in  the  veir  beet  position  for  retrievbg  bis  character ; 
while  tiie  settler  has  the  benefit  of  cheap  and  constuit  labour.  The 
expense,  however,  to  the  parent  state  is  urge ;  it  was  estimated  that 
in  taui^rting  to  Australia  each  convict  ooat  the  state  &21. 

TRANSPOSITION,  the  name  givea  in  Algebra  to  the  process  of 
removing  a  term  from  one  nde  of  an  equation  to  another,  changing  its 
sign.  Thus,  if  a^b  +  e,  by  transposition,  a— <;■■&.  On  this  we  have 
only  to  remark,  that  in  this  instance  the  ride  is  not  much  of  an  abbre- 
viation. If  we  say  "  transpose  e,"  instead  of  "  take  c  from  both  sides," 
so  little  is  gained,  Uiat  it  may  be  doubted  whether  it  would  not  be 
beUer  to  foUow  th«  Continental  writers  in  the  use  of  the  latter  form 
of  exfffesnon :  a  prooess  wluoh  would  have  the  adTintage  al  being  a 
pevpetual  trnal  to  reason  iustead  of  rule. 

TRANSPOSITION,  hi  Huno,  is  a  clumge  of  the  original  key  to  one 
bigho-  or  lower.  This  is  generally  performed  at  a  moment's  notice  by 
the  accompanist  to  suit  the  convenience  of  the  singer.  To  the  latter, 
tnuispoeition  is  not  attended  with  any  difficulty  :  the  change  is  little 
more  than  imaginary,  except  ao  far  as  rdatea  to  the  oompass  of  the 
Toioe,  To  the  aooompaniit  it  Is  fiw  otherwiae;  nnleaa  j^tying  from 
memory,  he  must  avign  to  all  the  notes  as  rerards  their  jdtoh  or  their 
situations  on  his  instrument,  names  wholly  dmerent  from  those  in  the 
copy  placed  before  him.  To  accomplish  this  he  tuts  to  mppo$e  a  change 
of  clef,  or  cleta,  and  thus  give  new  designations  to  ell  the  lines  and 
Bpacea.  For  instance— and  without  going  into  Uie  extreme  case  of 
Uvnsposing  from  a  score — a  pianoforte  player  is  required  to  transpose 
an  air  a  whde  tone  lower,— from  A  to  O,  Tot  ttda  purpose  he  must 
assume  a  change  in  both  defs,  Um  treble  into  the  tenor,  and  each  note 
to  be  [dayed  an  odare  higher  than  it  is  written ;  the  bass  into  the  alto, 
and  eftch  note  to  be  played  an  ootave  lower  than  it  is  written.  Examj^e 
in  A. 


Thi  Mme  as  read  by  the  perfumer,  when  tnuupoaed  to  O  :— 
8ve  higher  ■■wwwwwww.sK.^wwv 


Stb  lower 


The  difSculty  attending  this  process  is  ao  great,  tiiat  no  amateur, 
and  few  discreet  muBioian«,  unless  professed  accompaniats,  or  well 
acquainted  with  the  composition  to  be  transposed,  will  undertake  the 
tadc ;  for  to  perform  it  in  on  artist-like  manner,  at  first  sight,  requires 
a  degree  of  jnvctietd  skill  only  to  be  gained  at  tiie  expense  at  much 
time  that  might  be  employed  to  for  greater  advantage  in  studying 
thoue  higher  branches  of  the  art  in  which  the  most  expoienced  nifl 
always  find  something  to  learn.  Our  remarks,  it  will  bo  understood, 
relate  to  performers  ou  the  pianoforte  and  organ.  To  those  who  read 
from  a  single  stafiT,  and  phiy  single  notes  aalj,  as  violinists,  flutists,  Ac., 
the  task  of  trauapoeing  la  oompuatively  easy. 

To  meet  all  tne  demands  of  transposition,  a  funilior  knowledge  of 
no  leas  than  seven  clefs  is  necessary,  and  two  of  tbeae — the  mezzo- 
soprono,  and  baritone,  or  bass  clef  tm  the  &d  line  [Clef]— may  be 
said  to  have  become  obsolete. 

The  annexed  table  will  exemplify  the  use  of  olefr  in  tianspodtion. 
It  shows  how  to  transpose  a  given  key-note— A  for  instance— into  any 
other  note  of  the  aoale,  and,  consequentiy,  how  to  transpose  the  whole 
of  any  composition.  It  is  hardly  neoassary  to  odd,  that  Uie  semitonio 
scale,  OS  concerns  line  and  spacei,  is  governed  by  the  diatonic;  that 
As,  Ab,  tic,  have  the  same  places  in  the  ^iaB  as  the  natural  note* 
rcpreeented  by  the  same  bttm. 


TRANSUBSTANTIATION.  [Sacbamekts]. 
TRANSVERSAL,  a  name  lately  given  to  a  line  which  is  drawn 


across  several  others,  so  aa  to  out  tirnm  alL  The  word  b  used  In  this 
sense  in  the  writing  of  Oamot,  Poncelet,  Chasles,  Ac 

Let  there  be  a  tnang^e  a.bo  (the  reader  may  easily  draw  the  figures 
of  this  article  for  himeelf)  and  let  a  tranavenal  cut  its  three  sides 
interoaHy  in- ctctenully ;  namely,  let  a  B  oot  the  transversal  in  «,  bo  in 
<^andoA.in6.  ThflnviU  other  one  or  thraa  td  a|6,cvhfl  iniidSB 
produced,  and 

AcxBaKOfr— BexoaxAft; 

and  the  convene,  namely,  if  a,  A*  tf)ba  points  takan  on  tiM  three  lUes, 
having  either  one  or  .three  extomal,  for  which  the  above  relation  ia 
true,  then  those  three  points  are  in  the  same  sti^^t  lin«  In  the 
language  of  Euclid,  the  ratio  compounded  of  the  throe  ratios  of  a  c  to 
B  fr,  B  a  to  0  a,  and  o  i  to  a  ft,  is  the  ratio  of  a  line  to  its  equal 

This  propoaition  ia  now  freqnentiy  demonsbated  in  elementary 
woriu  on  geometry  as  follows : — From  any  one  at  the  vertioal  pointa, 
A.,B,o,dmwa  parallel  to  the  aide  of  the  triaa|^  whkdi  does  not  pass 
through  that  -pdnk;  from  €^  for  instanoe,  dnw  on  panlM  to  ab, 
cutting  the  transversal  in  H.  Then  we  have  two  pain  of  similar 
trian^es,  H  0  fi^  e  A  ft,  and  «  B  0,  s  0  H,  irideh  give 

ao : CM : : aB :Be 
OM : o& : : Atf : a6 
or  oa  :  ofr : :  AcxBa  :  AftxB«i 

iHienoe  the  prt^Kwition  required  is  obvious,  ^le  eoDTsrae  readily 
follows     Indirect  demonstration. 

Let  any  point  r  be  taken  Inmde  or  outside  of  the  triangle  abc,  and 
let  AP,  BP,  CP,  ont  BC,  CA,  AB  in  a,  i,  A  Then  either  one  or  thne  of 
Hbn  pcdnts  tma,h,e,tx9  internal. 

ACX  Baxo&^Baxo&XAc, 

which  is  proved  by  using  the  former  property  in  the  triangle  ABa 
with  the  tranireieal  ore,  and  t^e  triangle  a  a  o  with  the  transversal 
BPfi.  The  ctmverse  ia  also  easily  proved,  namely,  that  if  a,  o  be 
ao  taken  on  the  sides  vrith  one  or  three  internal  as  to  satisfy  the  above 
relation,  then  a  a,  B  &,  c  e  all  meet  in  one  point. 

The  same  proposition  as  the  first  is  true  of  any  polygon  whatso- 
ever :  thus,  let  a  b  c  d  s  be  a  pentagon,  the  eidee  of  which  are  cut 
utemally  or  internally  by  a  line,  namely,  abIq  e,  Boin<f,CDine, 
SI  inOflAin  6;  then 

A&  B&  o&xie.ia»A(;  Bd.  oe.  oa.BA. 

For  let  BDandBBmeet  the  transvensl  inmandtt :  thsothetiirse 
triani^ BDC,  BID,  BA B  are  out  by  s  transvneal,  gtving 

Bn.  D«.  odsEDn.oe.  Bd 
DM  .  Ba  .  BKsBM  .  Da  .  BIS 

■  n.  l.A.Be»Bi».B&.  Ac; 

by  multiplication  of  which  the  theorem  ft^owa. 

If  the  transversol  be  parallel  to  ntiter  of  the  sLdes,  the  two  eegments, 
which  are  then  infinite,  are  to  be  oMindered  as  e^ual,  and  removed 
from  both  sides  of  the  equation. 

In  the  article  Pbojbotion  a  test  is  given  which,  being  satisfied, 
shows  that  a  proposition  is  true  of  any  figure,  if  it  be  true  of  any  one 
of  its  projections.  This  test  is  satiafied  in  all  the  preceding  casee,  so 
that  it  is  enough  to  prove  any  one  oaae  of  tiiese  [vopositions,  that  in, 
for  any  one  projeotitm  of  the  toire.  Now  there  ia  no  case  in  which 
th«y  are  obviously  tru^  d  prion,  exorat  for  that  ttojeetlon  in  which 
the  tnuuversal  becomes  the  vuiiddnc  line,  or  all  the  segments  beoome 
infinite.  If  we  put  the  first  propori^  of  all  in  this  fona 

AC  B«  OJ^j 

a6'  Be*  CO  * 

it  ia  obviously  true  when  the  line  aA  c  Is  at  an  infinite  distanoe,  each 
of  the  ratios  being  thai  unity.  It  would  not  be  safe,  upon  the  proof 
given  iu  the  article  dted,  to  allow  this  extreme  case  of  projeoUon  to 
enter  into  tiie  thewem :  nevertheless,  other  proof  might  be  given, 
which  would  make  this  very  simple  and  peroeptiUe  instance,  tiie 
truth  of  which  is  seen  at  onoe,  somcient  evidence  of  all  the  others. 
We  mention  this  only  to  show  tiie  very  great  power  of  the  geometry 
of  projections :  our  limits  do  not  allow  of  our  entering  f  urtho*  into  the 
subject. 

The  theory  ai  transversals  may  be  mode  useful  in  surveying,  par- 
ticulariy  in  military  surveying :  as  sn  instanoe  take  the  following. 
There  is  an  inacoeesible  point  A,  from  which  to  B  it  is  required  to  find 
the  distance  without  any  instrumenia  except  signal-poles  and  a 
measuring-line.  At  B  set  up  a  signal,  and  another,  c,  at  a  convenient 
distance  between  b  and  a.  Choose  another  signal-point,  D,  and 
between  d  and  b  set  up  a  signal  at  e,  and  another  at  F,  between  D  and 
0,  and  also  between  B  and  a.  All  this  must  be  done  by  trial.  Then 
measure  db,  bb,  or,po,  and  Bo.  The  triangle D BO,  out  by  tlie  tuani- 
t«m1  mr  A,  giires  the  following  relation : — 

DB.BA . OV»BB. OA . FO 
or  DB.  OF  .  BA=BS  .  FD  {BA— BO) 
BB . FD . BC 


whence  bas=  eb.  fd— db  .  of 
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The  projection  of  flgnrM  may  tlirow  them  !nto  moh  difibrent  forma 
that  IbtM  which,  in  Euclid's  mode  of  spealdDK,  would  be  otUed  udea, 
become  diAgonels,  and  vice  vend.  The  diswtotion  of  diagonal  and 
aide  therefore  becomea  an  incumbranoe,  and  a  new  mode  of  viewing 
polygons  ja  introduced,  of  which  we  shall  now  give  an  instance.  A 
figure  coDtained  by  four  etnight  lines  is,  generally  speaking,  one  which 
has  six  points :  since  four  strai^t  lines  meet  two  and  two  in  six 
punts;  thus,  the  four-aided  figurexr  BOhaa  the  six  points  b,  r,B,o,  d,a. 
If  all  these  points  be  joined  two  and  two.  we  have  the  additional  Unee 
BP,  c  E,  D  A,  of  which  only  the  two  Srat  are  commonly  called  diwonals : 
but  all  three  have  common  pro|)ertibB.  We  shall  prove  the  following 
1^  the  extreme  method  of  projection  already  alluded  to,  leaving  the 


reader  to  Terify  it  by  Uie  theory  of  tiannreraals :  saoh  of  tli»  diagonals 
is  hamiomoally  divided  hf  the  other  two;  that  ia. 


AH :hd ; : AV : KD 
00 : OB : : ov : KK 
BO : OF : : BX : M T 

To  show  the  first :  project  the  figure  so  that  v  B  shall  be  the 
vanishing  line.  Then  dec  a  will  be  projected  into  a  paraUotognun, 
and  H<}intoa  nrallel  to  DEand  Ao  paauig  throof^  the  intersection 
of  the  diagonals:  omuequently,  in  the  projection,  aksMD,  and  we 
have,  also  in  the  projeowm,  * 

AM    py  . 

HD*  KA 

for  DK  and  x  a  are  both  infinite,  and  D  it^ka  is  unify.  TSaw  by  the 
test  in  Projkctton,  wliioh  is  here  satisfied,  this  propoeHdon  must  1>e 
always  true,  whence  in  oiir  figure  we  have  Aii;ifD::Air:HD. 
Rimil&rly  the  other  proportions  may  be  proved. 

Hore  theu  is  the  easieat  way  of  divicUng  a  line  in  harmonic  propor- 
tion. Let  A  D  be  given,  and  ii  :  it  is  required  to  complete  the 
harmonic  division  by  flndhig  it.  Take  any  point,  B,  and  draw  d  B,  H  d, 
A  B.  Choose  any  point,  r,  in  H  B,  and  produce  d  r  and  A  P  to  o  and  e. 
Then  o  b  prodnoed  to  meet  a  d  will  give  the  point  K  required.  No 
instrument  is  wanted,  except  the  ruler  and  pendl,  and  it  is  a  good 
exercise  in  drawing  to  find  out  by  repeated  th^  lei  B  be 

taken  where  it  may,  there  is  but  one  position  ot  ft.  It  is  uso  a  good 
t«Bt  of  the  straightness  of  a  ruler. 

TRANSVERSE,  a  name  often  given  to  one  of  the  azea  of  a  figure, 
usually  that  of  greatest  magnitude  or  which  goss  most  directly  across 
the  figure.  Thoa  the  longer  axis  ot  an  ellipse  or  hyperbola  ia  called 
the  ttansverw  azit:  but  Boroellmes  the  shorter  axis  is  so  called. 
Properly  speaking,  it  ou^t  to  be  only  a  term  of  relative  distlnotion  : 
either  axis  is  tiwsverse  to  the  other. 

TRAPE'ZIUM,  TRAPEZOID.  The  first  word  {TpariCioy,  a  little 
table)  is  used  by  Euclid  for,  or  at  least  defined  to  be,  any  four-sided 
figure  which  is  not  a  parallelogram.  The  second  word,  formed  from 
the  first,  has  been  used  by  various  writers,  and  ki  diffsrent  senses.  A 
trapeioid,  says  Harris  ('Lex.  Tech.')  is  a  solid  irregular  figure,  having 
four  sides  not  parallel  to  one  another :  Hutton  repeats  mis,  but  says 
it  sometimes  means  a  toapecium,  two  (only)  of  whose  sides  are  parallel 
to  each  other.  What  the  toltd  figure  with  four  tidea  means  we  do  not 
know :  but  as  the  word  is  never  used,  we  omit  all  inquiry  about  it. 
Words  however  are  so  Bcaroe  in  mathematical  loogiiago,  mat  it  is  a 
pity  when  any  become  obsolete.  If  we  were  to  suggeet  meanings  for 
these  terms,  we  should  propose  that  trapaitttn  should  be  the  general 
word  for  n^aM  four-sided  figures,  paraUelograma  and  all ;  and  that 
trapevrid  should  denote  a  four-added  figure  whose  sides  ore  not  in  the 
same  plane.  FeihapB  this  is  what  was  intended  by  tiia  tolid  figure  of 
lour  mm :  if  ao,  it  was  partioularly  nnneoessary  to  state  that  the 
aides  are  not  paralleL 

TRAVERSE,  in  Law,  is  a  contradiction  of  some  matter  of  fact 
alleged  in  pleading  by  the  opposite  party.  Oenerally  all  matter  of  fact, 
that  is  material,  ought  to  be  either  confessed  and  avoided,  or  traveraed ; 
and  if  a  party  justifies  an  act  as  to  one  particular  time  and  place,  or 
ctmfesseii  and  aT<Hds  in  one  respect,  he  ought  to  traverse  it  as  to  all 
other.  Otherwise  what  is  materially  alleged  will  be  taken  to  be 
admitted.  Travetse  of  an  immaterial  fsotj  or  of  a  mere  suppoffitiw, 
or  of  indnoemanty  is  bad,  for  it  is  not  sn  answer  to  the  aotiou.   If  a 

ABTB  AND  BCL  JUT.  TOI.  TUL 


traverse  is  tendered  aa  to  a  material  point  by  one  party,  the  other 
must  anjept  it ;  he  cannot  waive  it  and  tender  anotiier  traverse. 

In  criminal  Reading  traverse  of  on  indictment  is  the  taking  issue 
and  denying  some  material  point  in  it.  Hot  guUty  is  a  general 
traverse,  which  throws  on  the  prosecutor  the  neoessity  of  proving  all 
the  material  &ctB. 

TRAVERSE  SAILINQ.   [Rboeokikos  at  Sea.] 

TRAVERSE  TABLE.  In  narigsiion  two  tables  bear  this  name; 
the  one  is  the  list  of  ooutses,  distsnoes,  northings,  southings,  eastings, 
and  westings,  in  which  they  are  arranged  for  the  oonvenience  of 
addition,  so  that  difference  of  latitude  and  departure  may  be  readily 
deduced  in  dead  reckoning,  when  a  ship  cannot  lay  her  course,  but  sails 
in  various  directions,  or  upon  a  traverse  as  it  is  called.  [Rrckokhtob 
AT  Sea.]  That  whioh  is  more  propm-Iy  called  a  Traverse  TMe,  is 
one  from^  whioh  the  various  northings,  southings,  Ao.  as  above  are 
gathered. 

The  following  figure  will  explain  its  prinoiples : — 
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Suppose  a  ship  at  a  suls  S.  80*  W.,  a  dwtuiee  of  2S1  miles;  aocord< 
ing  to  the  usual  mode  of  oonstmotion,  the  side  o  b  would  represent  Uie 
meridian  of  the  ship^  and,  therefore,  the  distance  c  b  woudd  be  tlie 
diff^renoe  of  Is^tnw;  while  a  B  would  be  the  departure  faum  that 
meridian,  and  a  0  the  distance  suled,  the  ang^e  c  being  the  course  80% 
as  mark^  It  will  be  seen  that  only  four  ports  enter  into  considera- 
tion, because  the  angle  a  is  known  (as  the  complement)  wh«i  o  is 
known,  and  the  Z  B  is  a  right  angle ;  any  two  of  these  four  parts 
being  known,  the  others  may  be  found  by  trigonometry.  But  to  save 
the  ta>uble  of  logarithmic  oaloulatioD  (whidi  such  involves),  a  laigs  j 
number  of  tiriit-angled  triangles  have  been  purposely  computed,  and 
varied  according  to  the  magnitude  of  tiie  course  or  Z  c :  being 
arranged  in  columns  headed  by  the  amount  of  such  angles :  the  above 
exam[de  would  appesr  in  the  table  thus  among  the  distances  : — 


DM. 

231 


CoiuieSO'. 
DIff.  Let. 
2001 


Dep. 
llfiS 


Comparing  this  with  the  figure,  the  nattire  of  the  t&ble  will  be  evident, 
aa  each  line  repreaente  three  puts  of  a  triangle,  as  taken  in  counection 
with  whatever  Z.  o  heads  the  list  or  page.  . 

The  artisan  and  engineer  would  be  greatly  benefited  if  these  tables 
were  more  in  use.  As  it  is,  they  are  too  gmerally  coiuidered  aa  adapted 
to  navigation  principally,  and  the  terms  used  &vour  this  misapprehen- 
sion. If,  however,  such  tables  were  published  with  the  substitution 
of  zo  for  "course;"  perpendieiUar  for  "difTerenoe  of  latitude,"  and 
bate  for  "  departure,"  the  difllculty  would  be  at  once  removed.  Such 
tables  supersede  calculation  of  rigntaii^ed  triwiglas  entirely,  so  far  as 
application  to  praotioe  dmnanda.  How  far  the  facility  ^ne  offered 
would  tend  towards  a  superficial  standard  of  mental  attainment  ia 
another  oonsidemtion :  but  soeh  are  the  oapatnlitiee  at  the  traverse 
table. 

TRAVERSES,  in  Fortification,  are  usually  masses  of  earth  which 
are  raised  at  intervals  across  the  terreplein  of  a  rampart  or  across  the 
covered-way  of  a  fortress :  thrir  positions  in  the  covered  way  are  indi< 
cated  at  C,  t,  Ao.  [FobtitioaTIOK.]  On  a  rampart  tiiey  serve  to  pro- 
tect the  guns  and  men  against  the  effects  of  a  ticocheting  or  enfilading 
fire,  which  might  otherwise  diunouot  the  former,  and  compel  the  latter 
to  abandon  the  parapet ;  and  in  the  covered-way,  besideB  serving  for 
sunilar  purposes,  they  constitute  retrenchments  behiod  which  the  ds- 
fenden  may  keep  up  an  aoncnring  fire  of  musketry  upon  the  enemy, 
should  the  latter  att«npt  to,  force  his  way  along  tAe  branches  of  that 
work.  On  this  account  they  are  provided  with  bauquettes,  or  steps, 
on  which  Uie  defenders  may  stand  to  fire  over  them.  Sutdi  a  work, 
when  formed  in  a  direction  parallel  to  a  rampart  or  parapet,  on  its 
interior  side,  for  the  purpose  of  securing  the  defenders  against  a  fire 
from  the  ground  in  tiieir  rear,  is  called  a  parados. 

Palisades  are  planted  along  the  banquettes,  in  order  to  prevent  the 
asiiilsnts  from  suddenly  passing  over  the  traveiseB ;  and  atthepasnge 
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between  each  traverse  and  the  interior  Bide  of  the  gUcls,  is  a  etrong 
g&ta,  or  burier,  which  is  closed  in  the  event  of  the  defenders  being 
oU^ed  to  retire  from  one  traverse  to  the  next,  or  to  abandon  tiie 
covwed-way  entirely. 

Ab,  at  the  time  of  an  assault  being  made  at  the  salient  part  of  a 
covered-way,  \he  defenders  might  be  bayoneted  in  attempting  to  reUre 
along  the  poseages  between  the  traverses  and  the  ^acis  (those  paanages 
being  then  commanded  by  the  enemy),  it  has  been  recommended  to 
form  otiier  passages  about  four  feet  wide  between  the  opposite  eztre- 
mitiea  of  the  travraws  and  the  top  of  the  counterscarp ;  and,  in  order 
tlut  the  retreat  may  be  effected  without  mnlflataUcA,  a  line  of  palisades 
is  plantfNl  &om  each  traverse  to  the  next  along  tiie  middle  of  the 
covered-wayj  in  addition  to  the  line  wMch  ia  always  planted  ^ong  the 
foot  of  the  interior  slope  of  the  glacis. 

The  traverses,  like  other  parapets,  are  usually  above  eighteen  feet 
thick  at  the  upper  part,  in  order  that  the^  iasy  not  be  immediately 
destroyed  by  the  heavy  artiUeiy  of  the  enenqr;  but  the  French 
engineers  recommend  that  all  the  travenes  in  the  covered-way,  eicept 
those  which  are  close  to  the  re-entering  places  of  arms,  L,  L  [FoBTlFl- 
OATioir],  should  not  exceed  twelve  feet  in  thickness,  as  it  may  be  advan- 
tageous for  the  defendera  to  destroy  them  in  the  event  of  the  enemy 
endeavouring  to  protect  himself  by  uiem  during  the  operation  of  cut- 
ting a  trench  across  the  covered-way  for  iha  purpose  of  making  a 
descent  into  the  ditch  of  the  furb«m. 

TRAVESTY.  [Parody.] 

TRKACLE.   [BIoLAssra  ;  SufiATi  Culture  and  Manufacture.] 

TREASON.  This  tei-m,  iu  its  legal  signification,  id  derived  from  the 
French  Ira/iiton  ;  and  in  conformity  with  this  derivation,  the  offences 
designated  by  it  in  English  law  always  contained  the  notion  of  b«aohery, 
or  n.  breach  of  that  allegiance  supposed  to  be  due  from  an  inferior  to  a 
superior.  Thus  petit-treason  was  the  murder  of  a  husband  by  his 
wife,  or  a  master  by  his  servant,  or  a  bishop  by  bis  mibordinate  in  the 
church ;  and  high  treason  consista  in  an  attack  upon  the  sovereign 
as  the  political  head  of  the  state.  The  former  of  these  two  kinds 
of  treason  was  placed  in  another  class  of  crimes  by  the  statute  of 
9  Geo.  IV.,  c.  31,  s.  2,  which  made  petit-treason  murder  only,  and  no 
greater  offence.  The  only  crime  therefore  now  known  to  the  law  of 
England  under  th<s  tcnn  is  high  trea.son,  which,  as  it  is  composed  of 
numerous  nets  niid  ciieu  matinees,  cimstnictively  and  remotely,  as  well 
as  immcdiatily,  iifTccting  tlio  safety  of  the  persDU  of  the  Bovoi-eign, 
cannot  be  accurately  described  by  any  nimple  definition. 

In  early  periods  of  the  history  of  England,  the  law  upon  this  subject 
was  extremely  vngiie  and  uncei-tain,  in  couseqitence  of  the  great 
variety  of  acts  which  were  held  to  constitute  high  treason  as  tending 
to  diminish  the  power  or  dignify  of  the  crown :  killing  the  ktug's 
father  or  brother,  or  even  his  messenger,  refusing  to  answer  in  the 
king's  courts,  and  summoning  an  English  subject  to  appear  and  defend 
liintsclf  iu  the  court  of  a  foreign  prince,  were  deemed  to  be  acta  of 
tnason.  (3 'Inst.' 7;  Hawkins's  'Pleas  of  tho  Crown/  b.  1,  c.  17.) 
Indeed,  immediately  before  the  date  of  the  statute  of  treasons,  a  knight 
was  indicted  for  high  treason  in  "usurping  royal  power  within  the 
king's  realm,"  by  assaulting  another  on  the  highway,  taking  his  horse 
and  detaining  him  until  he  paid  90/.  (Hale's  '  Pleas  of  the  Crown,' 
vol.  i ,  p.  80.)  From  these  and  many  other  instances  which  are  to  he 
found  in  law  books,  it  appears  that  almost  every  act  that  could  be  in 
any  way  considered  as  a  breach  of  the  allegiance  duo  to  the  king,  or  a 
constructive  nsaumptJon  of  royal  authority,  was  deemed  to  be  high 
treason,  as  an  "accroachment  of  royal  power."  This  arbitrary  state  of 
the  law  became  the  cause  of  intolerable  oppressions,  and  a  petition  to 
Edward  in.  from  a  parliament,  which  Mr.  Hallam  calls  "one  of  the 
beat  that  ever  sat "  {'  Constitutional  History,"  vol-  ill.,  p.  204),  occa- 
flidned  the  statute  25  Edward  nr.,  commonly  called  the  "Statute  of 
Treasons."  This  enactment  gave  for  the  first  time  an  intelligible 
deBnition  of  the  crimd  of  treason,  and,  notwithstanding  the  total 
change  of  national  habits,  still  continues,  after  the  lapse  of  five 
centuries,  to  be  the  governing  law  on  the  subject  Valuable  as  this 
law  undoubtedly  was  in  the  comparatively  rude  times  in  which  it  was 
made,  the  inadequacy  of  its  provisions  to  meet  the  complicated 
felatioua  of  a  more  refined  state  of  society  has  frequently  rendered 
supplemental  statutes  necessary,  and  has  been  the  cause  of  those 
subtle  and  forced  interpretations  of  its  simple  language,  which  have 
introduced  scarcdy  less  imcertaiiity  and  injustice  into  uds  department 
of  the  ciiminal  law  than  prevailed  before  its  enactment 

The  several  acta  and  circumstances  constituting  high  treason  by  tiie 
"Statute  of  Treasons  "are  as  follows: — 1.  Compas^ig  or  imagining 
the  death  of  the  king,  tho  queen  consort,  or  their  eldest  son  and  heir. 
2.  Violating  the  king's  companion  (by  which  is  meant  the  queen  con- 
sort), or  the  king|8  eldest  daughter  unmarried,  or  the  wife  of  the  king's 
eldcstson  and  heir.  8.  Levymg  war  against  the  king  within  his  realm, 
4.  Being  adherent  to  the  king's  enemied  in  his  realm,  giving  them  aid 
and  comfort  in  the  realm  or  elsewhere,  5.  Counterfeiting  the  king's 
groat  or  privy  seal  6.  Counterfeiting  the  king's  money,  or  knowin^y 
bringing  false  money  into  the  r^lm  counterfeit  to  the  money  of 
England,  to  merobandise  and  moke  jxiyment  withal  in  deceit  of  the 
Ung  and  his  people.  7.  Slaymg  the  chancellor,  treasurer,  or  the  king's 
]ustiCM  of  cither  bench,  justices  in  eyre,  justices  of  asBiKe,  or  any 
other  justices  assigned  to  hear  and  determine,  being  in  their  ^aoas, 
doing  their  offices.   As  BOTeral  of  the  ofi^Cfll  abore  emnnentted  an 


acts'  of  the  mind,  and  conldst  in  intention,  the  statute  declares  that 
in  such  cases  the  intention,  in  order  to  come  within  the  meaning 
of  the  law,  must  b«  manifested  hy  some  opoi  or  overt  act  done 
towards  the  accompUdiment  of  the  traitorous  Intention.  This  pro- 
vision, although  by  its  portion  in  the  statute  it  is  apparently  limited 
to  the  offence  of  adhering  to  tiie  king's  enemies,  has  been  held  to  apply 
to  all  the  treasons  before  mention^.  (Hale's  '  Pleas  of  the  Crown,' 
♦ol.  i.  p.  108.) 

The  word  "  king,"  used  in  the  first  clause  of  the  statute  descriUng 
the  oflbncb  of  composring  tiie  kiiq[*a  death,  comprehends  the  ease  of  a 
qdeen  regtiobt,  as  nie  ia  ihvested  by  the  constitution  with  full  roj-al 
authority,  and  is  entitled  to  the  allegiance  of  her  subjects.  But  the 
husband  of  the  queen  regnant  is  not  within  the  words  or  meaning  of 
the  statute.  The  precise  meaning  of  the  words  "compass"  and 
"  imagine  "  in  tiiis  clause  of  the  statute  has  been  the  subject  of  some 
discussion.  Mr.  Ludera  has  thrown  much  light  upon  their  significa- 
ti<Hi  collecting  ^e  instances  in  which  the  same  language  has  been 
used  in  writings  contemporaneous  with  the  statute;  and  althouB^ 
attempts  have  been- made  to  give  them  a  more  enlarged  significa- 
tion, it  is  clear  that  they  mean  nothing  more  than  "attempt"  and  "  con- 
trive." ('  Considerations  on  the  Law  of  High  Treason  in  the  artide  of 
Levying  War,'  p.  137.)  If  this  be  so,  the  meaning  of  this  clause  ia 
sufficiently  obvious  to  on  ordinary  reader,  and  would  be  certainly 
limited  in  his  apprehenuon  to  attempts  or  contrivances  ogunst  the 
natural  life  of  the  king.  But  by  means  of  legid  construction,  the 
words  huvo  received  a  much  wider  meaning.  Thus,  a  conspiracy  to 
imprison  or  depose  the  king,  which  by  the  statute  of  treasons  is  not 
declared  to  be  a  substantive  treason,  has  been  repeatedly  held  to  be 
high  treason  in  the  article  of  compassing  his  death,  because,  according 
to  a  saying  of  Mochiavelli,  "  There  is  but  a  short  interval  between  tiio 
prisons  ami  graves  of  princes."  Hr.  Hallam  jusUy  obeems,  tiut  "  it 
seems  not  very  reastmable  to  found  a  cental  conviction  on  this  sen- 
tentious remark."  It  appeore  indeed  formerly  to  have  been  question- 
able law,  for  Chief  Justice  Brooke,  who  compiled  his  'Abridgment  of 
the  Law'  at  the  commencement  of  the  16th  century,  expresses  a 
doubt  whether  a  des^  to  depose  tiio  king  be  within  this  clause  of 
the  statute ;  "  for,"  says  he,  "  one  may  deprive  tiie  king  of  his  crown, 
without  detigning  his  death;"  and  in  confirmation  of  his  view  of  the 
matter,  he  refero  to  the  statutes  whitii  had  been  passed  from  time  to 
time  to  remedy  this  defect  in  the  Statute  of  Treasons.  (Brooke's 
'  Abridgment,' tit. '  Treason,' fol.  it.)  And  in  fact  experience  shows 
that  the  adoption  of  this  proposition  would  frequently  lead  to  a  false 
result>  several  instanoes  of  rebellion  having  occurrod  in  English  history, 
in  which  the  designs  of  the  rebels  would  have  been  wholly  defeated  by 
tlie  death  the  Idnj^  whose  name  th^  designed  to  emplc^.  ('  Con- 
8tituti(»al  History,'  voL  iiL,  p.  208.)  NevtttiieleBs  the  doobine  that  a 
design  to  depose  is  ap  overt  act  of  compassing  the  death  of  the  king,  bos 
been  repeatedly  confirmed  by  treatises  of  the  highest  authority,  as  well 
as  by  judidol  deciraons.  (Foster's '  Discourse  on  High  Treason,'  p.  195  ; 
Howell's  '  State  Trials,'  vol  xxiv.,  p.  1361 ;  vol.  xxv.,  p.  725.)  A  still 
more  extensive  signification  has  been  given  to  these  words  of  the 
statute  by  Uie  forced  interpretation  that  a  conspiracy  to  le^  war 
woinst  the  king  and  also  consulting  with  a  foreign  enemy  to  mvade 
^e  realm,  were  overt  acts  of  treason  in  the  article  of  compassing  the 
king's  death.  (Hale's  '  Pleas  of  the  Crown,*  voL  i.,  p.  120.)  This  mode 
of  reading  the  plain  words  of  a  pen&l  statute  was  obviously  liable  to 
serious  objections  and  led  to  great  oppression  and  injustice;  "aucha 
method,"  as  Sir  M.  Hale  says,  "admitting  of  no  limits  or  bounds,  but 
running  as  far  as  the  wit  or  inventitm  of  aoousen,  and  tho  odiousneas 
and  detestation  of  persons  aecosed,  will  cany  men."  ('  Fleas  of  the 
Crown/  voL  i.,  p.  86-7.) 

The  docbine  of  constructive  treason  having  been  brought  into  pro- 
minent notice  and  much  discussed  in  the  faials  of  Hardy,  Home 
Tooke,  and  others  in  1794,  tiie  statute  S6  Oeo.  IIL,  c.  7,  was  passed 
with  a  view  of  superseding  tiie  neoessi^  of  resorting  to  any  such 
modes  of  interpretation  for  the  future.  Tbia  statute,  vniich,  although 
originally  in  foxce  only  for  the  life  of  George  IIL,  was  made  perpetual 
by  the  stat  67  Oeo.  IIL,  &  6,  enacted  that "  if  any  person  shaD, 
within  the  realm  or  without,  compass,  imagine,  invent,  devise,  or 
intend  death  or  destruction,  or  any  bodily  harm  tending  to  death  or 
destruction,  maim  or  wounding,  imprisonment,  or  restnunt  of  the  per- 
son of  the  king,  or  to  dqirive  or  dci>oee  him  from  the  style,  honour,  or 
kingly  name  of  the  imperial  crown  of  this  realm,  or  <A  any  other  of 
his  majesty's  dominions  or  eonntiies,  or  to  levy  war  against  his 
majesty  within  this  realm,  in  order  by  force  or  constraint  to  compel 
him  to  change  his  measures  or  councils,  or  in  order  to  put  any  force 
or  oonstraint  upon,  or  to  intimidate  or  overawe  both  Houses  or  either 
House  of  Parliament,  or  to  move  or  stir  any  foreigner  or  stranger  with 
force  to  invade  this  realm,  or  any  other  of  his  majesty's  dominions  or 
countries  under  the  obcdsance  of  his  mqesty ;  and  such  compassingB, 
imaginations,  inventions,  devices,  and  intentions,  or  any  of  them,  shall 
express,  utter,  or  declare,  by  publishing  any  printing  or  writing,  or  by 
any  overt  act  or  deed,  every  such  offender,  being  legally  convicted 
upon  the  oath  of  two  lawful  and  credible  witnesses,  ^lall  be  adjudged 
a  traitor,  and  suffer  as  in  cases  of  high  treason."  It  was  no  doubt 
t^e  intention  of  the  legislattire  that  Urn  statute  should  pat  an  end  to 
all  artificial  constmotions  of  the  statute  of  Edward  IIL ;  nerertheleaa 
the  practice  of  reeorting  to  tluw  forced  inteipretatiou  haa  beea  oon- 
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tinued,  and  Banotaoned  by  the  apinobation  ttf  the  judges  in  eevend 
BubsequflQt  proaecutions  for  big^  traason.  {'.  ffixtli  Report  ot  Com- 
musioners  on  Criioiiul  Law/  p.  18.) 

The  second  kind  of  treason  declared  in  the  Statute  of  TreaaooB  ia 
the  violation  of  females  of  the  royal  family,  and  was  obnously 
intended  to  presetre  the  purity  of  the  succeesion  to  the  throne.  'With 
»  view  to  this  object,  the  law  haa  been  held  to  i^ply  to  a  oriminal 
oonneotioa  by  eoMant  aa  well  aa  to  a  Ibrdbte  vidadon.  It  la  w<^hy 
of  rem&A,  u  on*  of  the  aumerouB  oirinnnrtaneaa  ohowing  the 
inapplicaUlity  ol  this  andeni  law  to  modem  timea,  that  a  queen 
regnant,  whether  mairied  or  daf^%  fa  not  within  Urn  olause  cn  the 
Btsiute. 

The  third  Bpectea  of  traaaoo  above  meutioDed  is  "levying  war 
against  the  king  in  his  realm."  It  amounts  to  treason  under  thia 
dauae  of  the  statute  to  take  anna  against  the  king,  not  only  with  the 
object  of  defAroying  him,  but  where  it  ia  intended  by  open  violence 
to  reform  religion  or  the  laws,  or  to  remove  evil  coundllon,  or  other 
grievances,  vmether  real  or  pretended.  (Hawkins's  '  Pleaa  of  the 
Crown,'  b.  L,  c.  xviL,  s.  25.)  The  plain  worda  of  this  clause  of  the 
statute  have  been  still  more  extravapantiy  extended  by  Ic^  coostruc- 
tiou  than  those  of  the  olause  relating  to  compassing  the  king's  death. 
Thus  riotous  aseemblies,  where  the  object  has  been  to  destroy  aU 

Eroperty  of  any  particular  daea,  such  aa  to  pull  down  all  meetiog- 
ousea,  or  to  destroy  all  incloaorea,  have  been  held  to  be  treason  in  ul 
who  join  Ui«n,  by  reason  of  die  generality  ot  the  design.  This 
doctrine  has,  however,  been  much  queetioned  in  recent  times ;  and  to 
the  extent  formerly  contended  for,  would  probably  not  be  counte- 
nanced by  the  judges  at  the  present  day.  (Luders, '  On  Construotave 
Treasons ; ' '  Sixth  Report  of  Commissionerfl  on  Criminal  Law.')  Indeed 
the  necessity  for  constructive  extensions  of  the  words  of  this,  clause, 
which  mig^t  have  been  planubly  argued  from  the  omission  in  the 
Statute  of  Treasons  to  notice  oonspiiaciea  or  preparations  to  levy  war 
aguitst  Uie  king,  haa  been  entirely  removed  by  the  above-menUoned 
statute  of  the  86  Qeo.  III.,  c.  7. 

The  fourth  kind  of  treason  mentioned  in  the  Statute  of  Treaaona  ia 
adherence  to  the  king's  enemies.  The  enemlee  here  mentioned  are 
foreign  powers  and  states  with  whom  the  king  of  England  is  at  war^ 
and  «lu>  owe  him  no  allegiance;  and,  therefon,  aa  idhemtoe  to 
British  nibjects  in  a  state  of  rebellion  against  the  king  will  not  con- 
stitute treason  under  this  clause,  although  it  may  amount  to  treaaon 
in  the  article  of  levying  war.  This  kind  of  treason  must,  like  com- 
passii^;  the  king's  death,  or  levying  war  against  him,  be  evidenced  by 
Home  overt  act,  such  as  treacherously  aurreadering  a  fortified  place,  or 
Bupplying  arms,  or  giving  information  to  an  enem^. 

The  Sdiix  treaaon  mentioned  in  the  statute  »  oonnterluting  the 
king'a  seals;  and  this  offence  would  now  b«  punfphable  as  forgery  only. 
Tl\e  clause  in  the  Statute  of  Treasons,  which  deoluea  the  offence  of 
oounterfdting  the  king's  coin  to  be  high  treason,  has  been  repealed  by 
the  Stat.  2  Will.  IT.,  c.  84;  and  the  crime  itself  has  been  by  theaame 
enactment  divided  into  distinct  cla8ses,aB  felonies  and  miHemeaoora, 
with  a  graduated  scale  of  punishmenta. 

The  bat  qieaiea  of  treason  above  refened  to  la  Hbo  otfenoa  ol  dayiug 
the  chancdlor  or  thn  judges,  which  still  continues  to  be  fai^  troaiBML 
part  of  the  law  ia,  however,  obviously  imperfect,  as  it  does  not 
comprehend  the  barons  of  the  exchequeor,  who  atr  the  invaent  day  are 
the  king's  superior  justices  aa  fuHy  as  the  judgea  <d  the  other  courts  of 
Westminster  HaU;  whereas  it  indudee  the  instkea  m  ffyre,  iriuiee 
ofiBce  has  long  since  be^  abolished. 

Besides  the  several  treasons  above  enumerated,  a  large  chua  of 
offences  has  been  created  by  various  Btatutes  passed  frMn  time  to  time 
in  the  reigns  of  Elizabeth  and  James  L,  with  the  avowed  object  of 
protecting  the  Protestant  religion  from  the  designs  of  Roman  Catholics. 
But  as  many  of  these  statutes  have  not  been  the  subject  of  prosecution 
for  nearly  three  centuries,  and  many  others  have  never  been  enforced 
at  all,  they  may  perha^  be  considered  aa  virtually  obsolete,  and  do 
not  require  to  be  particulariy  noticed  in  this  article.  (*  Sixth  Report 
of  Commisuoners  on  Criminal  Law,'  p.  S6.) 

With  a  view  to  diminish  the  peculiar  disadvantage  under  which  a 
person  charged  with  treason  was  supposed  to  labour  in  having  to 
defend  himself  against  a  prosecution  in  which  so  powerful  an  adversary 
as  the  crown  was  interested,  several  privileges  as  to  process'  evidence, 
and  trial  have  been  given  bv  statute  to  persona  bo  accused.  It  is 
dedared  1^  the  stat.  7  Will  III.,  o.  iii.,  a.  3,  that  no  penon  whatsoever 
ahall  be  indicted,  tried,  or  attunted  of  high  treason  or  <^  mi^rimrai  of 
toeaaon,  but  upon  the  oaths  ot  two  lawral  witneesee,  unless  the  party 
indicted  shall  willingly,  without  violence,  in  open  court  oonfess  the 
same.  And  by  t^e  third  section  of  the  same  statute,  it  is  declared 
that  if  two  or  more  distinct  treasons  of  divers  heads  or  kinds  shall  be 
alleged  in  one  indictment,  one  vritness  produced  to  prove  one  of  the 
treasons,  and  another  witness  to  another  <A  the  Reasons,  shall  not  be 
deemed  to  be  two  vrifaieBses  to  the  same  treason  within  the  metming  of 
the  statute.  The  some  statute  of  the  7  Will  III.,  c.  8,  also  enacted 
that  no  person  should  be  tried  for  any  treason  (except  an  attempt  to 
an^seinate  the  king)  unless  the  indictment  be  found  within  three  ^ears 
vf  ter  the  offence  committed.  Moreover,  the  prisoner  is  to  be  furnished 
with  a  copy  of  the  indictment  five  days,  aud  a  copy  of  the  panel  of 
jtiruis  two  days,  before  the  trial.  He  ia  to  have  the  same  compulsory 
process  to  enforce  the  attendance  of  bis  witnesses  as  was  at  the  time  at 


the  statute  erdtudvely  applicable  to  the  prosecutor's  witnesses ;  and  he 
ia  to  have  full  defence  by  counsel  selected  by  himself  and  expressly 
assigned  to  him  b;r^6  oourt  The  stat.  7  Anne,  c.  21,  materially 
extended  these  prinl^ea  by  directing  that  all  persons  indicted  for  h^;h 
treason,  or  misprision  thereof,  shall  have  not  only  a  copy  of  the  indict- 
ment, but  also  a  list  of  all  the  witaiesses  to  be  produced,  and  of  the 
jurors  impanelled,  vrith  their  professions  and  places  of  abode  ra- 
q>ectivefy,  delivered  to  him  toi  daya  before  the  trial,  and  in  the 
presenoe  of  two  witnesses,  the  better  to  prepare  him  to  make  his 
ohaUengee  and  defence. 

It  may  perhaps  be  doubted  whether  these  indulgences  are  founded 
upon  any  true  principles  of  criminal  jurisprudence.  If  justice  requires 
them,  they  should  be  generally  applied  to  all  crimes ;  and  at  all  events 
there  seems  to  be  no  sufficient  reason  for  giving  a  different  measure 
of  advantage  to  persons  accused  of  high  treason  ^m  that  afforded  to 
persons  accused  of  many  other  offences.  So  obvious  indeed  was  iho 
mconsiatency  of  giving  greater  privU^es  and  advantages  to  a  perstm 
charged  with  an  attempt  to  kill  the  king  than  wpre  permitt^  in  tho 
case  of  a  similar  attempt  upon  the  life  of  a  private  person,  ttiat  upon 
occasion  of  an  attack  upon  George  III.,  in  the  year  ISOO,  an  act  of 
pjsriiament  was  passed  to  remove  it.  The  statute  ^9  &  40  Geo.  III.,  c. 
98,  enacts  that  in  all  cases  of  high  treason,  in  compassing  or  imagining 
the  death  of  the  king,  and  misprision  of  such  treason,  where  the  overt 
act  alleged  shall  be  the  assaasmation  at  killing  of  the  king,  or  any 
direct  attempt  against  his  life,  or  against  hia  person,  whereby  his  life 
may  be  endangered,  or  his  person  sufier  bodily  harm,  the  offender  may 
be  indicted,  arraigned,  tried,  and  attunted,  in  the  same  manner,  and 
according  to  the  same  course  and  order  of  trial  in  every  respect,  and 
upon  the  like  evidence,  oa  if  such  person  stood  charged  with  murder ; 
and  none  of  the  provisions  eontamed  in  the  above-mentioned  acts  of 
7  Will  IIL,  a  8,  aod  7  Anne,  c.  31,  shall  extend  to  any  indiotmoit  for 
this  qwcies  of  fareason.  A  clause  in  a  subsequent  statute  (6  Geo.  IV., 
o.  £0,  s.  21)  provides  thai  the  list  of  the  jury  shall  in  all  indictments 
for  tivaaon,  or  misprision  of  treascai,  in  other  courts  than  t^e  King's 
Bench,  be  delivered  at  the  same  time  with  the  copy  of  the  indictment, 
and  ten  days  b^fim  the  wraignment ;  and  in  the  court  of  Ring's  Bench 
it  may  be  delivered  c^fttr  the  arraignment,  but  ten  days  before  the 
trisL  ^niiB  statute  does  not  extend  to  the  case  of  attempts  upon  the 
life  of  the  king  m<ntkmed  in  the  stat  89  ft  40  Geo.  III.,  c.  98.  By 
the  stat.  Sic  6  Viot,  o.  51,  the  provisions  of  the  stat  39  tc  40  Geo.  III., 
c.  98,  are  extended  to  "  all  cases  of  high  treason  in  compassing  or 
imagining  the  death  or  destruction  of  the  queen,  or  in  compassing  or 
imagining  any  bodily  harm  tending  to  the  death  or  deHtrucUon,  nmim- 
ing,  or  wounding  ot  the  queen,  and  of  misprision  of  such  trc««>n, 
when  the  overt  aet  alleged  shall  be  any  attempt  to  injure  in  any 
manner  whatsoever  the  person  of  the  queen;"  and  sach  oases  are 
expressly  excepted  from  the  operatitm  of  the  above-mentioned  statutes 
of  7  WUl.  III.,  c.  8 ;  7  Anne,  o.  21 ;  and  6  Geo.  IV.,  c.  50,  s.  21. 

The  judgment  in  Idgh  treason  is  that  the  ofiender  shall  be  drawn  on 
a  hurdle  to  tiie  place  of  executicm,  and  there  be  hanged  by  the  neck 
until  he  is  dead ;  that  afterwards  his  bead  shall  be  severed  from  his 
body;  ai^  his  body,  being  divided  Into  four  quarten,  shall  be  at  the 
disposal  of  the  crown.  This  punishment  was  substituted  by  the 
statute  64  Geo.  III.,  c  148  for  the  ancient  and  barbarous  sentence 
which  required  that  the  person  convicted  should  be  hanged,  but  taken 
down  aJive,  and  then  that  his  bowels  should  be  taken  out  and  burnt 
before  bis  fece.  By  the  2nd  section  of  stat.  5i  Qeo.  III.,  c  146, 
autiiori^  is  given  to  the  crown  by  vrarront  under  the  sign  manual, 
oountenigned  by  a  Beoretary  of  state,  to  alter  this  sentence,  and  to 
direct  thact,  instead  of  the  ignominious  part  of  it,  the  party  shall  be 
beheaded  whilst  alive. 

TREASURE-'TROyE,  in  legal  Latin  calleA  thesaurm  inventut,  is  a 
branch  of  the  revenue  of  the  crown  by  the  law  of  England.  Where 
coin,  plate,  or  precious  metals  are  found  hidden  in  the  earth  or  any 
private  {ditoe,  and  the  owner  or  person  who  deposited  them  is  un- 
known,  ttie  property  becomes  vested  in  the  king  by  virtue  of  his 
prerogative.  But  if  the  owner  is  known,  or  is  ascertained  after  the 
treasure  is  found,  the  property  belongs  to  him,  and  not  to  the  kin^. 
The  civil  law  gave  treasure  found  in  general  to  the  finder;  but  if 
found  acddentally  in  another  man's  land,  half  was  given  to  the  finder, 
and  halt  to  the  owner  of  the  land.  And  so  if  it  was  found  in  the  land 
of  the  emperor,  it  was  to  be  equally  divided  between  him  and  the 
finder,  ('hut.,' Ub.  a,  tit.  i.,  S  89 ; 'Cod.,' Ub.  x.,  tit.  15.)  Qrotius 
says  that  the  title  of  the  prince  to  treasure-trove  hod  in  modem  times 
been  so  generally  established  in  Europe  as  to  have  become  "jus  com- 
mune et  quasi  gentium  "  ('  De  Jure  Belli  et  Pacis,'  lib.  iL,  c  viii.,  §  7). 
The  law  of  England  adopts  the  definition  of  treasure-trove  from  the 
civilians  as  "  vetus  depoeitio  pecunice  cujus  dominue  ignoratur '  (Pau- 
las, lib.  xxxL,  §  1) ;  and  to  entitle  the  crown  to  the  property,  it  must 
appear  to  have  been  hidden  or  deposited  by  some  one  who  at  the  time 
had  l^e  intenti<m  of  reclaiming  it.  Whenever,  therefore,  the  intention 
to  abandon  appears  from  the  circumstances — aa  for  instance,  where  the 
property  has  been  found  in  the  sea,  or  in  a  pond  or  river,  or  even 
openly  placed  upon  the  surface  of  the  earth— it  belongs  to  the  iinder. 
In  England,  the  concealment  of  treasure-trove  fi-om  the  king  waa 
formerly  a  capital  offence;  at  the  present  day  it  I^i  a  misdemeanor 
only.  Ancient  coins  or  other  valuable  articles  found,  are  now  declared 
to  be  so  &r  tiie  property  of  the  finders  that  tttoy  m;iy  have  the  value 
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paid  to  them.  Thii  has  been  diraoted  an  order  fn  oounoil  in  aedm 
to  prevent  the  destruction  of  such  objects  for  the  mere  wlue  of  the 
material. 

TKEASURT,  a  departmeot  of  the  British  goTemment  which  controls 
the  management,  collection,  and  expenditure  of  the  public  revenue.  It 
is  the  business  of  anoUier  department,  tiie  Exchequer,  to  t^ke  care 
that  no  iasuea  of  puUie  money  are  made  by  the  Treasury  without  ^eir 
brang  in  conformity  with  the  authority  specialhr  enacted  by  pRrlimnient. 
When  money  is  to  be  paid  on  account  of  t£e  public  service,  this  is 
almost  always  done  on  the  authority  of  a  Treasury  warrant ;  and  in 
other  caaee  the  countersign  of  the  Treasury  is  requisite.  The  Board  of 
Treasury  oonsiBts  of  the  prime  minister  and  the  chancellor  of  the 
Exchequer.  The  real  ofBce  which  the  [nmnier  holds  is  generally  that 
of  first  lord  of  the  Treasury.  Thne  an  alao  lour  junior  Iwds,  irho 
have  usually  seata  in  parliament,  as  have  alao  the  two  jrant  aecntaries 
of  the  Treasuiy.  The  departments  immediately  sabcwdinate  to  the 
Traasuiy  are  the  boards  of  Cuatoms  and  of  Trade,  and  the  Post-Office, 
the  various  officers  in  which  are  to  a  great  extent  i^pointed  by  the 
lords  of  the  Treasury;  and  tMs  constitutes  an  important  part  of 
the  pannage  of  the  ministty.  The  duties  of  the  Bou^d  of  Treasury 
are  heavy  and  mulUfariotu,  all  exceptional  cama  in  matters  relating 
to  tiie  revenue  heing  rdamA  to  iL  The  offloea  of  ^e  Treasury 
are  in  WhitflulL  The  first  lord  of  the  IVeasory  receives  fiOOW. 
a-year;  two  secretaries  of  the  Treasury  receive  2600^  a-year  each, 
and  the  aasiBtant-seoretary  20001.  a-year  ;  the  solioitOT  of  the  Treasury 
receives  a-year;  four  commissionera  of  the  Treaaury  receive 

12002.  Sryeor  each;  and  other  offiooa  receive  auma  varyiru?  from 
lOOOi.  to  IfiOOt  eooh. 

TREATIES,  CHRONOLOGICAL  TABLE  OF.  A  tnaty  (imme- 
diately from  i^e  F^nch  Iraiti)  means  literally  that  which  hu  been 
drawn  up,  or,  in  other  words,  arrauged  and  agreed  upon,  by  two  or 
more  partiee,  who  are  accordingly  called  the  contracting  partiep.  It  is 
^1  foot  the  same  word  with  contract.  The  term  m  its  several  variations 
is  now  enxfioyai  by  most  of  the  nations  of  Europe— by  the  Italiims, 
the  Spaniardfl,  tite  Gemiana,  the  Dutdt,  fto.,  ai  wdU  aa  l^-  ihe  English 
and  the  French— to  dedgnate  the  conventions  or  agreementa  winch 
governments  make  with  one  anotiiier.  By  the  Romans  a  treaty  was 
commonly  called  foedut,  a  word  of  unknown  or  uncertain  etymology. 
From  we  have  formed  our  federation,  confederacy,  &o. 

Although  a  treaty  is  commonly  defined  to  be  an  agreement  made 
with  one  another  by  two  or  more  govemmenta,  it  is  not  necessaiy  that 
the  party  to  a  treaty  should  always  be  an  abaolnt^y  wrereign  and 
independent  power  or  pditioal  aode^.  Communities,  or  even  indi- 
viduals, which  are  aubjecta  in  many  or  in  all  other  respects,  may  be 
empowered  to  enter  into  treaties.  Such  engagements,  however,  are  for 
the  most  part  only  to  be  depended  upon  so  long  as  they  are  for  the 
advantage  of  the  one  party  as  well  as  of  the  other.  Hence  the  best 
and  most  durable  treaty  is  always  that  which  ia  the  fairaat  and  the 
most  eqoaL  But  the  main  purpose  and  utility  of  a  trea^,  after  all.  Is 
not  that  it  may  secure  oertam  advantages  to  either  party,  but  that  it 
makes  clenr  and  fixes  those  relationa  between  the  two  whlfch  would 
otherwise  remain  obscure,  indetennlnate,  and  aabjeot  to  continual  mis- 
OOQCeption  or  controversy. 

We  proceed  to  give  a  Ohronologieal  7*We  of  Uie  more  important 
treaties  between  the  prinoipal  civilised  natkms,  bM[iniiii«  with  that  of 
1217,  the  first  fonnal  treaty  ot  Enghnd, and  aln^g^kfly  the  chief 
objects  of  each. 

1217,  Sept.  11.  Treaty  at  Kingston  between  Louis  of  Vxmoe  and 
the  R^Qt  m  the  name  of  Henry  III.,  by  whloh  Looia  abandoned  his 
attempt  on  the  English  crown. 

^  127*.  Treaty  between-Edward  I.  and  Guy  Earl  of  Flanders.  This 
IS  the  first  recorded  commercial  treaty  of  EogUnd.  There  had  been  a 
petty  quiurel  witii  the  Flemingi.  ohieOy  between  the  fiahsrmen  of  the 
two  countries ;  and  England  had  prohibited  the  exportation  of  wool, 
to  the  great  detriment  of  the  manufactures  of  the  Fteminga.  These 
differences  were  accommodated  by  thia  treaty ;  but  fresh  ones  broke 
out  apparently,  as  treatiea  of  commerce  with  Fhmders  are  frequent 
after  uii^  period. 

1808,  Commeroial  treaty  with  Portugal,  and  in  the  same  year  another 
with  Spun.  Ferdinand  of  Castile  wiahiag  for  a  "  mutual  free  corre- 
spondence" between  his  eubjeota  and  England,  and  Dionysius  of  Por- 
tugal deau-ing  to  "  strengthen  the  agreement  and  correspondence 
already  on  foot  between  the  merchants  of  both  nations." 
_  1828.  Treaty  of  Northampton  with  Robert  Bruce,  by  which  the 
independence  of  Sootland  was  recognised. 

1856.  The  Golden  Bull,  a  oonvention  of  the  German  aoverwgn 
pnnces,  i^ettled  at  Ntimbeiig,  hy  which  tha  mode  of  electing  the  Em- 
peror was  detenniited. 

1360,  May  8.  Peace  of  a«tigny,  near  Chartrea,  between  England  wad 
Piance,  whereby  England  retained  Gasoony  and  Oulenne.  acquired 
oaiutonge,  Agenois,  Perigord,  Limosin,  Bigone,  Angoumois,  and  Ho- 
TOrgne,  and  renounced  her  protensiouB  to  Maine,  Anjou,  Touraine,  and 
Nomu^y;  England  was  also  to  receive  8,000,000  crowns,  and  to 
who  had  been  Icmg  priamer  in  London. 

Jflon*        ^-  "^'7  «'  Turin,  between  Venice  and  Genoa. 
T  12:  ,  ^^'y  between  the  SulUir  Bajiaet  and  the  Greek  Emperor. 
John  raleologns. 

1420,  May  21.  Treaty  of  Troje^s  between  England,  J'l-once,  and 


Burgundy,  stipulating  tliat  Henry  V.  ahoold  marry  Catherine,  daughter 
of  (diaries  VL,  be  appointed  Regent  of  Franca,  and  after  the  death  of 
Charles  should  inherit  the  crown. 

142S,  April  17.  Treaty  at  Amiens  between  England  and  Burgundy, 

14S6,  Sept.  22.  Treaty  of  Arras  between  France  and  Burgundy. 

1488.  The  Pragmatic  Sanction  aettJsd  in  Fiance,  regulating  the 
election  of  bishops,  and  modotatiag  the  power  of  thepopeu 

145S.  The  flnt  alUanoo  entered  into  between  the  Viaatib  and  Swisa. 

1464.  A  leame,  dedgnated  "  For  the  publio  good,"  formed  between 
tha  Dttkea  of  Bui^undy,  Brittany,  and  Bourbon,  and  othara,  i^uafc 
Louis  XL  of  France. 

1465.  Treaty  of  Conflana,  between  Louis  XL  ud  the  obiab  of  the 
above  leuu& 

1468.  Treaiy  of  Fwonne,  befeweni  Chariw  Dnke  of  Burgundy  and 
Louis  XL,  who  wai  fosraed  to  oonfinn  the  stipnlationa  of  Anas  and 

Conflans. 

1476.  The  Peace  of  Picqumi,  oonduded  between  Edward  IV.  of 
England  and  Louis  XI.  of  France. 

1475.  Charles  the  Bold,  of  Burgundy,  concluded  a  treaty  with  the 
French  king,  but  speedily  afterwarda  leagued  against  him  witlt 
Edward  IV.  <A  En^and,  and  the  Duke  of  BriUaOT.  Louis  XL,  on  the 
other  hand,  entered  into  a  treatgr  with  the  Switcera,  and  suooeeded 
ultimately  in  becoming  an  ally  of  EngjUnd. 

1482.  The  Treaty  of  Arras,  between  Maximilian  of  Austria,  the 
husband  of  Mary  of  Burgimdy,  and  Louia  XI.  of  France,  iriiereby 
Margaret,  daughter  td  the  lonnar,  was  espoused  to  the  dauphin,  son  oiE 
the  laUer,  with  Arttoa  and  Bunnutdy  as  a  dowry. 

1497.  Treaty  between  En^and  and  Scotland,  by  which  Perkin 
Warbei^  was  compelled  to  quit  the  latter  kingdom. 

1501.  Treaty  between  Louis  XII.  of  France  and  Ferdinand  of  Spain, 
for  the  division  of  the  kingdom  of  Naples. 

1508,  December  10.  The  League  of  Cambray  a^inst  the  repubUc  of 
Venice,  compriaing  the  Pope,  the  Emperor,  and  the  kings  of  Ennce  axid 
Spain. 

1510,  Holy  League  against  Louis  XIL  of  Franoe. 

1614.  Fnoce  obuged  to  aue  tor  peace,  which  was  obtafaied  from  the 
Pope,  promiaing  to  abolish  the  Pragmatic  Sanction ;  from  the  King 
of  Spun,  by  unitipg  hia  grandaoD,  the  Duke  of  Ferrara,  to  ReniSe, 
daughter  of  the  King  of  France ;  and  from  Eng^ood,  by  Louia  XIL 
espousing  Maty,  sister  of  Henry  VIII. 

1616,  August  16.  The  Treaty  of  Noyou.  y 

15S5.  A  Treaty  concluded  between  Fnuice  and  Eitdand. 

1526.  CoDOord  of  Madrid.  Franda  I.,  to  release  nimaalf  from  cap- 
tivity, signed  a  treaty  with  Charles  V.,  surrendering  Burgundy,  Artois, 
Flanders,  &a,  and  renouncing  all  pretensions  to  Italy. 

1527,  A  Treaty  of  mutual  obligation  entered  into  between  France 
and  England;  and  in  the  same  year  a  fresh  treaty,  fur  the  purpose  of 
carrying  war  into  It^  to  restore  the  Pope  to  liberty. 

1520,  August  &  The  Peace  of  Camtaay. 

1629,  December  81.  Tha  Leanie  of  Smalcald  in  FWioonia,  entered 
into  between  the  Elector  of  Brandenburg  and  other  [^ces  of 
Germany,  in  defence  of  Frotestaotiam. 

1582,  June  28-  A  new  Treaty  of  Alliance  ratified  between  the  lungi 
of  England  and  Franoe. 

1532,  August  2.  The  Treaty  of  Niimbeig  ratified. 

1S8B,  June  18.  Treaty     Nice,  between  Fianoia  I.  and  <niarle8  V. 

1544.  League  between  England  and  the  Emperor  Charlee  V.  againat 
France,  shortly  affe^  which  peace  was  concluded  with  France,  aud 
signed  at  Cressy  in  Valois. 

1545,  May  16.  The  Interim  granted  by  the  Emperor  Charles  V.  to 
the  Proteetanta  of  Germany, 

1549.  Peace  ratified  between  France  and  Eu^and.  Boulogne  rcstui  ird 
to  Fiance. 

1561,  October  5,  Treaty  of  Friedwald,  between  Franco  and  liia 
Protestant  princes  of  Germany. 

1552,  January  16.  Treaty  of  Chambord,  ooiiflrming  the  league 
between  Fiance  and  the  Protestant  princes  of  Germany, 

1652,  August  12.  Treaty  of  Passau,  ratified  between  Charles  V. 
and  the  Protestant  prinoea  of  Germany.  Freedom  of  religion  eatab- 
Ushed.  * 

1655.  Paaee  of  Religion  concluded  at  Augsbuig, — a  confirmation  of 
the  Trea^  of  Paasau,  establishing  the  free  exerdae  of  the  Protestant 
religion. 

1666.  England  entered  into  an  alliance  with  Spain  against  Fnmce. 

1559,  Peace  of  Cateau  Cambresls,  between  France,  Spain  and  Pied- 
mont. Franoe  ceded  Savoy,  Corsica,  and  nearly  200  forta  in  Italy  oud 
tha  Low  Countriea. 

1660.  Peace  ratified  between  England,  France,  and  Scotland. 

1561.  Treaty  of  Wilna,  between  the  Northern  Powers. 

1564,  April  29.  Peace  ratified  between  France  aud  FjigUnd. 

1570.  Peace  of  St.  Germain. 

1570.  December  18.  Feaoe  of  Stettin,  between  Sweden  and  Deo- 
mark, 

1571.  Spain,  Venice,  and  the  Pope  combine  againat  the  Toriti^  who 
were  endeavouring  to  subdue  Cyprus. 

1572.  Peace  concluded  between  England  aud  France. 

1676,  November  8.  rocification  of  Ghent,  by  which  foreign  troupe 
were  expelled  from  the  Netherlands  aud  tlie  Inquisition  abolished. 
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1576.  The  Leapie  begins  in  France. 

1579,  January  22.  The  Uoiou  of  Utrecht,  fonned  by  Holland, 
Utredi^  Zealand,  Friealand,  and  Guelderiand,  by  whidi  the  re{niblia 
of  UoUuid  was  oonstitated.  Oveiyaael  joined  In  1680,  and  Gnmiitgen 
in  1594. 

1598,  May  2.  Peace  ratified  at  Verrina  between  IVanoe  and  Spain. 
Spain  reetores  her  conquests  of  Calais,  Amiens,  &o. 

1603.  A  Treaty  between  Jamea  I.  of  England  and  Henry  IT.  of 
France,  in  order  to  support  the  States-Qeneru  of  Holland. 

1604,  August  18.  Peace  between  ^le^and  and  Spain  ntified. 
1009,  A^  4.  A  Truce  of  twdra  years  between  the  Spaniards  and 

Dutch. 

1610.  Treaty  of  Halle,  between  the  Protestant  princes  of  the  empire. 
1610.  League  of  Wuizburg,  between  the  Ronum  Catholio  princes 
of  the  empire. 

1613.  Peace  of  Siorod,  ooDcluding  »  war  of  two  years  between 
Sweden  and  Denma^ 

1619.  Peace  between  Ftuaoe  and  Spun.  Uarriage  of  Louis  XIIL 
with  Anne  of  Austria,  infanta  of  Spain. 

1<)20,  July  8.  Peace  of  Ulm,  by  which  Frederic  T.  loot  Bohemia. 

1626.  League  of  the  Swedes,  Dutch,  and  the  Protestant  princes  of 
Ciermany,  a^funst  the  Emperor. 

1 C29,  April  14.  Peace  ratified  with  Fnaoe. 

1629,  May  23.  Peace  of  Lnbeok,  between  the  Emperor  and  King  of 
Denmark. 

1630.  League  of  Fiance  with  the  Protestant  princes  of  Qennany, 
GustavuB  AdolphuB  of  Sweden,  and  Holland,  against  the  house  of 
Austria,  in  Oerm&n;  and  Spain. 

1630.  England  also  acceded  to  the  above  allianoa,  with  k  view  of 
procuring  the  reetotation  of  the  Elector  Palatine, 

1630,  October  IS.  Peace  of  KatiBbott,  between  Wanoe  and  the 
Emperor,  terminating  the  war  for  tiie  Hantuan  succession. 

1630,  November  27.  Peace  proclaimed  between  EngLmd  and  Spain. 
16A1,  Jantiary  13.  Sabflidising  of  France  with  Sweden. 

1631,  April.  Alliance  of  Leipzig,  between  the  Elector  of  Saxony 
and  the  Protestant  princes. 

1631.  Treaty  of  ChierasK^  hy  which  the  Duke  ot  Nevers  finally 
takes  poBsescion  of  hia  Hantuan  twritories. 

1688,  March.  Treaty  of  Heilbron,  between  Sweden  and  the  If  orAem 
Protestant  states  of  Qermauy,  after  the  death  of  Ouatavns  Adolphus. 

1635,  February  28,  Alliance  between  France  and  Holland. 

1636,  May  30.  Peace  of  Prague,  between  the  Emperor  and  the 
Elector  of  Saxony. 

1 648,  January  30.  Peace  of  Miinster,  between  Spain  and  the  Dutch. 
Independence  of  Holland  fully  recognised. 

1648,  October  24.  The  Peace  of  Westphalia  signed  at  Hilnstor  and 
at  Osnaburg,  between  France,  the  Emperor,  and  Sweden ;  Spain  oon- 
tinuiog  the  war  agtunst  France.  By  this  peace  the  principle  of  a 
balance  of  power  in  Eurqw  was  first  reocwnised,  and  tiie  independence 
of  the  republics  of  Switeerland  and  t£e  United  Provinoes  of  the 
Ketherlanda  recognised. 

1664,  Apiil  6.  Peace  ratified  between  the  Dutch  and  the  Common- 
wealth of  £ng^nd. 

1665,  Kovcmber  3.  Articles  of  Peace  signed  between  England  and 
France. 

1656,  Kovember  10.  Treaty  of  Liebau,  which  annulled  the  feudal 
subjection  of  the  duchy  of  Prussia  to  the  crown  of  Sweden. 

1667,  March  28.  Treaty  of  Alliance  between  England  and  France 
gainst  Spain. 

1657,  '&0.J  27.  Alliance  of  Vienna,  between  Poland,  Denmark,  and 
the  Emperor,  aguost  Sweden. 

1669,  May  21.  Treaty  of  the  Hague,  between  England,  Ftaoee,  and 
Holland,  to  maintain  the  equilibrium     the  NotUIl 

1659,  November  7.  Peace  concluded  between  France  and  Spain,  by 
tiie  IVeaty  of  the  Pyrenees. 

1660,  May  8.  The  Peace  of  Qixn  rkdfied  between  Sweden,  Poland, 
Prusua,  and  the  Emperor.   Esthonia  and  Livonia  g^ven  up  to  Sweden. 

1660,  May  27.  Peace  of  Copenhagen,  between  Sweden  and  Den- 
mark. 

1661,  June  28.  Treaty  of  Alliance  between  England  and  Portugal. 

1665,  France  entered  into  a  defenaire  alliance  with  Holland  and 

Switzerland. 

1664,  September  7.  The  Truce  of  Temeawar  concluded  between 
Turkey  and  Qemtany. 

1666,  January  26.  The  Danes  entered  into  a  league  with  the  Dutch 
agstinst  Eng^d. 

1667,  July  25.  Peace  of  Breda  concluded  between  England,  Fnmce, 
Holland,  and  Denmark. 

1668,  January  28.  A  Treaty  of  Amance  ratified  between  the  Statea* 
General  and  Enj^snd  against  France,  for  the  protection  of  the  Spanish 
yetheriands ;  Sweden  afterwards  joining  the  league :  it  was  known  as 
tiie  Triple  Alliance. 

1668,  February  13.  Peace  of  Lisbon  concluded  between  Spain  and 
Portugal  tiirough  the  mediation  of  inland.  Independence  of  Portugal 
acknowledged  by  Spain. 

1668,  May  2.  Peace  of  Aix-la-Ohapelle,  between  France  and  Spain, 
signed.  France  yields  Fnuiche  Cumt^  but  retains  her  conquests  in 
the  Ketherlanda. 


1669,  May  7.  Treaty  of  the  Hague,  between  Holland  and  Portugal : 
the  Dutch  allowed  to  retain  their  eooqueats  in  India. 

1672.  Treatgr  between  SVanoe  and  ^uland  (Febmary  12),  and 
Sweden  (April  14),  against  Holland. 

1672,  August  SO.  An  Alliance  entered  into  between  the  Emporor, 
Spain,  and  Holland,  against  France. 

1678,  June  16.  Peace  of  Vossem,  between  the  Elector  of  Branden- 
burg and  Frrmce ;  the  former  engaging  not  to  assist  the  Dutch. 

1674,  February  19.  Peace  of  Westminster,  between  Ensland  and 
Holland. 

1678,  January  10.  Treaty  concluded  between  England  and  Holknd, 
by  which  Holland  detached  Charlee  11.  from  the  interests  of  France. 

1675,  August  10,  Peace  of  Nimeguen  concluded  between  France  and 
Holland.  Spain  accedes  to  tiie  peace  September  17,  giving  up 
Franche  Comt^,  Ac. ;  the  Emperor  on  Februaiy  S  flawing ;  and 
Sweden  on  March  29. 

1679,  June  29.  Pesoe  of  St  Oermain  en  Lays  concluded  between 
France,  Sweden,  and  the  Elector  of  Btaodenburg. 

1679,  September  2,  Peace  of  Fontainebleau,  between  France  and 
Denmark. 

1685,  March  31.  Alliance  of  Warsaw,  between  Ausbia  and  Poland, 
against  Turkey,  in  pursuance  of  whioh  John  Sobiet^  assisted  in 
raising  the  siege  of  Vienna,  on  Sept.  12. 

1684,  August  16.  Truce  of  Oitisbon  ccmdluded  by  France  with 
Spain  u}d  the  empire,  terminating  {he  war  of  the  previous  year. 

1686.  League  of  Augabuig  entered  into  by  HoUand  and  other 
European  powers  for  the  purpose  of  causing  the  treatieB  of  Ulinster 
and  Nimeguen  to  be  fulfilled  on  the  part  of  France. 

1689,  ^y  12.  The  Grand  Alliance  signed  at  Vienna  between 
England,  the  Emperor,  and  the  States-Ge^ral;  to  which  Spain  and 
the  Duke  of  Savoy  afterwards  aooeded. 

1696,  Augost  29.  The  Duke  ot  Savoy  quitted  the  oooUtim,  and 
entered  into  a  treaty  with  France. 

1697,  September  20.  Peace  of  Ryswick,  between  fiance,  England, 
Spain,  and  Holland;  rigued  by  Germany  October  80. 

1698,  October  11.  First  Treaty  of  Partition  signed  between  France, 
England,  and  Holland,  for  Uie  purpose  of  regulating  the  succession  of 
the  territories  of  the  King  of  Spun. 

1699,  January  26.  Peace  t^Carlowits,  between  Turk^  and  Ger- 
many, Poland,  Russia,  and  Venice. 

1700,  March  IS.  Second  Treaty  of  Partition  between  Franoe» 
England,  and  Holland,  declaring  the  Archduke  Charles  presumptive 
heir  of  the  Spanish  monarchy. 

1701,  September  7.  England  and  Holland  conclude  a  formal  alliance 
at  the  Hague,  to  resist  the  olaim  of  Philip  of  Aiyou,  to  which  ahnost 
all  the  European  states  suooeesively  aoceda 

1703.  The  Methuen  Treaty,  between  England  and  Portugal,  prui- 
oipally  for  the  regulation  of  commerce. 

1706,  September  24,  Peace  of  Alt  Badstodt,  between  Chu^  XIL 
of  Sweden  and  Augustus  of  Poland. 

1711,  July  2.  Peace  of  Falod  concluded  between  Kussia  and  Turkey, 
the  Boauana  giving  up  Asof  and  all  thdr  possesnons  on  the  Blade  Sea 
to  the  Turks;  in  the  following  year  the  war  was  renewed,  and  ter- 
minated by  tiie  Peace  of  Constantinople,  April  16, 1712, 

1718,  April  11.  Peace  of  Utrecht^  signed  by  the  ministera  of  Great 
Britain  and  France,  as  well  as  ot  all  the  other  allies,  except  the 
ministers  of  the  empire^  The  most  important  stipulations  of  this 
treaty  were  the  security  of  the  Protestant  succession  in  England,  the 
disuniting  %e  EVenoh  and  Spanish  orowns,  the  deatructioo  of  Dunldik, 
the  enlargement  of  the  British  cobnies  and  plantations  in  America, 
and  a  full  satis&ction  for  the  claims  of  the  allios.  Spun  also  granted 
to  Great  Britam  the  privilege  of  supplying  Spanish  America  with 
nc^o  slaves.    This  is  the  Aaaiento  treaty. 

1713,  April  17.  The  Emperor  Charles  VI.  published  the  Prognuitic 
Sanction,  whereby,  in  defuult  of  male  \an\jo,  his  daughters  should 
succeed  in  preference  to  the  sons  of  his  brother  Jo^ph  I. 

1715,  July  IS.  The  Treaty  of  Utrecht  aigued  by  Spain,  which 
Included  the  Assiento  oontraot. 

1714,  March  6.  Peace  of  Kadstadt,  between  France  and  the  Emperw 
of  GennaQy. 

1714,  September  7.  Peace  of  Baden,  between  Fisaea  and  the 
Emperor  oi  Germany.   Laudau  ceded  to  France. 

1716,  November  IS.  The  Barrier  Treaty  ugned  at  Antwerp,  by  the 
Britiah,  the  Imperial,  and  Dutch  ministers.  Low  ooontries  ceded  to 
the  Emperor  of  Germany. 

1717,  Januu-y  4.  The  Triple  Allianoe  of  tiie  Hague,  between  France, 
England,  and  Holland,  to  oppose  the  designs  of  Cardinal  Alberoui,  the 
Spanish  minister. 

1718,  July  21.  Peace  of  PMaarowitz,  between  the  Emperor,  Venice, 
and  Turkey. 

1718,  August  2.  The  Treaty  of  Alliance  between  Great  Britain, 
Fnace,  and  tiie  Emperor,  ngned  at  London.  This  alliance,  on  the 
accession  of  the  states  of  Holland,  obtained  the  name  of  the  Quadruple 
Alliance,  and  was  entered  into  to  force  the  King  of  Spain  to  observe 
the  stipulations  of  the  tre.ity  of  Utrecht. 

1718,  November  13.  The  Duke  of  Savoy  joined  the  Quadru|de 
Alliance,  signing  the  beaW  by  ^  envoys  at  Whitehall. 

1719,  November  20.  Peace  of  Stockholm,  between  the  Eing  of 
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Gnat  Britain  and  Hie  Queen  of  Sweden,  by  which  the  former  aoqoired 
ttw  duobies  of  Brem«n  and  V«irden  aa  Elsetor  and  Duke  of  BruoBwick. 

1720,  Januaty  26.  The  King  of  Spun  acoepta  and  aigna  the  Quad- 
ru^  Alliance. 

1721,  Auguat  30.  Peace  of  Nysfcett,  in  Finland,  between  Sweden 
and  RuBsia,  whereby  Livonia  and  Ingria  were  ceded  to  Ruaaia. 

1724,  March  24.  Treaty  of  Stockhohn,  betweaa  Biiaria  and  Swedeo, 
in  favour  of  the  Duke  of  Uolatem  Gottozp. 

1725,  April  SO.  The  Vienna  TTQa,%y,  ngoed  between  the  Braperor  of 
Germany  and  the  King  of  Spain,  by  miioh  they  oonflrmed  to  each 
other  Buch  parts  of  the  Spanish  dominions  aa  they  were  respectivdy 
poseefieed  of. 

1725,  September  8.  The  Hanoyer  Treaty  concluded  between  the 
Kings  of  England,  France,  and  Pruana^aa  an  act  of  aelf-defanoe  against 
the  providona  of  the  Vienna  Treaty. 

1726,  August  6.  Treaty  of  Allianoe  between  Ruaria  and  the  Emperor 
of  Qennany. 

1727,  May  SI.  Preljminaiy  articles  for  a  general  padfioation,  aigned 
at  Paris  by  the  ministers  of  Great  Britain,  tho  Emperor  of  Oermany, 
the  King  of  France,  and  the  States-QeneraL 

1727,  October  21,  Treaty  of  Nipchoo  (Nerchinsk),  between  Ruaoa 
and  China,  by  which  the  boundaries  of  the  two  emjratea  were  settled, 
and  a  Rusuau  randant  at  Pekin  allowed.  Not  ratified  nntil  June  14, 
1728,  in  consequence  <k  the  death  ol  Catherine. 

1729,  Norember  9.  The  Peace  of  Seville,  between  Great  Britain, 
France,  and  Spain  :  and  a  defensive  alliance  entered  into  : .  to  this 
treaty  the  states  of  Holland  ftfterwards  acceded,  November  21. 

1781,  March  16.  The  Treaty  of  Alliance  of  Vienna,  between  the 
Emperor  of  Germany,  Great  Britain,  and  Holland,  by  which  the 
Pragiuatio  Sanction  was  guaranteed,  and  tiie  disputea  aa  to  Uie 
Spoui^  Hucoesaion  terminated;  Spain  acceded  to  the  treaty  on  the 
2ind  of  July. 

1782,  October  7.  Peaoe  between  Sweden  and  Poland. 

.  1735,  October  3.  Preliminaries  of  peace  signed  at  Vienna,  between 
France  and  the  Emperor  of  Germany.   Spun  acceded  April  15,  1736. 

1788,  November  18.  The  Definitive  Peaoe  of  Vteima,  between  the 
Kmperor  of  Germany  and  the  King  of  Fiance,  the  latter  power  agreeing 
to  guatantee  the  Pngmatic  Sanotioo,  Lorraine  c«ded  to  Franoe,  who 
acknowledged  Augustua  III.  as  King  of  Poland,  abandoning  the  elum 
of  Stanislaus,  who  resigned. 

1738,  September  18.  Peace  of  Belgrade,  between  the  Emperor  of 
Germftuy  and  the  Turks,  the  Emperor  giving  up  Belgrade  and  Servia ; 
this  was  speedily  followed  by  a.  peace  between  Russia  and  Ttirk^, 
Kusria  Burreudering  Azof  and  all  her  conquests  on  the  Black  Sea. 

1740,  August.  A  Subsidy  Treaty  oonduded  between  Great  Britain 
and  Hc£Be. 

1741,  Alliance  between  Great  Britain,  Russia,  and  Poland,  with  the 
Queen  of  Hungary  (the  EmpreBs  Maria  Theresa),  for  the  purpose  of 
supporting  the  interests  .of  the  house  of  Austa-ia ;  France,  Spain,  and 
Sordinipimiting  about  the  eame  time  in  the  interest  of  Ute  Elector  of 
Bavaria. 

1742,  June  28.  Peaoe  of  Berlbi,  between  the  Kingof  Poland  and  the 

Queen  of  Himgary.    Silesia  given  up  to  Prusua. 

1742,  November  18.  A  IVeaty  for  mutual  defence  and  guarantee 
Eiigned  at  Whitehall,  between  Great  Britain  and  Prussia. 

1743,  June  24.  A  defensive  Treaty  ocmoluded between  Gnat. Britun 
and  Russia  for  fifteen  yean. 

1743,  August  7.  Peace  of  Abo,  between  Rua^  and  Sweden. 

1745,  Apnl  S3.  Peace  of  Fuessen,  between  the  Queen  ot  Hungaiy 
and  Elector  of  Bavaria. 

1745,  December  2fi.  Peace  of  Dresden,  between  Saxony,  Prussia,  and 
the  Queen  of  Himgnry,  confirming  the  treaties  of  Berlin  and  Breslau. 

1748,  April  30.  Preliminary  articles  for  the  Peace  of  Aix-la-Chapella 
signed  by  the  ministers  of  Great  Britain,  France,  and  Holland,  to  which 
the  Queen  of  Huogoiy,  the  King  of  Sardinia,  and  the  Duke  of  Hodena 
shortly  after  acceded,  and  Spain  and  Genoa  before  the  end  of  June ;  in 
September  and  October  the  definitive  treaty  was  concluded  and  si^ed 
by  the  respective  powers.  By  this  peace  the  treaties  of  Weatphalia  in 
1648,  of  Nimeguen  in  1678  and  1679,  of  Ryawick  in  1697,  of  Utrecht 
in  1713,  of  Baden  in  1714,  of  the  Triple  Alliance  in  1717,  of  the  Quad- 
ruple Alliance  in  1718,  aiul  of  Vienna  in  1738,  were  renewed  and  oon- 
flrined;  the  Hanoverian  auceeauon  in  Great  Britain  rec«[nieed:  the 
Pretender  to  be  expelled  from  France^  and  Dunkirk  to  be  demoUuked. 

1750,  October  5.  Treaty  between  England  and  ^pain,  by  which 
England  renounced  the  Assiento  Contraot  for  the  anppfy  of  slaves, 
included  in  the  peace  of  Utrecht,  in  1713. 

1756,  January  16.  Treaty  of  Alliance  between  Prussia  and  England. 
Hanover  put  under  the  aaf^^uard  of  the  King  of  Fnuaia. 

1756,  May  1,  Alliance  between  Austoia  and  Franoe  concluded  at 
Tersailles. 

1757,  September  10.  Convention  of  Clostersevto. 

1761,  August  15.  The  Family  Compact  between  the  diffo«nt 
branches  of  the  House  of  Bourbon,  signed  at  Paris. 

.  1762,  May  5.  Peace  of  Petersburg,  between  Ruacna  and  Prussia. 
Russia  restored  all  her  conquests  to  Prussia. 

1762,  May  22.  Peace  of  Hamburg,  between  Sweden  and  Piusaia. 
1762,  November  8.  PreHmmorica  of  peace  signed  at  Fontainebleau, 

b^ween  France  aad  England. 


1763,  February  10.  Peace  of  Paris  concluded  between  Franoe,  Spain, 
Portu^,  and  Great  Britain.  Ceasion  of  Canada  by  France,  and  of 
Florida  by  Spain. 

1763,  February  15.  Peaoe  of  Hubertaberg,  between  Prussia,  Austria, 
and  Saxony.    End  of  the  Seven  Years'  War. 

1768,  February  24.    Treaty  of  Warsaw,  between  Russia  and  Poland. 

1771,  Januaiy  22.  Treaty  between  Great  Britain  and  Spain,  con- 
firming the  poBseeaion  of  the  Falkland  Islands  to  the  former. 

17T2,  february  17.  Secret  Convention  for  tiw  Fartittfm  of  Fidand 
by  Russia  and  Pnisna. 

1772,  August  5.  Treaty  of  Petersburg  for  the  same  object,  between 
Austria,  Russia,  and  Prussia. 

1774,  July  21.  Peace  of  Kutchuk  Ksinarji,  between  Ruseia  and 
Turkey.  Crimea  declared  independent,  Azof  ceded  to  Russia,  and 
freedom  of  commerce  and  navig^on  of  tfie  Black  Sea  granted. 

1775,  May  20.  The  American  Provinces  fflgn  Articlee  of  Union  and 
AUianffw. 

1778,  February  6.  A  Treaty  ratified  with  the  States  of  America^ 
by  Franoe,  who  acknowledged  their  independenc& 

1779,  May  13.  Peace  of  Teachen  ratified  between  Austria,  Saxony, 
and  Prussia. 

1780,  July  9  and  August  1.  First  Conventions  for  tho  Armed 
Neutrality,  between  Russia,  DenmaA,  and  Sweden.  Deoember  24, 
the  States-General  acceded. 

1781,  May  8.   King  of  Pnusia  aocedes  to  the  Armed  NeutisUfy. 
1781,  October  9.   The  Emperor  of  Qetmany  joins  tiie  Armed  Neu- 

ttality. 

1732,  November  SO.  The  Independence  of  America  acknowledged 
by  En^and,  and  preliminaries  of  peace  signed  at  Paris  between  the 
British  and  American  Commissioners, 

1783,  Januaiy  20,  Fraliminary  artidea  of  peace  signed  at  VemiUea, 
between  Great  Britain,  Spain,  and  Franoe, 

1783,  September  2.  Preliainaries  of  peaoe  between  Cheat  Britain 
and  Hc^nd,  aigned  at  Paris. 

1783,  September  3.  Definitive  Treaty  of  Peace  between  Great 
Britain  and  tiie  United  States  of  America,  signed  at  Paris ;  when  Uie 
latter  was  admitted  to  be  a  sovereign  oi^  indqiendent  IV>wer.  On 
the  same  day,  the  definitive  treaty  was  ngtwd  at  TeraaiUea  between 
Great  Britain,  France,  and  Spun. 

1784,  June  20.  Definitive  Treaty  of  Foaee  between  Great  Britain 
and  Holland,  signed  at  Paris. 

1785,  July  23.  Germanio  Confedmticn  between  Bucoqy,  Branden- 
burg, and  Hanover. 

1786,  November  S.  The  Treaty  of  Fontunebleou,  between  tho 
Empercnr  and  Holland. 

1790,  September  27.  The  preliminary  treafy  ntifiod  with  Spain, 
relative  to  Nootka  Sound;  and  the  de^Uve  treaty  KgaoA  October 
28th  following. 

1791,  July  20.  Conventum  of  Pilnits,  between  tiie  Emperor 
lieopold  and  the  King  of  Prussia. 

1792,  Jane  ^8.  Ine  Vint  Coalition  against  France  took  place,  and 
the  ICing  of  Prussia  issued  his  manifesto. 

1798,  February  9.  The  Duke  of  Tuscany  acluowledged  the  Frendi 
Republic. 

1795,  May  25.   Spain  engaged  to  assist  Great  Britain. 

1793,  Great  Britcun  ooncluded  treaties,  July  14,  with  Pnusia; 
August  80,  with  Austoia;  and  September  26,  with  PortogaL 

1796,  Febniaiy  16.  The  fint  Ftenfication  between  the  Natianal 
AssembW^of  Fianoe  and  the  Vendeans,  concluded. 

1795,  February  18.  A  defensive  Alliance  entered  into  with  Russia, 
by  Great  Britain. 

1795,  April  5.  Peace  of  Baael,b8tween  the  King  of  Prussia  and  the 
French  Republic. 

1795,  May  16.  Treaty  of  AUiauoe  aigned  at  Paris,  between  FMnoe 
and  the  United  Provinoes,  agwnst  England.  Duteh  Flanders  ceded  to 
France. 

1795,  July  22.  Peace  ratified  at  Basel  between  France  and  Spiun. 
Spanish  St.  Domingo  ceded  to  France. 

1795,  November  25.  The  Partition  of  Poland  took  place  between 
Russia,  Austria,  and  Prussia. 

1796,  May  16.  Treaty  of  Paris,  between  the  French  Republic  and 
the  King  of  Saidinia,  the  latter  ceding  Savoy,  Nice,  the  territory  of 
Tend^  and  Beuil,  and  granting  a  free  passage  for  troops  tiarough  hia 
states. 

1 796,  Aiigust  5.  The  Treaty  of  Berlin  ratified  between  Pmssia  and 
France,  whereby  the  neutrality  of  the  north  of  Qcimai^  was  guarantood. 

1 796,  August  19.  An  Alliance  oOensive  and  defensive  oomduded  at 
St  Ild^onso,  between  France  and  Spain. 

1797,  February  19.  Trea^  of  Tolenlano,  between  tiia  Fr&noh 
Republic  and  the  Pope. 

1797,  April  18.  Preliminaries  of  tiie  Peaoe  of  I.eoben  bigned 
between  Austria  and  France. 

1797,  October  17.  Ti-eaty  of  Campo  Formio,  between  France  and 
Austria,  the  latter  power  yidding  the  Low  Countries  and  the  Ionian 
Islands  to  France ;  and  I^Ian,  Mantua,  and  Moilena,  to  the  Cisalpine 
republic. 

1797.  December  9.  Congrena  of  Radstodt  commenced  its  labom-a  to 
treat  oonceming  a  general  peace  with  the  Germanio  powers. 
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1796,  Dedember  29.  A  Tre&ty  of  Alliance  and  Sul»!diei>  ngrcod  iit>oti 
between  Great  Britain  and  Biuaia,  against  France. 

1799,  June  22.  The  Sec<»id  Coalition  agiJnst  FVsnee.  by  Great 
Britain,  the  Emperors  of  Qemiany  and  RuMft,  port  of  the  Oerman 
empire,  the  Kings  of  Nicies  and  Portugal,  Turkey,  and  the  Barbary 
States.    Cooference  of  Rodstadt  broken  up. 

1800,  June  20.  A  Treaty  of  SubfiidiM  ratteed  at  Viennl,  between 
Austria  and  England,  stipulating  that  the  war  should  be  vigurously 
prosecuted  against  Fhince,  and  tiutt  neither  of  the  ooDtracting  powers 
should  enter  into  a  icparate  peace. 

1800,  September  30.  A  Treaty  of  Amity  and  Commerce  ratified 
between  France  and  tlie  United  States  of  America.  Stipulated  in  the 
treaty  that  the  flag  efaouM  protect  the  cargo. 

1800,  December  16.  A  Treaty  of  Anned  Neutrality  ratified 
between  Russia,  Denmark,  and  Sweden,  at  Petersburg,  in  order  to 
causa  their  flags  to  be  respected  by  the  belligerent  powers.  Prussia 
afterwards  acceded  to  this  treaty. 

1801,  February  9.  Peace  of  LunevtUe,  between  tSe  French  Republic 
nnd  the  Emperor  of  Germany,  confirming  the  cessions  made  by  the 
treaty  of  Campo  Formlo,  stipulating  that  tbe  Rhine,  to  the  Dutch 
tenitorioa,  should  form  tiie  bonnduy  of  France,  and  recMUiaiiis  the 
independence  of  the  Batavian,  Helvetic,  Ligarian,  and  Ciaaliine 
republics. 

1801,  March  21.  A  Treaty  s^ed  at  Hadiid,  between  CVance  and 
Sp^,  whereby  the  estates  of  Parma  were  yielded  to  France,  who  iii 
return  ceded  Tuscany  to  the  Infunta  Prince  of  Parma,  with  the  title  of 
Eiogof  Ebiuia. 

1801,  March  28.  A  Treaty  of  Peace  between  France  and  the  Kfaig  of 
Naples,  signed  at  Florence,  by  which  Fnoioe  aoquirsd  the  isles  of 
Elba,  Piombino,  and  Presides. 

1801,  June  17.  A  Treaty  concluded  between  Great  Britain  and 
Russia-  at  Petersburg. 

1801,  July  IS.  The  Concordat  between  Bonaparte  and  Pius  VII., 
signed  at  Paris. 

ISOl,  August  8.  A  Trea^  of  Peace  concluded  between  Spt^  and 
Portugal 

1801,  September  29.  A  Treaty  of  Peace  signed  at  Madrid,  between 
France  and  Portugal. 

1801,  October  1.  Preliminary  articles  of  peace  between  Frunce  and 
England,  signed  at  London  by  Lord  Hawkflsboir  and  M.  Otto. 

1801,  October  8.  A  Treaty  of  Peace  ratifled  at  Paris  between  the 
Emperor  of  Russia  and  the  French  gorenmunL 

1802,  March  25.  Peaoe  of  Aniens,  between  Great  Britain,  France, 
Spain,  and  Holland. 

1802,  June  25.  IMBnitiTS  Treaty  between  Kanoe  and  the  Ottoman 
Ftorto. 

1803,  August  1.  A  Treaty  ratified  between  Qrert  Britdn  and 
Sweden.  ■ 

1805,  Aptti.  8.  The  Trea^  of  Petenbuig  entered  into  for  a  Third 
CoalitioD  agsnut  IVsnce;  and  Runia  being  the  oontmeting 

parties. 

1  S0£,  August  9.  The  Emperor  oi  Anitria  aooedsd  to  the  Treaty  of 
Petersburg. 

1805,  August  81.  An  AIHmim  offensiTa  and  defeoaiTe  entered  into 
at  Bedadrog,  between  Great  Britain  and  Sweden. 

1805,  September  8.  Third  Coalition  against  France,  the  parties 
being  Great  Britain,  Ruaaia,  Austria,  Sweden,  and  Naples. 

1805,  September  21.  A  Treaty  of  Neutrality  signed  between  France 
and  Naples. 

1805,  December  28.  Peace  of  Presbutg,  between  France  and 
Austrii^  by  which  the  ancient  states  of  Venice  were  ceded  to  Itah-; 
the  principality  of  Eichstett,  part  of  the  bishopric  of  Fassau,  the  city 
of  Augsburg,  the  Tyrol,  all  the  possessions  of  Austria  in  Suabia,  in 
Bringau,  ana  Ortenau,  were  transferred  to  the  Elector  of  Bararia  and 
the  Duke  of  Wirtemberg,  who,  as  well  as  the  Duke  of  Baden,  were 
then  created  kings  byXapoleon;  tite  independence  of  tiic  Hdvetic 
Republic  was  also  stipulated. 

1SO0,  July  12.  Tne  Qenuanio  Confederation  of  the  Rhino  formed 
under  the  auspices  of  Napoleon. 

1806,  July  20.  Peace  of  Paris,  between  France  and  Russia,  which 
Alexander  subsequently  refused  to  ratify. 

1806,  August  I.  The  Treaty  of  July  12  notified  to  the  Diet  at 
Ratisbon,  when  the  German  prhicos  SLceiled  from  the  Germanic 
empire,  and  placed  themselves  under  the  protection  of  Kapuleon. 

1£0$.  October  0.  The  Fourth  CoaKtiuu  formed  agauist  F^nce,  by 
Great  Britain.  Russia.  Prusna,  and  Saxony. 

1S06,  November  21.  The  Berlin  Decree,  issued  by  Bon.iparte  after 
the  battle  of  Jena,  declaring  the  British  Islands  in  a  8t.-ite  of  blockade, 
and  interdicting  the  whole  world  frcm  any  cuumiunicntion  with  tlicm. 

1800,  December  11.  A  Treaty  of  Peace  and  Alliance  signed  at  Coscu, 
between  Napoleon  and  the  Elwtor  of  Saxony,  who  then  assumed  the 
title  of  king. 

1806,  Dccember  81.  A  Treaty  of  Commerce  entered  into  between 
Great  Britaio  and  the  United  States  of  North  America,  which  the 
latter  Power  oftemarda  refused  to  rati^. 

1807,  July  7.  Peace  of  Tilsit  concluded  between  France  and 
Russia,  when  Napoleon  restored  to  the  Prussian  monarch  on^-holf  of 
his  territories,  and  Russia  recc^nised  the  Coufederation  of  tiie  Riiine, 


and  the  elevation  of  Napoleon's  three  brothers,  Joseph,  Louia,  and 
Jerome,  to  the  thrones  of  Naples  Holland,  and  Westphalia ;  this  treaty 
was  ratified  on  the  l&th. 

1807,  October  81.  A  Treaty  of  Alliance  entered  into  between  Fnnes 
and  Denmai^ 

1807,  November  10.  A  Treaty  ratifled  ai  Paiia  between  Fkance  and 
Holland,  whereby  flushing  was  ceded  to  tlie  Ftcoitth. 

1807,  December  17.  Milan  Decree  issued  hj  N^ieon;  England 
declared  in  a  state  of  blockade. 

1808.  February  8.  Trealy  of  Peace  between  Great  Brifadn  and 
Sweden. 

1808,  March  SO.  A  Treaty  of  Aliiance  and  Bbhddy  entered  into 
between  En^and  and  Sidly,  wherel^  the  latter  was  to  be  garrisoned 
by  10,000  British  troops,  and  to  receive  an  annoal  sabsidy  ot800,000(. 

1808,  May  5.  Treaty  of  Bayonne,  whereby  ChariM  IV.  ceded  all  his 
titles  to  Spain  and  its  depmidenines  to  Napoleon,  ospnuHy  rengning 
to  him  the  ri^it  of  tnnsmitting  the  erown  to  wlunnsoever  he  ifiould 
think  fittii%. 

1S08,  June  25.  A  Spnudi  Prodamation  of  Peace  with  En^and,  and 
Sweden,  her  tlij,  pul^shed  at  Oviecb. 

1808,  August  80.  The  Convention  of  Cintra  signed,  the  French 
agreeing  to  evacuate  Portugal 

1808,  November  5.  ITie  Convention  of  Berlin  entered  into,  whereby 
Napoleon  remitted  to  Prussia  the  sum  due  on  the  war-debt,  and  mth- 
drew  his  troo|w  from  many  of  the  fortresses  in  order  to  reinforce  hia 
armies  in  E^iam. 

1809,  January  5.  Peace  ratified  between  Great  Britun  and  the  Otto- 
man Porte. 

1809,  January  14.  A  Treaty  of  Alltanoe  ratified  between  Bt^Upd 
and  Hub  Spanish  inauiguits. 

1809,  A^  9.  The  Fifth  Coalition  against  Franoc^  by  Great  Britain 
and  Austria. 

1809,  Jn^  2S.  Anidatice  between  Sweden  and  ISarmj. 
1809,  Bejrtiember  17.  A  Treaty  of  Peace  signed  between  Russia  and 
Sweden. 

1809,  October  14.  Peace  of  Vienna,  between  France  and  Austria; 
Austria  ceding  to  France  the  Tyrol,  Dalmatja,  and  other  territories, 
which  were  shortly  oftervrards  declared  to  be  united  to  £Vimce  under 
the  title  of  the  Illyrian  {Hvvinces,  and  engaging  to  adhere  to  the 
prohibitory  system  adopted  towards  England  by  Fnince  and  Rusna. 

1810,  Januv7  6.  Peace  of  Paris,  between  France  and  Sweden, 
wherel^  Swedish  Pomerania  and  tiie  island  of  Bugen  were  given  up 
to  the  Swedes,  who  ogreed  to  adopt  tha  French  prc^bitoiy  tytAum 
against  Great  Britain. 

1810,  February  19.  Treaties  of  Allianee  and  Commerce  signed  be- 
tween Great  Britun  and  the  Brarils. 

.  1810,  April  19.  The  South  American  provinces  of  Caroccas,  ta, 
form  a  federative  government,  under  the  title  of  the  Federation  of 
Venezuela. 

1812,  March  14.  Tteot^  of  Alliance  rigned  at  Paris  between  Fnmw 
and  Austria. 

1812.  Maroh  24.  Treaty  of  Alliance,  signed  at  St.  Petersburg,  be- 
tween Bemadotte,  Prince  Royal  of  S  wedm,  and  tixe  Emperor  Alex^ider ; 
the  former  agreeing  to  join  m  the  campaign  agsUnst  EVanoe,  in  return 
for  which  Sweden  was  tq  receive  Norway. 

1812,  April  I,  The  Berlin  Decree  revoked  as  far  as  respected 
America. 

1812,  May  28.  Preliminaries  of  peaoe  ratified  at  Bucharest  between 
Russia  and  Turkey,  it  being  stipubned  tlut  tile  ^utii  should  form  the 
limits  of  those  empires. 

1812,  July  6.  A  Trstty  of  Peace  between  Great  Britun  and  Sweden 
ratifled  at  Orebo. 

Ittl2,  July  20.  Treaty  dgned  between  the  Emperor  Alexander  and 
the  R^Qcy  of  Cadiz,  in  the  name  of  Ferdinand  the  Seventh  of  Spain. 

1812,  August  1.  Treaty  of  Peace  and  Union  ratified  at  SL  Peters- 
burg between  Great  Britain  and  Russia,  renewing  their  ancient  rela. 
tioQs  of  friendship  and  commerce, 

1813,  January  25.  Concordat  at  Fontainebleau>  between  Napoleon 
and  Pius  VII. 

1313,  March  1.  The  Sixth  Coalition  entered  into  between  Russia 
and  Pru.tsia  against  France,  the  treaty  being  ratified  at  Knlisch. 

1813,  March  '3.  I'ho  Treaty  of  Stockholm  entered  into  between 
England  anil  Sweden. 

1813,  June  14.  A  Treaty  of  Alliance  concluded  between  Groat 
Britain,  Russia,  and  Prussia. 

1813,  July  8.  The  Convention  of  Feterswalden,  between  Great  Bri- 
tain and  Itusaia, 

1S13,  July  10..  A  reciprocal  Treaty  of  Alliance  and  Guarantee  be- 
tween liVauce  and  Denmark,  ratified  at  Copenliogen. 

1813,  September  9.  A  Triple  Treaty  of  Alliance  ratified  at  TopUtz 
between  Rus:<ia,  Austria,  and  Prustiia. 

1813,  October  3.  A  prelimmary  Treaty  of  Alliance  signed  at  Toplitz 
between  Austria  and  Great  Britain, 

181S,  December  8.  Treaty  of  Valency,  between  Napoloon  and 
Ferdinand  the  Seventh  of  tipain,  whereby  the  latter  was  to  bo  put  in 
full  postmsaion  of  that  kingdom,  on  agreeing  to  maintain  its  integrity. 

1814,  January  14.  Treaty  of  Kiel,  between  Gmit  Britain,  Swedei^ 
and  Denmark.   Norway  ceded  to  Sweden. 
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1814,  February  5.  The  Cortes  of  Spain  renounce  the  treaty  r&tified 
at  Valea?ay. 

1814,  February  6.  CongreBS  of  ChatiUon,  between  the  four  great 
powan  RUied  againet  France,  at  which  Cauladncourt  attended  on  the 
part  of  T^ce;  the  CongreBS  broke  up  on  the  19th  of  Mardi. 

1514,  March  1.  Treaty  of  Chaumont,  between  Great  Bntain,  Austria, 
Rnssia,  and  PniBsia. 

1814,  April  11.  The  Treaty  of  Paris  ratified  on  the  part  of  Napoleon 
and  the  Allies,  by  which  Napoleon  renounced  his  sovereignty  over 
France,  tus.,  atipukting  that  the  ialand  of  Elba  should  be  his  domain 
and  residence  for  life,  with  a  suitable  prorisioD  for  hinuetl  and  Maria 
Looisa,  who  ma  to  have  vested  in  her  the  duchiee  of  Parma  and 
Plaoentia,  the  same  to  descend  to  her  son. 

1814,  April  23.  A  Convention  signed  at  Paris  between  the  Count 
d'AHois  on  the  one  port,  and  the  Allied  Powers  on  the  other,  stipu- 
lating that  all  hostihties  should  ceaae  by  land  and  sea ;  that  the  con- 
federated armies  should  evaouate  the  Fr«ich  territory,  leaving  its 
boundaius  the  lame  aa  thOT  were  on  tha  lat  of  January,  1792. 

1814,  May  SO.  Peace  of  Paris  ratified  between  France  wd  the  Allied 
Powers,  in  a  supplemental  article  of  winch  Louis  XVIII.  sUpnlated 
that  he  would  exert  his  endeavours  irith  the  continental  powers  to 
ensure  the  abolition  of  the  slavo'trade,  in  conjunction  with  Great 
Britain. 

1814,  Jul;  20.  A  Treaty  of  Peace  signed  between  France  and  Spain 
at  Fuia,  confirming  tiie  sttpulationa  of  previoufl  treaties  which  had 
existed  on  tiie  lat  of  January,  1792. 

1814,  August  18.  Convention  between  Great  Britain  and  tiie  Sove- 
reign Prince  of  the  Low  Countries  respecting  the  Dutch  colonies. 

1814,  September  28.  A  Convention  ratted  at  Vienna,  whereby 
Saxony  was  placed  under  the  control  of  Pruaeia. 

18L4,  December  24.  Peace  of  Ghent, between  Great  Britain  and  the 
United  States  of  America 

1816,  March  23.  Trea^  of  Vienna,  between  Great  Britain,  Austria, 
Russia,  and  Prussia,  confirming  the  principles  of  the  tivaty  of  Chau- 
mont,  March  1,  1814,  on  which  tiiey  hod  acted ;  and  uniting  Belgium 
to  the  Netherlands  under  the  sovereignty  of  the  king  of  the  Nether- 
lands. 

1515,  May  16.  Peace  ratified  between  Saxony  and  Prussia. 

1816,  May  20.  A  Convention  ngnad  afe  Zurich  between  the  Swiss 
Diet  and  the  plenipotentioriea  of  Great  Britain,  AuBtria,  Russia,  and 
Prussia. 

1815,  May  31.  Treaty  of  Vienna,  between  the  King  of  the  Low 
Countries  on  the  one  part,  and  Great  Britain,  Russia,  Austria,  and 
I'nisaia  on  the  other,  agreeing  to  the  enlai^ement  of  the  Dutch  teiri- 
tories,  and  vesting  the  sovereignty  in  the  House  of  Orange, 

1815,  June  4.  Treaty  of  Vienna.  Denmoric  cedes  SveSsh  Pomerania 
and  Kugen  to  Prussia,  in  exchange  for  Lauenburg. 

1816,  June  8.  Federative  Constitution  of  Germany  signed  at  Vienna. 
181S,  July  3.  Convention  of  St.  Cloud,  between  Imnhal  Davoust  on 

the  one  part,  and  Wellington  and  Bliidier  on  the  other,  by  which 
IVis  was  surrendered  to  &e  Allies,  who  entered  it  on  the  6th. 

1815,  August  2.  A  Convention  signed  at  Paris  between  Great  Bri- 
tain, Austria,  Russia,  and  Prunia,  styling  Napoleon  the  prisoner  of 
those  powers,  and  confiding  his  safeguard  particularly  to  the  Britiah 
government. 

1815,  September  14.  A  Convention  entered  into  at  Vienna,  whereby 
tiie  duchies  of  Parma,  &c.,  were  secured  to  the  Empreas  Maria  Louisa, 
and  on  her  demise  to  her  son,  by  Napoleon. 

1815,  S^tember  26.  The  Treaty  denominated  of  the  Holy  Alliance, 
ratified  at  Paris  by  the  Emperors  of  Austria  and  Russia,  and  the  King 
of  Prusfcia.  ' 

1816,  November  5.  A  Treaty  ratified  at  Paris  betwem  Great  Britain 
and  Russia  retjpecting  the  Ionian  Islands,  which  were  declared  to  form 
a  united  state  under  the  sole  protection  of  the  former  power. 

1 81 5,  November  20.  Peace  of  Paris,  between  France  on  the  one  part. 


'  by  foreign  troops  for  three  years. 

1815,  November  20.  The  Treal^r  of  Paris  ezeouted  between  Great 
Britain,  Russia,  Austiia,  and  Prussia,  confliming  the  treaties  d  Chan- 

mont  H8  well  as  those  of  Vienna. 

1816,  March  13.  A  Treaty  entered  into  between  France  and  the 
Swiss  Cantons,  whweby  12,000  Swiss  troops  were  admitted  into  the 
rreuch  service. 

1 8 1 7,  June  1 0.  Treaty  of  Paris,  between  Great  Britain,  Fmnce,  Spain, 
Russia,  and  Prussia,  in  order  to  fulfil  the  artides  of  the  Congreas  of 

Vienna. 

1 818,  April  26.  A  Convention  signed  at  Paris  between  France  and 
the  Allied  Powers,  releasing  France  from  all  debta  referred  to  in  the 
treaties  from  the  80th  May,  J814,  to  the  20^1  November,  1815. 

1818,  April  25.  A  Convention  ratified  at  Paris  between  England 
Mid  France,  whereby  the  latter  power  undertotA  to  liquidate  all  further 
demmds  on  the  part  of  British  anbjecte. 

1818  May  4.  A  Treaty  ratified  between  Great  Britain  and  the 
Netherlands  for  abolishing  the  slave-trade. 

1818,  October  fi.  A  Convention  entered  into  by  the  great  powers  of 
Europe,  assembled  at  Aix-la^Chapelle,  on  the  one  part,  and  the  Duke 
Oe  Bidieheu  on  the  other,  vherel^  it  was  stipulated  that  the  anny  of 


occupation  should  quit  the  French  territory  on  the  80th  of  November 
ensuing ;  it  was  also  agreed  that  the  remaining  sum  doe  from  Franoa 
to  the  Allies  was  265,000,000  francs. 

1819,  August  1.  Congress  of  Carlsbad. 

1820,  October  20.  Congress  of  Troppau. 

1820,  October  24.  Trmty  between  Spain  and  America :  Florida 
ceded  to  the  United  States. 

1821,  May  6,  The  Congress  of  Laybach,  which  hod  been  for  some 
time  attended  by  the  sovereigns  of  Austria,  Russia,  and  Prussia,  finally 
broke  up,  having  issued  two  ciroulars  stating  it  to  be  their  resolution 
to  oocupy  Naples  with  Austrian  ttoopSj  and  {mworibe  popular  insur- 
reotioD. 

1822,  August  25.  Congress  of  Verona. 

1824,  February  4.  A  Convention  between  Great  Britain  and  Aoabia 
laid  upon  the  table  of  Uie  House  of  Commons,  by  which  the  former 
agreed  to  accept  2,600,000!.  as  a  final  compensation  for  her  eloima 
upon  the  latter  power,  amounting  to  80,000,000^. 

1824,  June  16.  Commercual  Treaty  between  Great  Britain  and  Den- 
mark. 

1825,  February  2.  Treaty  of  Commerce  engned  at  Buenoa  Ayrea 
between  Great  Britain  and  the  United  Province  of  Rio  de  la  Plata. 

1825,  February  28.  Convention  between  Great  Britain  and  Russia ; 
frontier  of  north-weat  coast  of  America  settled. 

1825,  April  17.  France  recognises  the  indi^tendence  of  St,  Domingo. 

1885,  April  18.  Trea^  of  Amity  between  Great  Ikitain  and  Co- 
lumbia. 

1825,  September  20.  Commercial  Treaty  between  Great  Britun  and 
Hanse  Towns. 

1825,  October  18,  Treaty  between  Great  Britain  and  Brazil  for 
abolition  of  slave-trade. 

1820,  January  26.  Treaty  of  Navigation  between  Great  ^tain  and 
France. 

1826.  May  Id.  Treaty  of  Navigation  betwaMi  Great  Britain  and 
Sweden. 

1826,  September  4.  Treaty  of  Akermann,  between  Russia  and 
Turkey,  respecting  the  Principolitiea  of  Moldavia  and  Wallachia. 

1826,  November  13.  Convention  concluded  between  Great  Britain  and 
the  United  States,  concerning  indannitiea  to  American  subject  injured 
by  the  war. 

1828,  Februaiy  22.  Peace  of  Torkmaaefaay,  between  Ruasia  and 
Persia.   Erivan  and  the  country  to  the  Anzes  ceded  to  Rusua. 

1828,  June  26.  Convention  between  Gkeat  Britlun  and  Spain  far 
satisfying  chums  of  British  merchants. 

1828,  August  29.  Trea^  of  Peace  between  Brasil  and  Basnoa 
Ayres,  at  Rio  Janeiro. 

1828,  October  28.   Peace  between  Naples  and  Tripoli. 

1829,  July  6.'  Treaty  of  London,  between  Uussia,  France,  and  Great 
Britain,  for  the  settlement  of  the  i^^rs  of  Greece. 

1829,  September  14.  Perce  of  Adrionople,  between  Russia  and 
Turkey,  by  which  Rusua  acquires  the  protectorate  of  Moldavia  and 
Wallachia. 

1830,  May  7.  Treaty  between  Turkey  and  the  United  States. 
American  vessels  allowed  to  pass  to  and  from  the  Black  Sea. 

1830,  November  2.  The  independence  of  ' Belgium  rec<^!;iused  by 
England  and  Ii>ance. 

1831.  The  commercial  union  of  the  northern  states  of  Qennany, 
known  as  the  Zollverein,  commenced  under  the  auspices  of  Prussia. 

1831,  November  15.  A  Treaty  signed  between  Great  Britain  and 
France,  for  a  settlement  of  the  points  of  dispute  between  Holland 
and  Belgium,  to  which  Holland  acceded  March  13,  1838. 

1833,  July  8,  Treaty  at  Constantinople  between  Turkey  and  Russia, 
by  which  it  was  stipulated  that  the  Dardanelles  should  be  shut  to  all 
foreign  vessels  of  war. 

1834,  April  22.  Quadruple  Treaty  between  Great  Britain,  Franca 
Spain,  and  Portugal,  in  support  <n  the  two  qneen^  Isabdla  and 
Maria. 

1836,  Supplementary  Treaties  with  Portugal  and  Spain,  by  the 
former  of  wluch  the  Methuen  Treaty  with  Portugal  was  annulled. 

1837,  November  16.  Treaty  at  the  Hague  with  HoUand,  by  whidi 
discriminatory  duties  on  the  ships  and  cargoes  of  Great  XMtain  ttod 
Holland  are  respectively  abolished. 

1838,  July  8.  A  Commendal  Treaty  between  Great  Kitain  and 
Austria,  signed  at  Vienna. 

1838,  November  16.  A  Commercial  Treaty  oonduded  in  London 
between  Turkey  and  Great  Britain. 

1840,  July  15.  IVeaty  signed  in  London  between  Great  Britain, 
France,  Austria,  Russia,  Prussia,  and  Turkey,  for  the  asttiemsnt  of  tho 
dispute  between  Turkey  and  Mehemet  Ali. 

1841,  June  16.  Treaty  between  Great  Brit^  and  Denmark  rdatiTa 
to  the  passage  of  the  Sound, 

1841,  Jidy  J3.  Convention  at  London,  between  the  European 
Powers  and  Turkey,  by  which  the  closing  of  the  Dardanelles  agiunst 
ships  of  war  is  made  general  to  them  all  while  Turkey  is  at  peace. 

1842,  August  20,  Treaty  of  Nankiu  with  China,  by  which  several 
ports  were  opened  to  the  Britidi  trade,  Hong-Kong  ceded,  and  an 
uidemnification  of  21,000,000  doUars  paid. 

1844,  July  22.  Treaty  between  Great  Btitahi  and  Hanover  for  th« 
TSgulHlvni  (rf  the  Stacto  IhitiM. 
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1841,  Scvt«mb«r2.  Ttm^ batwaen Bdgitunnd tiMOflrtuii Stetw 
partia*  to  tbo  ZoUreraiiL 

1845,  lli»_29.  A  Conrenfion  eigned  fai  London  between  Omt 
Britain  and  mnoe  for  the  sup&reMioa  of  the  BUve  Trmde. 

1845,  Jiiim25.  Itaat^fof  CnniiwRM  Cor  ten  fMn  ntlflfldlMtinaB 
Gmt  Britftin  and  the  Two  ffidUae. 

1848,  November  16.  Aiutrift,  Roadft,  and  "PramSa,  revoke  the  tnatj 
of  1815,  otmstituting  Cruow  a  free  repubUo,  and  isetore  the  territoiy 
to  Austria.  Soon  iJter  the  kingdom  ci  Pcdind  ia  inoorpmted  vHn 
RiubU.  Gnat  Kitain,  Fiano^  Smdinj  and  Ttukej  unite  in  a  pcoteat 
againat  these  prooeedingik 

1849k  Aogoat  Q.  Trea^  of  HSan,  between  Anitria  and  Sardinia 

18S0,  F^Sroary  37.  TreaU  at  Uonioh  between  Auatria,  Bavaria^ 
Saxony,  and  Wtirtemberg,  to  form  a  Southern  German  Union  againat 
the  pratenaiona  of  Prussia. 

1850,  April  19.  Treaty  at  Waahington  between  Great  Britain  and 
the  United  States,  roBpecting  a  ahi^canal  through  the  ilata  of  ITka- 
raguA,  to  connect  the  Atlant^  and  Facifio  Oceana. 

186<^  July  3,  Trea^  of  Peaoe  batiween  Fra^  and  Domiaik, 
Pruuda  withdrawing  from  the  anpport  of  the  dtuUfls  of  Holiteln  and 
S^eswig;  and  on  July  4  a  [votood  waa  signed  in  London  between 
Great  Britain,  France,  Pnuni^  and  Sweden,  guanntedng  tiie  integxity 
of  the  Danish  territories. 

1852,  April  8.  Coallldon  at  Darmstadt  between  Saxony,  Bavaria, 
Wiirtemb*^,  Badwi,  Kaanu,  and  the  two  Hessei,  against  t>tw  renewal 
of  the  Zollvenin,  exoepb  Aosfaria  be  admitted  into  the  UniuL 

1863,  Fbbmarr  18.  TntXj  at  Wadilngtoo  betwMi  Qieit  Britdn 
and  the  United  States,  for  an  International  oopyri^dit. 

1858  Febmaiy  19.  Commradal  Trtttf  ngpM  at  BerHn  betwem 
Austria  and  PniiMa,  for  twelve  years. 

185S,  December  8.  Protocol  signed  at  Vienna  Great  Britain, 
Franoe,  Austria,  and  fttusia,  for  the  maintenanoe  of  the  int«ri^  of 
the  Ottoman  sB^iii^  and  ioT  tlw  mtontion  of  peww  between  ner  and 
RoBsia. 

1854,  March  13.  ADIanoe  of  Constantiuople,  between  Great  Britain, 
France,  and  Turkey,  against  the  hostilities  of  Russia. 

1851,  April  20.  Treaty  of  Berlin,  between  Austria  and  Praasia,  for 
the  mutual  defence  of  thdr  respei^ve  territories,  and  irf  Gennmy; 
and  against  Russia,  should  thai  power  cross  the  BaUnn. 

1854,  Jnne  7.  Tna^  it  WHUngton  between  the  ITnltBa  States 
and  Canada,  bv  which  the  British- Ainerioan  ooast-fiaheries  are  thrown 
open  to  the  Ui^ted  States  fishermen,  the  navigation  of  the  St  Lsw- 
renee  and  the  Canadian  lakei  declared  tm,  and  the  products  of  the 
two  ooontries  (ezo^  sugar  and  tobacco)  reciprocally  exempted  from 
doty. 

1854,  December  2.  ^^vaty  of  AlUaiUM  idgiMd  at  Tismu  between 
Great  Britain,  nance,  and  Austria. 

1855,  January  10.  Sardinia  jobm  tiia  AIlianeB  of  GrsBt  Kftatn  and 
Fkanos  against  Ruada,  agreeing  to  send  a  oontiogent  toros  to  Ha 
Crimea. 

1855,  November  9.  An  Intaniational  ooi^rigfat  treaty  oonduded 
with  Prussia. 

1858,  February  1.  Protood  signed  at  Paris  hy  the  pleaipotentiaries 
of  Roaria,  and  those  of  Great  BrtM«,  Frimoe,  Austria,  and  Tntk^,  for 
n  peaee  between  those  powers. 

1857,  March  8.  treaty  of  Peaoe  rigned  at  Paris  between  Great 
Britun  and  Fenda. 

1857,  March  14.  Trea^  between  DemnaA  and  the  principal  states 
of  Europe,  for  the  abolition  of  the  Sound  dees;  siaied  at  Copenhagen. 

1857,  May  88.  Trealy  ainied  at  Paris  by  Ute  great  Buropean 
PUw«gn,fortM  aotUemmt  of  the  dispute  between  Prusria  and  Switser- 
hnd  rsbtiTe  to  Keufidiital, 

1858,  June  28.  Treaty  of  Tien-tdn  with  C9iina,  by  which  inter- 
worse  with  the  interior  of  China  was  stipulated  for,  several  additional 
porta  were  opened  to  Britbh  oommeree,  and  a  British  ambassador 
admitted  to  reside  at  Fekin. 

1866,  August  30.  Oonventltm  rigned  at  Paris,  ooostitiiting  Moldavia 
and  WaUacaia  independent  principalities,  under  the  suxen^n^  of 


1858,  August  36.  Oommeroial  Trea^  between  Great  Britain  and 
Juan,  s^iod  at  Jeddo. 

1880,  Februtiyll.  C<nnm«r(nal  Treaty  betwetn  Cfreat  Britain  and 
IVsnoe,  paUialied  in  the '  Utmiteor.* 

1860,  March  34.  Trea^  between  Aanoe  and  Sardinia,  signed  at 
Turin,  by  which  Savoy  and  Nice  are  oeded  to  Ftanee. 

1860,  July  11.  Feaos  of  Tilla  PVanca,  between  Franos  and  Austria, 
by  which  liombaidy  is  transferred  to  Sardinia,  and  a  confederatioB  of 
Italian  States,  under  the  protection  of  Austria,  stipulated  for.  lUa 
treaty  was  formally  ratifiea  at  Zurich  on  Nov.  11. 

1860,  Ootobw  31  Ratification  ot  the  Trea^  of  Tlen-tdn,  and  a 
new  peace  with  China,  signed  at  PeUn;  China  paving  an  indemni^ 
lot  the  eneoses  of  the  allies  and  the  losses  of  the  Bmi£  merchants. 

1861,  May  1.   Commeroial  Treaty  between  Flraaoe  and  Belgium. 
186],  Mj^  16.    Commercial  Treaty  between  Great  Brit^  and 

Turkey,  dgned  at  Constantinople. 

There  are  several  vohuninous  collections  of  treaties,  of  which  one  of 
tiie  most  ooBopleta  is  that  of  O.  F.  von  Ifartens,  who  continued  tlie 
voikB(rfI>uM!ontand  Bonsset,<ritwliidttlMfintT(AanMiiMpaUwhed 
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in  1790.  A  prdiminary  account  ot  all  preceding  i«inted  ooUeeticas 
was  published  by  him  in  1802.  Suocessive  suppTementa,  by  <li<fciynt 
editOTs,have  brought  down  theaocount  of  the  various  treaties  to  a  veij 
recent  period.  The  collection  of  C.  W.  Kotix,  in  U  vols.  Sto^  li  a  oie. 
fill  one,  but  does  not  come  down  so  lata. 

TRinSS,  I«AWS  RELATING  TO.  [TntBiB.] 

TRENCH,  in  military  worin,  is  an  nuavatlon  in  the  ground  from 
^elve  to  ^teen  feet  wide,  and  three  feet  deep,  and  generally  <rf  otm- 
sideraUe  length,  the  earth  being  thrown  up  on  one  aide  in  order  to 
form  a  sort  of  parapet  by  which  the  soldieis  in  the  trench  may  be 
oovered  from  the  vtow,  or  proteoted  from  the  fire  of  the  enemy.  rSar: 

TRliNT,  COXTNCIL  OF  (OmdUun  Tridtntiinm),  was  fiist 
convoked  by  a  bull  of  Pope  l^ol  IIL,  dated  Uw,  1548,  but  the 
war  between  the  Emperor  Charles  T.  and  EHuds  L  (4  Aanoe, 
together  with  the  negotiations  then  being  carried  on  between  tiie 
emperor  and  the  German  princes  who  had  embraced  the  Protestant 
faith,  provented  ita  installation  until  December  13,  1545 ;  even  then 
only  four  arohUshops,  twenty  bishops,  five  heads  of  monastio  orders, 
three  papal  legates,  and  an  antUtor,  besides  the  imperial  oratoa  or 
envoys,  were  |H«sent;  but  other  prelatea  aftorwarda  gnduaU^  joined 
the  assembly.  After  arranging  some  preliminaiy  diffioultiea,  the 
oouneil  proceeded  to  oonsider  the  two  great  objeota  for  which  it  had 
been  convoked — the  definition  of  the  dogmas  of  bibh  and  the  con- 
demnation of  heresies,  and  the  reform  of  Uw  church  in  matters  of 
discipline  and  jurisdiction.  The  German  Uahope,  auHKnied  hj  the 
envoya  of  ttte  emperor,  unied  that  the  labours  of  the  council  should 
begin  vrith  the  buaness  Mrefcarm,  as  it  was  the  relaxatioa of  i^MriiTiir 
that  had  first  oooasioned  the  presoit  schism  in  the  church,  an^thst 
the  only  ohanoe  of  reclaiming  the  seceden  waa  to  manifest  an  earnest 
will  to  reform  abuses  before  proceeding  to  condemn  them  and  their 
teneta;  that  If  the  oounoU  did  not  take  in  hand  speedily  the  iraA  of 
diondi  xafonii,  tiia  lay  wnrsn  would  take  it  iw  tlumselvM,  to  the 
manifest  bjoiy  of  the  soeleabtBtieal  anthorily.  The  bishop  rainoe  of 
Trent  tpoke  at  length  on  this  side,  as,  being  on  the  thre^old  of  Oev 
many,  he  was  aoqutdnted  with  the  state  of  opinions  in  that  country; 
and  the  majori^  of  the  prelates  seemed  to  incline  to  his  opinion.  The 
papal  l^tes,  however,  supp<nied  by  the  Italian  prelates,  were  of 
opmitm  that  the  oouneil  should  begu  with  *j«flni»pg  the  dogmas,  as 
that  was  the  task;  and  on^t  to  be  first  attended  to/beause 

Mth  is  the  tbondatlon  of  all  taoail  virtues ;  that  the  outny  about 
reform  was  well  known  to  be  mainly  directed  against  the  court  <A 
Rome  and  its  jurisdictbn,  and  was  an  mdirect  attat^  upon  the  autho- 
rity of  the  sovereign  pontiff,  towards  whom  it  would  be  more  reverent 
to  loave  liim  the  imtiatiTe  in  oorrecting  the  abuses  of  his  own  court, 
while  the  council  was  attoiding  to  the  ^ver  quMtions  of  idigion, 
otherwise  dissendoBS  would  anun  between  the  nssd  and  body  of  the 
church,  only  to  the  advanti^  and  satidution  of  heretics.  At  last,  In 
<H^er  to  oondliato  all  parties,  it  was  resolved  that  the  two  departaoients 
of  doctrine  and  diaoipUne  should  be  proceeded  with  stmultaneonsly; 
that  for  every  sitting  congregation  engaged  in  difmisriftni  on  dtxmay 
tliere  should  be  another  concerning  the  reform  of  disnpliae ;  andthis 
rescdutiw  waa  at  last  apeed  to  by  tlie  pope. 

TheeooneiL  at  the  bogjnidiw  of  ita  regular  sealoB,  undertook  to 
define  first  of  aU  what  were  the  eonroes  of  aatlurity  in  mattera 
faith.  It  declared  that  the  Catholic  doctrines  are  oontained  in  the 
authentic  books  of  the  Old  and  Kew  Testament^  and  also  in  tlw 
traditions  eoDconing  faith  and  momla  vhidi  are  preserved  in  the 
Catholio  Church.  This  was  a  oondemnation  of  Luther's  assertion  that 
all  the  doctrine  of  the  ChristiaQ  &ith  is  oontained  in  the  Soripture^ 
and  that  unwritten  tradition  it  not  to  be  held  as  authori^. 

nie  ooundl  next  proceeded  to  define  the  dogmas  of  alth,  so«b  as 
those  of  (niginal  rin,  predestination,  grace,  and  free  will,  the  definitiui 
of  which  may  be  aeoi  in  the  oateobism  published  by  the  name  of 
*  Catechism  us  ad  Pkrochos,'  or  'Catechism  of  the  Council  of  Trent^* 
irikich  is  translated  into  most  lansuogea. 

Tlie  council  next  propounded  the  doctrine  of  the  church  oonoorning 
tlie  saeiamenta^  wluoh  they  stated  to  be  seven  in  number,  name^, 
baptism,  oonftrmation,  the  euoharist,  confession  or  penitenoe,  extteoe 
unotion,  ordination,  and  matrimonjr ;  and  afterwards  th^  proceeded  to 
treat  of  each  of  them  seriatim,  laymg  down  the  orthodox  oootrine  and 
anathemirtirfng  the  disocodant  teneta  of  the  Lutherans,  Zwindi^ms,  and 
otherheretios.  At  the  same  time  the  council  proceeded  with  cQsouisiona 
on  subjeeto  ctf  discipline  end  reform.  The  question  of  plurslitieB  proved 
a  most  difficult  one  to  settle.  The  Spstuah  bishops  made  a  strong 
remonstranoe  agahist  tiw  abuses  of  pturslitUs  luid  non-reridenoe,  and 
wished  the  oouneil  to  pass  at  onoe  severe  decrees  against  both.  The 
Imtes  proposed  that  the  pope  should  take  into  hie  om  hands  the  task 
01  reform,  and  th^  wrote  to  Rome  aooordinc^,  and  the  papa  direoted 
a  bull  to  the  coondl  by  which  lie  referred  the  matter  to  hlmadf.  This 
bull  met  with  great  oi^>ositlon,  and  was  a  souroe  of  misunderstanding 
between  Rome  and  the  oounolL  At  last,  in  Ibrch,  1547,  the  leptsa 
suddenly  dosed  the  session,  which  was  reckoned  the  severUh  mnoe  tlw 
<4>ening  of  the  council,  and  In  virtue  of  the  authority  they  hdd  from 
the  pope  thw  transtured  the  council  to  Bologna,  under  the  plea  that  ft 
contagious  disorder  had  broken  oat  in  the  dty  of  Trent.  The  maiaity 
of  the  prelatea  assented ;  but  there  were  eif^teen  Udiopa,  ohid|y  A 
the  domisioDB  of  the  emperor,  who  refused  to  Isave  Trent.  Theowm 
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followed  the  IwaUi  to  Bologna,  where,  after  opeoing  the  MBvioD,  the 
oooncU  vu  aajounied  ntw  dU.  CWlw  V.  protestad  igNiufe  the 
WMWitim  of  Bologiu^  which  he'  did  not  acknowledge  ti »  oounoQ,  and 
innstea  upon  the  cooneil  being  reatored  to  Trent. 

In  I6i9  Pope  Paul  III.  died,  and  his  suooenor  Jnlitu  HI.  agutt 
oonToked  the  oouncil  at  Trent,  in  Hay,  1661.  Not  many  pralatea 
attended.  The  ooundl  af  .Tmit  |ffoeeedad  to  define  the  doctrine  of 
tranaubetantiation,  the  Lord'a  Sui^mt,  and  the  maaa,  and  afterwards 
that  of  oonfeauon  and  Uie  other  aacramenta.  At  the  aame  timedeorees 
were  nude  ooneeming  points  of  discipline,  touching  the  wiscopal 
juriadiction,  the  wpeab  to  Bome,  and  other  auoh  mattera.  In  1663 
the  .fopa  [fforogued  the  eoimcdl,  and  tUa  pnroptiou  wu  ocmtinued 
for  ten  years,  daring  which  period  three  popes  cued- in  auooewion, — 
Julius  III.,  Harcellus  II.,  and  PanllY.  AthatPiua  IT.  belngelsrted^ 
began  to  think  seriously  of  re-opening  the  ganenl  eoundl,  ol  whioh  the 
church  aeemed  to  atand  more  in  need  than  ever. 

In  1561  the  Fathen  gathered  again  at  Trent,  and  on  the  18th  of 
January,'  1662,  the  aesrion  waa  solemnly  opened.  One  hundred  and 
twelve,  oonaiwting  oi  archbishops,  bishops,  and  mitred  abboti^  were 
present,  beeidea  the  cardinals.  The  oraton  of  the  Tazious  ctetea  were 
also  preeent.  After  very  lengthened  diaeoBBions  on  nrioos  aubjects, 
and  some  tntemiptions  from  political  oauaea,  the  coundi,ia  July,  1563, 
issued  its  oanon  on  the  aubjeot  of  residence.  Without  enteiing  mto  the 
queetum  of  divine  right,  it  enjoined  all  biahopa,  ardibishopB,  and  cardi- 
nala  having  the  charge  of  a  see  or  cathedral  ohurdi,  to  reside  peiwnially 
in  their  reneotiTe  oathedtala  throughout  the  year,  and  more  eapedally 
duiingthe  Lent>  Advent,  Chiiatmaa,  Easter,  and  other  solenm  festivals, 
ezc^  in  oasea  of  urgent  neoesaity,  throu^  motives  of  Christaan 
bbarity,  or  "for  the  evident  advantage  of  the  ohuroh  or  common- 
wealth," and  thai  not  without  the  written  ifii«obaiioa  of  the  pqpe  or 
of  the  metropolitan.  The  same  deoree  was  eztnidad  to  inaamM^  of 
pariahea. 

The  oonneil  issued  a  eanon  ooncsnnng  the  doctrine  of  the  institution 
of  bishops.  It  stated  that  there  is  a  hierarchy  in  the  ohuroh,  instituted 
Iqr  divine  ordination,  and  oonatoting  (tfbiBhcnpa  and  presbyten  and  other 
ministers;  t^t  bidwps  aM  stmeiior  to  preabyten,  and  have  tJie  power 
iit  ordaining  and  confirming,  whioh  la  not  given  to  the  others ;  that  the 
only  legitimate  biehopa  are  those  ordained  by  the  pope  or  1^  other 
eocIesiMtioal  and  cauonioal  authority. 

The  oouncil  naxt  laid  down  the  cuwfariDS  of  the  ChHirifa  Chureb  oon- 
oeming  marri^,  which  it  nAxam  aa  one  of  the  aaeramsntB.  AmMig 
other  articles  on  this  subjeot,  it  oondenms  pcdygamy  aa  oontraiy  to 
divine  law ;  it  fortnds  perscoa  in  holy  orders  (xwtractibag  marriage ;  and 
it  states  marriage  to  be  indissolnUe,  even  after  tiie  adutery  of  one  or 
both  of  the  parties. 

On  tiie  impnrtMit  quastiim  oi  elandestine  nianiaftes^— ti^  is  to  say, 
marriages  contracted  before  witnesses  wiUumt  tiio  intcrvantiou  (tf 
the  parish  priest, — the  oounoO  deoreed  that  in  future  no  marriage 
ahoiUd  be  considered  valid  vldoh  was  not  contracted  before  the  parish 
incumbent  or  before  another  (detgyman  duly  deputed  by  the  inoum- 
bent,  or  by  the  ordinary,  and  in  presence  of  at  least  two  witseeses 
besideB,  and  that  their  names,  as  well  aa  the  namea  <rf  the  married 
parties,  Sind  the  date  of  the  celebration  of  the  marriage,  should  be 
entered  into  a  register  to  be  by  every  paridi  inomnbent.  'Sim 
council  explained  also  v^t  were  the  cases  olrdaiimBhip  and  other 
canonical  impediments  to  the  contracting  of  nuotiagea;  and  although 
it  did  not  oondemn  altogetiier  the  prootioe  of  dupensations  being 
granted  by  the  pope  in  pai^cular  instanoes,  it  recommended  that  such 
dispensations  should  be  prated  rardy,  gratnltoi^,  and  on  proper  and 
sninoiant  groimds. 

Hitherto  the  secular  prinees  had  insisted  npon  zeConns  of  the  shiitoh 
and  clergy;  now  the  pope  and  ooort  of  Borne  urged  the  oouncil  to 
make  reforms  affecting  the  princes  and  ^ir  courts.  Aooording  to 
instructiona  received  from  Cardinal  Borromeo,  the  pnte's  minister  at 
Rome,  the  lenttes  laid  before  the  assembly  sevwal  moticms,  chiefly  In 
support  of  Uie  ecclesiaatical  immomties.  The  following  were  among 
the  principal  heads  ;~That  ohurchmen  ahoold  not  be  summoned  b^ore 
the  lay  courts.  That  tiie  lay  courts  and  magistrates  should  not  inter> 
fere  in  eases  of  matrimony,  heresy,  tithes,  patronage,  patrimonial  bene- 
flcea,  eodeeiastical  fieft,  the  tempitt»l  jurwiiotion  of  ohurohes,  nor  in 
any  cause,  civil,  criminal,  or  mixed,  pwtaining  to  the  ecoleeiBstical 
courts.  That  churchmen  should  not  be  liable  to  pay  taxes,  tenths, 
Hffwe,  or  Bubeidiee  ui  any  eort,  either  on  the  property  of  the  church  or 
on  their  own  patmmonial  property.  That  the  property  of  the  church, 
moveable  and  immoveable,  of  every  sort,  tithea  and  other  ilditL  should 
be  held  as  sacred  from  the  hands  of  the  lay  powers.  Hut  all  letteis, 
citations,  sentmoes,  and  excommunications,  from  the  ecdeeiaatical 
courts,  or  from  Rome,  should  be  promu^:ated  and  executed  without 
requuing  any  exequatur  or  pennissiou  from  the  dvil  power.  That 
luiUur  (onparor  nor  king,  nor  any  othw  rainoe,  should  interfere  with 
the  tud  oomts  or  with  the  tribunal  of  tbe  Inquisition,  but  should, 
»<luired,  give  them  the  assiBtanoe  of  the  secular  arm. 
■nie  above  demands  put  forth  by  the  legates  raised  a  storm  on  the 
head  of  the  council  The  Emperor  Per^nand  and  Charles  IX.  of 
PrMice  protested  agiUnst  any  such  proceedingB,  and  the  pope  directed 
™*  legatee  to  withdraw  the  obnoiiouB  motions,  and  to  content  them- 
suves  withftgenenl  admonition  to  all  Chriatian  prinoea,  whioh  waa 
V  *"  oonndl,  exhorting  them  to  respect  and  cause  to  be 


respected  the  rights  and  immunities  of  the  church,  and  the  oonstitu- 
tions  of  the  popes  and  oouncilB  in  •  favour  of  ecclesiastical  penoDS  and 
eooleaiastioal  liberties.  But  the  obnoxious  prindplev  started  by  the 
legates  of  Pius  lY.  were  revived  by  his  suooessor  Pius  V.,  and  pro- 
mulgated by  him  in  the  famons  bull "  In  Cona  Domiid.'* 

Toe  council  now  drew  to  its  oonduaioo.  A  number  of  canons  oon- 
eeming doctrine  as  well  aa  discipline  were  paased;  other  minor  points 
were  referred  to  the  decision  of  the  pope.  The  doctrine  ci  purgatory 
and  indulgences,  and  of  the  benefit  derived  to  the  departed  aoula  froru 
the  prayers  of  the  living,  were  ooufirmed.  The  invocation  of  the  saints 
who  intercede  with  God  on  behalf  of  man,  and  the  venmttion  for  their 
relics,  were  likewise  adopted.  Tim  .images  of  Cbriat  and  the  sunta 
were  to  be  retained  and  venerated  in  the  ohatohsa  for  the  sake  of 
those  whom  they  represent,  at  the  same  time  that  no  meretrioioiu 
ornament  or  other  sensual  enticement  was  to  be  mixed  with  the 
devotional  {M^tices.-  Severe  penalties  were  deoreed  against  church- 
men having  concubines,  against  simony,  against  pluralists  of  livings 
with  cure  of  souls,  and  against  dudliate.  Several  regulations  were 
made  for  the  proper  exsroination  and  seieotion  of  candidates  ^o  vncant 
eeee,  or  to  liv&ig;B  with  oore  ot  Bouls.  The  bishops  were  «u<dB0d  to 
moke  a  visitation  of  their  diooeees  once  every  year  with  a  modest  train 
and  retinue,  and  they,  as  well  aa  the  parish  incumbent,  to  preach  every 
Sunday  and  other  »lemn  festivals.  No  one  was  to  be  appointod  to  a 
benefice  with  cure  of  souis  under  twenty-five  years  of  age.  Criminal 
charges  against  a  biahop  to  be  judged  by  the  Soman  pontitt  Pro- 
vincial synods  to  meet  onoe  every  three  yean,  and  dlmwaan  synods 
every  year. 

These  and  oUier  canons  being  passed,  in  the  bcfpnning  of  Deonnber, 
166S,  it  was  agreed  that  the  oouncil  should  be  closed.  The  acta  of  the 
council  were  then  authenticated  by  the  notaries,  and  by  the  aecretary 
<d  the  oouncil,  and  signed  by  the  fathers  to  Uie  numbw  of  265,  namely, 
4  legatee  and  2  other  cardinals,  8  patriarchs,  25  archbishops,  168 
bishc^,  wesent;  89  pnnies,  7  abbots  and  7  generals  of  monastie 
orders.  Ilio  acoaptation  of  the  amhassadosa  ma  than  requested  and 
given,  exo^t  the  ambassador  of  niilip  <rf  Spain,  who  1^  order  of  his 
king  opposed  the  oloaing  of  the  oouwu,  and  tno  ambasaadon  VtmtB, 
who  baa  left  Trent  in  dudgeon.  ' 

Pope  Pius  IT.,  in  solemn  coudstory,  cai  the  26th  of  ^fanuary,  1564, 
oonfirmed  the  acts  of  the  oouncil  1^  a  bull  countersigned  liy  the  car^ 
dinalB.  AU  the  Boman  CaUudie  atates  aoospted  the  eooncil,  and  pro- 
mulgated it  in  their  states,  with  tiim  eueption  ot  Aanoe,  which  per* 
sisted  in  those  assertions  of  jnrisdktiooal  ind^Mndenoe  of  its  chundi 
and  king,  which  were  afterwards  embodied  in  a  regular  form  fay  the 
assembled  French  clergy  in  1 682. 

Two  distinguished  Koman  Cathdic  writers  have  written  professedly 
the  histwy  of  l^e  ooonoil  o£  Trent,  its  pmeedings  and  aota :  one,  the 
tenouB  VA  Paolo  Sarpi,  dindaya  at  times  a  ieelinf(  hostile  to  the  court 
of  Btnue ;  the  other,  Cardinal  Sfotxa  PaDavidno,  on  the  oontnry, 
writes  In  a  txme  of  perfect  submission  to  the  Koman  see.  By  com* 
paring  the  two  worics,  readers  are  enabled  to  oome  to  somsthing  like 
a  fair  understanding  of  the  labonra  and  the  merits  of  that  memorable 
assemUy. 

TBEPAIT.  [Tbzfhibb,1 

TBBPHINB  la  a  kind  «  saw  snployed  in  surgery  for  die  ramoval 
o£  a  droular  portion  of  bon&  For  this  purpose  it  is  used  in  various 
eases,  nu^  aa  diseasas  requiring  perforation  of  the  antrum,  necroios  vrith 
loose  eaokeed  sequestra,  abacesaes  in  bone  or  under  bones,  &o. ;  but 
espedaUy  in  injurlea  of  the  head  and  their  various  consequences,  for 
whidi  tiie  removal  of  a  portion  of  the  skull  is  deemed  necemy. 

The  trephine  is  now  oommonly  employed  in  this  country  instead  of 
a  somewhat  similar  instrument,  the  tr^MO,  whioh  waa  form«iy  used 
by  an  surgeons,  and  is  atili  freqneoth'  uaed  on  the  Ooutdnent  Tko 
inpta  is  very  like  the  tool  cslled  a  wlmbla,  i^oh  is  used  1^  ooopen 
for  bcuing  holes  for  large  co^,  and  is  worked  in  the  same  way,  with 
a  onrved  rotating  lever  under  the  handle;  but  instead  of  the  shsr»-like 
ontting  edge  of  me  wimble,  the. trepan  has  a  cdroular  saw,  which,  being 
rotated  i^  the  lew,  cuts  its  way  through  the  bone. 

The  trephine  Is  a  smaller  and  more  simsle,  bolL  in  oHur  reapecta, 
not  more  omvaniflnt  instrament  Ita  handlaialike  tbattrf  agmJet, 
but  stronger.  The  abaft  Is  terminated  below  by  a  sharp  steel  pointy 
called  the  oentre^E^  which  may  be  fixed  and  removed  at  pleasure,  and' 
which  stands  in  the  centre  of  the  oircle  formed  by  the  saw.  The 
purpose  of  the  oentre-pin,  which  ejects  a  litUe  below  the  edge  of  the 
saw,  is  to  fix  the  trephine  before  the  woridng  of  the  saw;  and  it  is 
k^  is  its  plaoe  till  ttw  saw  haa  eat  a  noovn  snffioently  deep  to 
steady  it  In  Its  fmtiiar  woridng.  After  tins  the  oeutr»pin  should  be 
removed,  fbr  it  hinders  the  action  ot  the  saw,  and  (in  trephining  the 
skull)  would  perforate  the  dura  mater  before  the  saw  had  cut  througji 
the  bone.  Around  the  handle  of  the  trephine,  at  a  short  distance 
atrave  the  part  to  whioh  the  oentzv-pin  is  fixed,  there  is  attached  a 
hollow  steu  cylinder,  the  lower  marmuof  wliich  is  a  saw.  This  is 
of  too  trepUae,  and,  zor  wioui  pnrpoaea  is  of  difie- 

rentnses. 

In  using  the  tre|dilne,  the  saw  is  made  to  out  through  the  bone,  not 
by  a  series  of  complete  rotations,  such  aa  are  made  by  the  trepan,  but 
t^  rapid  half-rotations  alternately  to  the  right  md  to  the  left,  as  in 
boring  vrith  on  awl.  In  trej^miing  the  skull  various  cautions  are 
neoesaary,  according  to  the  fonn  of  the  bone  to  be  out  through,  and 
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the  ntture  of  the  parts  immediately  beoeabh  it ;  but  the  moat  com- 
lavhfliudTe  rala  ii  to  examine  frequeuthr  vhit  brognu  the  mw  vukM, 
and,  if  it  hsv«  out  through  one  port  of  the  circle  much  ■ooner  than  the 
rwt,  to  Kppiy  it  Bcnaewfa&t  obliquely,  taking  off  the  preuure  of  its  edge 
from  that  part.  The  most  daogeroua  part  of  the  opeiatton  jb  when  the 
bone  ii  nearly  cut  throuRh;  for  it  la  necessary  to  avoid  vounding  the 
dura  mater,  injuries  of  Whioh  are  often  followed  by  serere  diaaasa.  To 
«Mi^  theae,  it  is  adviaaUe  whan  a  jnrt  of  the  circle  is  cut  through, 
and  but  a  thin  plate  ot  bom  renuooB  in  the  rest  of  ita  eztvit^  to 
hn.Jk  throus^  thia  by  an  derator  or  proper  forcepe.  And  i^  after 
uaing  either  of  these  uutrumaoti^  aharp  points  of  bone  are  left  pro- 
jecting from  the  margin  of  the  drcular  ^erton,  theee  must  be 
earafnlly  cut  or  broken  oft 

The  uae  of  the  trephine  is  now  much  more  nrely  required  than  in 
jConner  times;  and  this,  not  only  beeauae,  onoe  the  time  of  Hr.  Pott> 
■ngaoni  ham  laUBad  that  it  labeuAdal  in  2nr  iojuiiea  of  Uwhaad 
b(|yond  thoae  In  which  there  are  distinct  aigiii  of  compreHion  at  the 
bnin,  bat  also  beoanae,  in  manjr  of  the  oasea  in  which  it  is  nec«eaary 
tonaaoTeportimBof  hone,the  mstrument  called  Hoy's  saw  is  far  more 
ocHiTeniant.  Tfiis  consists  of  a  handle  and  a  shaft,  much  like  those  of 
a  oommon  fork,  of  which  the  latter  lua  fixed  to  ita  end  a  transverse 
broad  idate  ot  sted,  one  and  of  whidi  is  a  stnught,  the  other  a  oouTez 
saw.  With  tUtt  potions  of  bona  <d  ahnoet  any  form  and  die  can  be 
cat  out  both  more  easi^  and  more  lundly  than  is  poadUa  with  the 
trephine.  It  is  eapeoially  useful  in  those  oases  of  fracture  of  the 
skiul  in  which  aiu^es  of  the  Wokwn  bone  are  depreased,  aod  for  which 
-the  trefdiine  nsedto  be  ap^ed  ehieSy  for  the  purpose  of  iDtrodncing 
the  elevator;  for  in  these  the  depressed  porti<m  itself  may  be  out  os, 
and  the  elevator  may,  if  neoessary,  be  introduced  at  the  apraiure  which 
iatiraauada. 

TRESPASS  b  a  wrong  directly  done  to  the  person,  to  the  gooda  and 
chattels,  or  to  the  lands  and  tenements  of  any  man. 

To  the  petson  it  may  be  numaocu  assault,  battery,  or  maiming. 
[Assault^]  To  dther  dead  or  live  chattels,  hf  taking  them  away  or 
by  injoring  them.  To  land  and  tenements,  b^  entering  upon  them  and 
iitjarinff  them.  Tremsa  is  the  aetion  by  whidi  a  panoo  in  the  actual 
and  aBahMin  poiseMon  of  property  ia  ptoleetad  agudit  the  forcible 
iotflr&ranco  -mth  it  by  tiuae  -wko  are  not  enKtlra  to  lt>  By  this 
BOti<m-  also  he  may  reoovecr  damages  for.  the  injury  done  to  his 
poasestionsL 

To  consUtute  trespass,  the  act  done  must  be  wilful,  not  the  result 
of  n^iiUgenoe,  and  have  something  of  force  in  it,  so  as  to  be,  according 
to  the  otHiBtraotion  of  the  law,  agunst  the  peace;  and  the  inju^  must 
be  the  immediate^  not  the  oonsequential  result  of  the  acK  This  is 
rendered  veiy  intelUgible  It  the  histanoe  given  (1  Strange,  6S6}  :  "  If 
a  man  throw  a  log  into  the  tti^w^,  and  in  that  act  it  hits  me,  I  may 
maintain  toespaas,  beoaoae  H  u  an  immediate  wrong;  but  if ,  as  it  lies 
there,  I  tumlde  over  it,  and  receive  an  hijuxy,  I  miut  bring  an  action 
coa  the  oase."  But  it  is  not  neoesasry  that  it  diould  be  dona  with  the 
design  to  cause  the  injury  complained  of,  it  may  be  done  in  mistake  or 
ignmaoce.  Thus  where  one  dmoting  at  a  mark  bits  a  bmtander,  he  ii 
guilty  of  tre^aaa.  A  ahariff  ocmunita  an  aot  ol  treapasi  u  ha  takes  the 
goods  or  arrests  the  peraon  of  B,  twWjAiwg  him  for  A.  A  man  is 
iwile  in  treepaas  for  the  injury  done  by  nis  cattle  to  the  land  of 
anothor,  whMher  he  knew  of  Iheir  doing  it  «r  not  In  trespass,  all 
pmona  who  assist  in  the  act  done,  or  cause  it  to  be  done,  or,  if  it  is 
fw  thdr  ose,  assent  to  it  afterwaid^.are  considered  as  ptinoipala, 
ahhougfa  not  actually  prssant  at  the  doing  of  the  act  Where  an  act 
Is  dona  bj  a  sarvant  while  in  the  dladuige  of  Ui  boainan  a*  aerftnt, 
thamaater  is  liable  for  ttka  aot  intrapaHk  Bat  if  it  be  wilful  on  tiie 
part  of  tiie  servant,  and  not  In  dlBduigeaf  his  mastsr^  bodnsw,  the 
master  ia  not  liable. 

Where  a  perabn  has  an  authority  or  licence  given  bim  by  laie,  and  ha 
tokea  advantage  of  that  tooranmit  an  aot  of  trespsss,  he  is  held  to  have 
twso  a  trsapaSBPr  from  the  very  oommaoownent  of  tfie  prooeedit^^;  aa 
whwa  a  landlord  lawfully  distruns  a  beast  and  afterwards  worts  or 
UUs  it^  or  an  officer  of  the  customs  entitled  to  search  "  unpaoks  stnffii 
and  pnta  them  in  tiw  dirt"  If,  however,  the  Uoeoce  or  authcrily  has 
proceeded  from  a  private  party,  the  trei^iass  does  not  relate  back,  but 
is  oonfioed  to  the  mere  act  itself :  as  where  parties  enter  a  tavern, 
drink  and  pay  for  wine,  and  afterwards  oonunU  a  trespass — that  will 
not  make  thiBir  antqr  a  trespav.  In  oasas  when  a  tnut  ia  reposed, 
treepaaa  will  Ue  for  aa  aot  which  is  at  variance  with  the  trust,  as  where 
a  leasee  at  will  outa  down  the  timber. 

Varibas  droumstaooes  may  exist  which  afford  a  jusUflcaiion  for  an 
act  which  otherwise  would  amount  to  trespasa.  Thus  a  man  is  not 
liaUe  in  treqiasa  though  his  cattle  have  entered  the  field  of  anotiier, 
if  they  have  dime  so  in  oonaequenoe  of  the  n^eot  of  the.  par^  into 
whose  lands  th«y  enter  to  raiiair  the  fenoei  bccween  the  lamda  of  the 
parties;  tiiot^  it  is  no  joatiaoation  that  the  cattle  have  entered 
because  the  land  waa  open  to  the  highway.  Again,  a  man  is  juatafied 
in  entering  upon  the  lutds  ot  another  to  retake  his  goods  which  have 
been  carried  there  by  the  occupier  of  those  lands ;  or  to  cany  away 
goods  bought  of  the  oooupier,  to  repair  a  watercourse  granted  to  him, 
icK.  He  is  also  jnstified  in  pulling  ^wn,  for  the  safegturd  of  his  own, 
Jus  ndghbour's  house  whidi  Is  on  fire.  When  an  aoiamoontatoa 
idoinr  It  is  aot  competent  for  the  par^  injund  to  tmt  ft  M  a  tmspasB. 
<Gonijii'»'Dig.,"l£a9»i.') ' 


In  the  case  of  malidous  injuries  done  to  property  hr  trespaasers,  a 
number  of  provisions  have  bean  enacted  by  7  ft  8  Geo.  IV.,  o.  80.  In 
inanr  cases  a  juriadiotton  is  given  to  magistrates  to  inflict  punishment 
on  the  offenders,  to  award  compensation  to  the  parties  iniurad.  tea, 

TRKT.   [Tabb.]  r-  , 

TRIADS.   [Wbuh  LAHCiuA.aE  akd  Lteebatubs.] 

TRIAL,  the  means  adopted  for  the  puroose  of  aeoertainiog  &ctB  in 
issue,  whether  dvil  or  criioinal.  The  kinds  of  trial  in  dvil  cases  were 
formttrly  seven  in  number,  according  to  Blackrtone;  and  those  whidl 
he  enumerates  arej  by  reccnd,  by  inspection  or  exaioination  (divided 
into  two  distinct  kinds  by  Comyos),  by  certificate^  by  witnesses,  by 
wager  of  battle,  by  wager  of  law,  and  by  jury.  In  reshty  the  six  first 
might  more  property  be  called  modes  of  proof  rather  than  kmds  of 
trial,  which  in  truth  divide  tiiemsdveB  into  two  claasea  cmly :  1.  That 
where  the  court  itself  decides  upcm  the  evidence  without  the  ioter* 
TNrtionof  a  jmy:  8.  That  when  the  juiy  deddea. 

The  first  ouas  contains  the  first  six  enumerated  hv  BladMone  i  that 
by  record  is  where  the  existence  of  a  certain  record  has  been  alleged  in 
the  pleadings  of  an  action  and  is  denied  by  the  pleadings  on  the  other 
ude.  The  existence  of  it  must  be  proved  by  the  record  itsdf.  Tha 
court  itsdf  tries  this  issue,  and  deddes  aooordmgly  as  suoh  a  raoord  ii, 
or  is  not  induced.  [Rbookd;  Bboobds.] 

Questions  iriiether  w  not  a  parl7  is  a  pew  an  thus  noveabla  tnr  the 
king's  patent;  irtwther  an  alien  ia  friend  or  enemy,  by  produotaon  of 
the  treaty  between  his  country  and  Great  Britain,  so. 

£]f  inipastion  was  where  it  was  sappoaed  a  matter  mi^t  be  dearly 
made  manifest  <m  view  to  the  court  In  error  by  an  infant,  to  reverse 
a  fine,  if  issue  was  taken  as  to  his  nonage,  he  might  be  Ivought  into 
court  and  then  inspected  fOT  the  purpose  of  ascertaining  the  fact  If 
on  his  wpearanoe  it  remained  doubtful,  the  court  might  question  him, 
or  examine  those  likdy  to  be  informed.  So  when  a  defendant  jdeaded 
in  abatement  that  the  plamtiff  was  deed,  and  some  one  appeared  and 
add  that  he  was  the  plaintiff,  kc  The  court  had  at  all  times  the 
power,  if  they  fdt  doubt,  to  order  a  trid  by  jury.  This  mode  of  pro* 
ceeding  has  now  become  obsolete. 

By  extminaivm  is  m>on  inquiry  by  the  court  into,  for  instance,  the 
customs  and  usages  of  a  ooort 

By  certifieata.  By  certi&»te  is  when  a  fact  is  proved  by  the  pro* 
duouon  of  a  certificate  from  a  certain  offldsl  person  qualified  to  grant 
sudi  oertificate.  Thus  formerly  the  absence  of  a  person  fr«Hn  EpgKnd 
during  war  might  be  tried  hr  toe  court,  and  proved  by  a  oertificate  of 
the  "  mareshal  of  the  king's  host"  In  the  same  manner  the  customs  of 
the  dty  of  London  an  ^ved  by  the  oertiftoate  of  their  reocnder.  A 
certificate  of  a  bidiop  is  proof  respeeting  matten  of  ■ff<|i'fliT''»ftiffwl 
jurisdiction,  Ac. 

By  wibtcMaf.  In  action  of  dower  where  the  tenant  pleads  that  the 
husbuid  is  alive,  the  court  may  inquire  of  the  fact  hj  witnessee  called 
before  themsdvea.  Lord  Coke  mentions  several  other  cases  where  the 
court  Itsdf  deddes  upon  the  examination  of  witnessee ;  and  he  further 
statea  that  in  all  such  oases  each  Ctot  must  be  proved  by  two  witnesses 
at  least  Althou^^  in  the  ease  (tf  a  trial  1^  jury  one  wuness,  aooordiog 
to  the  Bnc^ish  law,  ia  suflBdent 

By  tm^t/feaUfe.  That  ia  ^  dngUocmibat  bdnran  the  diamiaons 
of  tiie  _parties.  [AmtaL.]  fniis  proceeding  was  abolished  by  69 
Geo.  IIL  c.  46. 

The  proof  by  wager  of  lav  was  employed  in  an  action-  of,  debt  upon 
simple  contract^  of  detinue,  account,  ukd  some  othen.  iVwas  effected 
kyttie  defendant  ooming  into  oourt  attandedby  elevmof  hisnd^< 
boors  who  wen  oaDed  eonworgaton.  He  then  suemoly  swore  that  he 
did  not  owe  the  sum  with  which  he  was  sotuht  to  be  charged,  or 
detein  the  thing  sought  to  be  recovered,  and  the  deven  ootnpor* 

Stoia  swon  that  thw  beUeved  him.   The  wi^jer  of  law  had  dready 
Hen  into  diinse  whsn  it  was  idiolly  abolished- by  8  *  4  Will.  IV., 
0.42. 

The  mode  ol  trial  always  the  <Hie  most  in  use  both  in  dvil  and 
orimind  matters,  was  the  tarid  1^  jury.  [Jubt.] 

In  crtmind  cases  recoiine  was  anoie&tiy  had  to  the  orded  for  the 
purpose  of  ascertaining  the  guilt  or  innooraioe  of  a  party-  [ObDkal], 
and  also  to  the  single  oombat  [Appeal.]  It  wpeara  doubtful 
whether  the  orded  fell  into  disuse,  or  waa  abdished  by  statute. 
Af^ieak  in  crimind  cases  were  done  away  with  by  SD  Geo.  IIL,  o.  46. 

A  peer  of  Great  Atitain  indioted  o^ptal^  is  entillBd  to  be  tried  hff 
the  peers  of  pariiamoit  assembled  in  the  oourt  of  the  Lord  ffim 
Steward  of  Great  Britdn,  who  is  apeor  nominated  to  that  office  by  the 
crown  for  the  occasion.  The  proceedings  of  the  trid  are  carried  on  in 
the  same  way  as  on  a  Md  h^  jQry<  and  judgment  is  pronounced 
according  to  uie  opinion  of  the  majority,  wiiich  must  consist  of  at 
least  twd'ra.  Cases  of  inq>eaohment  by  the  Commona  are  also  tried 
bytiu  Lotds. 

'  A  trfnj  of  bar  tttmiSiAm  tiie  ordinary  cases  <rf  trials  by  jury, 
except  that  instead  of  its  being  [nedded  over  by  a  single  judge, 
all  tiie  judges  of  the  oourt  in  wmoh  the  aotion  is  brou^t  sre  in 
attendance.  It  is  granted  on  application  to  the  oourt,  but  only  in 
cases  of  great  difficult  and  Importanoe.  In  informati<HiB  exhibited  by 
^e  attomey-genenlf  as  law-cmcer  of  the  crown,  he  is  entitied  to  a 
trid  at  bar. 

Aew  TnA.  After  a  trid  has  been  already  had.  It  is  oompetrat  to 
Ilia  court'  in  wUdi  flw  aotica  Is  bno^it  to  grant  a  saw  ttid  on  an 
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ftpplieation  nude,  ud  groundi  ■hown  for  Mimoaing  tluit  justioe  Iiu 
not  becui  dom  b^eeo  the  puties;  and  that  tbe  ewe  »  <a  Buffiaeat 
import&noe  to  w»rrant  raoh  «  further  axpeoae.  These  grounds  are 
Tanons,  suoh  aa  a  mia^reotion  hy  the  jndge,  t  vardkt  ag^faui  eridoBoa, 
exoAssiTe  duaages,  &c. 
TBIAHTLAMINE:.   [Orqahio  Buks.1 

TRIAKOLE,  a  figure  having  three  angles,  and  oaoavivmtij  three 
ridea :  thia  oonsequence  ia  uaually  made  the  dafimtioD;  and  the  aame 
thing  occurain  Eadid,  whose  word  ia  rplymmr  fa  tiie  ElemaQta,  fliough 
it  is  Tplii?inpov  in  the  definitions  {vefixed. 

A  triangle  may  be  drawn  upon  any  suzfaoa,  and  having  any  sort  of 
linea  for  ita  sides :  bat  it  is  not  usum  to  oottaider  anv  exeapt  ptaitc 
tdan^  drawn  od  ■  plaiie  irith  li^t-lined  atdei,  MidqNisnGaltriaii^Ga 
drawn  on  a  sphere  with  aros  of  gnat  clrolee  for  the  sides-  The  Spki- 
Bicaii  triangle  hae  been  abready  con^dered;  and  the  formuin  connected 
with  the  idana  triangle  have  oeen  given  io  ]£ssBUBATion.  There  ia 
mnoh  oonnecied  with  this  article  in  Ahqlb,  Parallel,  Sixilab, 
TKAiTsUTioir,  Tbaksvebsal,  TBiaoNOMBTBT,  ftc.,  BO  that  we  have  no 
need  to  make  this  article  of  a  length  ^portitmed  to  the  importance  of 
its  saln'sot  in  geonietiy.  In  faot,  tnanglea  are  as  much  the  dements 
of  all  flguraa  aa  tiie  l^iteie  are  of  wcwda,  being  the  flgurea  of  the 
anudlest  poauUe  number  of  eidea,  and  into  whidi  all  flgurea  can  be 
divided. 

The  two  moat  important  jiropertieB  of  the  triangle  are,  that  the  sum 
of  its  angles  is  always  two  n^t  angles,  and  that  the  area  ia  half  that 
of  a  rectan^  of  the  same  Mse  and  altituda  Both  of  these  prc^>osi- 
tioiia  admit  of  such  peactical  verifloation  as  would  make  themjoerfectly 
intelUe^e  to  thoae  who  do  not  nnderatand  geometay.  Take  the 
greatest  angle  bao  of  s  triangle  cut  out  in  pi^,  and  fold  the 
TOper  BO  tht^  A  may  rest  on  B  0  at  y,  the  part  adx  foldiiw  over  dtb. 
llien  it  will  be  found  titatbf  further  folding  bo  l  can  be  raoudit  over 
BFx^and  B9K  ow  WK,  M  that  the  tuee  an^  ei  th«  criaai 
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ETD,  DfB,and  BiLareaoplaoed that titeflrstddeoEthennt and 
the  last  side  of  the  laBt,KT  «id  fL,  are  in  tiie  same  straigfat  line,  and 
the  three  make  up  the  two  ri^t  ana^  kva,  atl.  Asain.  the 
triangle  BAO  is  either  the  nun  or  difihrenoe  ol  the  two 
t^ianglai  JAO,  WAB,  whicb  an  the  Inlrw ol  the 


r  A  B  o,  the  sum  or  difference  of  which  la  the  rectaof^  B  o  B  o :  whenoe 
the  triangle  is  the  half  of  tbe  rectangle  B  G  H  of  the  wmt  hue  and 
altitude  aa  the  triangle^ 

The  throe  Ihua  which  bisect  the  angles  of  a  triangle  meet  in  one 
pirint,  which  ia  the  centre  of  the  inscribed  circle ;  andthe  three  per- 
pMidionlara  whieh  l»aeot  the  three  ndea  also  meet  in  one  point,  wmch 
is  the  centre  of  the  turcunucribed  drcle.  Moreover,  the  three  lines 
drawn  from  the  vertioee  bisecttog  the  aides  meet  in  one  point,  which 
fa  the  centre  of  grari^  of  the  triugle :  aa  also  do  the  fb«e  peipen^ 
dioaLus  drawn  from  the  vertices  to  the  sides.  All  these  wopontaoos, 
«cei>t  the  second,  can  be  proved  by  tbe  aame  process,  namely,  by 
Aowingthattiie  aegmenta  of  the  afiUi  aafUytha  theorem  sivenin 

TBAmVBBaAL. 

The  numbw  of  isolated  theorema  which  might  be  dron  on  this 
Rtbjeot  is  very  kigfl,  but  there  is  Uttla  nnonuwoted  with  the  trigono- 
metrical formubs  which  is  of  nae  In  apdicatiiHL 

TRIANOULA  and  TBIAMQULUtt  AUSTRALE  (conBtellationa). 
"Ou  first  (the  Trianglai)  is  a  northern  conatdUtion,  surrounded  by 
Peraen*,  Andromeda,  Aries,  and  Uuaea.  It  ia  one  of  the  old  ctmstd- 
lationa,  but  tiure  is  only  one  teiangle  in  Aratus.  Hevelhia  added  the 
second.  The  second,  or  Southern  Triangle,  is  a  coartella'icsi  of  Bamr, 
lyiflB  between  Ara,  Centaurua,  and  the  South  Pole. 

The  prino^  stars  are  aa  follow  :— 


Cbaraetcr, 
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TRIANOTTLAR  COMPASSES.  [CoifPAsaM.] 
TRIANQULAR  KUMBERS.   [JfcxBSBS,  Affelutioxs  or.] 
TRIANGULATION,  a  name  given  to  the  net-work  of  triangles 

with  which  the  face  of  a  country  is  covered  in  a  Tbigohomitbical 

Sobtbt. 

TRIABSBNIO-METHTLAMIKE.    Synonymous  wiib  Maiet&yl. 

arrine.   [OHOAKOHETAtuo  Bodies.   Artaie  8trm,'\ 
TRIATOMIC  ETHERS.  -[Ethebs.] 

TRIBE  {tribm,  ^vKii).  All  the  states  of  antiquity  of  which  we  bive 
ai^  records  were  divided  into  a  certain  number  of  tribes,  consisting  of 
the  great  bodies  of  dtisens  of  which  the  state  was  oompoaed.  Theae 
tribea,  however,  were  of  two  diilereut  kinds,  either  geneal^eal  {ytpouj) 
<nr  lood  (Tea-iKoO.  (Dicntyi.  HaL,  iv.  14.)  The  fenna^  whidi  must  be 
considered  aa  tike  more  andent  of  the  two,  were  the  different  national 
demoitB  of  which  a  state  was  made  ap,  that  is,  each  was  a  distinct 
people,  though  akin  to  the  others,  and  eaich  traced  its  origin  to  some 
nqrtiiical  ancestor;  whence  Dionvuua  calls  such  tribee  genealogicaL 
The  other,  or  lood  tribea,  to  which  a  later  origin  must  be  assigned, 
and  whidi  in  moit  cases  nqierseded  the  dd  geneakgied  tribes,  were 
aitifiddlpoddiviuniBniadefor  political  and  otlur  purpoaes,  and  any  one 
of  them  might  contdn  people  who,  according  to  the  genealogical  divi- 
sion, would  bekmg  to  ditferent  tribes.  Thus,  we  find  in  Uie  hiatoiy  of 
Attica  that  the  four  origind  tribes  were  done  away  with  after  the 
institution  of  the  ten  locd  tribes  by  Cleisthenes ;  and  at  Rome  the 
three  ancient  Romtdian  tribes  which  retained  their  politicd  importance 
almost  to  the  time  <A  the  decemviial  laws,  died  away  and  ceased  to 
be  noUced  in  Boman  historr  save  as  an  archdc  institution,  the  thirty 
locd  tribes  eetabllshed  by  the  Servian  constitution  having  ^sdudly 
superseded  thLom.  At  Sparta  done  the  three  ori^nd  Doric  tribes,  the 
Hylleans,  Pamphylians,  and  Dymaniana,  were  retained  without  any 
ohaDge.  Qenealogiwl  tribes  may,  in  many  instanoes,  aa  was  tniginally 
the  case  at  Rome,  have  inhabited  different  districts,  so  that  the^  were 
at  the  same  time  lood  tribes;  but  thia  ia  meordy  an  aoddentd  oirottm- 
atanoe. 

The  number  <rf  the  genedoncd  tribes  waa  different  In  the  different 
states  of  antiquity,  and  depend  npon  vorioua  ciroumatanccB,  eadi  aa 
the  number  of  nationd  elementa  brought  together  to  form  a  state,  or 
the  pwtialityof  a  race  of  men  for  particular  numbeia  which  wve  used 
as  ^oaL  ThuB  we  find  that  the  Dorio  states  were  originall^r  divided 
into  three,  tbe  Ionic  into  four,  and  the  Romans  into  three  tnbes,  and, 
later  on,  into  a  multiple  of  these  numbers.  Although  theae  tribes  only 
contained  freemen,  they  were  not  dways  on  a  footing  of  equality ;  but 
the  most  andent  one,  to  which  the  others  had  only  been  added  at  some 
time  by  trea^  or  oonbaot,  dwaya  retained,  at  least  for  a  time,  a  supe- 
riority over  the  others,  and  reeerved  for  itself  rights  and  privHeges 
which  were  denied  to  the  others.  Such  was  the  «aae  with  the  Hylleans 
at  Sparta,  the  EupatritSi  at  Atheoi^  and  the  Ramues  at  Rome.  Each 
tribe  was  usudly  sobdivided  into  smaller  bodies,  as  at  AUuos  into 
^pcerpUu  and  yfrn,  at  Sparta  into  ^al  and  rfuuntScs,  and  at  Rome  mto 
curin  and  gentea.  The  number  of  senators  and  of  tiie  great  officers  of 
a  state  likewise  bore  a  ontaia  relation  to  tiie  number  of  tribea  or  their 
snbdivinons.  Hie  bond  of  union  between  such  tribes  was  more  or  lesa 
loose  according  to  oircumstancea ;  and  the  history  of  Attica  gives  us  an 
instanoe  of  their  being  at  war  vrith  one  another.  Eadi  tribe  had  usually 
its  sepw«te  religious  observanoeB  and  feaUvala,  and  tiie  mbbb  waa  toe 
case  with  its  suDdivisionB. 

All  the  tribea  of  which  a  state  oonsisted  fonned  the  sovereign  peo^e 
(as  at  Rome  the  populus),  whidi  in  many  caaes  ruled  over  a  anbjeet 
populatitm  superior  in  numbers  («^ifaM«,  plebdaos).  When  %  Greek 
state  sent  out  a  colony  io  a  for«gn  oountiy,  it  appears  to  hara  been 
customaiy  to  divide  the  new  state  into  the  same  number  of  tribes  aa 
that  which  existed  In  the  mother-dty,  and  the  namea  alao  wet« 
retained ;  in  some  oasea,  as  at  Cydonia  and  Halioamassus,  both  of  which 
were  Doric  colonies,  we  only  find  mention  of  one  tribe,  which  may  have 
arisen  frmn  the  &ot  that  omy  memben  of  cue  teibe  of  the  mother-state 
to<^  part  in  tbe  eatdJiahmsnt  of  the  coltmf.  (Wadtamnth,  *  Hst 
lenisohe  Altherthwnskunde,'  ii.  1,  p.  16,  &c) 

In  r^ard  to  the  Uter  or  locd  tribee,  it  is  dear  from  tlie  name  Itself 
that  each  inhabited  a  distinct  district,  oontaining  dther  one  or  more 
towndiipa,  which  were  called  in  Attica  Sq/wi,  and  at  Rome  via  or  payt. 
Every  citizen  belonging  to  a  tribe  vras  obliged  to  have  his  name  r^s- 
tered  in  a  township  of  his  tribe,  though  he  was  not  bound  to  reside  in 
the  same  in  idiidi  he  was  rc«^stered  and  to  which  he  bdongad. 

Each  tribe,  whether  genedogicd  or  locd,  managed  ita  own  affiun, 
and  waa  headed  by  a  tribune  {^ika^x")- 
tiie  Bubdiviuona  of  a  tribe. 

We  have  here  only  |^ven  a  brid  outline  of  the  subject  in  general, 
SB  a  more  detafled  account  of  the  tribea  in  the  dlfierent  states  of  anti- 
qui^  is  given  in  the  artidas  AiEXira ;  Spabta  ;  Boub,  in  Ozoa 
Drv.;  CuufTii— m;  SuTnra  Tvutm,  In  Bioa  Dir.;  Dobxabb; 
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TRIBUITUa. 


Io5iA.ira ;  and  othen.  Compare,  also,  WadumuQi, '  Hdlen.  Altheiv 
thum.,*  ii  1,  p.  15,  4o. ;  Hermann, '  Political  Anti^uit. ; '  ScboQuum, 
'  Do  Jnn  Pablioo  Qneoorum/  p.  186,  fto. ;  Klebalur,  *  ffisb  (tf  Borne/ 
L,  p.  806,  tec 

TRIBROHANILINE.  [Abiliitb.] 
TBIBBOUEnXAOTHOKE.  [Eitzahthio  Aom.] 
TBIBROHOBENZnir.  Synonymoui  wiOi  trrftromfiouott,  {BgazOLS.] 
TBIBBOMO-PHENIC  ACID.   [pBKfTLio  Qrovv.] 
TRIBR0M0-8ALICTLIC  ACID.   [Saliotlio  Gboup.] 
TBIBUNUS  {f^aox^s),  according  to  the  etrmology  of  the  word, 
ngniflee  anr  officer  mo  is  at  the  head  o<  a  tribe  [Tbibbj,  and  conducts 
either  the  internal  administration  of  a  tribe,  .or  represents  it  in  its 
rriatiam  to  otiur  pomn  in  the  state.  TUasignifloatton  applies  indeed 
to  amns  oi  the  <Aeen  ol  tids  name  who  ooenr  in  the  history  of  Borne, 
but  in  rvcard  to  otiien  it  most  lemafai  donbbM  whj  fluj  bore  this 
nuiM  lite  following  is  »  list  a<  all  tiie  Boman  (rfBoen  hearing  the 
name  of  tribune. 

1.  TriitmetofiheTkneXomuJianTr^Kt. — The  existence  of  a  tribune 
for  the  three  ancient  patrician  tribes,  the  Banmes,  Titiea,  and  Luowee, 
is  attested  bv  levml  pasBogea  of  aadCait  writers.  (Dionys.  Hal.,  ii.  7 ; 
Sanins, '  Ad  Aan.,'  v.  560 ;  Pomponius, '  De  Orig.  Juris,' '  Digest,'  L, 
S,  3, 30.)  As  regMxIi  their  fancti<niB  we  have  no  d^nite  stafasnente : 
ibiej  migr  hare  been  Intrusted  with  the  management  of  tiw  oivil, 
religioiu,  and  military  afbirs  of  their  respeotire  tnbes. 

2.  IW6tnnw  Celerum  is  an  officer  who  only  ocoura  In  Oie  history  of 
Borne  during  the  period  when  it  was  governed  ldng&  He  was  the 
ooDunander  of  the  800  equites  (oderes)  who  formed  ua  Un^s  body- 
guard,  100  hfong  taken  from  eadt  of  the  three  tribes.  He  wm,  next 
to  the  king,  the  first  person  in  the  state.  (Dioojs.  HaL,  IL,  6i;  Pom- 
pomuB, '  De  Orig.  Juris ; '  '  Digest.,'  1,  S,  2, 15.)  In  the  abeenoe  of  the 
king,  the  ttibunus  oelerum  acted  as  his  re^nesentatire,  and  oonToked 
the  senate,  as  well  as  the  comitia  of  the  cunee,  at  which  he  {oesided. 

8.  Tiibtmfe$  ^  tke  Servim  Tnbet.~~'Vniea  Serrius  Tullius  orgamsed 
Um  body  of  plebeians  by  dividing  them  into  thirty  local  tribes, 
«*eh  of  tlMin  was  headed  1^  a  tribime,  who  had  to  keep  a  register 
of  the  inhaUtants  of  bis  district  and  of  the  condition  of  evoy 
honsdiold  in  it.  (Dionya,  HaL,  It.  14;  and  Yarro, 'De  Tit.  Pop. 
Bom.,'  u  2i0.)  The  scrutiny  into  every  household  appears  to  have 
gradually  ceased,  partly  because  it  was  repugnant  to  the  spirit  of 
uber^,  whidL  was  rapidly  derdoping,  snd  parUy  because  the  state 
obtained  snfficieat  information  throng  the  oensus.  When  tubee- 
qoently  the  Rcmun  people  became  exempt  from  taxes,  the  main  functions 
m  the  triboiMS  ceased,  but  t^y  themselves  oontinued  to  euat,  nor 
is  it  imprabaUe  that  Hba  tribum  aararii,  who  are  mentioned  from  the 
time  t2iat  pay  Ixtgau  to  be  given  to  the  soldiers  (B.a  406)  down  to  the 
endof  therepnUic,  arethe  same  as  the  tribunes  of  the  Servian  tribes. 
<Kiebuhr, '  Hist,  of  Bome/  i.  p.  42L)  Hie  tribnni  nmrii  had  to  levy 
th«  tribute  in  their  tribes  Kod  to  pay  the  soldiam  with  it  (Tatro, 
•Do  ling.  Lat,'  T.  S  181 ;  QelliaB,  viL  la)  After  th«  instittttion  of 
tho  quMtois,  the  tribnni  esraril  had  only  to  levy  tiie  tribute  and  hand 
H  over  to  the  qusestort,  who  distributed  the  pay  among  the  soldiers. 
The  Lex  AoreUa,  s.a  70,  gav«  to  these  tribansB  judliml  power  along 
with  the  senators  and  equites;  XnA  thev  mn  daptivad  <tf  it  by  J. 
Onw.  (8a0tou.,'Cns.,'41.) 

4.  gWiiniiWw^Tlieiswwettw  mast  liByorlantimongflie  many 
•Oeen  bearing  the  mnw  of  tribune;  and  whawver  tribunes  are  men* 
tkned  without  any  further  qnalilkation,  the  tribuni  pleUs  are  meant. 
In  the  year  B.a  494,  when  the  plebeians  bad  been  driven  by  the 
OTpreeaioa  ol  the  patrioiaoB  to  secede  to  the  Hons  Saoer,  peace  waa 
eooduded  between  the  two  orders  on  condition  that  the  plebeians 
dumld  be  allowed  to  have  magistirates  oi  their  own,  whose  province  it 
iboold  ba  to  protaet  fte  iDBiiuieri  of  tluir  Oder  ^fsinst  thepatridM 
magistniM^uid  wIkm  persoDS  should  be  Blared  and  isrtt^ble.  It 
waa  fivther  agreed,  that  whoever  should  maltreat,  kill,  or  oompel  a 
tribune  to  anything  by  ton»,  dionld  be  outlawed  and  his  property 
should  be  forfeited  to  the  temple  of  Ceres.  (Liv.,  ii  88  and  iiC  55 ; 
Dionyi.  HaL  vi,  pp.  89,  sad  vii.  17.)  These  sgreements,  however,  were 
insufficient  to  protect  the  tribunss  against  Tsrioui  annoyaaoes  of  the 
patriofiBs;  heaoe  it  wa*  fbnnd  nseeassty,  mob  aAer  the  institatiMi 
(rf11ietribwiate,to  give  still  more  leetni^to  the  exerdse  of  their 
power.  A  law  was  aootmlingly  passed  forindding  any  aa»  to  iutermpt 
or  dkturb  the  tribunes  in  their  transactions  vrith  the  plebs,  and  enact* 
ing  that  any  one  who  should  aot  oontrary  to  this  law  shoold  rive  bail 
to  the  tribunes  for  any  fine  inflicted  upon  him ;  those  who  mused  to 
give  bail  forfeited  their  lite  and  proper^,  Thb  invit^bHity  the 
tribnaeewasflaaqyarrtaUUied  alterttetinwof  thedeoemviiateby  a 
law  of  K.  IkntiuB. 

With  regard  to  the  oonfliotiog  statements  as  to  the  number  of  the 
tribunes,  the  probabili^  is  in  favour  of  the  number  five,  so  that  one 
was  taken  from  each  of  the  five  Servian  classes.  Thus  much  only  is 
entain,  that  In  the  year  B.a  457  ttie  number  of  tribunes  was  increuied 
to  ten;  so  that  if  they  really  bore  any  relation  to  the  classes,  each 
furnished  two.  This  nun^  nmained  unaltered  to  the  end  of  the 
rspublia  The  tribunes  were  attended  by  pubiio  servants,  sailed 
viatores,  who  carried  their  conmiands  into  effieot. 

The  accounts  about  the  manner  in  which  the  tribunes  were  originaUy 
eleoted  are  as  oontndiotny  as  the  statamenta  about  th^  (niginMuam> 
bar.  The  statonMit  of  Dionysios  and  CSono,  tint  they  ware  eleoted 


by  the  ouriiB,  must  either  have  arisen  from  a  misundemtanding  of  the 
natureof  thecurlie,or  from  a  oonfuMon  of  the  election  and  theaanctioa 
of  the  election ;  for  the  latter  was  a  rif^t  which  the  curia  tmqueetion- 
ably  possessed  for  a  time.  If,  as  Niebuhr  thinks,  tht^  were  mtended 
to  rntresent  the  classes,  th^  were  elected  ^  the  oent-uries ;  but  it  is 
much  more  probable  tlut  the  college  of  tribunes,  at  the  expiration  of 
the  year  of  offioe,  appointed  their  suocessoBS,  after  a  previous  oonsulta- 
tion  with  the  plebs.  The  sanction  of  the  cnrin  ceased  to  be  aecessary 
flhnily  before  the  time  of  the  Publilian  law ;  and  after  that  time  we 
have  express  testimonies  that  the  tribunes  were  eleoted  by  the  comitia 
of  the  tribes,  under  the  presidency  of  one  of  the  tribunes  whose  office 
waa  expiring.  (Livy,  iL  56,  &o. ;  iil.  64 ;  Dionya,  BsL,  ix,  2.)  As  it 
waa  necessary  uut  all  tike  tribunes  should  be  deoted  on  one  day  and 
before  sunset,  tt  often  lumiened  that  whm  the  business  of  election 
oould  not  be  completed  within  the  lawful  time,  those  who  were  elected 
had  to  fill  up  the  number  by  oo-optatlo.  This  inconvenience  was  done 
away  with  in  448  by  the  taibune  L.  Trebonius,  who  got  a  law  paued, 
ordaining  tiiat  in  future  the  elections  should  be  oontinued  the  next  day 
or  daya  in  cases  where  one  dtff  should  be  too  short  a  time  to  ooni|date 
them. 

The  field  of  aetloB  for  the  tribunes  wen  ihs  oondtia  ot  the  tribes 
and  other  meetings  of  the  plebeians;  and  they  arraigned  before  the 
assembly  of  the  plebs  any  one,  whether  private '{Ddinduals  or  msgis- 
bates,  who  had  violated  the  rights  of  the  commonalty,  and  walk 
without  aoT  fear  of  being  intemipted  in  their  proceedings.  They 
thetnsdves  nad  no  judicial  power;  they  had  only  the  ri^t  to  drag  the 
oflbnder  before  tiieassan^y  of  the  pw^,  and  to  propose  a  fine  io  be 
inflicted  on  him.  In  later  times  they  sometimea  devisted  baa  this 
rule,  and'assumed  the  right  of  propomng  eaiutal  punishment  Their 
lawful  power  was  original^  mere  auxUmm;  that  is,  to  afford  proteotum, 
wHhont  any  right  directiy  to  interfere  in  tiie  afSure  of  tlie  state.  Their 
power,  the  Tribunida  Potestss,  or  Tribunicinm  Jus,  was  confined  to 
the  city  and  one  mile  beyond  its  walls.  They  were  not  allowed  to 
nwnd  a  nif^t  outride  the  dly,  exoept  daring  tbs  Ferite  lAtinsa^  when 
all  the  people  were  assembled  on  the  Alban  Uoont  Tbo  house  of  a 
tribune  vnui  r^uded  ss  a  place  of  refuge  for  any  one  who  thouj^fc 
himself  wronged  or  o^iressed,  and  the  doors  were  left  open  by  nij^t 
ss  well  as  by  day.  Vrom  the  first  the  plcbMsns  regarded  the  tribunes 
not  only  as  their  proteoton  against  patrician  oppresnon,  but  as  arU- 
tratons  in  matten  among '  thmiselves.  (Walter, '  Qes^iichte  des  Rom. 
Bedita,'  p.  8&)  The  power  of  the  tribunes,  after  it  was  onoe  estsr 
Uished,  rspiiUy  Inoreesed  In  proportion  ss  the  oommomdt^  itsdf 
increased  in  importance ;  indeed  we  mar  say  that  the  growing  import- 
ance of  the  comm<malty  was  the  work  oi  the  tribunes.  Not  quite 
forty  years  after  the  institution  of  the  toibunate  we  find  the  members 
preeent  at  the  deliberations  of  the  senate ;  and  in  B.o.  464  the  tribunes 
compelled  the  senate  to  meet,  in  oppontion  to  the  oonsuls,  that  thev 
mit^  Iqr  before  them  a  ro^ioii  and  discuss  its  merite.  Henceforth 
either  the  tribunes  themselves,  or  the  oonsuls  at  their  request, 
proposed  legislative  measures  to  the  senate,  as  we  see  in  the  inrtanoe 
when  a  new  legislation  vras  demanded  by  the  tribunes.  This  demsnd 
of  the  tribunes,  after  some  strug^es  on  the  part  of  the  patricianB,  vras 
at  last  complied  with,  and  led  to  the  appdntment  of  the  decemvirs,  for 
the  purpose  of  framing  a  new  code  of  laws.  During  the  secoAd  decem- 
Timte  tDe  tribunate  was  lUMMnded,  Uke  all  other  mafj^strates  j  but 
wbm  tiie  bnnlnnss  of  ledslawm  was  comnleted  tiibnnes  were  ag<dn 
app<^ted,  and  it  was  on  Uieir  propoeition  tnat  the  consulship  also  waa 
restored.   (Liv.,  iiL  54.) 

The  position  of  the  bibunes  after  the  deeetnviral  legislation  was  very 
different  fnnn  what  it  had  been  before.  Henceforth  we  find  the 
paMdana  and  the  dients  oontalned  in  the  tribes,  and  tiie  tribunes  now 
stand  in  the  nme  rdation  to  the  whole  nation  as  they  had  before  stood 
to  the  oonuBonalt^  oidy :  they  are  now  the  protectors  of  the  whole 
nation  as  asseonbled  in  the  c<nattia  of  the  tribes,  and  in  opporiUon  to 
the  senate  and  the  magistrates;  they  are  the  representatives  of  the 
demooratiosl  element  in  the  state,  in  oj^position  to  the  aristoeratical. 
This  explsins  how  it  happened  that  theur  protection  was  sought  by 
patridaas  as  well  as  riebeisns.  (Uv.,  liL  56;  viiL  88,  fto.)  They 
henceforth  also  ^psar  in  Ote  poesssrion  t4  tight  of  being  present 
stall  the  deUberatioBB  trftheaawte;  bnttheir '^aoe  was  outttde  the 
opened  doom,  vriiere  they  sat  upon  benches.  They  had  at  all  times 
the  rij^t  to  propose  measures  to  the  assembly  of  the  tribes,  which 
mijAt  psss  tiiem.  Surii  resolutions  of  the  tribes  were  called  plebiscite, 
Kkd  required  liie  sanction  of  the  senate  or  the  onrite  before  thev  became 
laws.  But  tiie  Lex  Yaleria  ordained  that  all  plebiscita  should  be 
Unding  upon  the  wfurie  nation  without  any  further  sanction.  ('Die* 
tiowy  of  Oreek  and  Rom.  Ant,'  under  "  netHedtum.")  This  gave  to 
tSie  tribunes  an  extraordinary  influeoce  In  all  the  afUrs  of  tlie  stste, 
and  the  demooratioal  element  had  now  gained  the  sapMiorify.  But 
while  the  power  of  the  tribunate  was  thus  outwardly  hicreasttiff,  a 
change  took  place  vrithln  the  body,  or  collegium,  as  it  vras  called, 
whit^  to  onus  extei^  paralysed  its  power.  Down  to  the  year  B.a  894 
M  mattere  bad  been  deoided  in  the  college  of  the  tribunes  * 
majofity  of  the  membsn,  but  in  this  year  we  meet  with  the  first 
instanoe  the  interoeaaion  (veto)  of  one  tribune  rendering  the  reso- 
luti<»i  of  his  cdlesgaca  vdd.  (Uv.,  v.  26,  29.)  It  is  uncntdn  Tiiiat 
save  rise  to  this  innovation;  but  it  weaknned  the  power  of  the  eoUegs, 
&MnuubMtbearMocntio  (u^  vi^  eadty  grin  over  one  of  Its 
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membon,  «ud  thus  tiiwart  the  plaiu  of  the  rest.  la  such  a  cue 
nrfiUDg  eould  be  done,  end  the  matter  wh  drt^ped.  C.  Hherim 
Oraedtaa  wh  the  first  vho  pouted  out  the  nwtuier  in  wMdi  the 
college  might  get  rid  of  en  obeUinte  member :  he  propoeed  to  the 
people  to  fMpriva  such  a  tribona  of  hie  offloe— an  expedieiit  whi(di  mm 
efterwerdi  ooceaioiully  made  use  The  aeme  power,  howerer,  which 
a  tribune  had  over  the  resolutions  of  hie  eolleaguee  he  also  had  upon 
the  proceedings  of  a  magiatratef  whether  a  consul,  a  cenaor,  or  a 
pngtor,  and  eren  over  an  ordmanoe  of  the  aenate.  The  ri^t  of  the 
tribonea  ttf  merely  appearing  in  the  senate  was  emduidly  increased  hj 
the  power  of  convoking  the  senate,  and  laying  before  it  any  measure 
njlauDg  to  government  or  administration;  and  the  aenate  had  often 
recourse  to  the  tribunea  for  the  purpose  of  oompelling  magistntc*  to 
comply  with  its  wishes.  <Liv.,  n.  26;  r.9;  zzviii.  &.)  At  last  it 
was  estaUished  bf  the  Flebisdtum  Atinium  tiiat  a  tribune  should  be 
a  member  of  the  senate  by  virtue  of  his  office.  The  time  when  this 
plebiedtum  was  passed  is  nnoartMn,  though  it  is  not  improbable  that 
it  originated  with  C.  Atinius,  who  was  tribune  in  b.o.  ISO, 

There  was  no  power  in  the  Roman  renpublio  (hat  oould  be  compared 
to  thai  of  the  bibunes,  and  during  the  latter  period  of  Uie  republic 
they  formed  a  real  democratical  senate.  But  whatever  may  have  beoi 
the  abuse  that  some  tribunes  made  of  their  azorbitant  power,  and 
howevw  mudi  evil  they  may  have  produced,  yet  it  is  a  p<nnt  aclmow- 
ledged  on  all  handa  that  Rome  owed  her  greatness,  in  no  small  degree, 
to  the  institution  of  the  tribunate. 

Sulla,  in  his  attempt  to  remodel  the  constitution  upon  aristocratic 
prindplea,  reduced  the  powers  of  the  tribunes  to  what  they  had  been 
originally.  But  this  innovation,  like  all  his  oonatitutiooal  changes,  was 
a  complete  failure,  and  the  full  power  of  the  tribunea  was  reatcned  to 
them  by  Pompoy.   [Sulla,  and  Poiri^,  in  Bioa.  Div.] 

During  the  empire  the  eoll^  of  tribunea  of  the  pecmle  continued 
to  exist ;  and  in  the  reign  of  Augustus  comitia  for  tha  dection  of 
tribunes  were  atill  held,  although  the  freedom  of  election  gradually 
disappeared.  (Sueton., 'Aug.,' 40;  VelleL  Pat,  iHll.)  The  political 
influence  of  the  tribunes  also  sank  rapidly,  and  even  at  an  early  period 
of  the  empire  we  find  it  almost  confined  to  intercessioQ  in  decrees  of 
the  senate  and  to  protecting  oppressed  or  injured  individuals.  {Tacit., 
•  AnnaL,*  xvi.  2« ;  '  Histor.;  iL  91 ;  iv.  9 ;  Plin., '  Bpiat./  i.  2S ;  ix.  18.) 
Tribunes,  however,  continued  to  exist  down  to  the  fit^  centun  of  our 
era ;  and  thou^  their  power  was  much  limited,  they  still  continued  to 
be  looked  upon  as  the  protectors  of  the  weak  and  the  injured,  which 
made  their  office  one  of  great  moral  importance.  For  this  reason,  as 
well  aa  for  the  purpose  of  having  a  obec^  upon  the  college,  the 
emperors,  although  patriciaoa,  found  it  neceaaaiy  to  be  tribunes.  In 
fact,  tiie  office  m  taibuna,  all  the  other  magistracieB  being  united  in 
one  person,  waa  tiie  only  thing  that  was  wanting  to  omni^ete  the 
sovereign  power  of  an  emperor.  Tbia  tribunicia  poteatas  of  an  emperor 
was  conferred  upon  him  by  the  senate,  and  was  justly  deemed  equiva- 
lent to  r^al  or  dictatorial  power  with  a  popuhtr  name,  so  that  the 
tribunicia  potestaa  became  an  essential  port  of  the  imperial  dignity, 
and  waa  finally  established  as  such  by  the  Lex  de  Impailo  VeapauanL 
(Suet,  •  Tiber.,'  28 ;  '  Vespas.,'  12 ;  '  Titus,'  8.) 

6.  Tribuni  MiUlum  cum  Qnuulari  PoteMtaU.—ln  ths  year  B.a  446 
the  tribune  C.  Canuleiua  carried  seven!  rogations,  one  ot  which  was, 
that  the  people  should  be  at  liberty  to  elect  tlte  consuls  from  the 
patricians  and  ^ebdans  indiscriminately.  In  order  to  avoid  the  con- 
seouenoea  ot  this  law,  the  senate  decreed  that  instead  of  consuls, 
tribuni  mlUtum  with  oonsular  power  should  be  elected  promiscuously 
from  both  orders ;  and  In  order  that  tiie  plebeians  might  not  gain  too 
mndi  at  once,  the  censorial  power,  which  bad  hitherto  been  a  part  of 
consular  power,  was  separated  from  it  and  given  to  two  new 
patrician  officers,  the  censors.  Accordingly  in  the  year  444  B.a  Uiree 
tribunes  were  elected  instead  of  consuls,  one  of  them  being  a  plebeian. 
The  people  however  were  allowed  for  the  following  years  to  elect  eibhar 
tribunes  or  ooiwuls,  aa  they  mi^t  think  proper.  The  consequence 
was,  that  for  a  aeries  of  years  sometimes  consuls  were  elected  according 
to  the  old  custom,  and  sometimes  tiibunes.  Flrom  ihe  year  b.0.  426 
the  number  of  tribunes  varied  between  three  and  four,  until  in  B.a. 
405  it  was  iacrensed  to  six,  which  remained  unaltered  down  to  the 
year  b.o.  S66,  when  the  office  of  tiie  military  totbunee  with  consular 
power  was  wwllshed,  and  the  consulship  restOTed.  These  consular 
KibnuM,  as  they  are  briefly  called,  had  the  same  power  as  the  consuls, 
with  %h9  noeption  of  that  part  of  it  which  had  been  detached  from  it 
and  given  to  the  censors.  For  this  and  other  xvasons  the  patridam 
did  not  BO  much  object  to  its  being  shared  with  the  plebeians,  aa  they 
did  in  regard  to  the  consulship,  which  was  sanctified  by  Kdemn 
auspices. 

6.  S^ibuni  MUitarti,  or  MiUbm,  or  tribunes  c£  the  soldiers,  were  a 
oasa  of  officers  in  the  Roman  armies,  of  whom  at  finit  there  were  four 
in  a  legion.  They  appear  originally  to  have  been  appointed  by  the 
Mosuls,  but  in  the  year  8.0.  863  it  was  decreed  that  henceforth  half  of 
th«m  should  be  elected  by  the  people  m  the  comitia  of  the  ceoturies, 
Trtdle  tba  appointment  of  the  other  half  was  left  to  the  oonunandera^ 
the  l^ns  as  before  (Liv.  vii  5) ;  and  as  there  were  nz  in  a  etmsular 
army,  three  were  elected  by  tiie  people  and  three  by  the  consul  The 
latter  wwe,  down  to  the  latest  time  of  the  republic,  called  ruffuli,  and 
the  former  comitiali.  (Festus,  a.  v.  'Ruffuli.')  In  later  times  the 
number  of  tribunea  for  each  I^jlon  was  inereaaed  to  aiz,  and  thdr 


appointment  was  sometimes  left  altogether  to  the  consuls.  But  this 
seems  to  have  been  anexoeptioa  tone  rule,  for  subaequeat -to  tfiat 
time  we  agua  find  that  the  peo^  had  the  dectiui  of  a  part  the 
tribunea,  (Liv.,  xliiL  14  and  81;  xliv.  21.)  The  functions  of  these 
tribunes  of  the  soldiers  eonristed  in  maintainmg  the  discipline  among 
the  troops,  superintending  their  ezerdses  and  their  state  of  health,  in 
inspecting  the  aentinels,  settling  disputes  among  the  soldiers,  in 
ialung  care  that  they  received  their  necessary  nronuons,  and  the  like^ 

TRICHI'Aflia  (rptxUnt),  ia  a  disease  in  wuoh  one  or  more  of  the 
^dashes  are  turned  inwards,  so  ss  to  be  in  contact  with  the  front  of 
the  eyeball  The  irritation  thus  excited  produces  all  the  pain  and 
other  Bymptoms  of  inflammation  of  the  conjunctiva,  and  if  long  con- 
iinued  may  terminate  in  opacity  of  the  oomea  and  complete  blindness. 

The  wrong  direction  of  the  eyelaahes  vuty  depend  on  various  causes. 
Sometimes  it  i^peua  to  be  their  natural  mode  of  growth ;  one  or  more 

Sowing  differently  from  the  rest,  and  being  reproduced  with  tiu  aanw 
ulta  as  often  aa  they  are  extirpated.  More  frequenUy  it  is  due  to 
some  diseaae  of  the  eyelid,  {aodiioing  a  cicatrix  or  induration  of  its 
inner  surbce,  which,  coatra^inK,  draws  in  the  mai^  of  the  lid,  and 
with  it  the  lashes.  By  a  similar  process,  trichiasis  is  the  constant 
sccompanimoit  of  the  cases  of  cntropium,  or  inversion  of  the  eyelids, 
which  depend  on  induration  or  contraction  of  their  cartilages. 

A  temporary  remedy  for  trioluaas  is  the  extnotion  d  the  oSindins 
eyeUshes,  which  may  be  effected  by  pimping  them  with  broad-pcnnted 
forceps ;  but  they  are  generally  quickly  reproduced,  and,  growing  in 
the  same  direction,  renew  the  patient  s  sitffering.   For  a  permanent 
remedy,  some  of  the  operations  for  entropium  must  be  performed,  or 
the  portion  of  the  inner  margin  of  the  eyelid  from  which  the  innrted 
lashes  grow  must  be  removed  with  their  bulba. 
TRICHLORACETIC  ACID.  [CHLoaACsno  Aonx] 
TRICHLORALDEHTDE.  [Chloral.] 
TUICHLOR-EUXANTHONB.   EEuxahthio  Acmj 
TBICHLOROKINOHE.  [KmoAcm.] 

TRICHLOROMKTHYL-DITHIONIC  ACID  (C,Cl,HS,0,+  2»q.). 
JS-ichlonmethyl-Stiiphwom  A  cid.  An  unimportant  wsanic  aad  obtuned 
^  treating  trichloromethyl-sulphurous  cmgride  wiu  potash  or  baryta, 
rtiis  add  has  also  been  named  ^hroearbo4amoMli^Mrk  add. 

TRICBLOROHETHTL-SULPHUBOUS    ACID.  [Tbiohlobo- 

HKTBTL-DnHIONIO  AciD.] 

TRICHLOKONAPHTHAUC  ACID.  [Nafhieuxo  Obovt, 
TrichloroplUhaiic  Acid. 

TRICHLOROPHENIC  ACID.   fPHKHTLio  Qbodp.] 

TKICHLOROVALERISIC  ACID.   [Valeeiahio  Acid.] 

TRIDENT  {tridau,  rplaav)  is  any  instrument  of  the  form  of  a  fork, 
with  three  prongs ;  instruments  of  tiiis  kind  were  iisod  by  tha  andsnts, 
as  among  ourselvos,  for  various  purposes.  In  mythology  the  trident  ia 
the  attribute  of  several  marine  tSvinities,  audi  as  N'ereus  (Virg-,  *  Jia.,' 
ii.  418)  and  the  Tritona  (Cicero, '  De  Kat  Deor,,'  iL  35),  but  above  all 
of  PosBiDon.  The  trident  in  these  cases  is  the  same  as  the  sceptre 
with  other  gods,  the  emblem  of  the  power  of  these  gods  of  the  waters. 
The  andento  regarded  earthquakes  aa  arising  from  the  sea,  or,  as  they 
expressed  it,  as  the  work  of  Poseidon,  who  el&cted  them  by  his  mighty 
trident,  whence  Homer  frequentiy  calls  him  the  "  shaker  of  the  earth, 
and  whenever  the  god  is  represented  as  producing  any  convuluon  of 
the  earth  or  the  sea,  the  trident  is  alwajrs  menticmeoL  (Hou.,  '  Odyas.,' 
iv.  e06 ;  Claudiao, '  De  Rapt  Pros.,'  iL  179.) 

TRIETHTLAUINE.   rOBOAino  Babsb.] 

TRIKTHYLPHOSPHINE.   [Oboa^tio  Bases.] 

TRIFO'RIDU,  aa  upper  gallery  formed  by  small  open  arohes  above 
those  dividing  the  nave  from  the  aidewles  of  a  church,  and  beneath 
the  derestory  vrindows,  this  intermediate  tier  being  within  the  sloping 
roof  over  the  ai^es.  IliQse  galleries  are,  in  this  countnr,  sOmetimea 
oaUad  "  Nunneries,"  but  in  Qermany  "  Hannerchor."  They  are  not 
confined  to  the  nave,  but  continued  in  the  transepts,  so  as  to  afford  a 
passage  almost  entirely  round  ths  upper  port  of  Uie  buildingi  In 
genenl  the  triforium  is  very  shallow  or  narrow,  and  the  arches  in  front 
of  it  are  small  and  lowj  and  of  these  last,  there  are  two,  three,  or  even 
six,  over  eadi  M  the  larger  arches  sepatating  the  nave  fnnn  the  aislei. 
There  are  however  very  great  differences  u  these  reqpects  evoi  in 
buildings  of  the  same  period  and  style.  In  some  instanoea  the  tri- 
forium IS  venr  lofty  and  open,  as  in  the  Abbaye  aiix  Homines,  Cam, 
and  in  the  cuoir  of  Bayeux  Cathednl,  although  the  aa'^  of  the  asms 
edifice  offers  an  example  directiy  the  reveiae,  the  trifcnium  ebuisting 
there  of  a  range  of  very  low  and  small  arohes ;  while  the  derestory 
windows  are  remariubly  large  and  lofty,  much  larger  ia  fact  than  ths 
pier-arches  between  the  nave  and  aisles.  In  the  Norman  navea  of 
some  of  our  cathedrals  the  triforium  arches  are  as  wide  and  nearly  as 
hi^  as  those  ot  the  lisles ;  and  the  triforium  itself  is  so  spadous  as 
to  form  aa  upper  aisle,  lighted,  like  the  lower  one,  with  windows. 
Norwich  is  an  example  this  kind,  as  is  likewise  Feterborou^,  except 
that  ia  the  latter  the  large  triforium  arches  corresponding  with  thoae 
bdow  are  subdivided  into  two  leesar  ones  with  a  column  between 
them.  At  Qloueester,  on  t^e  oontrary  (also  Noimao),  the  trifniom 
arehee  are  low  and  small,  being  divided  at  first  into  two,  each  of  which 
is  again  similarly  subdirided,  so  as  to  make  four  opening  over  each  of 
the  htrge  arches  bdow.  In  the  nave  of  Wells  Cathedral  the  triforium 
oonusts  of  an  uninterrupted  range  of  small  azchea  of  peculiar  dhaiaetar, 
in  whidi  the  opaaings  are  very  aarrow  in  proporlum  to  the  Kdid  part* 
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or  moulded  pi«rB  between  them.  In  EnglMh  chun^ea  tnforia  we, 
duriDR  the  Flret  Pomted  period,  veiy  ommcntal  m  character ;  m  tne 
Second  and  ThW  Pomted  rtylea  they  «w  generally  imaller  and  less 

*°¥^ENIC  ACID  {0,H.N.OJ.  Aldehyde  abeorbe  the  ^vapour  of 
oyanie  acid  with  great  aricliiy,  producing  a  ^te  "TrtaUine  raw, 
whilst  carbonic  add  iB  disengaged.  Amongrt  other  BUMtanooa,  tzlgenio 
icid  ii  fonned  by  the  following  reaction : — 

C^H^O,      +     ^yHO,      =     C,H,H,0«     +  ICO, 

Aldehyde.        CtbhIc  add.        Trisenie  sold. 

Triffenio  acid  oryetalliaeB  in  amall  prian«,  veiy  alighUy  eolnble  in 
wateTor  alcohol  Wben  aubmitted  to  deBtmetire  dutillatioii.  rt 
appear!  to  yield  quinolrfna  and  oyanurlo  acid.  The  tngmat*  ol  BaTar 
ia  ineoluble  in  cold  water,  but  soluble  in  hot  water. 

TRIGLYPH.   [Gbbciah  AHoerrEOTDREj 

TRIGONOMETRICAL  CO-ORDINATfiS.  Theee  co-ordmatae  were 
inrented,  independently  of  each  other,  by  ProfeMor  OadermaDn,  of 
ClevM,  and  the  Her.  Charlea  Graven  of  Tnnity  College,  Dublm.  1  bo 
htfcer  called  fbsm  tpkerieal  eo-orrftnatet,  a  term  which  u  liable  to  be 
eoDfomuUd  with  the  common  Mtronomical  oo-ordinates  described  in 
Sfhiul  Tbia  nnu^Ue  extension  leads  to  a  system  of  algebraio 
MometiT  for  oorres  on  a  sphere,  dngularly  reeembling  in  its  rasulte 
tibe  oommon  ■ystam  in  a  plane,  many  of  tiie  formule  of  the  two  bang 
abnluialy  identioaL  We  venture  to  predict  that  many  diffleottles  of 
aaaimwi  algebn,  arisiiig  fcom  tiw  entnnoe  oi  the  ooiuidenfeUM  of 
infinitr,  irill  find  eon  and  natwal  sxpUnatioiH  when  the  oomniOQ 

rm  to  oonaidewd  to  U,  Di  tt  MdUy  i%  m  ertreiM  partloiilar  caw  ol 
mora  gmaial  view. 

T 


Through  any  point  0  on  a  fpliere,  let  aros  ox  and  ot  be  drawn, 
which  rapnaent  the  axes  ofxandy.  LetozandoTba  eaoh  of  them 
aaadtanta,  and  throned  any  point  p  let  aros  th,xm  bednnnL  Tfaeit 
'Om  btKOnrawtet^  oo-ordinaiee  of  the  point  r  are  the  tangmts  of  o  u 
and  OH,  or  of  the  aa^  subtended  by  them  at  the  centre.  These 
taiwenti  are  called  a  and  y.  If  the  whole  qntem  be  projected,  by 
Vnn  drawn  from  tibe  centre  the  sphere,  upon  the  tangent  plane  at 
o  then  ox  and  OK  will  be  projected  into  rectilinear  oo-orduiates  to  Uie 
p^oiaotioB  of  7.  The  eiiustion  of  a  great  drds  la  of  (he  first  degree, 
^  <rf  tho  iom  ax-¥lif&a=0,  and  an  eqwtioaiof  the wth degree  be- 
lonn  to  the  intetsoction  of  the  Bphere  with  a  cone  of  tlie  nth  degree 
lAraa  vertex  is  ai  tha  centrei  In  the  palar  coordinates  o  f  is  the 
ladhis  of  the  point,  and  the  angle  p  o  K  its  ande-  This  i^stem  of  polar 
ao-ordinatea  had  been  preriously  oonadered  by  Mr.  T.  S.  Davies 
('  Trans.  B.  S.  Edinb./  vol.  adL),  at  great  kngth,  and  with  nlnable 
TMuUs.  Mr.  GraTce  published  his  aooount  td  the  trigQiuiiutrioal  co- 
Mdioataa  In  the  i^pendix  to  bis  '  Tiro  QeoiDetarioal  Meivcdrs  on  the 
General  Propertiee  of  Conoa  of  the  Second  D^ree,'  Ac.,  Dublin,  1841. 

Tha  outt^ete  slgebra  [Nxo^titb,  Ac,  QojkimTiBsj  may  be  easily 
aapUsd  to  titis  ^atem.  U,  in  fact,  the  tmgmt  of  o  p  were  oalled  the 
n^inTeotor,  instead  <^  op,  and  denoted  by  r,Uie  angle  pox  being 
i,  wa  dunild  hare,  for  reotangular  oo-ordinates,  exactly  as  in  tbe  jisa* 

TBIOOKOMETRICAI/  CURVES,  a  name  given  to  omres  having 
saflh  aquation  as  jf-shi  a,  y-ooaa,  |(=>a  oca  x+b  «»2».*^Jo 
emstxaot  the  forms  of  such  curves  from  the  knowledge  of  the  fnnoa* 
mental  proptttiea  of  the  sine,coafai^  tut.,  should  be  an  early  exeroiss 
of  thestodenfeinirigwoilutiT.utd  irin  be  of  oe  In  his  subsequent 

"^pgj^OffQinPPRTnAL  8EBXEB.  &iflnite  series  which  are  of  tha 
form  ABiiks  +  din  3«-fesin8a  +  ftc>>  and  aoosa  +  froos  +  « 
cos  8«  +  ftc,  are  of  important  use  in  the  higher  parte  of  mathematica. 
The  oommon  mode  of  miding  their  equivalents,  when  a+bz+e^+^; 
admits  <rf  representation  in  a  finite  fonn,  is  vary  easy.  For  instance, 
let  it  be  retired  tofind  1  +  a  eoi  « +  i^ooB  S»+.  fto.  Assume 
2  ooa  »  -  s  +  s-i,  iheD  S  ooi  we  3  ^  +  r-",andsubstitation  gives  for 

the  whole  series, 

I  1  g-a(s+r-') 


of  represeniing  discontdnuoua  lines,  so  that  an  arc  oomposed  of  aros  of 
di&rent  curves  might  have  evsi^  one  of  itip<»uta  made  to  aatifify  an 
equation  of  either  of  the  preceding  f<«ma.  Tne  whole  of  discon- 
tinuous undulation,  for  instancy  drawn  in  Aooubtics  might  be  in- 
cluded under  one  eqiwtion.  See  the  '  Differential  Calculus '  ('  Library 
of  Universal  Knowledge'),  p.  621.  In  the  higher  parte  of  physics,  this 
property  is  of  <^  graateab  unportanoe ;  and  without  doubt  it  is  one  of 
most  rematlcsUe  in  the  whole  range  of  analyna.  But  it  will  not 
peibapB  fl^)pear  so  irfnpil*''  if  we  remember  that  every  curve  made  of 
arcs  01  difierent  curves  can  have  a  continuous  curve,  represented  even 
by  a  oommon  sJgebraical  equation,  drawn  as  near  sa  we  please  to  any 
collection  of  its  arcs,  l»gnxxgo  showed  the  use  of  a  finite  trigoao- 
metrical  seriea  to  be  a  very  easy  mode  ot  actually  repreoeutiqg  the 
ordinate  of  titia  qiproximate  eurve  :  the  infinite  trigonometrical  series 
is  the  limit  which  actually  attains,  algebraically  speaking,  the  perfect 
representation  of  that  to  which  a  finite  number  of  tenns  ia  only  an 
approximaUoo. 

raiQONOMETRTCAL  SURVEY.  [Geodest.] 

TRIGONOMETRICAL  TABLES.  The  chronological  list  given  in 
Tables  will  serve  as  a  Aetch  of  the  histoiy  of  these  tablee :  we  deure 
hereto  duoidate  a  pdat  M  their  ocnstmotion  wUdi,  ia  Mia  present 
state  of  tnneition  frmn  <»e  ^stem  of  definitions  to  another  [Tbioo* 
hohitbt],  oauaea  a  great  deal  of  confusion. 

-In  tha  ordinary  tngonometricsl  tables  is  set  down  the  oommon  or 
Biigg's  logarittim  of  t^  sine,  cosine,  fta,  of  every  angle  which  is  an 
exact  number  of  minutes  (or  seconds,  or  ten  seconds,  as  the  case  may 
be)  from  0'  to  dO*.  Locking  into  a  table  we  find  for  the  logarithm  of 
the  sine  of  8S',  for  Instanca,  IHTfiSlWld.  This  number  ia-the  tonrithm 
of  673576486^  a  number  oontainiiig  neariy  six  thousand  miUiona  of 
unibi.  But  tiie  constructors  of  these  taUea  used  a  radius  of  tan 
thousand  millions  units,  snd  their  aaserUon  consequently  ii^  that  if 
a  right-angled  tsiangle  have  ten  thousand  milUons  of  units  m  its  tmto- 
thenuse,  and  36  degrees  in  one  of  its  angles,  the  side  opposite  that 
loigle  iriU  be  S735764863,  whioh  is  correct  within  one  uaitk  llto 
logarithm  of  this  radiua  ia  ten,  and  the  eariiest  tables  were  oonatnieted 
so  aa  to  give  ten  figures  of  the  logarithms,  from  whicA  tea  aignifiosnt 
figures  of  the  sine,  too.,  tmAt  alwws  be  fcnmd  :  this  radius  was  there- 
fore omveoient.  Thoae  who  use  Quo  old  i^stem  strictly,  and  tauploj 
the  radios  in  every  formuli^  find  no  difflou^ :  thua,  if  e  be  the  l^po- 
thiMHiift  of  a  qjhftriflft'  trianj^  and  o  and  b  its  sides,  m  bm 

cos  a.  cos  ft' 
ooae»»— — J  

1<^  ooB  c  -  log  cos  a  +  log  ooB  J — log  r  (or  10). 

But  those  who  use  the  old  ^tem,  and  have  also  dropped  into  the 
habit  of  makiitg  the  radios  always  unitty,  or  omitting  it  from  the 
formolse,  and  those  who  use  the  new  ^stem,  in  which  the  sines,  Ao., 
are  numerical  representations  of  ratios,  will  alw^  find  a  difficulty, 
until  they  establish  a  new  explanation  of  the  characteristic  of 
rithms  whidi  they  find  in  their  tables.  We  q>eak  of  course  ot  be-, 
ginners.  for  practice  will  ^t  oyer  such,  a  discr^ian^,  or  will  peib^pB 
cause  a  sofBwnt  explanation  to  suggest  itself. 

To  nther  of  the  two  laBt-mra.tiMU»d  classes  of  persons,  ths  shif^of 
85"  is  •57Sfi7fi4S8S,  and  its  real  logarithm  is  the  negative  quanti^ 
7586918— 1,  or— '24140S7.  To  them  theref<H:e  the  simple  e^lana- 
tion  of  the  dist^epanoy  between  their  logarithm  uid  that  of  the  tables 
is  as  follows : — ^The  tabular  logarithm  is  always  10  more  than  the  real 
li^aritbm,  and' the  nH  logarithm  always  10  1^  than  the  tabular 
l<^:arithm.  There  are  two  ways  of  proceeding :  either  to  take  out  the 
real  logarithm,  which  can  always  be  done,  using  the  ohaiaeteristWj-1 
(or  for  distinction,  I)  instead  of  9,  —8  or  6  instead  of  3,  —S  or  8  in- 
stead of  7,  and  so  on ;  to  remember  that  each  logarithm  is  10  too 
great,  and  to  make  the  correction,  etttiet  mentally  or  at  the  end  of 
each  logarithm.  We  have  Uways  found.the  first  mode  the  better  <rf 
ths  two,  and  we  shotdd  raoommend  no  one  to  rejeot  ft  wlUioot  a 
sufficient  triaL 

For  example,  suppcae  it  is  required  to  calculate  tan  f  b  y  (nn  1 
sin  14'-hsiii8*)*.   We  have  (not  ushig  the  arithmetiMl  oomj^smeai) 

log  sin  1*  S-2418558 
log  sin  14'  T8SS6752 

add  8-6265805 
logrinS*  S718800S 

nbtnofc  2-90S780S 


which  ia 


1  — acoa« 


1  —  2a  COS  a:  +  o" 
Tha  most  remarkable  pnq^arty  of  these  series  is  that  th^  are  capaUs 


•-I'M' 


2'8600965 

In  looUng  for  the  result,  we  iemember  that  the  tabular  logarithm 
answering  to  ^'3600955  is  8-3000955. 

For  the  multiplication  and  division  of  negative  chaiaotenstios,  see 
LoSARnHXa,  Uas  op  (coL  886).  -     „j.  Ji  *j' 

TRIOOKOMSIUT.  This  word  signifies  the  ineasor«nent  ot  »• 
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an^es,  but  we  might  m  well  tttempt  to  ooQ^loe  geometry  within 
etymdogioal  linut»,  u  tlie  Mnance  of  which  we  are  goax  to  give  some 
acooont  in  thii  article :  the  nunniremeDt  of  (he  euth  u  now  only  an 
isolated  ^>0ieation  ot  the  funaer;  and  the  meMumneiil  of  bbn^ei^ 
of  the  latter. 

In  the  modem  diviebn  of  the  matbematloel  wnences,  trigcKiometiT, 
though  atill  defined  in  hooka  aa  the  art  of  meaauriog  triangles,  realhr 
meana  the  coniddention  of  altonating  or  periodic  magnitude ;  in  which 
quantity  ia  imagined  to  go  through  uterraMia  of  inoreaae  and  diminn- 
taon  without  end ;  that  ia  a  function  <dx,i»  trigonometrical,  when, 
ae  X  variea  through  all  atagea  of  magnitude  (or,  in  technical  language, 
increaaeafrom— 00  to  +  oo),  it  takes  an  infinite  number  of  alternate 
increaaeBanddimiimtiwia.  It  ia  perfectly  possible  to  contrive  a  oonunon 
algrinale  function  which  shall  go  through  any  ^ven  number  ci  sooh 
ohanges— a  thousand,  a  million,  ot  more ;  but  without  recourse  to  ia&- 
nits  series,  it  is  impossible  to  find  one  in  which  the  nnmbar  of  alterua* 
tions  ia  unlimited.  If  the  properties  of  algebraical  seriea  were  aa  risible 
to  the  unaaaistod  i^prehensioo  as  thuae  of  figure  in  geometry,  it  would 
be  seen  that  the  two  followiog  leriei  (afterwards  known  as  thoae  for 
the  dne  and  cosine  of  x)f 


S.8 


a.8.4.f 


-  Aa,  and  1  -  ^  + 


2.8.4 


-ft*. 


an  mriodto  in  velue :  and  that,  *  being  a  certain  Inoonmwnsurable 
nomVu-  (8*141093 ....),  all  the  changes  of  magnitude  that  they  can 
poaaiUy  take  are  <H)ly  repetitions  of  what  take  place  while  x  increases 
mm  0  to  2v.  We  cannot  form  a  more  adequate  idea  of  an  intelligence 
supwto  to  that  of  the  human  race,  than  by  imagining  one  to  which 
thia  truth  should  be,  in  oonsequenoe  ot  sufficient  rapidity  of  power  of 
oomputation,  a  purdy  elementary  one.  We  an  oUiged  to  come  by  this 
knowledge  through  our  peroqptimi  d  ^paoe,  and  \^  the  qmUcation  of 
algebra  to  geometoy ;  and  the  ooualmotion  ud  oae  of  our  alphabet  tor 
the  expre^oB  of  periodlo  magnitude  la  eontained  in  what  are  called 
the  elements  ol  trigonometiT. 

The  moat  dmple  noUon  cn  periodie  magnitude  Uea  in  snppodng  that 
the  cboDgea  made  are  purely  cyclical,  or  repetitions  of  the  same  for 
•rer ;  aa  for  inatanoe,  those  whicn  occur  in  turning  a  handle  in  a  verti- 
cal phnet  The  number  of  revolutions  traeed  out  by  the  hanfle 
be  aa  great  aa  we  please,  and  the  quantity  of  length  of  the  tmahr  am 
deacribed  by  its  extremity  may  be  aa  many  times  the  dieumferenoe  of 
the  circle  aa  we  plf^se,  that  ia,  aa  long  aa  we  please;  but  Vba  distance 
of  the  handle  from  the  ground  is  periodic,  exhibiting  perpetual  inoreye 
and  diminution  aa  it  risee  and  fsiDs.  Hence  the  orde  naturally  becomes 
4  sort  of  standard  f>f  reference,  and  drcukr  motion  the  primary  idea, 
In  all  eonaidCTalaon  of  periodieally  "^■"cfrif  magnitada.  The  are,  or 
the  angle  whidh  it  subienda  at  the  oratre,  ia  the  magnitada  which 
faiereases  without  limit,  all  post  revolutions  being  counted ;  and  the 
lines  which  only  depend  on  the  position  of  the  moving  point  in  the 
eirde,  and  not  on  the  number  ci  nvohitionB  hy  wlwihTt  has  attained 
that  position,  are  lha  peiiodie  magnitudaB  in  tnma  of  which  bU  other* 
are  exju-esBed. 

The  periodic  masnitudea  conaeeted  with  a  varying  angle,  ao  far  as 
fiuf  hne  separate  deaignation,  are  the  due,  cosine,  tuigent,  cotangent, 
secant,  cosecant,  vened  sine,  ooversed  sine,  and  chord.  A  change  haa 
taken  place  in  the  mode  of  conceiving  theae  quantitiea,  and  one  which 
It  ia  very  desirable  thwougfaly  to  establiah :  though  di^t  in  appear- 
ance, and  producing  do  difTerenoe  in  reaults,  it  gives  a  great  advantage 
in  tiie  Ofttiaideration  of  fonanbSk  Heaeelematawersmiea:  they  now 
<rft<nar«,andinfutnz*alwqniPtaft^tlMi!atiHoiU[|WtoliDei.  The 
following  figure  exhibita  the  old  deflnuloni : — 


Let  0  be  the  centra  of  a  circle,  and  a  OB  an  angle  msasured  £rama 
fixed  radius  o  a,  the  direction  of  revdution  in  which  angles  are  mea- 
sured poaitiva^ being  denoted  by  the  arrow.  Fnan  b  £«w  BHper- 
pendiculw  to  o  a,  andat  a  and  o  draw  tangents  to  the  drele.  Then, 
fatheseold  d»fliiittani,BK  is  th>  sine,  OMtheeorfne,  at  the  tanging 


ot  the  cotangent,  ot  the  aeoaot,  ot  the  ooseoant,  xu  the  versed  aine, 
Cir  the  ooverted  sine,  of  the  angle  aob.  If  aB  diould  make  a  com- 
plete revolution,  so  aa  to  eome  into  the  aame  portion  again,  tlie  angle 
under  ooDsideration  would  now  be 

lour  right  anglea  +  <A08, 

but  the  dna,  oodne,  &a  would  all  be  the  same  as  before. 

Aa  the  line  OB  moves  round,  the  aigna  ct  all  theee  Unas  are  to  be 
taken  pontively  when  tlu|V  an  in  tiie  same  direeti<BtB  aa  when  a  o  b  ia 
less  than  a  right  angle.  Tne  following  table  will  show  them  for  the 
angles  A  OB,  AOB',  AOB*,  AOB^,  aUmeasured  in  the  same  direotiui 
of  revolution : — 


Antfe. 

AOB,  lest  than 
a  riglit  Buls . 

AOS',  beArem 
«M  and  two 
rffbtanglM  . 

AO  V,  between 
two  taA  three 
light  aaslsi  . 


right  aa^ei  . 


One. 

Cestae. 

OoUn. 

Seeaat. 

Co- 

Tmad 

gent. 

lenL 

•nant. 

Sine. 

BM 

OX 

AT 

CI 

OT 

Ot 

AH 

B'M* 

—OK' 

-AT 

-cr 

-or 

0< 

All' 

-B"M" 

-OBI" 

AT 

ct 

—  OT 

—Ot 

Air 

OH" 

-Ar 

-ce 

or 

—  Of 

AH" 

Co. 


CK 

cir 
cir 


Id  tills  ^atem  an  anrie  has  an  infinite  number  of  lines  of  each  sort, 
one  to  evsiy  radius  wmdh  can  be  taken.  It  is  therefore  neoaasaiy, 
either  to  introduce  Into  the  formula  the  value  of  the  ndiue  in  every 
cose,  or  to  adhere  to  some  coie  particular  value  of  the  radius,  which  ia 
always  understood.  The  plan  usually  adopted  ia  first  to  embarraaa 
the  formula  with  the  general  value  of  the  radius,  then  gndnally 
to  accustom  the  student  to  oonrider  the  radius  as  one  unit,  but  to  make 
an  exception  when  trigonometrical  taUas  are  uaed,  oonaidering  the 
radius  aa  ten  thousand  millions.  Theae  inocmTenisoosa  an  avoi^  in 
the  new  system  of  definittoas.  which  is  aa  foUows  t-~ 

Jig,  9, 


a 

H'  j 
V 

From  any  pdnt  in  the  line  ob  (or  ob'.  &c.)  which  is  the  variable 
boundary  the  angle,  draw  bx  (otb'm^&c;  perpendicular  to  oa. 
Let  OH  and  KB  be  poaittve,  OH*  and  urif,  he.,  neeative,  aa  in  the 
usual  metiiod  of  Tecnming  oo-ordinatea.  Oul  bh,  b'h',  oppoiite 
to  the  an^es,  o  u,  o  h',  Ac.,  adjacent;  and  let  OB.  o^,  Ao.,  be  called 
hypothenuses  (and  always  considered  pontive).  Then  the  riiu  of  b  o  H 
ia  the  fraction  which  B  H  is  of  o  b,  with  its  proper  dgn,  in  this  case 
positive  :  but  the  aine  of  aob"  is  the  fraction  which  irB'is  of  oB*, 
taken  negativdy,  becauae  m'b"  is  negative.  It  is  indiflbrent  what 
hypothrauae  is  teken,  by  the  pnmcvtr  of  sbnilar  triangles,  and  tiie 
following  ia  the  complete  system  of  dennitiona,  with  the  values  written 
for  the  four  angles.  Th^  give  a  slight  degree  more  trouble  at  first, 
lAidi  is  amply  oompuurted  in  the  superior  ease  with  wliich  all 
formulia  may  be  deduced,  to  si^  nothing  of  the  advantage  of  avdding 
the  indefinite  radius. 


BtBS 


Coctne  a 
Taagmt- 
OotaafWt- 


Danttloa. 

OW*.  side 

hTpothen. 
A<U'-  >lda 


hTpothen. 
Opp*.  side 


Adjt.  aide 

Opp*.  tide 
Hypothen. 


AdJ*.  side 
Hypolhcn. 
<^p*.  side 


AOB 

AOBT 

AOB" 

BH 

B'U' 

B-H" 

B-H" 

BO 

B'O 

—  B'O 

~  B-0 

OH 

OH* 

ou- 

OH- 

OB 

~  OB- 

—  OB- 

ov 

HB 

ITB* 

IT  B- 

HO 

H'O 

iro 

—  iro 

HO 

VO 

K-O 

H-O 

HB 

"H'B- 

u'ar 

~H-jr 

OB 

OB* 

oar 

OBT 

OM 

~  OM' 

OH" 

OH" 

BO 

VQ 

B-O 

B"0 

BH 

"vrur 

-2*11- 

Versed  dne~ 
OoTcaaed  able  Ht 


unity  —  cosiae 
uni^  —  aine. 


na  ohogrd  baa  long  eeaaod  to  be  regarded  u.omoC  the  trigow* 
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XQftrical  functions,  and  is  alwaTS  used  io  Ha  old  aeiiBa,  m  ths  Hue 
join  ng  Hie  extrsmitieB  at  an  arc 

\Ve-diall  now  nuke  a  colleoUon  of  the  principal  trigonoinetrical 
ionnulje,  and  {wopertieB  of  (he  fundamental  functiona,  refeniDg  to 
Avou  for  the  nudes  of  nMaeoriog  endee,  to  Sm  for  deT^opment  of 
■wvnal  of  ttie  most  imnvtsnt  pmnts,  to  SBltm  for  the  expamriooB  of 
-rariouB  funcUona,  to  MBirBCRATioir  and  Bpbebioal  for  the  fimnubo 
particnlarly  connected  with  triangles,  and  to  Alokbra,  Root,  8cb- 
BiotABT  Ahqlb,  fta,  fca-  rarious  other  usual  applications. 

1.  Ko  dne  nor  cosine  exceeds  uni^ ;  no  seouit  nor  coeeoant  is  less 
than  unity ;  a  tangent  or  cotangent  may  have  any  v^ue ;  Toised 
rinee  and  oorersed  sines  «»  alwaji  oontained  between  0  and  2,  boUi 
indusiveL 

2.  WHh  the  nnes  and  ooseeanto  must  be  remembered  the  auooessicm 

+  +  ;  with  cosines  and  secants,  +  + ;  with  tangents  and 

ootangdnts,  4-  —  +  — .  Thus  irhen  an  an^e  is  in  the  Mrd  right 
angle,  or  lies  between  two  and  three  ri^i  angles,  its  oonne  is  negative, 

—  being  the  third  sign  of  the  succession  +  +.    Versed  sines 

■ad  oonnsd  dues  are  always  podtiTe. 

$.  With  the  difRireot  funotions  most  be  remembered  the  following 
■eiiM  of  initial  nlns^i  being  those  ai  the  fae^nning  o(  the  seTMwt  rif{h^ 
mi^m:  thos— 

afaiO  =  0,  8in(r»^)  =  l,  sin  (2H ^•)»=0,  Bin{8r«^0--1 

•  1  0  — 1  1|  oodna  1 1  0  —1  0  ||    taagent  |  0  «  0  « 
at 


0  —1 
m  —1 


~1  0 


taagent 

COtaBfSDt  I 


4.  To  find  a  fonoUon  of  any  number  of  right  angles  inereased  or 
dimmiahed  by  a  given  angle,  take  the  same  funotion,  if  the  nnmber  of 
ri^t  aDgi««  be  even,  its  ecfMKthn  (ains  for  cosine,  ooeine  for  aine,  &&) 
if  the  numbor  of  right  angles  be  odd :  put  that  sign  which  belongs  to 
the  giveo  funetlMi  m  the  right  angle  to  whioh  the  whole  jpven  angle 
bcAcH^  irtien  the  inoreme&t  or  decrement  is  kai  than  «  nf^i  aa^ 
Thus  we  have 


which  is  thus  obtained :  the  odd  number  of  rij^t  angles  ({w  repre- 
senting a  ri^t  angle)  is  a  direction  to  put  corine  instted  of  nne  on  the 
opposite  nde;  now  |r—  i,  $  being  less  than  a  right  angle,  blls  in  the 
thhd  right  anj^,  aiu  the  sine  in  that  rig^t  anrie  is  — ,  so  that  ~  ooe  9 
must  be  written.   The  following  reeults  should  be  remembered  : — 

sin     —  »)=   ooa*,  oot(g  —  <J=   tia9,  iaii{^  —  tj—  oot»j 

*)~    MS*,  cos      +  Bin9,  tan^l  +  •)=— oot#; 

■fai  wint,  COB  («— «)  — 00B«,  tM  (»— <)  --tai*i 

sin  (v  +  9)  B  -dnf,  cos  <«  +  9j  >=  -V3b9,  tsn  (»  +  ^  ^  tanf; 
■In  {2v— ^9  -dnf,  cos  (8r  — «)  <s  oos^  tan  (2v  — 9)  b  -tastf; 
^    <— nn9,ooB    (— «)  —   east,  tan    <—«)=— tanfl: 

6.  In  the  first  revolution,  8  and  t— 9  have  the  same  sines  and  coae- 
cwts,0and  2r~9  the  samc^  cosines  and  secants,  9and«--t>9  tiie  same 
tangents  and  ootangentK 

B.  ain  9  eoaeo  9^1,  oos  0  sec  fssl,  tan  f  oot  9=3 1, 

sin  0  cos  0 


7.  ab*  f+oo^  9»1>  l  +  tKU*  9»Be^  9,  l  +  ool?  «sooMo>e. 

tan9  1 


-ain  9i 


8.  If  tan  9  s  ^ ,  then  sin  9 

9.  sin  (9+f )  =  sin  9  cos  ^  +  cos  e  sin  ^ 
ain  (9 — ^)  =  sin  9  oos  ^  —  oos  9  nin  ^ 
ooB  (9+  ^)  =  oos  0  oos  ^  —  sin  9  sin  ^ 
oca  (9—^)  =  oos9ooef  +  sin  9  an  ^ 

tan  9+tan  A  tan  9— tan  * 

10.  Un  (9+     -  .  tan  (9-*)  -  ^^^^^^ 

9  +  ^  9—^ 

11.  8in9-)-euif=2sui  — — a~ 


mn  9  —  nn  ^  2  oos 
oos9  +  oos^bS  cos 


9  +  ^        0  —  A 

—  «tt-^ 

9  +  *  9-* 


OOS 


12.  sin  29=  2mn  9cos  9 

cos29  =  coB>9  — Bin3e-2eos>9-l»l~2cin*9; 

tan  2  9  -  S  tan  9    (1 .  taa«  9). 
AXn  Aim  BOL  SIT.  TOL.  Till. 


18.  1  4-O0B9-  Seo^  ^,  1  +  Bin  9m2ooe*      ~  Ij 
l-coB9-2  8in*  J,  l-Binfl  =  2Bin*      —  |-J 


14. 


1  —  cos  9 

1  +  COB  9" 

sin  ^  —  sin  9 


9  1-Bhi9 


2'  1  +  sin  9  V4  ~  2j 

faP  4  (»  -  0)  Bin  »±  sin  9  i/^j.* 
tan4(^+9)*  «OBt  +  oos9'*'"*WX*> 


sin  ^  +  sin  9 

15.  If  9  be  half  a  ri^t  angle,  or  leas, 

oob9  =  4  VU +"in29) +i  V(l-«n  29)  - 
■in  9    I  V(l  +  HO  20)  —  j       -  sin  29). 

18.  If  n  be  any  integer,  and  if  (cob  0  +  dn  9)"  be  developed  tv  the 
binomial  theorem  into  F«+P^ Ao.,  bong  ooB''9,  p,  being 
MooB*-i  9  sin  9,  &c,  then  oos  ii9  is  Fq  — +  F,  —  fto,  and  aui»9iB 
p,-p,+p,-. ... 

17.  Let  Os  and  8.  stand  for  the  oodne  aad  aina  of  M 

2ooB*9-o,  +  l 
4oos*9s>o.'»-8o, 
8  oo8*9=io,  +  4o,+  8 
16  coa*9=:o,-f  fif^+lOOi 
82  cos>0=:Oa  +  6o.  +  lSc^  +  10 
64  oos'  9=OT  +  7a,  +  21o,-i-S50i 
128  cos''0-c,  +  8oo  +  2«O4+66^  +  85 
2S6  oos^  9:>  0,  +  9o,+ 860, -(■ 840, -f- ia«0. 
Sia  soi^fs  Om + lOo^  +  460. + 1800,  +  aioo,  +  IM 

To  change  these  into  oorresponding  formalee  for  powers     sin  ^ 

For  c,  0,  C,  0.  0,  0,  0,  <^  Ac 
Write  8,  —0,  — s,  0,  B,  —0,  —8,  4o. 
Thus  lflsin»9-     s,  -  3«,  +  10b, 

S2ain»0=  -0,  +  60,  -  15o,  +  la 

IS.  Ih  Mohn^M  Tkeerem  and  its  oonseqaenosB  :— 

(ooB9  +  ain9.V-l)*»ooRii0+Binn«.V-I 
s**'-»-«oe9  +  Bln9.  V-1     r*^->-O089-sitt9.  V-1 

oas»»  J  nn9»  j^;;^  

IZ9«at9-«  h  UubS  V-l-if&f  \ 

and  2 ooa ii9sjif  +     ,  ^/—l.^ta9^3f'—■~:• 

The  versed  dne  is  lltUe  used  and  rarely  menti<med  In  formuln ;  and 
the  coversed  sine  is  really  only  invented  for  analog's  sake. 

The  term  tine  (the  Latin  word  nnw,  meaning  tka  bosom)  has  been 
the  object  of  much  discussion.  It  wss  at  one  time  looked  on  as  a  bar- 
barism from  the  Aial^ ;  and  some  endsAvoored  to  substitute  semum 
ima-iptat,  the  half  oi  the  chord,  f«-  ib  OthnB  again  thought  that  it 
was  a  corruption  of  &  Jut.,  the  abbreviation  of  the  above.  Dr. 
Button  asserts  that  the  Arabic  word  J^,  whioh  is  used  for  tiie  trigth 
nometricsl  sine  in  tliat  language,  also  means  the  bosom  in  oommon 
language ;  and  we  have  been  tora  that  tills  is  correct ;  if  so,  the  Latin 
nniM  is  only  the  literal  tranalatiMi  9f  the  Arabia  The  aro  r^resenting 
»  bow  (from  which  it  gets  its  name),  half  <rf  the  strin^^  whioh  repre- 
Bents  the  one  of  half  the  ue,  would  oome  agsinst  tiie  breaot  the 
archer.  The  versed  sine  (tm«t  ssi-smi,  or  turned  tine)  was  called  the 
lagitta,  or  arrow.  The  terms  tangent  and  secant  are  derived  in  M 
obvious  manner  from  the  old  de&Qiti<»is. 

There  Is  littie  of  the  history  of  trigonometry  which  oan'be  either 
usefully  or  intelligibly  separated  boca  that  of  mathematics  in  generaL 
Up  to  the  middle  of  the  lart  cratuiy  it  belonged  rather  to  geomet^ 
than  to  algebra ;  and  even  in  our  own  Atf  algebraical  tri^nomatry  u 
not  fully  established  in  England,  thoum  mpidly  making  its  way. 
Those  to  whom  trigonometry  is  only  useful  as  an  instnunent  in  the 
solution  of  triangles  may  enjoy  the  advantage  of  that  speoiflc  oleanieas 
which  geometry  gives  to  the  individual  laropoeition  in  hand,  witiwat 
needmg  to  feel  the  want  of  a  system  which  points  out  the  direction  of 
future  progress.  But  those  who  are  to  be  teained  in  ™"™'"*''™  for 
hi^ar  viewB  and  mon  diffioult  applioatioDB,  most  aoqnire  trigoiKnwtaty 
In  its  most  algelvaioal  fonn  as  a  constituent  part  of  the  Isnguage  «t 
algebra,  and  an  element  ini  every  step  of  their  future  progress.  It  Is 
worse  than  useless  to  attempt,  ior  them,  to  draw  a  distinction  betwasD 
algebrucal  and  trigonometrical ;  the  aduioa  will  now  allow  that  db- 
tinction  to  remain,  and  will  racier  dooand  new  modal  of  oxgwatioo 
than  dispense  with  any  of  tiie  old  ones. 

There  an  those  who  feel  senaible  of  incongmity  in  oombining  the 
fundamental  notions  of  space  and  number  together,  and  would  rwier, 
tit  any  expense  of  trouble,  keep  them  separate,  exc^  when  they  are 
f onnallv  united  for  any*  ptetioular  a{^>Iioi^oo.  This  feeing  has  our 
sympathy;  and  if  it  were  possible  to  present  a  oon^ete  alg^>m,botb 
in  definitions  and  prooeesea,  without  reoouise  to  trigonomeMoal  Un* 
gosge.  we  should  willing^  agree  to  the  sqiaratioa.   But  hltlMto-  ii  Itf 
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not  ao ;  the  only  view  of  algebra  in  whidi  there  is  notluDg  impoitibU 
1b  [Aloebra]  essentially  joined  to  a\w:&,  and  particuUrly  to  angular 
m^itude ;  so  that  thoBo  wlio  would  hare  a  perfectly  pure  al^bra 
must  buy  it  at  the  expense  of  unexplained  and  apparently  oontradiotory 
igrmbolB. 

It  would  be  easy  to  avoid  the  notion  of  spaM  while  uaing  tiie  tenns 
of  triooninnetay  and  its  poweif ul  fonniibe.  The  at  the  beginning 
of  thu  article  mi^t  ba  mode  the  deSnititHU  of  the  rino  and  oosne ;  or 

dnxmi^  be  only ui  obbreriotioiiof  «— +  &o.j and  eoBxof 

1  —  i«P  •¥        The  fondamantal  pn^>ertiea  of  tiw  rise  and  oodne 

midit  without  much  difficulty  be  proved  to  behmg  to  then  eariee, 
without  reference  to  any  geometrical  reaaoning. 
TRIHETHTLAMINE.   fORQAno  Babeb.] 

TRIMETHTLFHOSFHltTE.  [Obqaitio  Basu.  Orgmaci^o^ho- 
rmw  baaet.] 

TRINITRANISOL  (C,«H,[NO«],OJ.  A  nUroMvotiTe  of  the 
phanate  of  methyL  [Axnaoi^j 

TRINITEOCRESIC  ACID.  (C„H»[NO.],0,).  An  ot^anio  add 
prepared  by  adding  creaylio  alcohol,  drop  by  drop^  to  atrmg  nitric 
mcSa.    Ita  potash  aut  cryataUiseB  in  orange  needlee. 

TRINITRONAPHTHALIN.   [Naphthalio  Gboup.] 

TRINITROPHENIC  ACID.  [Perarijo  Gbodp;  Cabbazotio 
Aon).l  ■ 

TRDflTT  HOUSE.  As  the  genetal  management  of  the  lie^t- 
hoaaea  and  booya  at  the  ahona  and  riven  of  En^ond  ia  entrusted  to 
the  Corporatlfln  the  Elder  Brethroi  of  the  Holy  and  Undivided 
Trinity,  fWMnUy  known  by  the  name  of  the  Trini^  House,  it  has 
been  considered  advisable  to  treat  under  the  same  head  the  special 
history  of  that  corporation  and  the  general  discussion  Ot  tibe  duties 
entrusted  to  their  charge,  as  well  as  the  diacussion  of  the  means  uaualfy 
ad^ted  for  lighting  and  buoying  sea- coasts  in  general 

The  objects  it  is  desired  to  effeet  bj  thoae  operations  are,  to  indicate 
to  mariners  the  precise  povUtHi  td  sunken  rocks,  shoals,  or  saod-boiiks 
which  may  occur  in  the  fsir  wi^  of  the  navigation,  and  to  mark  the 
entrances  of  porta  and  harbours ;  and  these  objects  must  be  effected  in 
such  a  manner  as  that  the  more  important  indicatiuna  should  be  visible 
by  night  as  well  as  by  day.  Moreover,  it  ia  deaired  to  indicate  the 
navigable  channel  in  pasaes  or  on  shores  during  the  di^ttuLc,  when 
aooumulations  of  alluTiol  matteri|  or  sand-banks  thrown  up  tidal 
currents,  or  when  bare  at  the  mouths  'of  rivers,  leEuler  the  navi- 
gation difficult  or  daogeroua.  The  indioatims  of  the  first  class  are 
usually  given  hjf  light-houses,  or  floatiiu:  lights,  visible  from  great 
distances;  the  indications  of  the  asoond  msa  are  given  by  floating 
buoys,  beacons,  polee,  or  guides  fixed  in  the  beds  of  ^e  chamiela.  In 
all  civilised  countries  the  establishment  of  these  indications  is  con- 
sidered to  be  one  of  tite  most  essential  functions  of  the  public 
authorify;  and  the  safety  of  oommnoe  depends  so  greetiy  upon  their 
perfeetioQ,  that  it  is  generslly  thought  to  be  desirable  to  place  them 
beyond  the  ofaanoes  of  irr^ulority  attending  private  operations.  Thus 
in  England  the  Trinity  House  is  charged  with  the  pmformancfl  of  the 
necessavy  worics  for  %hting  and  buoying  the  coast ;  in  Scotland  tiie 
Commissionera  ot  the  Northern  Lights  are  so  charged;  and  in  Ireland 
the  Ballast  Board  <a  Dublin  has  the  control  of  the  U^xls  and  buoys : 
all  three  being  under  the  general  superintendenoe  of  the  Bwd  of 
Trade.  On  the  Continent,  this  hnaA  of  the  public  service  ftnms  port 
of  the  attributions  of  the  minister  of  publio  works,  and  is  usually 
ontnlised  in  hia  hands,  in  a  far  more  distinct  manner  Q^ix  it  ia  in 


— J  Trin%  House  aj^iears  to  have  been  orijdnally  estaUished  in 
tlw  rein  of  Hemy  TIL,  as  an  "aaiorfatton  for  looting  sUps;"  but  it 
was  anfy  in  1680  that  the  Elder  Bretiuoi  oeoted  their  flr«t  light- 
boUBe,  after  several  structures  of  that  description  had  been  built  by 
private  individuals  under  patents  from  the  crown.  The  very  irr^lar 
and  unsatisfactwy  manner,  and  the  very  heavy  charges  entailed  upon 
the  oommeroial  marine  of  England,  by  the  unsjrateiuatic  mamiflr  of 
Sl^itiii^  the  coasts  thus  introduced,  gsve  rise  to  so  strong  a  spirit  of 
^^MitwB  to  ito  oontinuaao^  when  the  Bavigatioa  of  Eun^  had 
begun  to  revive  after  the  peace  of  1815,  that  numerous  pariiamestaiy 
mauiriee  have  reoenUy  been  made  into  the  duties  and  functions  of  the 
Trimty  House,  and  diangea  have  been  introduced  in  them  from  time 
to  time.  Thua  the  acts  8  Geo.  IV.  o.  S,  0  ft  7  WUL  IV.  c  79, 
17  «  18  Vict,  a  10^  have  gradually  led  to  the  extinction  of  the 
mivaton^ta  in  light  dues,  and  to  the  Testing  of  the  whole  of  the 
duties  of  haAiting  and  bu<^ring  the  coasta  in  the  autiioritias  before 
deacribed.  The  Trinity  House  in  the  meanwhile  has  maintained  its 
niginal  oompoaitkn  in  all  substantial  matten;  and  it  disijiatgM  at 
Uie  preeent  day  the  dutiea  of  superintending  the  pQotoge  of  the 
EiWish  porta,  ooncurrenUy  with  those  of  supeiintentung  the  lighting 
ttd  but^itw,  as  well  aa  of  distributing  the  funds  ariang  from  certain 
U^t  and  pilotage  dues,  and  from  the  sole  of  ballast  (for  which  they 
have  an  ezelusiTe  patent  in  the  port  of  London,  witb  1^  ezomtion  ^ 
^^poorlton  pita),  to  oertain  charitable  purposes  qio^ed  &  their 
original  charter.  The  Trinity  House  consiBta  of  a  master,  a  deputy 
inast^r,  nineteen  acting  elder  brethren,  eleven  honorary  elder  brettoen 
and  OD  uitUmitwi  number  of  younger  brethran;  in  BUy,  1869,  they 


numbered  178.  The  master  and  the  honorary  elder  brethren  hare 
nothing  to  do  with  the  practical  operations  of  the  House,  and  tluy  ore 
selected,  solely  cm  account  of  the  emin«aoe  of  their  sodal  positionB, 
from  tiie  ministers  of  the  crown  or  from  amongst  the  higher  aristocracy. 
The  deputy  master  and  the  acting  elder  brethren  are  in  fact  self -elected 
from  a  list  of  the  jMroperly  qualified  younger  brethren ;  and  the  quali- 
fications for  this  pmvose  are, — ^that  the  candidates  sh^  have  attained 
the  rank  of  oommHider  in  her  majesty's  navy  for  at  least  four  years 
weviousfy,  or  shall  have  served  aa  master  in  tiie  mothaut  aervioe,  on 
lordgn  voyages,  for  at  least  four  yeara.  The  younger  brethren  are 
diosen  from  members  of  the  royal  navy,  or  nrom  the  commercial 
marine,  and  are  admitted  at  the  pleasure  of  the  court  of  elder  brethren 
upon  tiie  pnqweition  of  any  one  of  those  elder  brothers.  It  may 
perh^  be  as  wdl  to  add,  that  subsequently  to  1864  the  Trinity 
House  has  abudoned  ito  claim  to  the  surplus  of  the  lif^t  dues,  which 
it  had  preriously  applied  to  diaritable  purposes.  The  act  of  parlia- 
ment by  means  of  which  this  ezfropriation  of  funds  was  effected  also 
conferred  upon  the  Trinity  House  general  powers  of  supervision  ovo- 
the  proceedmgs  of  the  Commissioners  of  Northern  Ligbta,  and  of  the 
Irish  Ballast  Board,  subject  to  the  appellate  jurisdiction  of  the  Board 
of  Trade. 

The  Board  of  the  Trinitr  House  disdiaigea  ita  dutiea  by  nteuiB  of 
committeea,  and  suboommitteea  for  speciiJ  purposes^  whose  ptooeed- 
ings,  when  necessary,  are  subject  to  confirmation  by  the  general  court. 
These  committees  are — 1,  toe  Treasury;  2,  the  Supervisors  of  the 
Ballast  Department ;  3,  the  Pilotage ;  4,  the  Pilot  Examination  Com- 
mittee; 6, the  Lighthouse  Committee;  6, the  Pensionen;  and7,the 
House  Afhirs  Committees.  With  the  «oeption  of  the  anpervison  of 
the  Ballasting  Department,  two  in  Dumber^  sU  these  committees 
oonaiat  of  four  members ;  and  the  sub-committeee  named  for  special 
services  may  oonsiflt-  of  any  number  of  members  at  the  option  of  the 
court,  usually  varying  from  two  to  four.  The  appointmenta  are  made 
annually,  and  the  irerdeiu  are  also  elected  annually,  two  going  out 
every  year;  the  master  and  the  depu^  master  are  usually  elected 
during  their  lives,  though  th^y  psss  pre  foma  on  snnual  election. 
The  deputy  master  is  tx  t^jtcio  chairman  of  all  the  committees.  In 
scientific  and  technical  matters  the  court  is  assisted  by  ito  engineer 
and  on  opticiao,  those  posta  at  the  present  day  being  occupied  by- 
Mr.  J.  Walker  and  Dr.  fVttaday.  The  members  of  the  Trinity  Hous» 
divide  among  themselves  the  annual  sum  of  70002.,  and  they  employ 
a  staff  of  clerks,  messengers,  &c.,  at  their  omtral  office  at  an  annu^ 
expense  of  about  60001. ;  tiie  salaries  of  the  engineer  end  of  the  sdentifio 
adviseramouut  to  17002.;  so  that  the  total  cost  of  the  cmttal  admimatra- 
tion  of  the  Trinity  House  ia  about  14,8001.  per  annum,  for  salaries,  and  for 
all  miscellaneous  expenses  connected  with  the  centrBl  board:  it  was,  in 
1857,  about  17,286f.  The  gross  income  for  the  year  1867  was 268,646/. 
nearly,  and  the  gross  expenditure  204,0132. ;  for  the  year  1868  the 
^"oss  income  was  267,2142.,  and  the  gross  expenditure  was  172,2852. : 
we  surplus  revenue  is  piindpally  devoted  to  the  extinction  of  the  debt 
incurred,  in  pursuance  the  aot  of  1846,  for  the  purchase  of  the  private 
interesta  in  lighthouses. 

The  Commissioners  for  the  Vorthem  Lighta  were  isoorpcvated 
act  88  Geo.  III.  c.  58,  and  they  conaist  of  28  membera,  amongst  whom 
are  the  lord  advocate,  the  soliidtor-general,  the  lords  provosto  and  the 
elder  bailiee  of  the  dties  of  EcUnbuigh  and  Glan^w,  the  provosto  of 
Aberdeen,  Invsmess,  Campbeltown,  Dundee,  ana  Qreeaock,  and  the 
aheiiffb  of  the  maritime  counties  of  Scotland.  The  bumess  of  the 
commission  is  transacted  in  general  meetings  and  in  oommittee 
meetings ;  four  of  the  former  bdng  hdd  in  the  year,  and  of  the  latter 
there  is  usually  one  in  every  fortnight.  The  services  of  the  members 
are  gratuitous ;  in  all  technical  and  aeientific  matters  they  act  under 
the  Klvice  of  their  engineeta ;  and  they  have  been  fortunate  wough  to 
have  secured  for  many  yean  the  servion  of  the  Messrs.  Steveoatai, 
who  have  done  more  to  sdvanoe  the  sdenoe  of  lij^thouse-building  than 
any  men  since  the  days  <^  Smeaton.  The  gross  income  of  the  com- 
missioners for  tiie  years  1867  and  1868  was  respectively  80,5812.  and 
20,8652, :  whilst  the  gross  expenditure  was  also  respectively  62,2042. 
and  69,7472.,  all  in  round  numbers :  from  whence  the  deficiency  wis 
BUK>1^  doee  not  distinctly  appear  in  the  published  dooumenta. 

The  Ballast  Board  of  Dublin  oon^sta  ot  SS  membeti,  -vtbo  ore 
ecamected  wilii  the  o<nnmerce  of  the  oountiy.  but  not  neoMBsrily,  or 
even  habitually,  acquainted  with  the  toactiisl  detidU  of  eeamanahip. 
The  lord  mayor  of  Dublin  and  the  high  sheriff  of  the  city  are  annual 
ex  ojieio  members  of  the  board.  They  manage  their  business  by  meana  of 
committees,  thus  arranged  ; — 1,  Library ;  2,  Lightship ;  3,  Inspection ; 
4,  Aooounto ;  6,  Lifeboat ;  6,  Harbour  Bye-Laws ;  7,  QravinK-Dock  ; 
8,  East  Qu»  Waa  Tax;  0,  Pilotage  Committees;  sod,  whenever 
neoeasaty,  sub-committees  ftnr  apecial  purposes  are  appointed.  The 
services  of  the  members  of  the  board  are  given  gratuitously ;  the  grosa 
hicomes  for  the  yeara  1857  and  1868  being  respectively  13,3072.  and 
15,7102.  and  tiie  gross  expenditure  for  the  same  years  58,7682.  and 
46,6582.  It  does  not  appear  of&oially  from  whence  the  deficiency  is 
supplied ;  but  there  con  be  littie  reason  to  doubt  but  that  tiie  money 
required  for  this  purpose,  aa  in  the  case  of  the  deficiency  of  the 
Oommiasioners  of  the  Korthon  Ldghta,  ia  obtained  from  the  Mercantile 
Marine  Fund. 

In  addition  to  the  li^to  and  buoya  maintained  by  the  above  enume- 
rated pnbUo  ouUiorities,  there  are  many  others  ot  paihaps  a  minor 
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degree  of  importance^  which  are  under  the  management  of  the  local 
auUioriUei,  subject  to  the  general  control  of  the  Trini^  Boitrd. 
Harbour  lights,  and  the  buoying  of  the  entroncee  to  docks,  nven,  and 
navigable  isliuid  ohaunels,  are  usually  thus  confided  to  the  care  of  the 
local  authorities  interested  in  the  navigation  of  tiie  particular  localities 
where  those  protections  for  shipping  are  placed. 

It  appears  from  the  returns  of  ue  comnusaioners  for  inquiring  into 
the  subject  of  lig^thousM,  Ac,  published  in  1891,  that,  at  the  end  of 
1SS9,  there  were  the  following  numbers  of  lif^ta,  of  the  rarious  kinds 
enumerated,  around  the  coasts  of  Great  Briti^  and  Ireland  : — 


UghU  Da  Shots. 

I  FloatluK 

TotaL 

Coart 
llMln 
Hilu. 

OoDBtrj* 

GeneraL 

Local. 

TotaL 

LighU. 

Eagland    .  . 
Ireland     .  . 

K9 
46 

GB 

80 
67 
i 

171 
113 
73 

1  41 

1  1 
'  ^ 

311 
114 
73 

S4US 
4460 
9S18 

Totals 

 — 

107 

ISO 

3d7 

47 

404 

0391 

The  Commissionera,  however,  obaenre  that  the  immense  number  of 
islands,  and  deep  bays,  on  the  Scottish  const  rendera  it  difficult  to 
luake  any  accurate  comparistm  between  the  efUcient^  of  its  mode  of 
lighting,  and  that  of  other  more  regular  coasts;  but  the  table  they 
insert  of  the  distancea  apart  of  the  h^tn  in  the  United  Kingdom  and 
in  France,  has  a  considerable  degree  of  interesU  It  seems  that  on  the 
English  coast  there  is  1  light  on  shore  for  14  miles;  on  the  Scottish 
coast,  1  for  89*5  miles ;  on  the  Irish  coast,  1  for  S4'5  miles ;  and  on 
the  F^ch  coast,  1  for  12-8  milss.  The  principle  adopted  1^  the 
Frendi  authoiittee  in  these  matters  is,  that  tiie  lightlioiuea  ahotud  be 
placed  at  such  distances  asunder  as  to  allow  Uietr  lights  to  cross 
une  another,  and  to  secure  this  condition  with  li^Chousee  of  moderate 
elevation,  it  would  appear  to  be  necessary  to  adopt  the  average  distance 
asunder  of  the  French  establishments.  Un  a  plsdn,  easy  shore,  without 
rocks,  or  dangerous  headlands,  sunken  reefs,  or  saod-bonka,  the  distance 
spart>  thufl  quoted,  may  be  exceeded  without  inoonrenienoe ;  bnt  ok 
dark  nights  it  is  difiScult  to  distinguish  a  light  at  more  than  16  huIbb 
distance,  even  when  it  is  of  the  beet  construction,  and  at  a  great 
elevation  above  the  sea  level.  In  foggy  weather,  or  during  the  fall  of 
heavy  rain,  sleet,  or  snow,  the  range  of  visibility  is,  of  course,  con- 
sideiably  reduced.  It  is  to  be  observed  that  if  the  English  floating- 
lights  be  taken  into  account  the  distance  asunder  of  the  luigliah  lights 
does  not  exceed  11-37  miles. 

The  height  to  be  given  to  a  lighthouse  most  depend  upon  the  dia- 
tanoe  to  which  its  infiuence  is  required  to  extend.  In  oMer  to  keep 
the  souroe  of  hgbt  on  the  level  of  uie  geometrical  horizon  at  a  distance 
of  thirty  miles,  Mr.  Alir  says  that  a  lighthouse  ought  to  be  594 
feet  high,  though  the  Cape  St.  Vincent  light  of  221  feet  high, 
is  stated  in  the  repwt  of  the  commissionerB  to  be  visible  at  that 
distaneei  It  is  seldom,  however,  that  any  necessity  exists  for  so  wide 
a  range,  and  when  light  is  diffused  over  so  large  an  area,  it  can  hardly 
be  brilliant  in  any  part  thereof,  unless  at  an  immense  cost.  As  a 
generaJ  rule,  the  horizon  to  be  luhted  is  limited  to  about  15  or  20 
miles,  and  the  height  of  tiie  lighwouses  in  such  cases  need  not  exceed 
from  110  to  220  feet  above  the  sea  level;  as  will  be  seen  by  an 
inspectitHa  of  the  table  of  lighthouses  appoided.  The  Eddystrae  Oght- 
house,  which  la  bnilt  upon  a  solitary  rock  In  the  fairway  of  tiie  British 
Channel,  has  a  range  of  only  nine  miles,  and  the  centre  of  the  light  is  not 
more  than  90  feet  above  low  water  line.  In  fiut,  the  cost  of  erecUug 
towers  of  this  description  in  exposed  situations  Is  so  great,  that  it  is 
important  to  keep  their  height  within  the  limits  of  Qia  s&ict  necessities 
of  the  respective  localities.  The  average  cost  of  a  tower  of  about  110 
or  120  feet  high  on  the  main  land,  or  on  rocky  islands  of  comparatively 
easy  access,  ia  about  fnun  4000f.  to  10,<:(MM.,  including  tile  illuminaUog 
apparatua ;  the  cost  of  tiie  more  exposed  towen  is  far  greater,  and 
some  idea  may  be  formed  of  the  difficult  and  tedious  nature  of  the 
works  they  involve  from  the  outlay  to  which  they  give  rise.  Thus 
the  Bell  Rod  lighthouse,  on  the  east  coast  of  Scotlaud,  117  feet  high, 
coat  6I,332^,  nearly;  the  Skerry  Vore,  on  the  west  coast  of  Scotland, 
158  feet  high,  cost  83,127^. ;  the  Bishop's  Rock,  in  the  Scilly  Isles,  145 
feet  high,  cost  86,560/. ;  and  the  Pha^e  do  BrAat,  on  the  north-west 
coast  ot  France,  cost  38,8002. ;  but  in  this  instance  the  expense  of  tho 
engineer  and  the  superintendents,  and  the  cost  of  conveyance  of  mate- 
rials,  were  not  included.  M.  Reynaud,  the  engineer  of  Uiis  last-named 
tower,  it  may  be  added,  dispensed  with  much  of  the  complication  of 
the  joints  of  the  courses  of  masonry  introduced  by  Smeaton,  and  pre- 
viously followed  by  other  engineers;  and  he  was  thus  enabled,  not 
only  to  efilBct  a  considerable  economy  in  the  first  outlay,  but  a^  to 
construct  his  tower  more  rapidly  than  his  predecesaors  had  done. 

The  floating  lights  are,  as  their  name  implies,  fixed  in  vessels 
moored  over  or  near  to  the  danger  it  is  desired  to  warn  mariners  to 
avoid.  They  ore  usually  fixed  at  a  height  of  from  20  to  45  feet  above 
the  sealevd;  and  from  that  reason,  as  well  as  from  the  difficulty  of 
introdudng  tile  best  source  of  light  (on  aocount  of  the  pitching  and 
rolling  of  the  ship  in  heavy  seas),  their  range  of  viubility  is  not  large. 
Practical  authorities  are  still  divided  in  opinion  as  to  the  best  form  of 
light  vessels,  and  to  the  manner  of  mooring  them;  many  peraons, 
however,  tffvt  in  reoonomending  the  adoption  of  a  vessel  buut  up<m 


the  prinoipleB  of  Herbert's  oircnlar  buim,  toomd  from  a  cenbal  chain 
attached  below  the  centre  of  gravity  of  the  maaa.  Qmcxally  speaking, 
the  light-vessels  on  the  English  shores  are  provided  wltii  gonga,  whim 
are  sounded  in  foggy  weather.  The  first  ooat  of  these  vesaela  is,  on  the 
average,  between  ivWt.  and  5000/. 

Harbour  lights  are  of  every  description,  according  to  the  importance 
of  the  harbour,  and  to  the  dangers  of  the  navigable  channel  leading  to 
it ;  sometimes  tiic^  are  exhibited  from  a  small  tower,  sometimes  from 
ordinary  gaa  or  oil  lamps.  It  is  rarely  thai  the  most  vxpmiin  of  these 
structures  exceeds  the  ooat  of  400£  or  BOOL ;  atkd  the  range  ot  tiuar 
illuminatbg  powera  ia  uaually  limited  to  (wo  or  three  milaa. 

Tabli  of  fOMB  or  nta  Xoar  cxLuaA-rxD  LiasraoDua. 


Name, 

Charaster  of 
AppaiatDB. 

Height. 

VUlble  at 

Cast. 

Feet. 

UUes. 

Bsacbty  Head  . 

/ 

1st  elasi  eatoptrlc, 
revolving 

183 

*  22 

Start  . 

: 

: 

lit  class  dioptric, 
Axed 

304 

IB 

■ 

C.  fixed 

00 

9 

1  ii»nm  «  « 

• 

■ 

C 

291 

SO 

iMttuy  Disaop  a  t 

■ 

D. 

110 

18 

S6,5S9 

SI*  AJjUfli  t 

C.  lerolvtnt 

IBS 

16 

Lnndr 

D.  revolvittf 

A 
VIV 

80 

Skerrjr  Tore  . 

D. 

1!>0 

SO 

83  ISO 

North  Foreland  . 

C.  fixed 

1S4 

18 

Soutb  Foreland 

D.  fixed 

91  * 

S5 

BeURook  . 

D. 

117 

18 

61,383 

Zlamboroiigh 

D.  flash 

IAS 

10 

Sontli  Stsek 

aflasb 

301 

Ifi 

Cromer .  . 

C.  fiaah 

374 

23 

Calf  of  Han 

C.  flash 

STA 
0/9 

34 

DnngeacH  ■ 

C.  flaA 

09 

14 

OirdlensaB  . 

T 

100 

18 

11,000 

Fbanob. 

OrfaDss 

• 

D.  flash 

104 

ss 

AfUy  , 

■ 

D.  istOIvIbc 

SOS 

D.  flirt 

43S 

IB 

LeH6ve 

D.  fixed 

307 

30 

Barflenr  . 

D.  revolving 

330 

33 

19,000 

La  Hague  . 

D.  fixed 

ld7 

18 

13,200 

Ushant 

• 

D.  flash 

372 

IB 

Cordouoa  . 

D.  Tevolvlng 

307 

37 

Isle  de  BaU 

D.  revolving 

333 

31 

4,330 

B«UeIsle 

D.  TeTolvlng 

370 

27 

Calais 

D.  flxed 

167 

SO 

7  479 

Br4h«t  . 

D,  fixed 

136 

IS 

98,800 

Forqoerollca 

D.  fiash 

363 

so 

19,88u 

COLOMIAL  AMD  FoBUlO.X 

Cape  St.  VInwnt 

C.  revolving 

231 

so 

Genoa      .  . 

1  rendvfaif 

S70 

S4 

Eerllivas  . 

C  nvotvlaf 

SOS 

SS 

Moro,  Havaaa 

U.  flash 

963 

30 

BoooB,  Listxn 

D.  flash 

6SB 

SO 

Bajroaa     .  . 

D.  rerolvtng 

COS 

so 

7,611 

OibraUar 

D.  fixed 

130 

IS 

Alexandria 

I  fixed 

180 

20 

Ccttta  . 

D.  fixed 

4S3 

23 

Coxo  .       .  . 

D.  revolviag 

S70 

24 

Fatte  Pviat,  Bengal 

D.  flash 

70 

IS 

Poadlcb^rr  . 

D.  fixed 

94 

is 

SlOf 

St.  Paul*!,  Canada 

t  fixed 

,140 

20 

Haute  Video  . 

!  fixed 

48B 

SS 

Cape  Otto  war 

D.  flash 

73 

IS 

Hi^landa^  K.T. 

D.  flash 

72 

IS 

West  Sohoawen 

D.  revolving 

166 

St 

0.400 

Bunda 

D.  t 

110 

so 

10,800 

Wmtkappcl  . 

D.  fixed 

149 

22 

Tctsehellln; 

D.  revolving 

170 

S3 

Odeaaa      .  , 

D.  fixed 

SOS 

33 

Tlno  (Bpessla) 

* 

D.  fixed 

tSfi 

S4 

'nUefrsiMa 

D.  revaMag 

S2S 

14 

The  sources  of  light  need  are  of  several  descriptioni^  In  the  large 
shore  lights,  mechanical  isaa\>B  with  three  coiiceutrio  wicks,  or  pump 
lamps,  with  four  oonoentrio  wicks,  and  argand  burners,  are  used;  in 
floating-lights,  the  argiuid  burners  are  alone  used  The  rays  are  con- 
oentr^ed  and  directed  as  may  be  required,  either  by  means  of  di&ptrie 
loused,  by  catoptric  retioctors,  or  br  a  mixture  of  the  two  systems  in 
the  eato-diuptne  apparatus;  Mr.  Thomas  Stevenson  has  also  intro- 
duced an  apparatus  he  calls  the  kolopko'at  one,  which  is  in  &ct,  notbii^ 
but  a  modiScadoo  of  the  cato-dioptrio  light  In  France,  the  dioptric 
lights  are  exclusively  used :  in  England  both  the  dioptric  and  the 
catoptric  lights  are  used  for  Uie  great  land-towers,  whilst  the 
catoptric  li^tsare  exclusively  used  for  floating-Ughta ;  and  the  harbour 
Ugfats  are  naually  made  upim  the  htdophotal  ^fstem  in  the  more 
impOTtant  porta.  Uarinera  ar«  divided  in  thslr  opiniona  aa  to  the 
reladve  merita  of  these  systems ;  but  the  tendency  of  opinion  amongst 
sdentifio  opticians  is  decidedly  in  Uvuiir  of  the  diopbdo  one,  with  a 
oentral  pump  luap  of  four  concentric  wieks.  As  to  the  dintributwHi  of 
the  lij^t.  it  mi^  be  mthse  foeed,  or  bgJlaAa,  or  bg  itOtrudi,  or  spin* 
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it  nuy  be  wAifa  or  cUotatd,  Vkough  the  loea  of  light  by  the  pMBage 
throu^  a  ontouring  medium  coastitutea  a  Mrious  objectioD  to  the 
adoption  of  that  ^tem.  In  all  ghm*  when  the  light  is  not  required  in 
coy  particular  dh«otion,  it  is  advionble  to  prevent  its  ^iMBge,  md 
to  rraaet  the  nyn,  which  would  ethermse  be  diepoaad,  m  the  direo- 
tioD  to  be  Iflaminated.  Fbatiog-lighta,  however,  «re  very  fn- 
qoently  made  to  show  a  red  light;  and  there  seem  to  be  .reasons 
for  believing  tiiat  it  would  be  desirable  to  confine  that  colour  to  them, 
in  order  to  distinguish  the  land  from  the  floating  lights ;  in  whi<dL 
ease  it  would  perhaps  be  also  desimble  to  nuke  the  harbour  lights 
gre«i,  the  essential  eondition  beii^  that  no  confusion  should  oocur 
between  eolitiguoiiB  lights.  In  the  table  givea  in  otd.  874  the  descrip- 
tkm  ot  tiie  ^qiantuB  used  in  the  various  lighthouses  is  given,  wherever 
it  oan  be  aaceituned  from  published  documents ;  and  it  may  here 
sufiSoe  to  refer  the  student  who  wonld  investigate  their  respective 
merits  to  the  Reports  of  the  CommUBiouB  of  1646  and  185S  ,*  to  a 
xeoraUy  published  reply  to  the  second  of  these  reports,  under  the 
title  of '  Lighthouse  Management ; '  and  to  Alan  Stevenson's '  Elemen- 
tary Treatise  on' Lis^thouses.'  The  disfamoeB  at  wliioh  the  senrsl 
Bgfats  are  stated  as  bring  visible,  are,  it  must  be  otnerved,  aSbeted  by 
the  quality  and  character  of  the  light,  the  height  of  the  observer  above 
the  level  of  the  sea,  and  the  atmospheric  refraction. 

It  may  be  added,  that  the  cost  of  a  large  source  of  Ught,  oa  either 
the  dioptric,  or  the  catoptric  systems,  is  usually  about  2000^ ;  and 
that  the  annual  expense  of  maintenance,  including  oil,  wicks,  aalaries, 
repairs  of  buildings,  and  of  apparatus^  ranges  between  SOOl.  and  4002. 
for  a  dioptric  li^^t,  and  between  850^  and  40<tf.  for  a  catoptric  light ; 
the  ooat  of  maintaining  a  fioating-light  varies  between  1200^  and 
ISOO^  per  annum,  the  crew  consisting  of  a  master,  mate,  two  lamp- 
lighters, sod  seven  aeameo,  of  whom  one-third  are  on  shore  at  a  time. 

Of  late  yean,  the  Mitchell's  screw-piles  [Pn.B  Enoihe]  have  been  very 
sufioeBsfulIy  applied  for  the  purpose  of  supporting  fixed  lights  on  shoals 
In  shallow  water,  and  hi  comparatively-speBking  protected  positions  ; 
such  as  the  beacon  light  at  Fleetwood  on  the  Wire,  and  tiie  Haplin  light 
at  the  mouth  of  the  Thames,  Wherever  it  would  be  poestble  so  to  do, 
these  iron  beacons  should  be  substituted  for  the  more  unstable  floating 
lights,  for  the  oscillation  of  the  latter  must  always  impur  their  efiicienf^ ; 
and  tiie  pillar  structures  in  the  day  time  form  more  ooospiouous 
heaccHiB  tiian  the  low  hulls  of  the  vessels  can  do.  Axid  here  it  may 
be  as  well  to  remark,  that  even  lighthouie  towers  are  of  greater  value 
for  the  purposes  of  navigation  when  they  an  oonstruoted  of  materiab 


painted  in  alternate  vertical  bands  of  white  and  black,  a  most  efficient 
method  of  raideiinR  it  visible  from  a  distance;  the  Scottish  light- 
hotusB  are  usually  left  of  their  natural  coloure,  and  are  rarely  dis- 
tinguishabte  from  Uie  sumnnding  landscape  in  the  day-time. 

The  buoyage  of  the  shores  of  England  would  appear  to  be  conducted 
in  a  very  efficient  manner,  for  there  are  no  less  thsa  1109  buoys  in 
pontton  upon  those  shores,  without  counting  the  vmtck-buoys,  or  the 
wsrjdng'buoys  at  the  entranoes  of  ports,  barboiuv,  or  docks.  Ths 
Admim^,  as  might  naturally  be  expected,  oontinue  to  use  the  old- 
bshioned  nun  and  can  buoys ;  but  at  Liverpool,  and  In  the  pinis  of 
active  commerce,  the  Herbert's  but^e  are  most  graemlly  used.  These 
are  made  with  wide  circular  bottoms,  having  a  depreesion  In  the  centre 
to  which  the  eye  for  the  mooring  chain  is  attached,  so  as  to  bring  the 
oentn  of  gravity  as  low  as  possible ;  Uieir  cost  varies  with  their  sise, 
between  iw.  and  901.  In  consequence  of  the  gradual  growth  of  the 
buoyage  system  of  England,  there  is  neat  irre^nilarit^  in  the  mode  of 
colouring  or  matking  them :  in  foreign  countnes  the  custom  is,  how- 
ever, to  paint  the  buoys  respective^  oa  the  port  and  starboard  rides  of 
the  channel  of  different  colours,  usually  blat^  and  red;  aod  though  no 
doubt  it  would  be  preferable  to  adopt  a  uoiformity  of  system  in  this 
respect,  there  would  be  a  grert  amount  of  InoonveniMice  in  changing 
the  colours  of  the  buoys  &i  any  old-established  lide  of  navigation.  It 
is  worthy  of  remait  that  in  the  year  1858,  not  more  than  4  per  cent^ 
of  the  buins  hSd  down  by  the  publio  authoriUes  of  the  United  King- 
doms, broke  from  Uieir  moorings,  whilst  about  6  per  cent,  of  those 
laid  down  by  local  authoritiea  g(A  adrift  In  the  portion  of  the 
Thames  between  London  and  the  open  aea^  there  are  nearly  seventy 
buoys,  in  addition  to  the  light-ahips,  harbour-hf^ts,  fixed  l^hts.  and 
™  th«  Manqr.tho  looal  authority  oonnected  with  the  port  has 
estabhshed  no  lees  than  7  hghthoaass,  8  floaUng-Iigfats.  66  buoys,  and 
10  buocma;  and  indeed  any  one  who  may  have  had  occasion  to 
visit  English  and  foreign  porta,  must  be  oonvmoed  that  the  buoyage  of 
our  shores  is  fax  more  peiftotly  performed  than  tiiat  of  any  foreign  cmes. 

Beacons  are  of  every  imaginable  varie^,  from  BubstantiS^  stone 
pillars  and  iron  •truoturss  oa  piles,  to  heaps  of  stones,  poles  wiOi 
basketa  at  thair  haad^  and  to  simple  bushes  or  twigs:  their  ciwt 
Torymg  from  10,0001.  to  a  few  shillings.  There  are  above  200  struc- 
tures of  some  importance,  erected  for  the  purpose  of  beacons,  whose 
Btuations  are  mdicated  upon  the  Admiralty  charts ;  and  of  oouise 
there  are  numerous  smaller  ones  upon  the  bonks  of  the  rivers  and 
'  "»^'»«  ""ws  ot  our  shores.  The  only  i^ystem  which  seems  to  pre- 
in  the  estoblidunent  and  construction  of  these  beaoons,  is  that 
they  should  mdicate,  m  a  manner  undentood  by  the  local  pilots,  the 
course  of  the  navigable  channel;  and  it  would  only  be  a  pedantic 


afiectation  to  seek  to  establish  any  general  iiystem  in  a  service  which 
essentially  depends  upon  local  neoeesities.  The  beaoons  on  the  ro- 
spective  sides  of  a  navigable  channel  ought,  however^  to  present  iODW 
charaoteristio  diflferenoe  of  colour  or  of  outline. 

It  may  be  desiraUe  to  add  that  in  England  sad  Ireland  the  lamps  of 
lighthouses  are  lighted  from  sunset  to  sunrise ;  in  Scotland  they  are 
lighted  at  the  commencement  of  the  darkness  and  extinguished  at 
dawn,  in  aoowdanoe  with  a  calculated  table.  The  regulation  standard 
of  consumption  of  oil  in  a  first-class  French  dioptric  apparatus  is  785 
gallons  per  annum ;  it  would  appear  that  in  England  the  average  ctm' 
sumption  of  all  olaasea  of  llghta  is  below  this  standard,  whilst  that  of 
SooUand  is  abovo  IL 

As  the  arrangement  of  this  siiicb  rendered  it  neoewsty  to  noUoe  in 
the  oimmencement  the  history  and  organisation  of  the  Irini^  House ; 
and  then,  the  practical  details  of  the  lighthouse  mtem  as  now  carried 
into  execution ;  the  history  of  lighthouses  has  been  deferred  to  the 
conclusion.  At  a  very  early  period  in  the  history  of  commerce  the 
necessity  for  such  stroeturea  must  have  been  fdt,  and  the  ancients 
paid  vary  great  attention  to  th^  oonstniotiMb  Orij^nally  the  li^ta 
oa  the  seawire  irtn  notUng  but  open  fires  on  the  ground ;  but  hj 
degrees  lofty  towers  were  subrtituted  forthese  rude  modes  of  illumina- 
tion, aod  at  last  the  lighthouses  were  treated  as  architectural 
moQuments  of  tiie  highest  order.  The  recorded  history  of  the 
Colossus  of  Rhodes  would  appear  to  be  rather  apocryphal;  and  the 
accounts  banded  to  us  of  the  Pharos  of  Alexandria  are  also  of  vecy 
doubtful  authentarity ;  Josephus,  howow,  states  that  its  fire  oould  be 
distinguished  at  45  mUes  distance.  This  tower  fell  as  recently 
as  AJ>.  1303,  having  been  constructed  by  Ptolemy  Philodelphus  about 
B.a  470.  The  Romans  erected  many  lighthouses,  and  authentic 
records  have  come  down  to  us  of  those  of  Ostia,  Caprea,  Ravenna, 
FuteoU,  at  the  mouth  of  the  Cbrysorhuas,  at  the  Boephorus,  at  Boulogne, 
Dover,  Ac.,  both  in  the  writings  of  historians,  and  in  medals ;  and 
Pennant  gives  even  a  plate  (rf  a  town-,  supposed  to  have  baenaRoman 
light-house^  whidi  exuted  at  Qaireg  in  Watea.  The  mode  of  iltumina- 
tioa  adopted  in  these  cases  seems  to  have  been  «ther  an  open  wood  or 
coal  fire ;  or  the  combuation  of  torches  dipped  in  tar ;  and  in  the  most 
ancient  of  these  structures,  the'  irons  for  suspending  the  fire  pots,  or 
for  holding  the  torches,  may  still  be  seen.  During  the  Middle  Ages 
towers  were  erected  for  similar  purposss,  of  which  remains  may  still 
oooanonally  he  met  with,  and  the  tower  of  Qenoa,  a  monumeni  of  the 
Renaiseaoce  perio4,  may  be  nrferred  to  as  a  model  of  taste  in  snch 
structures.  The  tower  of  Cordouan,  at  the  mouth  of  the  Garonne,  was, 
however,  the  one  which  marked  the  most  distinctly  the  revival  of  this 
class  of  monuments  iu  modem  time,  and  even  at  the  i^eeent  6a,v  it  is 
worthy  of  careful  examination  by  the  engineer  and  architect.  It  was 
commenmd  in  the  reign  of  Henri  II.  ot  Fnnce,  but  no  light  was 
exhibited  in  it  until  the  reign  of  Henri  lY. ;  the  st^  of  arohitectore 
adopted  is  a  vetr  ornate  style  of  Benaissanne,  as  practised  in  Franco 
about  the  end  of  the  16th  century. 

Periiaps  the  turning  point,  ao  to  speak,  of  tiie  history  of  lighthouse 
building  is  to  be  found  in  the  erection  of  Smeaton's  cdebrated 
Eddystoiie  lighthouse,  completed  in  the  year  1759;  for  the  sucoesa 
which  attended  the  erection  of  that  structure  in  ao  exposed  a  situation 
has  led  to  the  subsequent  operaUons  of  the  same  Una  throughout  the 
world.  Two  attempts  had  previously  been  made  to  establish  lights  on 
this  dangerous  reef  of  rocks  in  the  Channel ;  one  by  Wimtonley,  the 
other  by  Bedford ;  the  structure  erected  hy  the  former  was  washed 
away  in  the  night  of  the  26th  of  November,  1703 ;  and  that  erected  by 
the  latter  was  burnt  on  the  2nd  of  December,  1755.  Smeaton  was  then 
applied  to  by  the  lessee ;  and  he  resolved  to  oonstruct  the  new  light- 
house of  masoniy,  solid  up  to  a  oertsin  bright  in  ordw  to  secure  a 
sufficient  redstance  to  the  acti<ai  of  the  sea  by  Uie  dead  wd^t  of  his 
structure,  end  thence  hullow,  to  enclose  the  store  and  living  rooms ; 
the  outline  of  his  tower  Smeaton  copied  from  the  outline  of  the  bole 
of  an  oak  tne,  which  he  considered  to  be  the  best  form  to  resist 
external  violence  from  the  winds  and  waves.  Smeaton  has  recorded 
his  own  operations  in  a  folio  volume,  published  in  1791,  ratitled, 
"  A  Nanativs  of  the  Building  of  the  Eddystone  Lighthouse,"  to  which 
the  atodent  is  eatnestly  refetred  as  to  a  model  of  a  technical  aooount  of 
a  most  important  work.  From  this  It  appears  that  the  first  stone  waa 
laid  on  the  12th  of  June,  1757,  sod  that  the  light  was  first  exhibited  on 
the  16th  of  October,  1769 :  the  light  itself  was  obtained  in  Smeaton's 
time  the  combustion  of  a  great  number  of  candles  placed  in  metallic 
refleotots.  Smeaton  also  o^ted  an  important  lighthouse  at  Spurn 
Point,  at  the  mouth  of  the  Humber ;  but  the  grand  principles  ai  con- 
struotion  he  introduced  in  the  Eddystone  were  not  again  oonspiououaly 
i4>plied,  until  the  oonstruction  of  the  Start  Point  Lighthouse,  between 
1802  and  1806,  under  the  direct  orders  of  Mr,  Stevenstm,  the  engineer 
to  the  Commissioners  of  the  Northern  lights.  Since  the  latter  period 
the  oonstruotitHi  of  lighthouses  on  the  Bell  Rook,  the  Skeny  Vore,  the 
Bishop's  Roiik,  the  Bi^dhat,  Baifieur,  la  Hague^  &a,  has  taken  from  the 
novd%'  of  such  structures,  and  rendered  the  paUic  more  indiSiBrant  to 
thefr  merit;  but  they  must  alwi^  remain  anwiigrt  the  ^xmdert 
triumphs  of  human  skill  and  patience. 

The  use  of  dl  lamps,  instead  of  ooudlea  in  lighthouses,  is  said  to  have 
been  introduced  by  the  celebrated  hydrographical  ei^neer,  Borda, 
about  1780  or  1790 ;  and  the  msnufacluro  of  the  reflect(>n  was  greatly 
improved  about  the  same  time.   The  use  of  dioptric  lights  bad  been 
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Buggeeted  to  Smeaton  in  1759,  and  they  had  actually  been  em^^yed 
in  tiie  PortUnd  UghtLouao  about  1789;  but  from  some  nuBnianage- 
meot  they  had  t>iUu  into  diafavour  until  Auguatin  Fresnel,  on  26th 
July,  1822,  read  a  paper  at  the  Acad^mie  doe  Sciences  of  Paria, 
describing  a  lighthouiiB  oppamtua  on  the  diopMo  qrvtem  executed 
under  hie  orders.  la  1825  the  French  government  tiodertoc^  the 
GomprehenBiTe  scheme  for  lighting  their  coast,  which  has  ainoe  then 
been  so  carefully  carried  into  execution ;  and  as  they  began  almost  de 
novo,  they  have  been  able  to  adopt,  throughout,  Uie  dioptnc  apparatus, 
whereas  in  ihe  KngUah  lighthouses  there  were  already  numerous  and 
costly  catoptric  lights  of  a  very  perfect  nature  in  operation.  The 
other  nations  of  Europe  have  adopted  the  dioptric  lights ;  and  there 
■eemi  to  be  little  reason  to  quemon  that  iha  latter  wiU  ultiniately 
replace  the  other  known  systeios.  The  fVesnel's  dioptric  lamps  may 
be  popularly  described  aa  oonsistiiig  of  a  mechanical,  four-wicVed,  oil 
lamp  placed  in  the  centre  of  an  octagonal  glass  prism;  the  centre  part  of 
each  of  the  sides  being  formed  of  a  plaao-oonvex  lens  of  about  15 
inches  ill  diameter,  which  is  surrounded  by  a  series  of  gLiss  rings  of  a 
qiharioal  triangular  form,  so  as  to  produce  the  same  effect  upon  the 
rayi  of  lif^t  as  the  central  lens  does.  Hessn.  Leopdd  Fnsnel,  A. 
Stovenaon,  Arago  and  Faraday,  have  in  turn  contributed  to  the 
perfection  of  Augustin  FreBnel's  invention;  and  it  is  to  the  distin- 
guished philosopher,  Faraday,  that  we  are  indebted  for  the  efficient 
means  of  ventilating  the  lamps  of  U^thouses  now  adopted— on 
apparently  insigoifioant^  but  really  ft  most  important  debUl  in  their 
-working. 

The  only  other  events  of  importance  oonneoted  witti  the  histoT7  of 
Ughthouses,  are  the  establiahment  of  light  vessels  about  the  end  of  the 
hut  century ;  the  erection  of  the  screw-pile  lighthouses  and  beacons, 
on  Mitchell  s  plan,  the  first  of  the  former  erected  on  the  Maplin  sand, 
having  been  lighted  for  the  first  time  on  Februaiy  16, 1641 ;  and  the 
erection  of  the  first  cast-iron  lighthouse  at  Horanb  Point,  in  Jamaica, 
under  the  orders  of  Mr.  A.  Gordon :  it  was  lifted  for  the  first  time 
on  NoTNnbco- 1, 1841.  libny  valuable  papers  have  from  Ume  to  time 
been  published  on  the  scientific  questions  involved  in  this  branch  of 
the  engineering  art  in  addition  to  those  previously  noticed ;  amongst 
which  attention  is  particularly  called  to  the  report  by  H.  Boasel, 
'  S\vr  le  Syst^e  General  d'Eciiurage  daa  Cdtea ' ;  to  a  m&noire  by  L. 
Fresnel  in  the  *  Annales  Des  Fonts  et  Chauss^,'  for  1831,  on  the 
stabili^  of  lof^  towers ;  to  another  m&noire  by  the  same  author  on 
the  mode  of  treatang  the  dioptric  apparatus,  in  the '  Annales  Hwitimes 
et  Coloniales,'  1 836 ;  and  a  description  of  the  ■ftnffhMinp  and  machinery 
used  at  the  lighthouse  at  BKhat,  inserted  by  M.  Fotel  in  the 
'  Annales  des  Fonts  et  Chauss^es,'  for  1835. 

It  may  be  as  well  to  add  that  the  French  authorities  class  the  lights 
on  their  shores  in  four  diviuons,  according  to  the  power,  and  the 
rangs  at  viribiliW,  of  thdr  lif^ta.  The  "  Pharee  "  of  tiie  first  class  are 
visible  from  a  distanoe  of  SO  miles ;  those  of  the  second  class,  from 
k  distanoe  of  2S  miles ;  those  of  the  third  class,  from  a  distance  of  15 
miles ;  whilst  the  phares  of  the  fourth  class,  or  tiie  harbour  lights,  are 
only  visible  at  distances  of  about  6  miles.  In  addition  to  the  harbour 
lights,  the  French  authorities  frequently  place  bells,  with  refiectors  at 
the  eztremitiee  of  their  pieis ;  tneee  Iwlb  are  rung  in  fo^y  weather, 
but  they  are  not  considered  to  be  id  mudi  service. 

TRIKODA  ITECESSITAS.  This  term,  in  Anglo-Saxon  times, 
rignified  the  three  servioes  due  to  the  king  in  respect  of  tenures  ot 
Isnds  in  England  for  the  repair  of  bridges,  the  building  of  fortreaees, 
and  expeditions  agunst  his  enemies.  All  the  lands  wiUiin  the  realm 
were  bound  to  contribute  to  these  three  emergencies,  on  the  principle 
of  their  necessity  for  general  c<mvemence  or  safety ;  and  for  wis 
reason  vmj  man's  estate  was  subject  to  the  trinoda  tucemtaa,  whatso- 
ever other  immunities  he  nUght  enjoy.  Even  in  royal  grants  to  the 
Church  of  privities  and  exemptions  from  secular  services,  the  right  of 
requiring  contribution  for  these  purposes  was  almost  always  reserved 
to  the  king.  (Selden's  Janui  Anglonm,  L  42 ;  Cowell's  InUrpr^,  ad 
Tocam.) 

TBINOUIAL,  the  algelwaical  name  for  an  expression  which  oonsists 
of  three  terms,  as  a    b  +  e,oTax—b3i*  +  bx*.  [Tebu.] 

TRIOXTPROTEIN'.  A  substance  said  to  be  obtained  from  albumi- 
nous substances.    Its  existence  is  veiy  problematicaL 

TKIPHOSPHETHTLAMINE  Synonymous  with  (rtedy^iAoqMUtM: 
[Oboanic  Babsb,    Organic  photphoivM  ftoMS.] 

TRIFLE  ALLIANCE.   [Tbuties,  CHB050LOCD0AL  Tabls  or.] 

TRIPLETS.  [DouBLXTB.] 

TRIPLICATE.  [Ratio.]  In  the  common  ariUimetical  sense,  the 
triplioate  of  a  given  ratio  is  found  taking  the  cube  of  each  of  Uie 
terms  of  the  ratio.  Thus,  when  we  say  tut  two  similarly  formed 
solids,  whose  linear  dimensions  are  as  4  to  7,  are  in  the  triplicate  ratio 
of  4  to  7i  it  is  meant  that  the  bulka  of  those  solids  ore  in  the  ratio  of 
4x4y4to7x7x7,orof64to  343. 

TRIPOD  {tripoi,  rplrQut)  is  any  article  of  furniture  resting  upon 
three  feet>  whence  the  name  is  given  to  tables,  chairs,  moveable  altars, 
and  other  articles  of  the  same  kind,  (Athen,  iL  p.  49.)  A  chair  or 
an  altar  of  this  kind  must  be  understood  when  we  read  that  the  Pythia 
of  Delphi  gave  her  oracles  from  a  tripod.  We  find  also  mention  of 
tripodii  containing  a  certain  measure  of  fluid  (Horn., '  11.,' xxiiU  264), 
and  in  this  case  we  have  to  understand  a  bowl  resting  upon  a  ^>edestal 
with  three  feet.   Tha  crater,  or  the  vessel  in  which  the  wioe  was 


mixed  vrith  water  at  the  banquets  of  the  ancients,  was  very  frequently 
a  tripod  of  this  description.  *  j 

The  ancdents  made  much  more  frequent  use  of  tripods  than  we,  and 
from  thar  descriptions,  aa  woU  as  from  the  numerous  representations 
of  tnpods  on  medals,  and  from  the  specimens  still  extant,  we  see  that 
they  were  often  most  tastefully  ornamented  and  of  the  most  exquisite 
workmanship.  They  were  usually  of  metal,  but  sometimeedso  of 
marble,  and  appear  to  have  been  made  as  much  for  mere  ornament  as 
for  use.  A  tripod  seems  to  have  been  at  Athens  a  usual  reward  to  a 
successful  choragus.  The  tripod  was  connected  with  the  worship  of 
several  gods,  and  was  one  of  tieir  attributes ;  but  there  is  no  deity  in 
whoas  wonhip  tripods  occur  so  frequently  aa  in  that  of  Apollo. 
Acoordinf^  the  Pythia  gave  her  responses  from  a  tripod,  tripods  were 
the  most  common  presents  (donaria)  to  his  temples,  tripods  were  given 
to  the  victor*  in  the  games  which  were  celebrated  in  honour  of  Apollo, 
and  tripods  appeor  on  innumerable  coins  which  have  any  rektion  to 
the  worahip  of  that  god.  Several  fine  tripods  have  been  found  at 
FompeiL   (MsEoia,  Donaldson.)   In  the  accompanying  out  of  a  haa- 


relief  on  an  altar  found  in  the  forum  at  Pompeii  an  altar  tripod  II 
represented.   Some  tripods  are  preserved  in  tJie  British  Museum. 

TRIPTYCH,  an  altar-ioeoe  in  three  divisions.  Aa  mentioned  under 
Rbtabu,  altar-ineces  were  <nigmallr  small  and  portable;  they  being 
carried  with  the  other  eoclesiasdcal  utensils  to  the  altar  for  the  per- 
formance of  the  servioe,  and  removed  at  its  condusioQ.  The  altar-piece 
usually  c<nn^>rised  a  representation  of  some  event  in  the  history  of  Christ, 
or  of  an  incident  in  the  life  of  the  saint  to  whom  the  altar  was  dedi- 
cated.  In  their  oldest  form,  these  portable  altar-pieces  seem  to  have 
oonststed  of  two  leaves  or  tablets  ivoir  or  wood,  like  tiie  larger 
two-leared  taUeta  carried  by  the  Roman  oonsuU  and  other  superior 
officers,  and  like  them  they  were  called  IHptyeJa,  It  is  supposed  that 
this  in  fact  was  their  origin ;  the  emperors  having,  when  Cnristionity 
was  reccwnised  and  protected,  sent  to  the  Idshops,  as  to  other  high 
officers  of  the  government,  official  diptychs,  which,  when  Uiey  presided 
at  the  mass,  were  displayed  open  at  the  iJtar  as  the  insignia  of  their 
office ;  but  ii  so,  the  practice  probably  early  fell  into  desuetude,  and 
altar-pieces  came  to  be  commonly  the  gift  of  pious  individuals  or  oom- 
missioned  by  wealthy  communitieB,  and  they  soon  began  to  be  mode  in 
various  forms  and  of  very  different  mat^ials.  The  most  frequent 
form  was  that  of  the  Triptgch,  which  consisted  of  a  large  central 
division,  in  which  the  principal  circumstance  was  set  forth,  and  two 
wings,  fastened  to  the  centre  by  hinges,  so  aa  wimi  not  in  use  to  fdd 
over  it  like  shutters.  On  tite  inmes  of  these  wings  were  usually  repre- 
sented circumstances  subsidiary  to  that  shown  in  tiie  central  division, 
or  portraits  of  saints  or  of  the  donors  of  the  altar-piece,  Ac ;  whilst 
on  the  outside  was  the  Annunciation,  the  Baptism,  or  some  event  sym- 
bolising the  initiation  of  the  Christian  religion,  if  the  Crucifixion  or 
other  crowning  event  were  shown  inside ;  or,  if  the  central  picture 
related  to'  a  saint,  the  exterior  was  commonly  made  in  some  way 
correspondent  Sometimes  there  were  more  than  three  divisions, 
when  it  was  called  a  PoljfptytA.  Most  frequently  these  portable 
altar-pieces  are  framed  pictures ;  but  Qiey  are  very  commonly,  espe- 
cially the  earlier  ones,  bas-reliefs  carved  in  wood  or  ivOry.  Often  they 
are  of  inlaid-work,  or  marquetry,  or  of  metal-work  and  enamel,  the 
latter  being  sometames  richly  Inbid  vrith  gems.  Of  all  these  kinds, 
and  extending  over  a  long  range  of  years,  there  are  many,  and  some 
very  exquisite,  examples  in  the  South  Kensington  Museum,  as  well  as 
ofth  ose  luge  carved  and  painted  triptych  rotables  which  so  genwally 

firevailed  at  a  somewhat  later  date  in  Qenoony  and  the  Low  Countries. 
Retable.]  When  the  oltor-piece  came  to  be  treated  aa  an  important 
architectural  feature,  and  the  pointings  were  much  larger  in  size  and 
more  important  in  character,  the  triptych  form  was  long  retained, 
though,  at  least  in  Italjy,  the  vringa  vera  no  longer  made  to  close  over 
the  centre,  and  certam  supplementary  parts  were  added  Of  these, 
examples,  either  entire  (as  in  that  of  Jacob  Cosentius)  or  porUons  (as 
those  by  Francia,  Andrea  Orcagna,  &c.),  may  be  seen  in  the  National 
GaUery, 

TBISEGTION  OF  THE  ANQLE.  In  the  arUcIes  Duplication 
and  QVADBATUBB,  we  have  given  a  slight  outline  of  the  history  of  two 
of  those  remarkable  problems  the  soIuUuns  of  which  at  one  time 
engaged  the  attention  of  the  learned,  and  have  not  yet  oeased  to  be  the 
ambition  of  a  certain  class  of  geometrical  students.  The  trisection  of 
the  angle  ia  the  third  problem  of  this  kind. 

The  difficulty  of  cutting  on  angle  into  three  equal  parts  is  entirely 
of  that  geometrical  nature  which  has  been  alluded  to  in  the  articles 
above  cited,  Euclid,  who  confines  himself  to  the  description  of  right 
lines  and  oirole^  cot^  not  Vy  theao  only  trisect  an  angle;  hut  a  very 
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aligbt  incresM  of  deecriptive  pow^  granted  to  mire  seometiy  would 
overcome  Uie  difficulty  entirely.  In  modern  anuyos  xobus  is  do  more 
trouble  iD  triBeoting  an  angle  Uian  in  finding  a  cube  root :  the  trigono- 
metrical  tables  solve  the  question  immediately  to  a  certain  number  of 
places  of  decimals,  and  the  calculation  of  a  series  and  the  solution  of  a 
cubio  equation  may  be  made  to  serve  for  any  number  of  places  of 
decimals.  In  order  to  show  this,  let  a  be  the  sine  of  a  given  oi^e, 
and  X  the  sine  of  its  thud  part :  common  tngonometry  readily  giTea 
the  equation — 

Nov  a  can  be  found  from  the  fuigle  by  means  of  the  series  for  the 
sine ;  and  the  solution  of  the  cubic  eqiution  is  then  easy  enough, 
[Involution.]  The  three  roots  of  the  cubio  equation  are  respectively 
the  siiws  of  the  third  part  of  the  given  angle,  and  of  120'  and  240" 
more  than  that  same  third  part.  The  cause  of  the  geometrical 
difficulty  is  seen  in  the  cubic  equation,  ivbich,  as  appears  above,  is 
essential  to  the  problem  :  no  root  of  a  cubic  equation  was  ever  exhibited 
by  Euclid's  geometry  alone,  unless  that  cubic  equation  were  alf^brai- 
cally  reducible  to  one  of  a  lower  degreoj  whidi  could  be  solved  without 
the  extraction  of  cube  roots. 

The  old  geometera  soon  reduced  the  qoeetion  to  depend  upon  the 
following  preliminaries.  Let  a,  b,  c,  d  be  the  ndes  of  a  rectangle,  and 
B  the  diagonal  passing  tiirough  the  junctions  of  B,  o,  and  a,  d  :  also  let 
tile  angle  s  a  be  the  oHe  which  is  to  be  trisected.  Through  the  point 
common  to  B,o,  draw  a  line  r  passing  through  D  and  a  produced,  in 
such  a  manner  tiiat  the  part  betwem  D  and  a  produced  is  twice  B  in 
length.  Then  it  is  easily  shown  that  the  angle  r  a  is  the  third  part  of 
■  A.  Throuj^  the  point  c  D  draw  an  equilateral  hyperbola,  of  which 
the  asymptotes  are  a  and  b.  A  chord  of  this  hypcHrbols,  set  off  from 
CDtowards  a  produced,  and  equal  in  length  to  twice  e,  will  be  aparallel 
to  the  line  F  required.  Admit  then  the  hyperbola  among  the  curves 
of  geometry,  and  the  difficulty  ceases.  Again,  if  with  two-thirds  of 
any  given  Ime  a  as  a  major  axis,  an  hyperbola  be  described  whose 
a^Tmptotee  make  an  angle  of  120' ;  and  if  witli  a  as  a  base,  and  a  point 
on  the  branch  of  the  hyperbola  adjacent  to  the  single  third  of  a  as  a 
vertex,  a  triangle  be  described,  the  larger  of  the  angles  adjacent  to  a 
will  always  be  double  of  the  smaller.  Consequently,  one  of  the 
external  angles  will  be  triple  of  one  of  its  internal  and  opposite  an^es : 
BO  that  by  describing  on  the  straight  line  a  a  segment  of  a  circle  con- 
taining tAe  aupfJement  of  any  given  angle  less  than  180%  that  circle 
will  cut  the  branch  of  the  hyperbola  in  a  point  which,  beiiu;  joined 
with  the  further  extremity  of  a,  will  give  an  angle  equal  to  we  given 
angle. 

Again,  if  from  any  point  of  a  circle  a  straight  line  be  drawn  catting 
the  circle  again,  and  then  a  diameter  pi-oduoed,  in  such  manner  that 
the  portion  ext^nally  intercepted  between  the  diameter  produced  and 
the  cirde  is  equal  to  the  radius,  tiie  angle  formed  by  that  line  and  t^e 
diuneter  [owluced  is  the  third  port  of  the  angle  made  by  iAxe  two 
radii,  of  which  one  passes  through  the  first  point  of  the  oirole 
mentioned,  and  the  omer  is  on  the  diameter  woich  was  produced. 
The  oonstructton  can  be  effected  by  the  Conchoid  cf  Nicomedes, 
which  curve,  if  granted,  gives  the  means  of  drawing  a  straight  line  of 
giTcn  length  between  any  straight  line  and  a  curve,  so  that  when  pro- 
duoed  it  shall  pass  tlinnigfa  a  givoa  point 

Either  of  the  curves  blown  by  tiie  name  of  Quadratbix  may  be 
made  to  trisect  an  angle,  as  obviously  m^  au^  curve  which  assigns  a 
tttid^t  line  equal  to  a  given  arc  :  for  a  straight  line  may  be  easily 
trisected.  The  Spibal  of  Archimedes  obviously  gives  another  solution. 
But  there  is  one  particular  curve  known  by  the  name  of  the  tritedrix, 
which,  among  curves  not  geometrical,  is  peculiarly  posiiessed  of  this 
property.  It  is  one  of  the  Tboohoidal  curves  having  the  deferent  and 
epicycle  equal,  the  motion  in  tiie  latter  being  direct  and  equ^  to  one- 
l»lf  of  that  in  the  epicycle.  Or,  add  and  subtract  the  radius  of  a 
drole  from  every  one  of  the  chords  which  passes  through  a  point  in 
its  circumference,  and  the  result  will  be  a  looped  curve,  which  is  the 
one  in  question.  Let  a  be  the  point  where  the  branches  unite,  and 
AB  the  axis  of  the  loop :  describe  a  circle  with  a  as  a  centre,  and  a  b 
asaradius;  take  a  pointPin  the  loop,aad  let  af  and  bp  produced 
meet  the  drole  in  q  and  B.  Then  the  arc  b  r  is  three  times  b  q. 

Uany  other  modes  of  trisection  have  been  proposed,  some  of  great 
mometrical  beauty ;  but  the  preceding  are  those  to  which  it  is  most 
Bkely  the  student  will  meet  with  references  in  his  reading.  Many 
false  trisections  have  also  been  proposed  by  persons  who  thought  they 
ooutd  oonquer  the  geometrical  difficulty.  There  is  not  so  much  to 
expose  in  this  class  of  trisections  as  in  the  one  of  quadraturea  of  the 
dnle  which  oorresponds  to  it  There  has  never  oeen  so  much  of 
romance  applied  to  wis  proUem,  no  explanations  of  theological  points 
have  been  made  to  arise  out  of  it,  no  mode  of  converting  the  heathen 
asserted  to  be  a  necessary  ccnuequence,  no  Number  of  the  Beast  token 
into  the  calculation.  We  shall  only  notice  one  false  trisection,  because 
it  will  afford  •  useful  remark.  In  May,  1830,  an  Auatrian  officer 
announced  bis  haTuut  obtained  the  geomehioal  sdution  in  the '  United 
Service  Journal,' and  various  comments  ap^ieared  In  that  periodical, 
runniug  through  various  months  up  to  March,  1832.  In  January, 
1832,  an  actuu  attempt  at  solution  appeared,  tiie  work  of  a  British 
officer  then  abroad.  This  at  first  sight  ^ipeiared  to  be  a  geometrical 
ulutim;  and  what  is  moire^  it  im  a  geometnoal  solution,  and  it  n^t 


have  cost  a  practised  mathematician  a  moment's  doubt  whether  the 
I  problem  was  not  ootually  solved.  But,  owing  to  a  mistake,  a  oon- 
j  structiou  was  mode,  which  amounted  to  requiring  that  two  sides  of  a 
certain  triangle  should  be  together  equal  to  the  third,  the  consequence 
of  which  was  that  the  vertex  of  this  triangle  was  brou^t  down  upon 
the  base.  Now  the  angle  to  be  trisected  was  one  of  the  angles  at  the 
base  of  this  triangle,  or  equal  to  nothing  ;  an  angle  which  no  geometer 
would  refuse  to  declare  capable  of  Euclidean  division  into  three  equal 
parts,  each  of  course  equu  to  nothing.  Algebra  generally  fumiabea 
some  proof  of  the  absurdity  of  the  conditions  of  a  problem  when  they 
contradict  one  another :  but  tiiis  ia  not  the  case  with  geometry.  A 
latent  assumption  which  restricts  the  generality  of  a  solution  always 
produoee  its  efiect  in  the  former  science ;  whereas  in  the  latter  such 
an  assumption  might  be  made  part  of  a  demoustimtion,  and  produce  its 
consequences,  without  pointing  out  that  those  consequences  are  not 
true  the  general  figure  wbi(£  was  drawn,  ^le  accurate  use  of  the 
ruler  and  compasses  will  sometimes  correct  an  error  of  this  sort  (uid 
would  have  done  so  in  the  instance  before  us),  but  not  alwayi :  solu- 
tions have  been  proposed  before  now  which  give  so  nearly  tiie  third 
part  of  an  angle,  that  ordinary  drawing  wUl  not  serve  to  detect  their 
ialsehood.  Any  one  who  imagines  he  has  discorwed  a  geometrical 
trisection  should  take  care  to  submit  his  construction  to  an  algebraieal 
verification ;  that  is,  if  any  person  posseBslng  algelm  oiough  to  do  so 
should  ever  be  In  such  a  case. 

THISUCCINAMIDE  (N,[CgH.OJ,).  An  unimportant  organic 
substance  bearing  tiie  same  relation  to  suocinauude  as  tariethylauiine 
bears  to  ethylamine.   [Oboanio  Bases.] 

TRITHIONIG  ACID.  [Sulfhob.] 

TRITYL.  [Pboptl.1 

TRITYLAMINE.  ri^oPTLAiiiKB.1 

TBITYLENE.  [Proptlot.] 

TfilTYL-SULFHURIC  ACm.  Synoi^nunu  vith  i>npyI-iH<pftitri« 

add.  [Peoptl.1 

TRIUMPH  (Triumphus)  is  in  general  a  solemn  procession  for  the 
purpose  of  celebrating  a  victory.  Such  processions  and  solemnities 
nave  been  customary  in  all  warlike  nations,  but  they  have  never  formed 
so  prominent  a  feature  in  the  history  of  a  people  as  am<Hig  tiie  Romans, 
In  a  Roman  triumph,  the  general  who  had  gained  a  victory  of  suffi- 
cient importance  to  entitie  him  to  tiiis  honour,  entered  the  city  of 
Rome  in  a  chariot  drawn  by  four  horses ;  he  was  preceded  by  the 
captives  and  spoils,  and  followed  by  his  army.  The  whole  train  passed 
along  the  Via  Sacra  up  to  the  Capitol,  where  the  general  sacrificed  a 
bull  to  Jupiter.  Such  a  triumph  was  the  highest  honour  that  a 
military  commander  could  look  for ;  it  was  granted  by  the  senate  after 
any  victory  either  by  sea  fir  by  land,  provided  it  was  thought  suffl. 
cieutly  important  to  deserve  it 

When  a  general  had  gained  a  victory  or  had  accomplished  the  object 
of  his  mission,  he  sent  in  a  report  to  the  senate,  which  then  usually 
decreed  a  public  thanksgiving  (supplicatio.)  The  general  returned  to 
Rome,  either  with  his  army,  or  appointed  a  time  when  it  was  to  meet 
him  there ;  but  he  did  not  enter  the  city,  and  a  meeting  of  the  senate 
was  held  outside  the  walls,  usually  in  the  temple  of  Bellona,  for  the 
purpose  of  examining  the  general's  claims  to  a  triumph,  llie  principal 
conditions  upon  wMoh  a  triumph  was  granted,  and  which  were 
established  partly  by  custom,  and  partiy  by  law,  are  as  follows : — 1. 
That  the  general  uiould  have  held  one  of  the  great  offices  of  the 
republic,  tlutt  is,  the  dictatorship,  consulship,  or  praetorship.  2.  That 
he  should  have  been  invested  with  one  of  these  offices  at  the  time 
when  be  gained  the  victory,  and  that  it  should  not  have  expired  on 
the  day  of  the  triumph.  This  regulation  however  was  set  aside  at  an 
early  period,  and  in  cases  where  the  term  of  office  had  expired  the 
senate  used  to  giant  a  "prorogatio  impei-U,"  that  a  prolongation  of 
his  imperium  or  authority  as  general,  for  the  day  of  the  triumph.  S. 
That  tiie  victory  should  l^ve  been  gained  under  the  auspices  and  with 
the  troops  of  the  general  who  clumed  a  triumph.  4.  That  the 
advantages  gained  by  the  victory  and  the  nuqiber  of  the  enemies  slain 
should  come  up  to  the  amount  prescribed  by  law.  5.  That  the  victory 
should  have  been  gained  over  a  foreign  enemy,  and  not  in  a  dvil  war, 
6.  That  the  dominion  of  the  Roman  people  ^ouM  have  been  extended 
by  the  victory,  and  that  it  should  not  oe  a  mere  reparation  of  losses 
previously  sustuned.  7.  That  the  war  diould  be  actually  concluded 
py  it,  BO  as  to  enable  the  army  to  quit  the  enemy's  coimtry. 

These  rules  however  were  not  always  strictiy  observed,  and  various 
deviations  from  them  are  recorded.  Even  the  sanction  of  the  senate 
ceased  to  be  thought  necessary  as  early  as  tbo  fifth  century  before 
Christ,  and  the  people  in  the  Comitia  Tributa  assumed  the  ri^t  to 
grant  triumphs  (Liv.,  iii.  63 ;  Dionys.,  xi.  SO) ;  and  thov  are  instsnoea 
of  generals  triumphing  in  defiance  of  the  senate  and  the  people.  In 
later  times  a  general  to  whom  a  triumph  in  the  city  wm  refused,  used 
to  celebrate  it  on  the  Alban  Mount  (Liv.,  xliL  21.)  If  however  the 
senate  granted  it,  a  sum  of  money  was  voted  as  a  contribution  towards 
defraying  the  expenses  of  the  triumph,  and  the  general  was  for  the  day 
of  his  triumph  invested  with  the  Imperium  in  the  dty.  During  the 
triumphal  procession,  the  general,  standing  in  his  chariot,  wore  a 
purple  toga  embroidered  with  gold ;  his  brow  was  adorned  widi  a 
wreath  of  bay  (laurua),  and  in  hi%haud  he  carried  a  sceptre  with  the 
Roman  eaglo.  On  iwiching  the  temjde  of  Jupiter  he  deponted  hui 
wreath  in  the  It^  of  the  god.   Banquets  and  other  enturtunmenta 
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ooDoIaded  the  aoleiiiiii4^»  wlueh  vu  generally  brouj^t  to  »  close  in  one 
day,  ihou£^  in  later  timea  we  meet  witli  instancee  in  wliich  it  laated 
for  three  davB.   (Liv.  xxxix.  52.) 

During  ute  time  oi  the  empire,  the  emperor  himself,  being  the 
chief  general  of  all  the  armies,  was  the  only  person  that  could  c&im  a 
triumph,  and  it  was  larely  if  ever  granted  to  anyone  else  but  a  member 
of  the  imperial  family.  Other  generals  received  other  compensations. 
All  the  tnumphs  that  had  been  celebrated  at  Rome  were  carefully 
recorded  in  the  Fasti  triumphalea,  and  their  total  number,  frmn  the 
earliest  times  down  to  the  last,  that  of  Beliaarini  over  the  Yandala,  has 
been  calculated  to  amount  to  350. 

A  lesser  kind  of  triumph  was  called  ovatio,  perhaps  from  "  ovis,"  a 
abeep,  which  the  general  offered  to  Jupiter,  instead  of  a  bulL  It  was 
granled  after  Tjotories  which  were  not  of  sufficient  importanoa  to 
deeerro  the  solemn  trium[A.  The  principal  difforenoe  between  the 
two  was  ^t  in  an  ovation  the  genem  entered  the  city  on  foot,  and  in 
later  times  on  horeeback  i  be  wore  only  the  toga  prcetezta,  and  his 
brow  was  adorned  with  a  wreath  of  myrtle.  He  carried  no  sceptre^ 
and  was  frequently  not  accompanied  by  his  army. 

iO.  Fanvinius,  De  Triumpho,  in  Qraeviua,  Thaaurtu  Antiq.  Rom., 
ToLix.) 

TRIU'KVIBI,  or  TRE'SVIRI,  that  is,  "three  men."  A  great 
nmnbfr  of  offices  at  Rome,  both  ordinal^  and  extraordinary  (com- 
tnismona)  were  held  by  three  persons  in  ooajunction,  who  thus  formed 
s  board  which  was  intrusted  with  the  management  or  administration 
of  certiun  things.  The  office  itself  was  called  triumvirate  (triumvi- 
ratua).  Extraordinary  triumviri  were  appointed  on  various  occanons 
and  emergencies ;  for  example,  when  a  new  colony  was  to  be  founded^ 
the  irtu>le  management  of  tiie  business,  together  with  the  distributiim 
of  lands  among  the  colonists,  was  mually  intrusted  to  triumviri,  whose 
full  title  was  "  triumviri  colonio)  deducendte,"  or  "  agro  dividundo." 

The  triumvirate  which  has  acquired  the  great^  celebrity  in  the 
history  of  Rome  is  that  which  was  established  towards  the  end  of  the 
republic  by  Octaviooua,  Antonius,  and  Lepidue.  After  the  r^ubho 
bad  been  for  years  distracted  by  a  series  of  civil  wan,  the  three  men 
mentioned  above  met  near  Mutma,  In  blc.  4S,  and  assumed,  under  the 
title  of  "  triumviri  reipublicso  constituendes,"  the  supreme  power  for 
five  years,  under  the  pretext  of  settling  the  a£Gur8  of  the  state.  Their 
power  and  its  duration  was  sanctioned  by  a  senatus  consultum.  They 
BO  distributed  the  administration  of  the  state  among  themselves,  that 
Antonius  received  the  greater  part  of  Qaul;  Lefndus,  Spain  and  a 
small  portion  of  Qaul;  and  Octavianus,  Africa,  together  wiUi  the 
idands  of  Sicily  and  Sardinia.  Lepidus  was  to  gorem  Rome  and  Italy, 
while  he  exero^ed  his  power  in  Spain  by  proxy.  His. two  colleagues 
endeavoured  to  get  rid  of  the  republican  party  by  proscriptions,  in 
which  2000  equites  and  300  senators  are  said  to  have  been  put  to 
death.  Whole  tovms  were  robbed  of  their  property,  and  their  lands 
distributed  among  the  veteran  soldiers  of  the  triumvirs,  and  hosts  of 
people  flocked  around  the  standards  of  Brutus  and  other  republican 
losdsTS,  to  escape  an  ignominious  deaUi.  Consuls  woto  elected  during 
this  period  as  before,  but  they  were  either  the  creatures  and  friends  of 
the  triumvirs,  or  one  of  tfae  triumvirs  himself  held  the  consulship.  In 
S.O.  88  the  time  of  their  otBce  expired,  and  it  was  renewed  for  five 
years  more  without  any  opposition.  About  the  end  of  this  second  term 
the  secret  enmity  among  the  triumvirs  burst  out  into  open  hostilities ; 
k  new  civil  war  b^an,  which  ended  in  the  destruction  of  republican 
freedom.  The  triumvirate  of  Octavianus,  Antonius,  and  L<^idus  is 
usually  called  the  second  triumvirate,  ^e  firat  triumvirate,  if  we 
may  oUl  it  so,  was  merely  a  private  coalition,  or,  as  it  is  (»lled  in 
Idvy's '  Epitome'  (103),  a  conspiracy  entered  into  hy  Ceeear,  Pompeiue, 
and  CnMus,  in  b.o.  60 :  the  title  triumviri  was  perh^  never  borne 
by  them ;  it  was  certainly  not  recognised  either  by  the  senate  or  the 
pe^le. 

The  triumviri  who  were  regular  magistrates  belonged  to  the  minor 
msgistratea.  Among  them  we  shall  mention,  l,the  triumviri  Capitales, 
who  were  instituted  about  the  year  B.c.  292,  and  were  in  many  respects 
the  aoccesBors  of  the  qutestores  pairicidii.  They  inquired  into  capital 
ofTenoes,  mmhended  criminals  and  committed  them  to  prison,  where- 
•ver  they  Recovered  tiiem,  and  also  earned  into  effect  the  sentence 
passed  upon  them.  2,  The  triumviri  Monetales,  or  the  iniqwctors  of 
the  mint.  S,  The  triumviri  Noctumi,  whose  duty  it  was  to  super- 
intend the  watchmen  in  the  city  at  night,  and  to  prevent  or  put  out 
fires  in  the  city. 

TROCHAIC  VERSE,  a  kind  of  verse  used  by  the  Greek  and  IaUu 
poets,  espedallf  by  the  tragedians  and  comedians.  The  foot  from 
which  it  takes  its  name  and  of  which  it  principally  consists  is  the 
trochee  (—  ^),  which  is  combined,  like  the  iambus  and  aoapccet,  into 
mrtrtt  ot  two  feet  each.  The  most  common  form  of  the  IVoch^o  verse 
is  Uiat  which  is  composed  of  a  perfect  dimeter  followed  by  a  dimeter 
wanting  the  last  half-foot.  Thia  form  of  verse  is  the  '  Trochaic  Tetra- 
meter Catalectic '  of  the  Greeks,  which  was  also  called  by  the  Romans 
qwdrabu,  from  its  eontsining  four  metres,  and  teptenariuB,  from  its 
cxmtainiog  seven  complete  feet.  The  following  is  so  example  in 
Fnglish  :— 

Akxinder  hited  tkinkins, 

Driak  arotiiid  the  ooAndl  bAard, 
H£  suM&ed  the  wdtid  by  drinking, 

UAre  tiiaa  bf  Us  etequering  ivtol. 


In  the  Greek  tragedians  the  following  sre  admitted  as  variations  on 

the  pure  Trochaio  verso : — 

1.  The  syllable  at  the  end  of  the  line  may  be  short,  since  its  time  is 
filled  up  to  that  of  a  long  iryllable  by  the  slight  pause  whidi  occurs 
in  that  place. 

2.  The  trochee  may  be  resolved  into  a  tribrach  (•^  'w  w)  in  any 
place;  but  the  final  long  qrllable  may  not  be  resolved  into  two  duat 
oom. 

8.  A  spondee  {  )  may  be  substituted  for  the  troehso  in  ths 

second  place  of  eadh  mfrtre,  vbat  is,  the  sum  plsoes  of  the  veaisa  (2nd, 

4th,  and  6th). 

i.  The  spondee  may  be  resolved  into  an  anapcest  {v  w  — ),  But 

5.  If  there  is  a  tribrach  in  the  seventh  place,  neither  a  qKmdee  nor 
an  an^HBSt  is  allowed  in  therixth. 

6.  A  dactyl  (—  •^•^)  is  allowed,  but  only  in  a  proper  msw,  in  aiqr 


The  following  table  nqmsents  the  different  forms  of  the  verse  > 


1. 

3. 

S. 

i. 

S. 

e. 

7. 

B. 

The  first  dimeter  on^t  to  end  at  the  and  of  a  wgrd.  Often  slso 
each  metre,  and  sometunes  esch  foot,  ends  at  the  emd  of  a  word.  If 
tiie  first  metre  ends  with  a  word  after  which  there  is  a  sU^t  pause  or 
brea^  in  the  sense,  then  the  second  foot  of  the  first  metre  is  a  trochee 
or  tribrach,  not  a  spondee  or  aoapsest.  The  same  restriction  applies  to 
the  sixth  foot  when  it  ends  with  a  word  followed  by  a  slight  break  in 
the  sense.  These  niceties  of  structure  are  exemplified  in  the  following 
lines: — 

  646.  'EAvtttr  8*  ^6m»  mBt^wr'  ob  Wroifc  {  svrlkeu^ 

The  comic  tetrameter  resembles  the  tragic  in  every  respect,  except 
that  sometimes;  though  very  rarely,  a  tribrach  in  the  seventh  place  is 
preceded  by  a  spondee  in  the  sixth,  and  that  the  niceties  of  structure 
just  mentioned  are  not  always  obwred. 

The  points  of  difEbrenos  between  the  Greek  and  Latin  trochaic  verse 
are  similar  to  those  which  exist  in  the  iambic  verse,  and  are  explained 
in  the  article  TEREirTiAH  Uetbeb.  The  chief  point  to  be  attended  to 
is,  that  in  Plautua  and  Terence  a  spondee  which  has  the  accent,  or 
idat  metrictu,  on  the  first  syllable,  is  allowed  to  stand  for  a  trochee  in 
any  [dace  except  the  seventh.   The  following  line  is  from  Terence : — 

Knnqosm  enSqaam  ndstraia  vMua  fMt  n^ne  Id  tbgti  talU. 

The  ictvi  Metnem  ol  tiis  trochsio  tetnmeter,  both  in  tngedy  and 
comedy,  is  as  follows  (according  to  the  natation  nsed  in  ttw  srtiele 

Abbis)  : — 

that  is,  the  arm  fiJls  on  the  first  syllable  of  each  foot,  and  of  the  two 
ar»ce  in  each  metre  the  second  is  the  stronger. 

The  trochaic  verse  is  rapid  in  its  movement,  and  is  generalljr  used 
where  stronger  emotions  are  expressed  than  in  the  ordinary  iambic 
trimeter.  It  is,  however,  closely  connected  in  rhythm  witii  the  iamUo 
verse.  If  wa  prefix  to  the  trochaic  tetrameter  catalectic  an  intro- 
ductory short  syllable,  we  obtain  an  iambic  tetrameter :  if  from  the 
trochaio  tetrameter  catalectic  we  cut  off  the  first  foot  and  a  half,  we 
have  the  iambic  trimeter;  and  it  must  be  observed  that  these  results 
are  not  only  true  with  respect  to  quanti^,  but  that  the  licences  and 
restrictions  of  the  trochaic  vetse  become,  thus  altering  the  order  of 
scansion,  the  very  licences  and  restrictions  of  the  iambic  verse.  Thus 
the  tpondee  in  the  evcK  places  of  the  trochaic  verse,  the  anapatt  in  the 
foarth  and  tixth  places,  the  dactyl  of  a  propv  name,  and  the  uant  of  a 
casara  between  we  two  dimeters,  produce  respectively,  in  the  iambic 
trimeter  which  we  get  by  cutting  off  the  beginning  of  the  trochaic 
tetrameter,  ^e  tpondee  in  the  odd  places,  the  daclgl  in  the  firat  and 
third  places  the  mapatt  ot  proper  numes,  and  tiie  penthimimeral 
caiura.  The  resemblance  of  rhythm  is  also  seen  by  dividing  each 
verse  at  its  chief  pause,  namely,  the  end  of  the  first  dimeter  in  the 
trochaic,  and  the  penthemiincral  caiaura  in  the  iambic,  when  it  is 
found  that  the  second  portions  of  the  two  are  identical  in  every 
respect;  and  it  ia  in  fact  by  these  concluding  portiMis  that  the 
rhythm  of  a  verse  is  determined. 

Iamb.  ^  —  '  —  ■«—|  —  ^  —  w. —  V  — 

Further  particulars  respecting  iiie  tetrameter  catalectic,  and  an 
account  of  other  trochaic  metres,  will  Se  found  in  Tate's  '  Introduction 
to  the  principal  Greek  Tragic  and  Comic  Metres/  and  Hennann's 
'  Elementa  Doctrinse  Metriose.' 

TROCUOIDAL  curves.  Under  this  term  sre  included  all  lines 
produced  by  the  composition  of  two  circular  motions,  including  the 
straight  line,  the  circle,  the  ellipse,  a  class  of  curves  called  efHtrochoids, 
of  which  one  particular  case  u  called  the  epicycloid,  and  a  class  called 
^potrochoidsf  of  whic^  one  particular  case  is  the  hypooloid.  Among 
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then  mart  kIbo  be  included  the  mtwroe  eaae  in  which  one  of 
motion*  u  rectiHneer^  irhioh  gives  the  oommon  trochoid,  the  ordoid, 
and  ■  ebue  of  ipinli  which  includes  the  involute  of  the  circle,  the 
epimi  of  Andiitnedee,  end  others. 

There  are  two  ways  of  considsring  Uiese  curves.  The  firsts  which  is 
tadverBally  adopted,  may  properly  be  called  the  troehoidal  mode 
(rpex^t  *  ^o°P)>  beoaose  in  it  one  eirole  b  made  to  roll  like  a  hooi^ 
elthw  npni  a  straight  line,  or  nprai  the  dretimlerence  of  another 
eirde.  The  aeemid,  which  we  believe  mi^t  be  advantageously  sub- 
stitnted  fur  tlw  flii^  we  shall  propoee  to  call  the  planetarjp  mode, 
because  U  reecmUee  tiie  consideration  of  the  manner  in  which  a  planet 
and  its  satellite  move  round  the  sun.  Here  a  ctrole>  without  any 
rollinx,  has  its  centre  carried  round  tlie  drcumference  of  another,  Ae 
there  Is  no  dnnentary  work  which  treato  of  these  oombined  moticoiB, 
thoof^  nme  undoalanding  of  them  ia  neosnuy  avm  for  the  paipoiea 
of  file  most  elementary  astronomy,  we  shall  first  enter  into  this  subject 
at  more  length  than  luoal,  endeavouring  to  make  oureelves  undentood 
bythoee  who  have  the  first  notions  of  geometry  and  of  thecomposititm 
of  motion :  we  shall  then,  more  briefly,  coniridflr  the  application  of  the 
difierentisl  calculus. 

Lei  the  point  h  {Jiff.  1)  be  carried  uniformly  round  the  eiroum- 

Flf.  1. 


ference  of  the  drole  a.  ii,  and  let  H  be  the  centre  of  a  cirale  whose 
radius  isuo(<»AB}.  Leta  point  p  bo  carried  about  the  moving  cinde, 
so  that  its  angular  velocity  from  a  line  of  fixed  direction  in  the  moving 
drde  (ssy  k  o  paralld  to  jl  b)  always  bears  a  given  proportion  to  the 
angular  vdodty  of  x.  My  that  of  »  :  1 ;  that  is,  when  the  line  ok  has 
described  the  angU  aok,  the  line  hp  has  described  the  an^e  oh  f, 
whidibtttimesAOH.  It  boa  been  supposed  tiiat  when  m  was  at  a,  f 
was  at  B.  The  point  p  will  deecribe  a  curve  which  is  one  of  those  called 
troehoidal;  or,  on  this  explanation,  j)/onetory.  And  the  circle  o  P  being 
always  contained  between  two  fixed  cu^es,  B  x  and  6  e,  the  planetaiy 
curve  is  alwi^  contained  between  those  two  circles.  We  duiu  now 
prcpoM  a  nomenclature  for  the  prindpat  parts  of  this  system. 
^As  in  the  Ptolemaic  mode  of  coni^enng  the  planets,  let  the  fixed 
cirde  A  H  be  called  the  de/eren*, the  moving  drde  of  the  epicycU.  Let 
K  be  the  neon  ^>ohU,  p  the  pianet,  o  the  «n(K,  and  let  the  planet  be 
said  to  be  in  Its  t^poeentre  or  poicaUre,  when  it  is  &rthest  from,  or 
nearest  to,  the  cratre.  And  as  every  apocentre  must  lie  on  B  K,  and 
•VMyperioentro  on  fte,Iet  these  cirdes  be  called  respectively  epoeentral 
■naperiorab^  Let  o  p,  as  usual,  be  called  the  radius  of  the  curve,  or 
ita nMNU  vector  /  and  the  angle  aop  its  veetoritU  angle.  When  the 
revoluUoo  b  in  the  dlrectiim  Irom  a  to  x,  let  it  be  called  (Kreef ;  when 
m  the  cmtraiy  direction,  retngradt.  Let  angle  a  o  x  be  called  the 
mean  ot  defereniial  anpfe,  and  denoted  by  ^ ;  and  let  CMP  be  called  the 
epteydte  mtgle,  being  denoted  of  course  by  Let  the  anglu  con- 
tuned  betwent  the  Mrioentnl  and  apooentral  radii  be  called  the  oMofe 
of  dacmi.  The  foUDwins  theorems  will  be  readily  seen,  as  so^  u 
theae  tnms  are  nndnatooa : — 

1.  The  planetary  curve  beglnnhig  from  its  apocentre  at  b,  and  the 
epicycUo  motion  being  direct,  and  greater  than  tiie  mean  motion,  there 
will  be  a  perioentre  aom  aa  oxphaagained  two  ri^tan^  upon 
CKB  or  AOXr-that  b,  when  »f-f=180',  or  *  b  180'  divided 
Iqr  i»— 1. 

2.  Bot  If  ttie  epioydb  ingnlar  motion,  being  still  direct,  be  leas  than 
tbe  mean  motion,  ao  that  OXB  b  greater  than  c  u  p,  there  will  be  a 
pencentre  when  c x  K  bos  gained  two  right  angles  upon  ox  p,  or  when 
f — »^  =  180',  or  ^  »  180'  divided  by 

8.  And  if  the  einqrolw  motion  be  retr^tade,  so  that  f  bedu  to 
more  the        way  from  o,  therewillbeapericentrawhaioXBaDd 


oxptogether  make  two  xightao^eR,orwlunf+i>f— 180", whan 
^  b  18(r  divided  by  1  + ». 

4.  When  the  planet  haa  oune  to  its  perieeotre,  it  will  begin  imme- 
diatdy  to  ascend  towards  the  saxt  apooeniM,  in  a  curve  of  the  same 
form  as  that  by  which  it  descended,  but  inverted  in  pontion,  the  parts 
preceding  and  following  the  perioentre  being  alike,  and  the  part  pre- 
oeding  the  next  q>ooentre  resemUing  that  following  the  bat  ^>ooentre> 
As  soon  as  the  second  apocentre  is  gained,  the  curve  will  start  again, 
in  the  same  manner  aa  the  flnrt.  If  a  bo  a  oommenaurabb  number, 
■i^li-}-?!  where  p  and  q  are  integers,  and  the  fmetion  be  in  its  lowest 
tmns,  we  curve  will  return  into  itsdf  when  x  has  completed  q  revo- 
lutions :  there  will  be,  if  tiie  epicyde  be  direct,^ — q  or  q~p  apooentres, 
and  as  many  perioentres ;  but  if  the  epcycle  be  rebvgnde,  there  will 
be  p-^q  qpooentres,  and  aa  many  perloeutne.  But  If  «  be  incommen- 
surable^ the  oonvolntione  will  go  on  for  ever,  and  the  curve  will  never 
be  completed.  We  have  therefore,  in  order  to  obtain  the  form  of  the 
curve,  only  to  consider  one  descent  from  apocentre  to  perioentre,  or 
one  aaomt  from  perioentre  to  ^>ooentre :  though  the  general  appearanoe 
of  the  curve  depends  maoh  on  the  effect  of  many  convolutions. 

5.  Evervplanetary  curve  may  be  deeoribed  by  two  distinct  epicydio 
motions,  ifot  if  we  describe  the  parallek«ram  o  x  p  Q,  we  see  tiiat  the 
pdnt  4  deaoribea  a  fixed  drde  ei],ual  to  the  epicTde,  wfaib  q  p  b  the 
tadiuB  of  a  moving  drde  equal  to  the  deferent.  If  tiien  tlM  ladlni  of 
the  deferent  be  a,  that  of  the  efncyde  A,  and  the  epit^du  mgnlf 
velodty  be  it  tames  the  deterentul  or  mean  vdodty,  it  gives  tiie  same 
planetary  curve  aa  if  the  radius  of  the  deferent  were  h,  that  of  the 
epicycle  a,  and  the  epioyclic  vdodty  1  :  nth  of  the  deferentioL  If, 
then,  we  take  the  epieyde  to  be  the  least  of  the  two,  we  do  not  limit 
our  investigatitHi,  provided  we  oonsider  emy  poMiUe  case  of  e^qydb 
vdodty. 

The  actual  motion  of  the  planet,  compounded  of  both  motions, 
deferential  and  epioyclic,  may  be  dtber  direct  or  rebograde ;  and  the 
curves  may  be  best  classified  by  observing  whether  the  motions  at  the 
perioentres  and  apocentres  are  direct,  retrograde,  or  neitiier.  At  1 
ia  represented  a  case  of  each  motion,  pericentral  and  apooentral, 
direct ;  at  2,  a  case  of  each  motion,  when  it  b  neither  direct  nor  retro- 
grade— that  b,  directly  towards  tiie  centre  j  at  S,  a  case  of  each  motion, 
retrograde.  We  shall  now  consider  how  to  make  the  separation  of 
these  cases. 

First,  as  to  the  apocentres.  When  the  motion  in  tiie  epicyde  b 
direct  (for  abbreviation  say  when  the  epicycle  b  direct),  ^e  two 
motions  conspire ;  the  line  xo,  then  at  ab,  b  being  earned  forward 
with  the  velodty  of  A,  whilePbbelDg  cintod  from  xa  Let  angjea 
be  measured  in  theoretical  miits  [Ahqle],  and  let  tlie  deferential  or 
mean  velocity  be  1,  then  the  linear  vdodty  of  a  b  a,  and  that  of  p, 
when  at  B,  b  the  linear  velodty  to  an  angular  velocity  «  and  radius  ft, 
or  »  A.  Consequentiy,  a  +  «  ft  b  the  apooentral  vdodty,  which  b  direct ; 
or  the  apooentral  velod^  b  always  direct  when  the  epicycle  U  direct. 
But  if  the  epiCTde  be  retrograde,  the  line  x  o  b  advandng  with  the 
vdodty  a,  while  p  b  receding  from  it  with  the  vdodty  noi  Conse- 
quently, when  the  epioyde  b  retrcnrade,  the  ^locentral  vdodty  b 
direct,  ndther,  or  retrograde,  aoooiwng  as  a  b  greater  than,  equal  to, 
or  less  than,  nh. 

Next,  as  to  the  pericentres.  We  can  make  a  perioentre  by  supposing 
the  planet  to  be  at  ft  when  x  o  b  on  a  B.  Now,  if  the  epicycle  be 
direct  [HonoH,  Dirbctiod'  op],  the  line  B  ft  being  carried  forward  with 
the  velocity  a,  the  pbnet  b  carried  backwards  with  the  vdod^  nfiw 
Consequentiy,  when  the  epicycle  is  direct,  the  pericentral  mowm  ia 
direct,  ndther,  or  retrograde,  according  as  a  b  greater  than,  equal  to, 
or  IcM  than,  Hft.  But  when  the  epicyde  b  retrograde,  the  motion  oi. 
tiie  pbnet  at  ft,  as  well  as  that  of  ft  B,  b  in  advance,  and  a  +  nft  repre- 
sents tiie  whole  velodty :  oonsequently,  when  the  epi<7cle  b  retro- 
grade, the  pericentral  motion  b  always  direct.  Observe  tiut  we  name 
the  deistential  motttm  irith  reqwot  to  the  oentre,  and  the  epii^lio 
motion  with  respect  to  tin  centre  of  the  efocTde :  aa  e^dahiea  in  the 
article  cited,  a  motion  may  be  direct  with  reepect  to  one,  and  retro- 
grade with  respect  to  the  other. 

We  shall  now  consider  the  trochddal  mode  of  viewing  the  subject, 
previously  to  combining  the  two.  Let  the  drcumference  of  o^  cirde 
roll  npcm  tiut  of  another,  any  point  on,  indde,  or  outside  of  the  rdling ' 
circle  (if  ontsldo,  of  course  supposed  to  be  fixed  to  it  by  neanylng  arm) 
deeaibea  a  curve  by  the  motion  compounded  of  the  motion  of  the 
rolling  cirde  round  its  own  centre,  sod  the  motion  of  that  centre 
round  the  centre  of  tiie  fixed  drde.  Three  cases  may  be  su[^>osed,  aa 
in  tiie  following  digrams  {fig.  2).  The  two  convexities  may  be  oppoMd, 
that  b,  the  rolling  drde  may  roll  outside  the  other ;  or  the  concavity 
of  one  may  fit  the  convexity  of  the  other.  Thb  last  divides  into  two 
oases :  first,  when  the  rolling  cirde  b  the  smaller,  in  which  case  it  rolls 
entirely  londe  the  other ;  next,  when  the  rolling  drde  b  the  k^r,  in 
whbh  case  the  fixed  drde  b  always  inside  the  other.  Now  each  of 
theaa  oases  may  easily  be  reduced  to  a  much  more  intelligible  plonetuy 
system,  by  which  much  of  their  difficulty  will  be  removed.  It  should 
be  obeerved,  that  when  the  convexities  ore  opposed,  the  troehoidal 
system  b  called  ^-trodioidal.  and  when  concavity  fib  oonvexi^,  kypo- 
trodmidaL  We  oall  the  ndiua  of  the  fixed  drele  v,  and  of  the  rolwig 
cirde  b. 

1.  Eveiy  eintrodiddal  system  b  a  Bbnetarr  iiyitem  in  which  the 
epioyob  b  direct,   Taking  the  drde  irtiioh  rolb  entirely  outside  the 
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cilier,  P  ia  tlie  point  doBoribing  the  cum,  and  c  vr  has  rolled  over  T  T 
idnco  r  mui  at  B.   Nov  ou  ia  ccnutuit>  bang  r  +  n;  «o  that,  unce  p 


ioUb  unifonoly  round  H,  hero  ia  n  planetary  aTBteni  in  which  o  u  is  the 
ndnu  of  the  defennt,  ii  p  that  of  the  epiey cle  (whioh  is  direct},  and 
the  eid^cdio  nloeily  ia  to  the  deferential  as  the  ane^  ok  p  to  aoil 
Vow tiM  vol  TW  and  tt  aro  equal,  whetiee  aot  bdng^,  aodTMW 
being  f,  we  hare    s=  bi^,  or 

our—  ;  10  that        is  the  ratio  of  the  Tdoraliea. 

Hcnoe^  looking  at  the  douUe  generation  of  erery  planetary  tjtbem, 
we  have  either 

s  * 


ora=:UP,ft«r+B(«: 


I+E' 


2.  Eury  hypotrochoidal  aystem  in  which  the  rolliiig  circle  is  the 
larger  m  the  two  is  a  planetary  nstem  in  which  the  epicycle  ia  direct. 
H«r^  in  the  proper  diagram,  w  v  haa  ndled  over  t  t,  as  before,  o  u  and 
HP  are  tbe  rami  of  the  deferent  and  epicycle,  and  the  epioydic 
Telod^  is  to  the  deferential  as  the  annea  omp  and  AOit;  and 
OK— R— F.  If  1.0U  and  tkw  be  f  and we have^ bom  the  equal 
area  t  v  and  t  v,  ii^=p^,  and 

^  CKF— f=  (l  —         whence  ~~  is  the  ratio  of  the  Telo- 

dtsea. 
We  h*TC  then  either 


HiUwr  then 


0  =  P  — H,  6  =  KP,«  = 


F-B 


To  distinguiah  the  two  hypotrochoidal  ayatems,  which  have  very 
difftmot  properties,  lei  that  one  in  which  ue  rolUng  cirde  ia  amnller 
than  the  fixed,  ao  that  the  curve  lies  entirely  inside  the  fixed  dnde,  be 
called  the  internal  hypotrochoidal  i^atem ;  and  that  in  which  the  rolling 
circle  always  contains  the  fixed  circle,  and  in  wbioh  the  curve  is  entirely 
pdthout  the  fixed  cirele,  the  exteTRof  hypotrochoidal  syBtem.  Itf^meara 
tlwn  that  a  planetaiy  ^ratem  with  a  direct  epicycle  belonga  to  both  the 
epttrochoid  and  the  external  hrpotroohoid ;  while  one  with  a  retrograde 
fljAoyole  ^""g»  to  the  intamai  t^pobwihoid. 

We  now  take  the  eonverae  problem— namely,  gjven  aploQetary  aya- 
tem,  to  find  the  corresponding  trochcndal  ayatMos.  lliis  might  be 
easUy  done  algebraically  from  me  preceding  reaulte,  but  a  aimplc  geo- 
metrical conatruction  will  much  aeaist  the  bwiuner,  who  rarely  con  get 
the  true  phase  of  a  figure  out  of  formulie.  It  ia  required  first  to  con- 
struct tiie  real  velocity  and  direction  of  a  planet  at  any  point  of  its 
curve.  The  edcyde  is,  at  any  given  instant,  moving  forward  perpen- 
dicularly to  tike  radius  of  the  deferent  with  the  velodty  a,  while  the 
planet  is  moving  perpendicularly  to  the  ladiua  of  the  epicyde  with  a 
velocity  n&.  The  composition  of  these  two  velocitiea  gives  the  real 
motion  and  direction  of  motion  of  the  planet  iat  the  time  being,  and 
showi  OS  how  to  draw  the  tangent  of  its  ourre. 


Flff.S. 


O'-It-F,  &  =  KP,n: 


E-F 


or  o=KP,  6=B— P,  n- 

S.  Every  hypotrooholdal  system  in  which  the  roUiog  oirole  is  tiia 
amaller  ia  a  phmetary  system  in  which  the  epicycle  ia  rsteograde.  In 
the  proper  figure  it  is  now  erident  enough  tiiat  o  u,  the  ramus  of  the 
def«ent,is  F— n;  and  that  aov  and  wxt  being  ^  and  iJ*,  wo  have 
Rif>»F^,from  the  equal  arcs  tyoikItw.  It  is  plain  also  that  kp, 
the  radius  of  the  epicycle,  moves  witit  a  retrograde  vdodty.  Uore- 
over,  tiie  epioyclic  and  deferen'^  velocitiefl  are  as  the  an^ea  c  k  p  and 
A  o  k,  and  (b^  being  =  rp) 


ABia  &VD  8CL  Dir.  TOL.  TTtL 


and  -  ~-'  for  the  ratio  of  the  vclocLties. 


Let  0  H  and  k  p  0^.  S)  be  radii  of  the  deferent  and  epioycle  ^not 
drawn)  (  and  from  p,  the  planet,  draw  px  and  f  t  perpendicular  to  o  u 
and  HP.  Make  PX  to  ft  as  ato  nft,  and  omndete  the  paiaUelomia 
p  z  T  2.  Then  F  x  re|»eaentB  the  motion,  for  the  instant,  of  the  mufle 
epicycle,  and  p  T  the  motion  of  the  planet  in  the  e{4eyde ;  whence  p  i 
represents  the  planet'a  actual  velocity,  and  p  s  is  tangent  to  its  curve. 
In  tiie  fiist  of  the  figures  the  epicyclic  motion  ia  direct,  and  in  the 
Booond  retr^rade,  the  arrows  showing  the  direct  motion  of  revolution. 
Alao,  for  variety,  the  planet  is  placed  much  nearer  to  its  pericentra  in 
the  aecKmd  figure  than  in  the  lint. 

Draw  PBS  perpendicular  to  PZ,  meeting  OQ  and  oh  in  8  and  R. 
Then,  the  ^doa  of  the  triangles  qfb,  p k n,  being  aoverally  porpendi- 
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cuIat  to  tiioae  of  f  I  thm  three  triao^ee  are  dmflar  to  me  uiother. 
Uenoe 

F4  (Midi)  :  4B  : :  vz  :  XB  : :  a  :  nfi*  or  qs  —  n& 

a 

px(=i)  :UB::  zx  ;  xp  ::  nb  :  a,  oriiB=~. 

In  tho  second  figure,  or  when  the  epicycle  is  retrograde,  it  will ' 
always  be  found  t^t  b  aod  b  are  in  o  k  and  o  q  produced ;  hut  the 
firat  figure,  aa  drawn,  ie  good  only  for  the  coee  in  which  n  is  greater 
than  1 ,  08  wae  supposed  in  the  constmotion,  and  ia  aeon  in  the  recuH, 
dnce  QS  (or  nb)  is  greater  than  QO  (or  and  bm  (or  (»:n)  ia  leas  thin 
O  H  (ot  a).  If  n  aki  been  leas  than  1,  F  s  would  have  passed  through 
O  Q ;  bat  in  all  caaee  of  direct  epicycle,  one  of  the  sidea  o  x  and  M  Q  lb 
out  extonally  and  the  other  internally ;  while  in  every  ease  of  retro* 
gnde  epiCTob^  both  are  cut  externally.   We  have  then 

f  OS     6  (1  +  «),   Qs  =  In 
Epic^cb  rttmgtide  i 

Lob 


with  a  circle  <d  no  radius,  which  rerolvea  on  a  drcle  of  the  radiua  or 
o  E.   This  ia  one  of  those  extreme  cases  which  are  rather  interpreted 

Ftr.  1. 


Epicjcle  direct 


n<  1 


{o  s  1=  6  (1  —  n), 
OB=a(i-l), 


a 


—  n),   qa  —  (n 


a 

qs»  - 


We  can  now  immediately  ahow  that  every  planetary  curve  can  be 
trochoidaliy  described  in  two  ways,  it  being  already  known  that  every 
trochoidal  curve  can  be  planetarily  described  in  two  ways.  It  appears 
that  o  B  and  o  s  are  the  same  for  every  position  of  the  planet  in  a  given 
sjBtem,  aince  they  depend  only  on  a,  o,  and  ».  Consequently,  while 
the  planet  moves,  b  aud  a  revolve  in  circles  about  o  ;  and  if  we  now 
pass  to  a  trochoitlal  syetam  in  which  o  b  ia  the  radius  of  the  fizeiL  and 
ai  B  of  ^e  revolving  circle,  the  point  p,  connected  wiUi  the  revolving 
circle  by  the  arm  u  f,  will  descnbe  a  trochoidal  curve  which  ia  identi- 
cal with  ^le  planetary  curve,  from  the  elements  of  which  its  circles  were 
obtained.  Ur  o  s  may  be  made  the  radius  of  the  fixed  circle,  and  Q  8 
of  the  revolving  circle,  the  arm  of  connection  being  q  r.  For  inatance, 
if  we  take  the  retxograde  epicycle,  and  make 

R 

P  =  6(l+n),  ii  =  6n;  then6  =  P-B  »=  - — 

which  are  the  equations,  already  founds  of  connection  betwera  the 
inbmial  hypotatwhoidal  system  and  its  oorreaponding  planetary  one; 
and  similarly  for  the  other  cases.  And  the  result  is^  as  u^e&rs  from 
the  figure,  that  every  direct-epicycle  phnetary  system  ia  both  ^itro- 
choidol  and  extemi^y  hypotrochoidal,  while  every  retrogtade-epioycle 
planetary  system  is  in  two  different  ways  internally  trochoidal.  We 
ore  thus  enabled  to  refer  the  description  of  all  the  trochoidal  curves  to 
their  corresponding  planetary  systems,  whidi  are  much  more  easily 
followed,  especially  when,  as  Sa  always  in  onr  power,  we  make  Uie 
ndins  of  the  epicycle  not  exoeeding  that  of  the  deferent.  It  has 
peared  that  when  a  =  in,  the  planet  has  no  motion  of  revolution,  at 
the  apocentre  in  a  retrograde  epii^e,  and  at  the  perieentre  in  a  direct 
epicycle ;  the  motion  must  then  at  uiose  epochs  be  all  from  or  to  the 
centre,  giving  curves  witit  such  cusps  as  are  shown  in  a  former  diagram. 
Kow,  looking  at  the  corresponding  towhoidal  natems,  we  see  tiut  when 
a  =  R&,  Qs=QF,  and  MB  -  hp,  or  the  pomt  wUdh  deeorlbes  the 
trochoid  is  on  tAc  eircumferenee  of  the  rolUng  eirdt.  In  this  case  the 
epitrochoid  ia  called  an  epicycloid,  and  tiie  hypotro^ioid  an  hypo- 
cycloid.  And  aince  in  all  casca  the  line  which  joins  P  with  the  point 
of  contact  of  the  drdes  (n  or  b)  is  normal  to  the  curve,  or  perpendicu- 
lar to  the  tangent,  it  foUows  that  in  the  epicycloid  and  hypocnrcloid, 
the  two  chords  which  join  the  point  that  traces  out  tiie  curve  mth  the 
two  extf^mitiea  of  the  central  diameter  of  ^10  ndling  drole  an,  one 
tangent,  and  the  other  normal,  to  the  ourve^ 

We  shall  now  pasa  on  to  the  consideration  of  the  varietiek  which 
planetary  curves  offer ;  and  first  we  have  to  separate  some  extreme 
or  criti«d  cases  from  tbo  rest.  These  are  when  n  =  I,  0,  or  —  1,  for 
we  shall  now  b^;in  to  distinguish  direct  from  retrograde  epiOTolio 
motion  by  making  n  negative  in  the  latter  case.  Wh8n»=  1,  p(jto.l) 
will  be  always  in  the  continuation  of  o  M,  dthar  at  I  or  «,  ss  it  was  first 
placed ;  consequently  the  iJanetary  curve  la  here  only  the  ^pocentral 
or  pericentral  circle  of  other  cases.  If  n  =>  0,  F  will  always  coincide 
wi^  c ;'  now  0  describes  a  circle  equal  to  the  deferent,  but  having  its 
centre  at  K,  ok  being  equal  to  the  radiua  of  the  ^oyde,  If  n  =  -  1, 
the  angle  okf  (jSgr.  4)  is  always  eqtial  to  uo  v,  ai^  the  triangles  bob, 
o  H  F,  are  similar ;  whence  K  F,  or  twice  L  F,  is  alwoja  a  given  juroportion 
of  BB.the  ordinate  of  a  cirole:  it  follows,  dm,  that  the  plao^ary 
curve  is  an  ellipse  when  n  =  —  1.  But  when  a  =  6,  Uie  pant  p  is 
always  at_H,  In  the  line  o  H,  and  the  jdanetaty  curve  is  aa  much  of  the 
strai^t  line  o  h  as  extends  from  twice  o  H  on  one  side  to  twice  o  11  on 
the  other.  Looking  at  the  trochoidal  character  of  theae  varieties,  we 
have,  when  »  =  1,  either  F  =  0,  b  =  6,  or  p  =  0,  n  =  a ;  that  is,  the 
eorve  then  deacribed  is  made  by  a  circle  revolting  round  a  point  in  its 
drcumferenoe  j  In  both  caaea  we  have  a  circle.  But  when  »  0,  we 
Iiave  r  ~  ^  R  =  0,  or  the  trochoidal  curve  belongs  to  a  point  connected 


than  perceived  [Intbbfbetatiom]';:  if  a  circle  of  no  radius  revolve 
from  K,  it  can  never  make  any  progress,  and  the  arm,  K  o,  which  carries 
the  moving  point,  is  always  describing  a  circle.  It  is  Uie  extreme  case 
of  the  following  ai^iOBtiMi Let  a  drda  of  estremely  small  radius 
revolve  on  the  circle  of  radius  O  x,  carrying  with  it  the  arm  k  c ;  it  will 
piaka  but  little  progress  on  Uie  lor^  circle  in  many  revolutions, 
during  wliich  0  inll  describe  many  nearly  circular  folds  very  dose  to 
each  other.  lastly,  when  »  =  I  retrograde,  we  have  p  =  26,  B  =  fr,  or  - 
the  fixed  circle  has  twice  tiie  radius  of  the  rolUng  cirole.  When  a  =  b, 
the  point  which  deacaibea  the  curve  is  on  the  drcumference  of  the 
roUing  cirele ;  and  thus  we  have  the  following  theorem : — When  a 
drde  ndls  indde  another  of  double  its  diameter,  every  point  attached 
to  that  circle,  internally  or  externally,  deaeribsB  an  elUpse ;  but  every 
point  on  the  circumference  of  the  roUing  drde  describeaa  itraight  line, 
tiie  extreme  limit  of  an  ellipae. 

Since  we  can  always  suppose  the  lesser  of  the  two  dioles  to  be  the 
epicycle,  and  the  greater  the  deferent,  when  there  is  a  lesser  and  a 
greater,  there  is  yrt  another  extreme  case  in  vriiich  the  epicycle  antl 
deferent  are  equal,  so  that  all  the  perioentres  are  in  the  centre  o  itaelf, 
for  now  the  epicycle  always  passes  through  that  centre.  This  case  will 
be  best  considered  after  the  several  ower  cases  of  which  it  is  the 
extreme.  We  now  go  on  to  the  gMieral  question,  namely,  having  an 
epicycle  less  than  the  deferent,  and  having  both  radii  ^ven,  required 
the  forms  of  all  the  varieties  of  the  planetuy  curve  wiilch  arise  from 
giving  different  values  to  ft. 

We  may  recapitulate  the  formulm  fint  ^ven  vrith  their  algobmcal 
character,  as  follows : — The  radius  of  the  dererent  is  a,  that  of  the  epi- 
cvcle  b,  the  ratio  of  Uie  angular  velocity  of  the  planet  in  the  epicycle  to 
that  of  the  epicycle  round  the  deferent  is  »,  which  ia  negative  when  the 
epicycle  ia  retr(^;rade.  The  angle  moved  Uirough  by  the  centre  of  the 
c^qrde  since  the  hut  epoch  when  the  ^amt  wss  at  its  apocentre  being 
^  that  moved  throng  the  pkinet  round  the  apitTola  in  the  aams 
tnne  is  it^,  and  wlun  ute  {lunet  haB  come  to  its  perieentre,  ^  is 
180"-h(i»— 1),  this  meaning,  when  positive,  tiiat  the  radius  of  the 
epi<yde  has  g^ned  ISO'  in  direoUon  upon  that  of  the  deferent;  and, 
^ea  negative^  that  the  radius  of  the  deferent  has  gained  180*  upon 
that  of  Uie  epicycle.  And  the  apocentral  velocity  of  the  planet  is 
a  +  nb,  n  having  its  proper  sign,  its  absolute  revolution  round  the 
centre  being  direct  or  rotronade,  aooording  as  a  -}-  nb  is  poriUve  or 
negaUve,  The  pericentral  velod^  ii  a  —  nb,  to  be  interpr^ed  in  the 
same  manner.  In  the  correqiondiri^  trodioidal  systems,  t  and  R  bmng 
the  radii  of  the  fixed  and  rolling  circles,  and  0  uie  length  of  the  arm 
whidk  carries  the  moving  point,  measured  fromtiieoaQtrsof  Ute  roUing 
dnda  to  which  it  is  afetadwd,  we  ban  dtber 

foij {!-»),  o»a,  oc»-»(l  — J),  ■  »  0-6, 

where  n  is  to  have  its  proper  sign,  and 

p  positive,  B  positive,  denotes  an  epitroohoidal  system ; 

p  negative,  B  positive  ....  external  hypotrochoidal  system 

P  X><)Bitive,  B  negative  ....  internal  hypotrochoidal  system ; 

or,  in  fact,  that  circle  only  which  sees  the  concavity  of  the  other,  is  to 
have  ita  radiua  counted  aa  negative.  This  ia  an  induction  from  the 
various  previous  oaaes,  such  aa  Uie  student  of  algebra  will  readily 
make. 

I.  Wim  n  diwuMtket  Jrmn  a  gnat  wttbu  tfewa  fa  a  4-  k  Let  ua 
firft  suppose  «  paty  great  and  poaiUTe,  ao  that  the  an^  ham  apooetitn 


to  pericenfare  ia  small,  the  apoceutral  revolution  direct,  the  pericentral 
retrograde.   Paacdng  to  the  trochoidal  systems,  both  eirbleB  are  large  in 
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tho  external  hypo-Bystem ;  imd  the  fixed  circle  nearly  equal  to  the 
defflreut,  and  the  rolUnK  circle  small,  in  the  epi-^stem ;  also  the 
planet  is  far  within  the  eucomferenoe  di  the  rolling  circle  in  the  exter- 
nal hypo^rtem,  and  far  without  ii  ia  the  epi-syBtem.  All  this  mtut 
be  collected  from  the  foTmuln.  The  curve  la  then  of  the  foregoing 
fom. 

The  imgla  during  whidi  the  rendution  of  Vbo  planet  is  abeolately 
retoogndo  is  atwaya  tlms  found  ^-Detennltte    from  the  eq^oation 

iriddi  eui  always  be  done  if  the  second  nde  be  leM  Hum  wAgTi  Tim 
Am  totngradattm  begiiH  iriiMi  ^  A  f  ^,  and  oDds  iriun 


As  »  diminiahee,  Uie  angle  from  apocentre  to  pericentre  increasei ;  the 
radii  of  both  oirolea  in  ute  eztemiu  hypotrochoidal  system  diminish ;  in 
the  epitrochoidal  Byetem  the  fixed  cude  grows  leas,  and  the  revolving 
one  grwter,  both  tiie  circumferences  approaching  the  planet.  When  n 
grows  Koall  eaaof^,  btiog  itUl  bo  large  tiiai  a<nb,iSia  loops  cease  to 


interiaoe,  and  beoome  MparaUly  risible.  This  goes  on  nntil  h  Ib  so  far 
rsdneed  in  valutt  that  a  =  when  ibt  petinuifnl  velodty  Tanishss, 
bt^  tiw  tnobiudal  i^staiH  haTs  Ibo  plinet  upon  tiw  ndling  drde,  the 
loopi  dagMMnrte  Into  oospij  and  m  mnre  oficTdoida,  h  follows  ^— 


Tomtdi  the  end  of  this  diviiian  the  cbaraoter  of  the  curve  may  be 
mncih  aSboted  by  the  relative  value  of  b  and  a.  At  the  epicycl<ad> 
when  n  v  ■•r-  h,  the  angUi  from  apocentre  to  perleentre,  as  subtended 
at  tbs  ontre,  ia  180°  {n~  1)  or  180  ft  -f.  (a  —  &)  in  degrees.  The 
naanr  •  -4-  ft  ia  to  uni^  Um  greaior  does  this  angle  become,  and  if  a 
be  near  enough  to  ft,  it  may  be  inoreaaed  to  any  amount :  so  that  a 
[danet  might  descend  from  i^KWentre  to  pericentare  through  thousands 
of  thousands  of  rerolotaons  before  it  formed  its  loop  or  cusp,  and 
bagan  to  aaoandf  at  in  tlw  following  flgona 


B  a  be  actually  equal  to  ft,  tdl  these  enrves  have  the  lower  points  of 
Uieir  loops  in  the  centre  itsdf,  but  as  »  dimniiBhee  down  to  unity,  the 
dcownt  becomee  slower  and  slower ;  and  when  nssa-^b,  or  1,  ceases 
altogether,  the  iq^ooentzal  efrde  itaslf  bong  the  hypo^fcloid  of  this 
ezimnoeaaBi 

^  n.  Whm  n  ^mmUut  fivm  a-t-b  dem  fo  1.  "WlMn  n  has  beoome  a 
littla  lev  than  a-^ft,  tiie  angje  from  apoccmtre  to  pericenfre  has  in- 
Brasasd,  ttje  veloeitiee  at  both  fdacea  are  direct,  or  the  planet  ia  never 
ratngntdsu  In  the  trochoidal  qpstems,  it  Is  now  without  the  rolling 
fltnili  o<  tha  extwnal  hypo^iyatcai,  bat  withm  that  of  the  epi-syBtem. 


The  ousps  have  given  way  tQ  points  of  contrary  flexure^  as  in  the 
following  figure : — 


The  way  to  find  thaas  points  <A  oontr&ry  flexure  is  aa  follows : — ^Find 
^  fhim  the  equation  J 


then  there  li  one  pdntof  oontniy  flanre.  when  f^fti  ^  anotlur 
when 

Aa  n  diminishes,  these  points  of  flexure,  after  approaching  aomeiHiat 
towards  the  apocentre,  cease  that  approach,  and  beg^n  to  return  to- 
wards the  perioentm,  in  vdiiti  they  are  lost  when  »  has  come  down  to 
the  square  root  of  a-j-ft.  But  this  time  they  do  not  unite  in  tiie  cusp 
from  which  they  came,  but  the  convex  part  of  the  curve  disaf^peats,  in 
Buoh  a  manner  aa  to  give  a  remarinUe  atraigfatnesa  to  tha  parts  adjoin* 
Ing  the  perioentrea, 

Whea  n  is  leas  than  ■<^(a+b)  the  curve  ia  always  oonvex,  and  the 
angle  from  ^Mwentre  to  feriocntre  pnpetuaUy  increasing,  the  desoeot 
may  bo  made  as  elow  aa  we  please,  as  in  the  ftulowing ; — 


At  the  limit  of  this  case,  when  n  becomes  I,  all  deacent  oeascb,and  the 
i^x>central  or  pericenfanl  cinde  Is  all  that  is  left,  as  before  deaiaibed. 

At  the  beginning  of  this  section  of  curves,  the  planet  was  upon  the 
rolling  circle  in  both  trochcndal  systems :  it  immediately  passes  out- 
side uie  rolling  circle  in  tiie  external  hypo-syiitem,  and  inside  the 
rolling  diole  in  the  epi-mtem.  Moreover,  in  the  former  the  fixed 
cdrde  gets  smaller,  and  toe  idling  circle  opproacbea  the  cfiicTOle,  so 
that  when  n=l,  the  eottomal  l^ptMrnrtam  is  menly  the  eidoyole  re- 
volving round  a  point  in  Its  dremnfannoa.  But  m  the  h^ito*,  ss  • 
iqiprosches  to  1,  the  rolling  circle  approaches  the  deferent  in  die,  while 
the  fixed  circle  becomes  smaller  and  smaller  :  its  extreme  oaae  coin- 
cides with  the  extreme  osse  of  the  former  '^■tem. 

III.  When  n  diminiAtt  fnm  1  to  0.  ^e  sngle  from  apocentre  to 
perioentre,  or  the  ao^  of  desoent,  as  we  may  call  which  left  off 
Infinite  at  the  end  of  Uie  kst  saetlon,  immadiittely  beoomas  veiT  great 
and  ne^ve  when  bIb  ft  little  IsMthsnl;  indiorang  tilist  the  desoent 
is  performed  by  the  radius  of  the  deferent  gaining  upon  that  of  the 
epicycle,  instead  of  the  oontrary.  The  curve  is  always  concave  to  the 
cenbe,  and  at  first,  in  its  long  folds,  much  resonblee  that  of  the  last 
diagram.  But  as  n  diminiahes  towards  0,  the  an^  of  desoent  becomes 
less  and  leB^  and  is  only  —180'  when  ticO ;  and  durmg  this  time,  the 
desoent  beoomas  mors  and  nuoe  oiionlar,  nntO,  when  i»sO,  we  have 
nothing  but  the  drde  wHh  oenin  K  and  tadhis  kb,  as  befote  exidained 
{fig.  1).  As  to  the  trochoidal  systems,  the  external  Imxt-system  and 
Uie  epi-nstem  have  changed  fonnule  :  in  the  latter,  liie  &ted  radius 
<2iangee  from  0  to  ft,  and  the  rolling  radius  from  ft  to  0,  the  idanet 
being  always  onteide  the  rolling  dme :  the  extreme  case  has  sJrsady 
been  explained.  But  in  the  ftnmer  system  both  radii  increase  without 
limit,  and  bsoome  infinite' when  »b  0,  the  planet  being  always  within 
the  rolling  oirole.  The  extreme  ease  must  be  thus  explained  [Ivn- 
Nitb]  :  to  construct  a  planetaiy  curve  ia  which  the  epu^^clio  motion  is 
voy  slow  compared  with  the  deterentul,  by  means  of  its  external 
hypo-tro(dundal  system,  we  most  take  both  radu,  fixed  and  rolling, 
voy  large,  and  the  larger  the  dower  the  relative  qncTcUo  motum 
wiutoutliioit. 

IV.  TV%mnmcreaMitt({raftwIyyn»»Oto— I.  The  angle  of  descent^ 
which  left  off  at  —180*,  now  diminisbes  in  amount,  b^Dg  stiU  nega- 
tive; and  by  the  time  -1,  it  brings  us,  as  we  hare  sera,  to  an 
ellipse,  which  g^ves  —90*.  The  spooeoAnl  and  pericentral  vdooitles 
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are  still  positiTe  throughout  thia  section,  and  tlio  curve  is  a  aeriea  of 
diorter  eoncsre  docrate.  The  final  ellipM  hoa  a+b  and  a~b  for  the 
Bomi-axes. 


Both  the  trochoidal  Bystema  are  mtemal  hypo-Byrteina,  the  planet 
bemg  infiide  the  larger  of  tiie  rolling  circlet,  and  outside  Uie  smaller. 
At  the  extreme  case,  the  elUpee,  the  two  wrtema  are  the  oame,  and  in 
cases  the  fixed  circle  becomes  double  of  the  rolling  circle  in 
diameter.  Before  the  extreme  ease,  the  greater  rolling  cirole  belonga 
to  the  jreato-  fixed  eirde,  md  the  lees  to  the  Imb. 

V.  When  n  ineretuea  negatively/  from  —  1  (o  —  a  :  b.  Something 
rosembling  the  last  continues  (the  angle  of  descent  still  diminiahing) 
until  that  angle  is  too  small  to  allow  of  a  deecent  wholly  concwe.  By 
the  lime  n  becomes  —  V  {n-i-b)  the  descent  is  almost  a  straight  line, 
except  very  near  the  apooentre,  and  when  n  is  greater  than  v  (o-i-^)> 
taken  ntfiRtivdy,  there  are  poii^  of  oontmy  fiezoie  dtvidlng  the 
oonrex  from  the  concave  part  as  before. 


Tbeao  points  of  contrarr  flexure  do  not,  as  before,  return  to  the  porL 
centre  at  vbi6h  they  b«gm;  but  as  n  Taries  from  —  V  (a-^i)  to 
—a^bf  they  run  up  the  are  of  the  curve,  and  unite  at  the  apooentre, 
when  n=  —b-i-a,  In  a  cu^.  This  oiapidated  curve  is  the  hypooyoLoid, 
and  up  to  this  point  both  apoomtnl  and  periocutnl  motigui  ve 
direct 


The  only  chnngc  that  has  tiken  place  during  this  time  in  the  tro- 
choidal systems  is  a  continual  increase  of  bot&  circles  In  one  ci  them, 
and  a  continual  diminution  of  both  in  the  other.  At  the  hypoc^cloid 
bodi  the  rolling  circles  are  thus  brought  to  pass  through  uie  planet, 
and  the  fixed  circles  become  ec^uaL  ^e  common  radius  of  the  fixed 
circles  is  a  -t-  d,  those  of  the  rolling  circles  are  a  and  b. 

VI.  When  n  increata  ntgalively  from  -  a  :  b.  We  left  off  with  the 
hypoQyd^  at  which  the  apocentm  motitm  {in  revolutim)  is  nothing, 
'nus  apooentral  motion  afterwards  becomee  reby>grade,  the  pericentral 
continuing  direct,  so  that  apooentisl  loops  b^in  to  be  formed;  and  the 
central  angle  of  retrogradation,  in  which  the  planet  passes  throng  the 
lugher  part  of  a  loop,  may  be  found  from  a  preceding  formula. 


As  n  increases,  these  Ioopb  hecomo  nearer  and  nearer,  and  at  last 
liogin  to  interlace,  the  angle  of  descent  continnaUy  diminishing.  In 
the  tioduadal  ^yitems,  both  oirdes  of  one  of  the  hyp(H7itcnu  in- 


crease without  limit  wiUi  n,  while  in  the  other  the  fixed  circle  poi- 
petnally  becomee  more  nearly  equal  to  the  deferent,  while  the  rwing 


drcle  diminishes  without  limit.  As  »  increases,  each  of  the  loop* 
more  and  more  nearfy  concidflB  with  the  epicycle,  and  the  extreme 
limit  is  »  cirole  of  no  mcftitf,  carrying  the  planet  on  an  arm  equal  to 
the  radius  of  the  epieyolfl,  and  revolving  on  a  circle  equal  to  the 
deferent :  or  a  revolution  in  an  epicycle  whose  centre  is  fixed.  This 
limit  of  course  Is  nevo*  attained ;  or  perhaps  the  analyst  woold  say, 
that  when  n  is  infinite,  the  planet  goes  over  lha  whole  qaoe  between 
the  apooentral  and  pericentral  cirdes. 

When  the  deferent  and  epii^cle  are  equal,  or  a^b,  the  ^n<7oloid 
becomes  the  apooentral  circle,  rad  the  hypoQysloid  the  straight  line. 
The  other  curves  take  virions  extreme  fcvnu,  as  in  the 
diogrami;— 


There  is  never  any  semuUe  arc  of  retrogradation ;  all  the  retrograda- 
tion, as  it  were,  takhig  place  sudden^  at  the  pericentre,  that  is,  at  the 
centre.  We  ahall  leave  the  further  mveetigation  of  these  cues  to  the 
student 

When  n=2,  the  angle  of  descent  is  always  180°,  and  the  einmlmd 
has  the  rolling  and  fixed  trochoidal  circles  equal,  and  is  a  curve  niyed 
somewhat  like  a  heart,  whence  it  is  called  the  cardioide. 


On  these  curves  generally  we  may  remark,  that  their  minor  modi- 
fications of  form  are  very  various.  The  deeeent  tbroujrii  a  point  <A 
contrary  flexure,  for  example,  gives  two  ourves  of  vety  dimreot  figures, 
according  aa  the  angle  of  descent  is  more  or  less  than  a  right  angle  ; 
and  the  loops  may  be  mode  very  small  or  veir  large,  compared  with 
the  rest  of  the  curve.  It  must  be  particularly  noticed  also,  that  by 
the  au^e  of  descent  we  mean  nmply  the  angle  between  the  s^KWoitaBl 
and  pericentral  distances,  not  the  vectorial  angle  described  in  gang 
frcan  one  to  the  other :  the  latter  may  beomne  greater  than  this  aa^ 
of  desosnt  before  tiie  perioentre  is  aimed  at,  and  then  down 
to  the  angle  of  descuit 

Let  us  now  suppose  the  deferent  to  become  a  stnigfat  line,  or  a=  w , 
and  let  the  centre  of  the  ^icTcle  be  carried  along  this  line  with  a 
velocity  a,  while  the  planet  moves  in  the  epii^cle  with  an  angular 
velocity  ¥  in  theoretical  unite.  Curves  vrill  now  be  described  which 
are  called  troehndt,  atnong  which  the  Ctcloid  has  the  same  place  as 
the  epiOTcloid  among  tiie  epitrochoid^  or  the  hypo^oloid  among  the 
hypotrodioids.  The  forms  can  be  readi^  imagined  by  conooiving  the 
deferent  to  be  a  circle  of  great  radiua.  It  is  now  of  no  consequence 
whether  the  epicyclio  motion  be  direct  or  retrograde.  If  f  be  very 
great,  we  have  a  series  of  interlacing  loops;  when  p  becomes  lees,  th«ee 
loops  separate;  when  a=vb,  the  loops  deffeoerate  into  cuspe,  md  we 
have  the  cycloid ;  and  when  a  la  greater  Uum  vb  we  have  only  a  series 
of  undulations  with  points  of  oontiaiy  flexure.  All  this  may  be  repre- 
sented by  a  trochoidal  system  in  which  a  drcle  rolls  upon  a  straight 
line,  carrying  with  it  an  arm  to  which  the  planet  is  attached ;  and  the 
trochoid  is  looped,  c^doidal,  or  wan,  aooording  as  the  jJanet  is  with- 
out, on,  or  within,  the  rdling  oirue.  It  will  be  a  good  exerdss  for 
the  student  to  deduce  the  oentre  and  radioB  of  the  rdling  circle  from 
a  conatmetioii  dmilar  to  that  hereinbefbre  mxaiiaytA  m  dedudng 
the  dements  of  the  trochoidal  from  tiioie  of  the  planetary  system. 
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The  diagnun  in  Uonov^  ooL  799,  ezempMw  the  three  npedes  of 
trocbtndB. 

To  anppoae  the  opicjcle  infinite  leada  to  noUuoK :  but  if  we  now 
take  s  trochoidil  lystom,  and  Bai^>ow  the  rollmg  oinus  infinite,  we  have 
iriut  is  eqoiraUnt  to  a  Btnift^t  line  rolling  round  a  ohrofo  to  which 
U  is  slmya  tsngent,  and  anjixig  <^  pl>^  *t  the  end  of  an  arm  vUoh 
is  anpposed  flzea  to  the  stnviht  line.  If  Uie  planet  be  on  the  stmie^t 
line,  w«  have  obriouidy  the  InTOLimt  of  a  cirole ;  for  the  unrolling 
thread  described  in  the  artiole  dted  nu^  be  ociuidered  aa  the  part  of 
tile  ndliiig  tannot  whidi  has  been  in  contact  vith  the  eirde  sinoa  the 
*'"g*'^™g  ttM  motion.  U  the  ^laaat  can  pan  tiuroag^  the  oantre 
of  the  fixed  drola,  the  ourve  beoomee  the  Bpiiml  of  Arofaimedes.  Theaa 
spirals  most  be  made  complete  nsra  noth  positive  and  nentiTe 
vsluea  of  the  radius  veotor.  [SnBALj  They  ara  not  of  nvck  use 
except  to  the  mathematician. 

The  variooB  daaeea  of  troohddal  curvas  must  be  studied  to  ud  in 
forming  aproper  oonceplatm  of  the  efieot  of  onBabii)sd  circular  motions : 
one  remannble  instance  of  thdr  af^pliosliMi  is  that  oi  the  i^parent 
motions  of  the  {^ets.  These  apparmt  mnt^one  must  be  exactly 
what  would  take  place  if  the  earth  were  at  rest,  the  sun  revolving  in 
an  orbit  about  the  earth,  which  orbit  is  tte  deferent ;  while  the  sun 
itself  is  the  centre  of  an  epit^cle  equal  to  that  of  the  planet's  orbit,  in 
which  epicycle  the  planet  moves.  And  dnoe  the  epicycle  and  deferent 
azB  convertible,  we  may  in  the  case  of  one  of  the  superior  planets  iise 
the  i^et'a  larger  orbit  as  a  deferent,  and  the  sun's  smaller  orbit  as  an 
epicycle.  Again,  smoe  the  planet  of  the  smaller  orbit  always  hss  the 
greater  angubr  velocity,  the  ratio  of  the  epicfydic  to  the  defereatial 
Teloei^,  or  »,  is  alwayr,  the  smaller  orbit  bong  the  epitycla,  greater 
than  nnily.  Hence,  when  the  planet  is  retat^^e,  the  loop  of  its 
aiqnrent  orbit  is  always  turned  towards  the  earth,  so  that  the  apparent 
maeutude  of  the  i^anet  is  always  greatest  in  the  middle  of  its  retro- 
giadation.  To  test  these  things,  we  ou^t  to  have  angles  of  longitude 
measored  in  the  jdone  of  the  phuoet's  orbit ;  hut  onoe  the  inelioataons 
of  those  idanei  to  the  eoUptio  are  not  very  great  (with  tha  exoeptiim  of 
Um  new  planefs),  angles  measured  on  the  ecliptic,  or  longitudisi  eom- 
monly  so  called,  will  do  as  well  for  illustration. 

When  the  planet  begins  and  ends  its  retrogrsdation,  Uie  tsngent  of 
the  apparent  orbit  passes  through  the  earth,  and  the  planet,  moving  in 
Uiat  tangent>  does  not  sensibly  change  its  ^parent  position  in  the 
heavens  for  several  days :  it  is  then  called  ttationaty.  The  angle 
between  these  two  sti&xiaiy  points  is  the  angle  of  retn^pradation, 
for  which  a  ftmnnla  haa  been  given.  But  we  snail  simply  notice  the 
general  figure  of  the  a^arent  orbits,  giving  the  ratio  of  ue-  radius  of 
the  deferent  to  ^t  of  the  epicycle,  when  the  smaller  of  the  two 
orbits  (sun's  round  the  earth,  and  planet's  round  the  sun)  is  the  epi- 
cycle,  and  the  larger  the  defn^t,  and  also  the  ratio  of  the  angubr 
motions. 
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AH  these  must  belong  to  looped  emres,  ^cine  round  for  ever,  and 
never  reuniting,  in  consequence  of  the  practical  moommensorability  of 
the  values  of  n.  The  angles  of  the  descent  are — ^for  Uerooiy,  180° 4- 
(4-15-1)  or  £7';  for  Venus,  288°;  ior  Hars,  205";  for  the  small 
vlsneta,  from  70°  to  SO*;  for  Jupiter,  16°;  for  Satom,  64°:  tor 
iTraan^  31^.  Tba  douMee  of  these  angles  will  be  the  angulsr  distanoes 
between  toe  lower  points  ui  two  loops.  Thus,  to  oonstniot  the  orbit 
of  Mercury,  take  a  deferent  of  which  the  radius  is  about  2}  times  that 
of  the  epicycle,  draw  the  apocentral  and  pericentral  drclea,  lay  down  a 
socceesion  of  tadii  each  at  57*  to  the  |ireoeding,  draw  the  ascents  and 
descents  in  the  manner  of  the  figure  m  §  L,  and  the  result  will  give  a 
sufficient  idea  of  the  orbit  for  mental  purposes.  The  time  <3  the 
planet  moving  from  the  lower  ^rt  of  one  loop  to  that  of  the  nest  is, 
roughly,  a  revolution  in  tha  epicycle  ;  that  is,  a  year  oi  the  inferior 
planet  for  each  inferior  placet,  and  a  year  of  the  earth  for  each 
superior  {Janet. 

In  the  case  of  the  moon  we  have  a  the  radios  of  the  earth's  orbit,  b 
that  of  the  moon  round  the  earth,  a-i-b  ia  about  400  and  n  is  about  18 ; 
whcsMw,  ttnoe  IS  is  less  than  -.JiOO,  or  20,  the  moon's  real  orbit  round 
the  snn  has  UBther  loops  nor  flezutfli,  but  is  alwijs  omoave  (0  the 
son.  [HooH.] 

The  mathematical  part  of  this  sttbjeet  labours  under  the  same  dis- 
advantage as  the  more  popular  exjAaiu^oiD,  namely,  the  adoption  of  the 
troehoidal  mode  of  viewing  the  curves,  which,  tiiough  it  gives  really 
the  same  eqaitions  as  the  planetaiy  mode,  embarrasses  tiie  question 
by  intndwmig  more  otmiplioated  fonnulsa.  If  we  take  the  line  drawn 
from  ttte  oentre  to  an  apoceiUrt  of  tha  onrre  for  the  porithe  part  of 
the  axis  of  X,  and  as  before,  let  ^  be  the  deCBnntial  tof^,  mf 
cpieylie  angle,  x  and  y  the  rectangular  oo-ordinates  of  a  pcnnt  m  the 
curve,  T  and  B  the  polar  co-ordinates,  a  and  b  tiie  radii  of  tite  defermit 
and  e^qycle,  we  have  (1) 

s;3«aeo8^+S  00811^,  |r=a  sin  i^n^ 

wUcli  an  (he  fandamental  equaUom  of  tha  emrsb  Herea-aadian 


both  postluve,  t  (and  also  9}  vonishos  at  the  apocen^,  which  is  on  the 
positive  side  of  the  axis  of  x,  and  n  has  its  proper  sign.  But  if  we 
place  a  pericentre  on  the  positive  side  of  the  am  of  x,  other  things 
remaining  tha  same,  we  have  (2) 

di»aoos^— ioosn^  pm^da^-bAxn^ 

If  the  lost  tamw  stand  thus,  (8) 

a;»a  Ml  ^  ±  fi  ooan^  |r=adn  ^  +  dn 

they  may  be  redooedto  (4) 

«=aoos  ^±  &  oos(— jr=adn^  +  &sin(-iif) 

or  tiie  case  is  one  of  the  preceding,  the  ratio  of  the  velodties  being  — 1» 
and  not  n.  If  the  first  terms  be  negative,  change  the  signs  of  x  and  y, 
and  let  the  curve  thus  found  make  a  half  revolution :  but  if  the  first 
terms  differ  in  sign,  the  equation  is  reduced  to  one  of  the  preceding 
cases  by  changing  tiie  lugn  of  f  (and  of  »,  if  necessary),  whidi  shows 
that  what  we  had  was  the  equation  to  the  curve  as  described  by  a  con- 
trary motion  of  the  deferent.  All  this,  however,  hss  only  reference  to 
the  reduction  of  a  particular  equation  to  the  form  (1),  whioh  we  diall 
use  throughout.   From  (1)  we  readily  find 

i««a'  +  fi"+S(i&oaB(«-l)f  .   .  (6) 
or  tile  passage  from  apoeentra  to  periowtre,  or  from  r^a+  b  to  mo^ 
(,  is  perfonned,  whfla  00s  (n— 1)  f  ehsnges  from  1  to  -1,  wlT-l  f 
from  0  to  w,  or  to  —w,  aowiTding  aBnis>or<l,  We  abo  htTO 

^"•'oOOB^  +  ftcOSI.*  ....(«) 

To  determine  the  period  of  retrogndation,  if  any,  ve  nostdidbrantiate 
the  {veoedin^  whioh  gives 

t*5^ -o'+i^+aJ(l-Hi)cos(ii-])^  .   .   .  (7) 

and  there  is  retrogradation  when  tha  second  side  is  negative,  from 
whence  the  formu&  already  given  is  deduced,  and  the  oondition  that 
tA  must  be  numerically  greater  than  a  (o  being  throughout  suppossd 
greater  than  b).  The  following  formula  will  help  to  obtam  this 
condition:— 

r        i«  -  (a'-y)(»H'-tf) 


From  the  preceding  fmmula  (7),  it  is  easy  to  obtain  |^ t^dt,  the 
area  induded  between  two  radii  and  the  curve.  But  this  is  subject  to 
the  interpretation  of  that  part  of  the  area  which  is  contained  between 
two  radial  tangents  to  a  lo<m,  and  the  lower  part  of  the  loop  being 
ncQiative :  the  total  result  ci  whidi  is  that  the  area  Inside  the  loop  ia 
oounted  twice,  snd  all  the  rest  mios. 

To  find  the  arc  and  points  of  oootrary  flexure  we  most  dsdooe  tha 
following  equations  (9, 10)  : — 

dx  d^      dy  d^x 

dfW^d^W  (*'+•>  (»-^)* 

The  second  formula  (^umges  sign  at  the  points  of  contrary  flexure, 
whence  the  criterion  before  given  is  drtsnnmed,  by  help  iA  the  follow^ 
ing(U):- 

f  o»  +  6<»«  Y_        (f  <i«-fli*)(yn<-tf) 

\ab{i^+n)i  a-«>(««+ii)*  ' 

The  variona  double  pcnnts  are  thus  determined.  Let  ^  and  ^  be 
the  two  deferential  angles  belonging  to  a  douUe  point,  the  first 
when  the  curve  posses  throurii  It  the  first  time,  and  the  second 
for  the  second.  Since  the  vohie  of  r  is  the  same  at  p(nnts,  we  have 
00s  (■— 1)      cos  (a— 1)     whence  we  have 


(•-l)*'=2iw±(«-l)^ 


(12) 


h  bmng  a  whole  number,  positive  or  negative.  If  «-T'(n- 1), tiie  angle 
of  descent,  be  called /I,  we  have  f  ^S^t^t+^j  and  if  we  substitute 
thia  in  the  equations  (1)  remembering  that  n>(  =  s-  +  /i,  we  find,  by 
ordinary  tri^mometrical  development,  that  the  following  equations 
exist  between  the  co-ordinates  of  every  double  point : 

X  =>  cos21;|t.«ipsin  2£>i.y,    y  ^  sin2£ju,x±  cos  2lf(.y. 

Those  two  equaticms  should  be  really  the  same,  and  they  sre  so 
if  we  take  tiie  lower  signs,  in  which  case  thqr  amount  to  the 
fdloiring: 

y  B  tan      .x,   9  B  l/t,  or      ■¥  w. 

If  the  hig^  signs  be  examined.  It  will  be  found  that  the  two 
equations  are  not  identicsl  except  when  2J:/i  »  2Iir,  I  being  a  whole 
number,  which  can  be  true  only  when  » is  a  commensurable  fraction. 
But  this  case  being  further  examinodj  shows  that  no  double  points  ore 
indicated,  but  only  that  the  curve  itself  is  repeated  in  alt  it»  pointi 
after  a  proper  nomW  of  revolutions  of  the  deferent,  as  is  otherwise 
sufBcientiy  obvious.  Consequsntly  all  the  douUa  points  of  a  trochoidBl 
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curve  lie  in  apooential  or  periceDiral  ndu,  or  in  tlie  ladii  ojiponte  to 
theitt.  Snbfltitute  (or  y  and  x  their  values  in  y  *  tan  i/i.j^  and  this 
•quaticni  Is  eanly  reduced  to 

asii](^~J:^)-t-&siQ  (n^  — =  0; 

from  which  the  valuee  of  f  which  beloDg  to  doqble  points  atuwer- 
ing  to  different  int^^  values  of  k  are  to  be  obtained  by  approxi- 
nutioD. 

The  radius  <tf  oorvaturo  of  aoy  troohoidal  curve  is  obtained  from  the 
fnmulie  (9, 10),  and  is  as  follows  : — 

{aP-h  W-t-  aat«C0B(i>-  1)^}^  __ 
a>  +  b*n*  i-  ah\n^  +  «)  oos  (n  —  1)  f 

It  never  beoomca  noUiing  except  at  the  cusps  of  the  eplt^oloid  or 
hTpoqyolcAd ;  nor  iQflnite  except  at  the  points  of  eontraiy  flexure,  or 
tA  Uie  perieentre  in  the  case  of  great  approach  to  straightneu  already 
alluded  to.  -  The  equation  of  tlie  £voIute  [Involute  and  EtoluteJ, 
{  and  n  being  oo-onmutes  of  a  point  in  il^  ii  involved  in  the  ftiUowing 
ogoations: — 

I  =  o  (1  —  (f)  OOB  ^  +  6  (1  —  n«)  cos  n« 
.        +        +  Saftftcos  {«— 1)^ 
-itbeinB- 


The  evolute,  then,  of  a  trodioidal  curve  may  he  described  as  of  an 
extended  sort  of  planetary  character^  having  an  epicycle  of  variable 
Hce,  and  radhis  h  {i— n  kX  which  moves  upon  a  deferent,  also  of  variable 
eire,  whose  radius  is  a  (1— k).  In  one  remarkable  pair  (rf  oases  this 
variation  of  the  elements  of  the  evolute  ceases,  nam^,  for  the  epicy- 
cloid and  hypocyidoid.  Iffi'n'sa*,  we  find  that  k  becomes  the  con- 
stant 2-f-(l  +»),  and  the  equations  of  the  evolute  become  those  of  a 
new  epicycloid  or  l^poqrc^d,  having  its  vertices  at  the  ouBpi  of  tlie 
original  lnv<duts. 

The  are  of  die  troohoidal  curve  eatmot  be  obtained  without  the 
pnviouB  rectiflcatiop  of  an  ellipse,  except  in  the  oaae  of  an  hypocTcloid 
or  epieydoid.  In  the  former  case  the  arc  measured  from  the  apo- 
ea&toe  or  eo^  formed  vAile  the  deferantlal  ang^  ^  is  piodnoed,  la 


o  +  6 
(l-coa-^  ♦ 


) 


The  some  for  the 


and  th*  whole  are     descent  is  4ai4-(a+6). 
epi^loU,'  the  apooSDtre  being  now  a  vertex,  ii 

lab    ,  a~h 

the  whole  aro  of  descent  being  4  aft  ^  (a— ft).  Ail  the  preceding 
fcffmula  may  be  reduced  to  those  of  the  troohoidal  ftem  the 
general  equi^ns  before  given. 

The  equations  of  the  oydoid  and  sim|de  trodhoids  may  be,  in  an 
article  like  the  present,  best  deduced  from  those  of  the  double  circular 
mtenit  Bemove  the  origin  from  the  centre  to  the  circumference  of 
ue  deteent,  we  have  then  for  the  equations—- 

a;=— a(l— coe^)  +6cosm^,  y>=>aBin^+ftBin»0. 

Let  a  increase  without  Umit,  and  let  a  be  the  arc  of  the  deferent, 
described  with  a  velocity  a,  while  y  is  ttie  absolute  angular  velocity  of 
the  planet  round  the  ofociyole.  We  havsdient>HB^  and«  '  ■  : :  r :  Hf. 
Substitution  gives 

*— — a(l— ooe^)+  ftcos'^i,    yxd^-^  4-iBin-*; 

of  which,  when  a  is  increased  without  limil^  the  idtunate  equations 


into  their  binomial  farmi,  and  then  morease  the  rolUfig  onle  iriOuntt 
limit.   The  ultimate  equations  will  be  found  to  he 


«M(eo8~«,    y»"f  +  ftBin-j; 

which  are  the  equations  of  the  common  troohoidal  qrstem.  Here  an 
epicycle  moves  up  the  axis  of  y  with  a  velocity  a,  while  a  planet 
revolves  in  the  cpiOTcIe  with  the  imgiilur  velocity  v.  When  fb  ia 
numerically  greater  than  a,  there  is  a  curve  with  loopa;  when  yfta-o, 
one  with  cusps ;  and  when  vb  is  less  than  a,  one  with  undulations  and 
ouulnQT  flexures 

To  get  the  equationa  ct  the  other  extreme  oai^  ve  must  reduce 
the  planetary  form  of  the  general  equationa  to  the  trochoidal,  which 
givee 

^■•(f  +  b)  cos^+ooos  C"^*") 

r={r+ii)  rin  ^  +  osin  ) 

Let  0=B— B :  that  is,  let  H  be  the  distance  of  the  planet  from  the 
eitcnmference  In  contact  o!  the  rolling  drcle.  Suntitute  for  c, 
develop 


BOM 


and  Bsia 


+b)  coB^  +  v^ain  ^ 
•  (r+B)  sin^— r^ cos^ 


Here  a  tttDgent  rolls  ov«r  the  fixed  oird^  oenTing  with  it  *  pcrfnt 
attached  by  a  perpendionlar  am  of  the  length  H.  If  Ri-0,  we  have 
the  involute  of  tiie  fixed  eir^;  but  if  h=  — r.  In  which  oaae  the 
moving  point  begins  from  centre  of  the  fixed  oirole,  we  can  deduce 
rf,  9«f  wbioh  ^Mm  tiie  spiral  ol  Amhimedes.  We  have 
tonaihad  liOgktfy  on  these  sKtreme  eaees,  but  tiie  matiwmatiod  stodeot 
wHI  find  it  a  useful  eserose  to  danrdop  them  more  fully. 

In  oonoludon,  we  wish  to  call  attend«i  to  Oie  fast  that  the  neoi- 
mens  of  corves  In  this  article  are  all  entirely  the  production  of 
machinery.  We  are  indebted  for  them  to  the  kindness  of  Vr.  Henry 
Perigal,  a  gntlemaD  whopnwtisss  the  higher  bnncheB  of  tutning  as  aa 
amateur,  and  has  devoted  much  time  and  money  to  the  invest^taoa 
of  the  efibets  of  double  and  treble  motions,  aa  shown  in  various 
interestuig  puUieatioBs.  Most  of  those  given  in  this  Htiele  were 
exeouted  in  his  lathe  by  means  of  Ibbetson'a  geranetrfe  ohnok,  a 
contrivance  the  results  of  whioh  are  well  known  to  tamers,  bat  wludl 
have  never  been  exhibited,  as  far  as  we  know,  in  tuj  wtisle  nnif/isiiins 
to  give  a  matiiematkal  daaifleation  of  them. 


The  preceding  is  the  curve  called  the  triseotrix  in  the  article  Tbi- 
SEcnoM:  it  ia  ft  wood-eat  made  in  the  usual  WW  frtnn  a  dianring  made 
intbebflie;  aU  the  rest  are  out  in  the  hrfbe. 

TBO&EBOKE  (Italian,  great  trumpet).  Thia  ancient  instrument  was 
formerly  known  in  En^and  tmder  the  name  of  aaobut^  fnnn  the  old 
French  taqwbate.  It  is  a  deep- toned  tmmpet,  oompoeed  of  aliding 
tubes,  by  means  of  which  every  sound  in  the  diatonic  and  chrcmatio 
bcales,  being  within  its  compass,  is  obtained  in  perfect  tune.  The 
trombone  is  of  three  fctndii,— the  tUto,  the  tator,  and  the  bau,  and 
theae,  in  orchestral  muuo,  are  general^  uaed  togettiar,  forming  a  com- 
plete harmony  in  themselves. 

The  soale  of  the  alto^rombone  is  horn  g,tlie  seecBid  spaos  in  the  bass, 
to  o,  an  octave  above  the  treble  clef 


The  scale  of  (he  tour^iosiftoM  la  from  b,  fiie  second  Uns  ia  the  bass 
to  A,  the  seoond  spaoe  in  the  treble : — 


The  scale  of  the  frow-frOsiftoMC  ia  from  a,  an  octave  bdow  ths  aaoond 
space  in  the  base,  to  q,  the  second  line  in  the  treble : — 


The  trombone,  when  judldonsly  em^oyed,  as,  for  instaaee,  in 
Mosart's  '  Requiem/  and  in  his  '  Don  Qiovanni,'  is  moat  effioaoioua  in 
producing  great  and  sublime  efiecta;  but,  the  followers  of  the 
ulba-modem  school,  its  power  is  exeeedingly  abused,  eqpeoiaUy  in 
Italian  operas. 

TROPHY  {rp6Ttum,  tropamm)  contains  the  same  root  as  the  Qreek 
verb  Tfivtir,    to  turn  or  to  put  to  fii^t,"  and  was  therefore  origtiMUy 

a  sign  or  memorial  erected  on  the  spot  where  an  enemy  had  been  con- 
quei-ed  or  put  to  flight.  The  custom  of  erecting  such  memorials  of 
victories,  eitiier  on  the  field  of  battle  or  in  the  capital  of  the  conquering 
nation,  has  been  more  or  leea  common  to  all  nations  from  the  most 
remote  to  the  most  modem  times.   It  was  most  general  among  the 
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Greeb^  who  used  to  eraot  iroplues  even  after  eliglit  advantages;  and 
it  Bometdmea  happened  that  both  the  belligerent  parties,  owing  to  eome 
advautagaa  th<Qroad  gained,  coosidered  themaelveg  entitled  to  erect 
trophies  (Thucyd.  Si ;  it,  92).  It  was  further  a  practice  among  the 
Greeks  seldom  to'  erect  trophies  in  any  other  pl&oe  than  the  field  oi 
battle,  and  that  immediately  after  the  victoiy  was  gained ;  when  an 
snemy  had  been  ooDiiuered  at  sea,  the  trophy  was  erected  on  ths  point 
of  the  coast  nsantl  to  the  jdace  where  the  viotoiy  was  gauwa-  A 
bophy  in  Oreeott  after  a  victory  on  land  appears  to  nave  coousted  <d  a 
trunk  of  a  tree  fixed  on  eome  eminence  and  adorned  with  the  spoils 
■nd  armour  of  tiie  Tanguished.  An  inscription  usually  recorded  the 
names  of  the  otmqaeror  and  the  conquered,  and  the  whole  trophf  was 
dedicated  to  some  divinity.  It  was  customary  not  to  make  troplue$  of 
very  duraUe  materials,  m  order  not  to  per^tetifate  the  disgrace  of  a 
defeated  memy  at  to  keep  bp  any  iU-fe^ing  for  too  limg  &  puiod. 
Bat  this  vaa  not  always  obBerved.  After  a  naval  victory  the  trophy 
was  uEiually  adorned  wiUi  the  beaks  of  the  captured  ships  of  the  enemy, 
and  this  custom  was  adopted  by  the  Romans  at  an  early  period.  The 
RomanB  down  to  the  Utter  period  of  the  republic  never  erected  any 
trophies  on  the  field  of  battle :  the  spoils  of  a  vanquiehed  enemy  were 
partly  distributed  among  the  atddiera,  partly  dedicated  in  the  temples 
of  thio  gods.  Hid  partly  appUad  as  omaments  lor  other  pubUo  buUdinga 
and  pboea.  When  however  the  Ronuna  adopted  the  custom  of  xaiung 
trophies  on  the  field  of  battle^  they  usually  consisted  of  more  solid 
structures  than  the  Greek,  such  (is  towers,  columns.  Sea. 

TROPICS  (rpon^,  a  taming),  the  circles  of  the  eartii  parallel  to  the 
•quator  which  pass  through  those  places  to  which  the  sun  is  vertical  at 
the  solstioes,  being  the  extreme  boundaries  of  the  torrid  zone.  The 
latitude  of  any  spot  upon  either  tropie  ia  therefiore  the  some  as  the 
obliquity  of  the  ecliptic,  and  the  interval  between  the  northern  and 
southern  tropics  comprehends  every  part  of  the  earth  at  which  the  sun 
is  ever  vertical  The  northern  tropic  is  called  the  tropic  of  Cancer, 
and  the  southern  that  of  Capricorn,  since  the  sun,  when  vertical  at 
places  in  the  first,  is  at  the  commencement  of  the  astronomical  sign  of 
Canoer;  and  when  vertical  at  places  in  the  seoond^is  at  the  commenoe- 
ment  of  Capricoroua 

TROUBADOURS,  the  name  g^ven  to  those  poets  in  the  Romance 
longuagOj  or  Zjangue  d'Oc,  who  lived  in  southern  France,  eastern 
Spain,  and  norUtem  Italy,  during  the  12th  and  ISth  centuries. 
[RoMAHCZ  Lasodaqe.]  The  name  is  a  French  form,  from  the  Fro- 
venial  "  trobador,"  a  derivative  of  the  verb  "  trobore,"  '  to  find,"  and 
means  an  "  inventor."  The  word  "  Trouv^,"  in  northern  I^«nch, 
had  the  same  meaning,  and  served  to  designate  the  poets  of  northern 
France,  or  of  the  Langue  d'OiL  The  troulaadoura  were  distinct  from 
tha  j<nigleura :  Uie  former  were  the  real  poets,  and  man^trf  them  were 
kjdeiits  and  men  of  ooble  Inrth,  who  occamonally  oocupied  themselves 
wiu  poetical  composition;  whilst  the  jongleurs  were  strolling  min- 
strels, who  did  not  compose  poetry,  but  sang  the  la^s  of  the  trouba- 
bourfl,  and  accompanied  them  with  their  muBical  instruments,  and 
thence  derived  their  subsistence.  Many  of  the  troubadours  however 
were  skilled  both  in  music  and  ainmog ;  but  those  who  were  not,  re- 
tained a  jongleur  in  their  services  Aoctndiog  to  the  sinrit  <tf  t^valiy, 
the  nobles  kept  open  house  for  all  the  waadeiinft  followers  of  war  and 
minstrelsy,  and  often  requited  munificently  both  poets  and  musicians 
for  Uieir  exertions  to  amuse  them. 

It  was  in  the  south  of  France  that  the  poetry  of  the  tzoubadours 
Of^nated.  That  fertile  re^on,  blessed  with  a  genial  climate^  had 
suffered  less  from  the  irruptions  of  the  barbarians  than  the  narthem 
pmvineea  of  Ihe  kingdnn,  and  had  retained  more  of  its  old  Roman 
dvilieation  :  It  hardly  felt  the  dvil  wan  of  the  Uarovingian  dynas^, 
and  escaped  the  devastations  of  the  Kormaos ;  and  during  the  decline 
of  the  Carlovingians  it  became  independent  of  the  French  crown  by 
the  revival  of  the  kingdom  of  Bourgogne,  or  of  Aries,  and  by  the 
power  of  the  great  vas^ls,  the  counts  of  Toulouse  and  of  Foitou  and 
the  dukes  of  Jkquitaine.  At  the  b^inaing  of  the  12th  century  the 
oonnts  of  Banidtma  aoquired  1^  mairiue  the  posaeanon  of  Provenoej 
and  the  whole  region  bordering  on  the  Mediterranean  on  both  sides  of 
the  Pyrenees,  from  the  Ebro  to  the  Var,  became  subject  to  one  dynasty, 
whilst  the  peo[de  q»ke  the  same,  or  nearly  the  same,  Romanoe  dialect 
It  was  in  the  12th  century  that  the  poetry  of  the  troubadours  attained 
its  perfection :  that  poetry  was  essentially  lyrical  and  mostly  amorous, 
and  was  chatacterised  by  aimplici^,  or  rather  paucity,  of  ideas,  and  by 
a  "t**'"*^  refinement  of  azprasaum,  and  peculiaritgr  of  form,  which 
made  it  quite  distinct  from  the  classicBl  models.  In  that  age  and 
country  of  diivaliy,  every  noble  beauty  bad  in  her  train  some  admiring 
poet ;  and  every  poet  selected  some  fair  lady— sometimas  tiie  daughter, 
but  oftener  the  wife,  of  the  nobleman  to  whose  retinue  he  was  attached 
— for  the  object  of  his  poetical  passion  and  the  subjeot  of  his  song. 
It  was  a  poetical  attachment,  althoud^  it  sometimes  ended  in  a  real 
one:  its  ezpression  was  artifiiuaL  These  leoiarka  aj^ly  generally  to 
troubadour  amatory  poetry,  to  which  however  there  are  exceptions. 
(Sismondt, '  Idtt^rature  du  Midi  de  TEurope.') 

The  troubadours  wrote  also  at  times  of  loftier  themes.  Some  of 
them,  who  had  followed  the  Crusades  and  shared  the  dangers  of 
Eastern  campaigns,  sang  after  their  return  the  valiant  deeds  of  the 
soldiers  of  the  Cross.  Otfaors  wrote  to  animate  the  Christian  princes 
to  ddiver  Palestine  from  the  yoke  of  the  Moslems.  Others,  especially 
about  the  time  of  the  perseouticnt  of  the  Albigenses,  wrote  bitter 


satires  gainst  the  persecQtors,  the  Inquisitors,  sgunst  the  priesthood, 
the  hierarchy,  and  against  Roue  itsdf.  ^lat  persecution  was  one  of 
the  oaiues  of  tiie  decay  of  troubadour  poetry  in  the  13tb  century- 
Many  of  the  troubadours  perished,  or  fled  and  died  in  foreign  lao^. 
Afterwards  Charles  of  Aajou,  who  had  become  count  of  Provence  by 
marrtaee  with  the  heiresa  of  the  house  of  Baroelona,  having  removed 
to  Naples,  todE  with  liim  many  Provencal  knights  and  ladies  to  grace 
his  new  court,  There  they  found  a  new  language,  the  Sicilian  or 
Italian,  which  was  rising  into  maturiW  and  was  well  ealciibted  fur 
poetry,  and  it  became  the  favourite  language  of  the  Anjou  court. 
When,  in  the  foUowiiw  century.  Queen  Joanna  I.,  being  oliliged  to  fiy 
from  N'apleH,  returned  to  Provence,  she  endeavoured  but  in  vain  to 
revLvij  the  study  of  Proven^  poetry ;  and  when,  many  years  later,  she 
adopted  Louis,  son  of  King  Joan,  and  the  head  of  the  tiiird  house  of 
Anjou,  that  minoe,  who  thus  beoune  poMsased  <tf  Proveoee,  spoke  the 
Lasgue  d'Oil,  or  ncrthem  E^ench,  and  had  no  taste  for  (he  mvenvaL 
His  grandson  Ren^,  duke  of  Anjou,  count  of  Provence,  and  nominal 
kin^  of  Naples,  made  in  the  foUowins'  century  some  attempts  at  re- 
viymg  the  poetry  of  the  Langue  d'Oc,  but  the  raoe  of  the  troubadours 
was  now  extinct,  and  the  only  result  of  his  exettions  was  the  collecting 
and  cra^^og  tite  lives  of  the  old  troubadours  by  the  monks  of  the 
idas  of  SMte^  and  after  ibsm  by  Hugus  ds  St  G^saire. 

At  Totuouse  however  efforts  were  made  to  revive  troubadour  poetry. 
The  "  C^touls,"  or  municipal  magistnctes  of  that  city,  establidied  an 
academy  Cfdled  "  Del  Gai  Saber,"  or  "  of  the  gay  science ; "  and  seven 
of  the  oest  rhymers  of  the  place,  s^led  "  the  Seven  Troubadours  of 
Toulouse"  were  placed  at  the  head  m  it.  They  fixed  upon  the  1st  of 
May  for  holing  an  annual  piiblio  festival,  to  which  tney  gave  the 
name  of  ''FlonJ  Ganm"  Thefirat  meeti:^  was  hdd  in  1324,  and 
was  attended  bj  many  poets  beta  various  puts  of  Lia>guedo&  Haistre 
Amaud  Yidal  oe  Chftteaoneuf  d'Arri  obtamed  the  prize,  and  graduated 
as  doctor  of  the  gty  sdenoe  in  oonsequanoe  of  a  song  in  honour  of  the 
Virgia.  The  monility  of  troubadour  poetry,  however,  underwent  a 
reform  under  this  new  in0tituti<m.  It  was  lortdddoi  by  the  statutes 
of  the  Academy  to  redte  any  composition  on  the  subject  of  unlawful 
or  adulterous  love,  a  frequant  theme  of  the  old  troubadours.  The  old 
language  of  the  tiinubodours  has  long  since  fallen  into  disuse,  and  has 
given  way  to  various  patois,  the  lAuguedocian,  Provencal,  Poitevin, 
and  others. 

See  for  a  thorough  examination  of  troubadour  poetry,  with  examples, 
Baynouard,  '  Choix  des  Poesies  Originalea  dea  TroubodourB,'  6  vols. 
Svo.,  Paris,  1819-21;  'Lexique  Boman,  aveo  uu  nouveau  Choix  des 
Po^siea  Original ee  dee  Troubadours,'  Paris,  1834  j  also  the  work  of 
Professor  Die^  '  Die  Poesie  der  Troubadours.' 

TROUS  J)B  LOUP,  in  the  military  art,  are  pits  dug  in  tha  gronnd 
In  the  form  of  inverted  cones  or  pyramids,  m  order  to  serve  as  ob- 
stacles to  tike  advance  of  an  enemy ;  each  is  made  about  six  feet  in 
diameter,  or  in  breadth,  and  aa  many  in  deptii,  and  a  pointed  stake  is 
planted  upright  in  Uie  bottom.  The  pits  should  be  disposed  ohecquer- 
wise  in  two  or  three  rows,  their  oentres  being  at  distances  of  about  ten 
feet  from  one  another ;  and  thear  rades  should  have  such  a  slope  that 
the  enuny's  riflemen,  should  tboy  attempt  to  ocen^  them,  may  not 
be  oonceued  in  tiiem  from  the  view  of  the  troopa  whom  the  pits 
protect. 

The  earth  obtained  from  the  excavations  should  be  formed  into  a  sort 
of  glacis  within  the  line  <^  pits,  in  order  that  the  enemy  may  not  use  it 
to  fill  them  up.  Trous  de  loup  are  generally  formed  before  the  aalient 
points  of  field-works  or  in  the  intervals  between  tiiem ;  and  they  are 
sometimes  egweuted  in  lesr  of  suoh  wmks  In  ordw  to  protect  t^e 
goifies  when  ^ese  are  without  parapets. 

TROVER  (from  the  French  word  trowver^  "  to  find  the  name  of 
an  action  invented  for  the  porpose  of  aacertaming  the  right,  as  between 
the  plaintiff  and  def^idant,  to  the  personal  chattels  which  ore  the 
subject  of  it.  This  action  is  maintainable  by  one  who  has  either  an 
absolute  or  special  ramerty  in  the  chattels  and  also  a  right  to  posses- 
ribik  Thns  itmsy  na  DTOn^t  ^thnr  the  actual  owner  or  an  oooo- 
sional  bailee,  a  caniar,  fta,  or  a  mere  finder  as  sgainst  all  exoept  the 
rightful  owner.  The  dedaration  formerly  stated  that  the  plaintiff  was 
lawf  idly  possessed  as  of  his  own  |Hroperty  of  certain  personal  chattels, 
naming  weta  distinctiy,  their  amount  and  value  ;  that  he  afterwards 
casually  lost  them,  and  thi^  they  came  into  the  possession  of  the  de- 
fendant by  jSrAiw,  who,  afterwards  converted  them  to  his  own  use ; 
for  whidi  the  pi^iwUff  datmed  damages.  This  fonn  and  the  flotion 
respecting  the  loss  and  finding  of  the  goods  were  contrived  fw  the 
purpose,  by  assuming  a  rig^t  of  pomession  in  the  defendant,  of  enabling 
the  parties  to  try  the  bme  question  of  riffht.  These  fictions  are  not 
now  used;  and  Uie  fact  of  eonwntox,  which  is  the  gist  of  the  action, 
is  proved  by  showing  that  the  defendant  upon  request  refused  to 
dehver  up  tiie  goods,  or  has  destroyed,  them,  or  has  assumed  the  right 
to  dispose  of  them.  When  an  act  of  oonveraiuD  has  once  been  com- 
pleted, no  subsequent  act  by  tha  defendant  can,  as  is'  ssid,  "  purge  the 
oonvnaion ; "  that  is,  the  right  of  action,  having  once  vested  in  tiie 
plaintiff  by  the  act  of  oonveision,  will  not  be  divested  by  any  subse- 

auent  act  of  the  defendant;  But  such  a  subsequent  act,  as  for  instance 
le  return  of  the  goods,  may  reduce  tiie  damages  to  a  merely  nominal 
cbamoter.  The  action  is  not  maintainable  by  one  joint  tenant,  or 
tenant  in  oonmioa,  or  partner  against  another,  unless  in  the  caae  when 
^e  ohattel  has  been  destroyed  bj  the  other.  This  rule  fs  founded  on 
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the  priooi^a  that  tlie  poasesaion  of  one  ia,  by  reason  of  the  joint  pro' 
party  of  ul,  held  tobetlM  poneagumof  all,  and  thorefore  no  Mi  of 
cooversioD  can  be  said  to  have  been  committed. 

The  answers  to  this  action  are,  a  denial  of  tlw  property  of  tiw  plain- 
^  in  the  chattel ;  or  the  atotute  of  limitatiiMMij  nanuly,  that  dx  years 
bare  elapsed  since  the  net  of  oonversioa  m  oonunitted;  or  any  dr- 
sumstances  showing  that  the  defendant  has  a  rigbt  to  detain  tlw  goods, 
aa  from  haviae  a  lien  Mptm  them,  ftc. 

The  plaintiff  most  prove  that  the  natore  and  value  of  the  goods  are 
aa  stated  in  the  declaration.  If  he  aoocead  In  obtaining  a  verdict,  the 
jury  may  give  damages  to  tiie  amount  of  the  value  of  the  gooda,  and 
also  such  Bum  in  adoUti<m  as  may  cover  tiie  amount  of  interest  during 
the  time  subsequent  to  the  conversion.  This  action  diffsrs  from  the 
action  of  detinue  aa  being  brought  to  recover  damages,  vhila  the 
object  of  the  action  of  deUnue  is  to  recover  the  actual  goods  in  specie. 
[Di-rnruB.] 

TROY  WEIGHT.  Nrither  the  etymology  nor  the  time  of  intro- 
duotvRi  of  this  denomination  ia  well  known.  The  reoeiTed  opinion  ia 
that  it  took  its  name  from  a  weight  used  at  the  fair  of  Troyea :  this  is 
likdy  enough,  unce  we  find  more  than  aw  large  town  the  valf^ta  of' 
whitui  bectune  standards :  thus  we  han  tiw  pound  ei  Ctdojpe,  of 
Toulouse,  and  peihapa  also  of  Tropes. 

That  there  was  a  very  old  Enghah  standard  pound  td  twelve  ounoes 
Is  a  well  determined  fact;  and  also  that  tins  pound  existed  bng  before 
the  name  Troy  was  given  to  it,  another.  There  woe  also  the  mer* 
chants' pound  of  fifteen  ounoea,  and  the  Tower  pound,  having  twelve 
ounces  of  its  own,  but  leas  than  the  Troj  pound  by  three-quarters  of 
an  ounca  Though  the  troy  pound  was  mentioned  as  a  known  wdght 
in  2  Henry  V.,  cap.  4  (1 414),  and  2  Henry  VL,  cap.  18  (1423),  tixe  term 
troy  woa  net  applied  to  the  legal  standard  pound  till  12  Heniy  VII. 
(1495).  The  merchants'  pound  seems  to  have  been  the  tnrigjn  of 
AToiRDuron  weight  - 

The  troy  pound  has  continued  to  be  the  legal  standard  down  to  the 
breaent  time,  tiiough  only  actually  used  in  weighing  predous  metals 
[md  stones,  and  apothecaries'  dnigs.  It  had  predsely  the  same  limi- 
tation of  use  in  the  tame  of  Fleta,  who  ia  supposed  to  have  lived  in  the 
reij^  of  Edward  I.  There  ia  no  doubt  that  it  was  originally  the  pound 
of  ffllver,  the  pound  sterling,  and  there  is  evideuoe  ti»t  this  pound  was 
sometimee  described  as  divided  into  twen^  parts  called  The 
famous  statute  of  Henry  L  (1266)  makes  a  standard  for  itfiom  the 
weight  of  ears  of  wheat. 

The  pound  troy  is  now  divided,  for  gold  and  silver,  into  twelve 
ounces,  each  ounce  into  twenty  pennyweights,  and  each  pennyweight 
into  twenty-four  graina.  But  for  medicines,  it  is  divided  into  twdve 
ounoea,  each  ounce  into  eight  drams  or  drachma,  each  drachm  into 
fliree  seniles,  and  each  8cru[de  into  twenty  grains.  A  cubic  foot  of 
■water  weigha  75-7S74  pounds  tnw.   [WEloniB  AMD  Mbabobb&I 

TRUCK  SYSTEM.  TRUCK  ACT.  Truck,  which  m«H»  ezcbange 
«■  barter,  has  come  to  be  aj^vopriated  to  signify  the  payment  of  wagM 
of  labour  in  goods,  and  not  in  money.  By  the  truck  ^stem  ia  meant 
this  mode  of  ^ying  wages,  together  with  the  mass  of  its  tendencies 
and  results.  Tlw  Truck  Act,  1  ft  2  Wm.  IT.,  oc.  86,  87,  is  aa  act 
passed  in  1881,  which,  repeaUng  all  the  previoua  acts  paased  the 
same  purpose,  provided  anew  and  more  stringently  for  the  ^eventaoi 
of  payment  of  wagea  in  truck  in  the  departments  of  Industry  tiiwdn 
enumerated.  The  wages  of  agricultural  labourers  and  domestlo  Bemnts 
are  exempted  from  the  operation  of  the  act. 

It  is  to  be  observed,  in  the  outset,  that  the  chief  part  of  the  evil  of 
what  is  called  the  truck  ^stem  ia  incidental,  and  not  essential  to  the 
pi^nwttt  of  wagss  In  trade,  sad  arises  out  of  the  power  oi  the  master 
met  the  woriunan,  lAiph  eoables  the  former  to  use  this  mode  of 
paying  wages  to  defraud  and  oppress  the  latter.  A  master  may  pay 
the  wages  of  his  workmen  wholly  or  in  part  in  truck,  in  artiues  of 
food,  clothing,  tut.,  either  by  agreement  or  with  the  understood  con- 
sent of  his  woAmon;  and  if  he  supply  these  articles  at  prices  no 
hij^er  than  those  at  which  they  are  to  be  procured  ebewticre,  and 
study  to  meet  the  various  wants  of  the  wonnun  and  their  faw^ijii^ 
the  utmost  harm  that  can  result  is  the  loss  to  the  woAmen  of  tha 
moral  and  economical  leeaons  v^iidi  the  disbursement  by  tiiemselves 
of  weekly  money-wages  is  fitted  to  supply,  and  the  interference  with  the 
business  and  profits  of  neighbouring  reUUl  shopkeepers ;  and  there  vriU 
always  in  sutm  cases  be  seme  advantage  to  set  against  these,  eo  far  as 
they  go,  evil  results.  Where  the  trudc  systom  acts  beneficially,  it  is 
owing  entirely  to  the  jnitloe  and  hatten^ence  of  the  individual  tmck- 
maaters.  On  the  dianoter  of  the  master  eveiything  depends.  In  the 
hands  of  mssten  of  oppodte  character,  and  under  (droumstoncea, 
whether  of  scarcity  of  employment,  of  isoUted  situation,  or  irf  oombi- 
nation  among  masters  in  the  same  business,  or  through  an  extenave 
district,  which  place  the  woriunan  more  or  less  at  the  mercy  of  his 
employer,  the  payment  of  wsges  in  truck  may  be,  and  o<MittnaMly  has 
been,  and  is  still,  extensively  used  for  the  defrauding  and  oppreaaing 
of  workmen. 

The  following  is  a  snmmsry  of  the  Truck  Act,  often  known  aa  Mr. 
Littleton's  Act,  which  was  passed  in  18S1.  It  declares  all  oontraots  fen- 
hiring  of  the  artificers  afterwards  enumerated,  by  which  wages  are 
made  payable  wholly  or  in  put  otherwise  than  in  the  current  coin  of 
the  realm,  or  which  contain  regulations  as  to  the  expenditure  ik  wages, 
to  be  illegal,  ntdl,  and  Tdd.  All  payment  of  wsg«  Is  to  be  in  money 


entire ;  and  any  payment  of  wages  in  gooda  is  declsred  illegal  Wages 
whidi  have  been  nud  othsrwiss  than  In  the  current  coin  of  the  realm 
are  made  recoverable ;  and  in  an  action  brought  iot  the  recovery  of 
wages,  no  aet^Ef  is  to  be  allowed  for  gooda  given  in  payment  of  wages, 
or  for  goods  sold  at  any  shop  in  wbidi  the  emf^oyer  has  on  interest. 
Emplovers  are  denied  an  action  in  return  against  artificers  for  gooda 
whkh  have  been  supplied  in  payment  of  wages.  If  woriunoi  or  their 
wives  or  children  become  chargeable  to  the  parish,  ovetsecrs  may 
recover  from  thdr  employers  wages  which  have  been  earned  within 
three  months  previous,  and  have  not  been  paid  Sn  money.  Th.9  penalty 
on  employers  making  the  0egal  oontracta  or  ill^^  paymenta  of  wages 
to  be,  for  the  first  oSenoe,  a  sum  not  greater  than  ICML  not  less  than  51.; 
for  Uie  second,  a  sum  not  greater  that  20^  nor  less  than  101. ;  and  the 
third  oBsace  is  declared  a  misdemeanor,  and  the  employer  who  has 
been  convicted  to  be  punishable  by  fine  within  the  discretion  of  the 
convicting  magistrates,  out  not  In  a  sum  grsster  than  lOOL  The  con- 
victing justices  sre  empowered  to  award  a  portion  of  the  penalty,  which 
shall  never  exceed  20L,  to  the  Informer.  The  penalties  may  be  sued 
for  and  recovered  any  one  before  two  justices  of  the  peace  havii^ 
jurisdiction  in  the  county,  riding,  dty,  or  place  within  which  the 
offonoe  has  been  committed.  No  justice  of  the  peaoe  beang  engaged  in 
any  of  the  trades  or  manufactures  eunmeratcd  in  the  act,  or  the  father, 
son,  or  brother  of  such  person,  shall  act  as  a  justice  of  the  peace  under 
thia  act ;  and  provialon  is  made  for  county  magistrates  taking  the  place 
of  borough  magistrates  thus  disqualified.  Justices  sre  empowered  to 
omnpd  attendanoe  of  witnesses.  Power  is  given  to  levy  the  penalties 
by  Eatress.  A  member  of  a  partnerslup  is  not  liable  personally  for  the 
<»fence  of  his  partner,  but  distress  may  be  made  on  the  parlaerahip 
property.  The  19tb  clause  thua  enumerates  the  artificers  to  whom  the 
act  relates: — "Artificers  employed  in  or  about  the  making,  casting, 
converting,  or  manufacturing  of  iron  or  steel,  or  any  parts,  bnmches,  or 
processes  thereof;  or  in  or  about  the  woiking  or  getting  of  stone,  salt, 
or  day ;  or  in  w  about  the  making  or  preparing  of  salt,  bricks,  tiles,  or 
quames ;  or  in  or  about  the  making  or  manu£icturing  of  any  kinds  of 
nails,  chains,  rivets,  anvils,  vicai,  spades,  shovels,  screws,  keys,  locka, 
bolts,  hinges,  or  any  other  articles  or  hardwares  made  of  iron  or  steel, 
or  of  iron  and  aten  combined,  or  of  any  plated  artides  of  cutlery, 
or  of  any  goods  or  wares  made  of  Inaa^  tm,  lead,  pewter,  or  other 
metal;  or  of  any  japanned  goods  at  wares  whatsoever;  or  in  or  about 
the  making,  spinning,  throwing,  twisting  doubling,  winding,  weaving, 
combing,  knitting,  bleachingT^roing,  Mating,  or  othwwise  preparing 
of  any  woollen,  worsted,  yam,  stuff,  joney,  Ikien,  fustian,  cloth,  serge, 
cotton,  leather,  fur,  hemp,  flax,  mohab,  or  silk  manu&ctures ;  'or  in  or 
about  any  manufactures  whatsoever  inade  of  the  said  last-mentiooed 
materials,  wheUier  the  same  be  or  be  not  mixed  one  with  another,  or 
in  or  about  the  making  at  otherwise  poparing,  omamentii^,  or  finish- 
ing of  any  glass,  porcelain,  ehlna,  or  earthenware  whatsoever;  or  any 
psit^  brandw^  or  processes  thereof;  or  any  materials  used  in  any  of 
anoh  last-mentaoned  trades  or  emidoyments ;  or  in  or  about  the  making 
orpieparing  of  bone,  thread,  silk,  or  cotton  lace, or  of  lace  made  of  any 
mixed  materials."  Domestic  servants  and  sorants  in  husbandry  are 
exempted  from  tiie  act  The  28rd  clause  declares  that  nothing  in  the 
act  shall  prevent  the  supp^ii^  to  artifioen  of  medtww  or  medical 
attendanoe;  or  fud,  matoiala,  tools,  or  implements  to  be  used  in  his 
trade  or  occupation,  if  a  miner ;  or  of  hay,  oom,  or  other  provender  to 
be  consumed  by  any  hcase  or  beast  of  burden,  or  the  letting  to  any 
artificer  the  whole  or  part  of  any  tenement,  or  the  supplying  of  victuals 
dressed  under  the  roof  of  any  employer  and  there  consumed;  and 
making  deduction  of  wages  on  any  of  the  above  aooouots,OT  onaccount 
of  mon^y  advaaosd,  ''proiided  idways  that  sooh  storoage  or  dednctioD 
shall  not  exceed  the  real  and  true  value  of  such  fuel,  materials,  tools, 
Implement^  hay,  cfon,  and  provender,  and  shall  not  be  in  any  case 
made  from  the  wages  of  such  artificer  unless  the  sgreement  or  conttact 
for  such  stoppage  or  deduction  shall  be  in  -writing  and  signed  by  audi 
artificer."  The  interpretation  dause  (26th)  gives  a  most  extensive 
meaning  to  the  woid  contract :  "  Any  sgrewnent,  understanding, 
devioe,  Mmtrivanoe,  oondusion,  or  atmognnant  .vdiatsoever  on  the 
subject  of  wages,  whether  written  or  oral,  iriiether  ^reot  or  indirect, 
to  which  the  emi^oyer  and  artificer  are  parties  or  are  aasenting,  or  by 
which  they  are  mutually  bound  to  each  other,  or  whereby  either  of 
them  shall  have  endeavoured  to  impose  an  obligation  on  the  other.* 

Sooh  are  the  proviritms  of  the  Truck  Act.  Well  adapted,  as  it  would 
appear,  for  dw  purpose  of  protecting  the  wcwkman  against  this  species 
fAwmmioa  by  Us  master,  it  Is  y«  extsmdv^  violated  and  ondad. 

TStOE.  <Asti>caomy.)  This  word  Is  used  m  a  acnwwhat  tedmlosl 
sense.  Tho  place  whioh  a  star  or  jdanet  appeara  to  occupy  In  tho 
heavens  is  not  called  Its  true  plsoe,  but  that  which  it  would  occupy  if 
Uie  effects  of  refraction,  panllax.&c.,  were  removed,  that  is,  if  the 
spectator  saw  from  the  centra  the  earth,  and  wtthoat  tiw  light 
pasnng  through  any  refracting  medium. 

TRUMPET,  a  muaioal  fautrument  of  the  highaet  antiqoltr,  which, 
under  diffbrent  names  and  fonns,  has  been  known  in  all  ages  that  have 
left  any  records,  and  in  all  countries,  however  remote  from  civilisation. 
Manage  derives  the  word  from  orp^ujSor,  turbo,  a  shell,  and  this  etymo- 
logy indicates  the  origin  of  the  instrument,  which  still  spears  in  what 
probably  was  its  pristine  shape  among  many  barbaroua  tribes  in  dif- 
ferent psrts  of  tite  c^obe.  [Bucoina.] 

Tho  trompet  la  a  ihigle  tube  eight  feet  long,  loss  In  diameter  than 
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the  hoTD,  doubled  up  in  a  parabolic  form,  sounded  by  means  of  a 
mouth-piece,  and  subject  to  the  same  acoustical  laws  which  govern  oU 
instruments  of  this  CUBS.  [HoBn.]  The  natural aeale  of  tlw  triimpel^ 
as  given  by  Karl  Borgans,  ia  as  follows  :~ 


*'By  the  assistance  of  a  small  brass  tube,  called  the  tuning-pipe,  or 
Bhank,  by  which  the  tube  of  the  trumpet  is  lengthened,  the  above 
number  of  notes  may  be  increased."  [Habhohics.I 

Uuaia  for  the  bumprt,  as  in  the  instance  of  me  horn,  ia  always 
written  in  the  natural  key  of  o,  and  the  key  to  which  the  instrument 
is  to  be  adapted  is  pointed  out  by  the  composer. 

TRUKCA.TED,  cut  off,  or  abridged.  Thus  tiie  pari  of  a  cone  or 
pyramid  which  remains  when  the  vertex  and  ports  adjacent  ore  sepa- 
rated from  the  rest  1^  a  plane  section,  is  called  a  truncated  cone  or 
pjrramidt 

TRUNNION'S.  When  a  heavy  body  has  to  be  supported  so  as  to 
be  freely  moveable  in  a  vertical  plane,  it  ia  furnished  with  a  couple  of 
strong  cylindrical  pins,  or  trunniont,  projecting  from  its  sides,  and 
reatiug  in  semi-cylindrical  grooves  placed  at  equal  heights  in  the  sup- 
porting pillars,  eo  that  a  line  connecting  the  trunnions  is  horizontal. 
la  tiiis  way  the  body  may  be  placed  in  any  position  in  a  vertical  plane 
at  right  anues  to  such  line. 

TBUSS.  [Heenia.] 

TRUSSING.  The  principle  of  truaaing,  as  applied  to  the  timber 
framework  of  roofs,  is  explained  under  Roof.  It  remains  to  notice 
some  of  the  methods  in  wliich  that  principle  is  applied  to  the  support 
or  strengthening  of  beams  or  gird^,  which  may,  by  their  judicious 
application,  be  made  available  for  much  larger  spans,  and  for  the 
support  of  much  greater  w«i£^tB,  than  simple  beanu  of  any  attainabb 
Jiifimiiritw- 

The  rods  or  bars  which  are  added  to  a  girder  for  the  purpose  of 
tarosaing  or  Bupporting  it  may  be  applied  in  two  sets,  one  on  each  side 
of  the  girder,  und  connected  togetiier  b^  short  cross-pieces  at  the 
necessary  points ;  or  the  beam  or  girder  itself  may  be  divided  longi- 
tudinally into  two  halves,  atfiiUha,  separated  just  so  tar  as  to  admit  a 
troBB  between  them,  and  held  in  the  right  position  by  the 
insertion  of  small  blocfcs.  In  trussed  girders  formed  in  the  latter  way 
it  is  well  to  reverse  the  |x>aMon  of  one  of  the  flitches,  so  that  the 
weaker  end  of  one  may  he  alongside  the  stronger  end  the  other. 
One  of  the  mmplest  methods  of  trussing  girders  is  that  represented  in 
fig.  1,  in  which  a  A  is  tiie  beam,  resting  upon  walls  or  other  fixed  points 
of  support  at  its  extremities,  and  e  d  and  e  are  two  inclined  struts, 
resembling  tiie  rafters  of  a  roof.  These  abut,  at  their  lower  extremi- 
ties, c  and  e,  upon  iron  idatea  inserted  in  the  timber;  and  th^  sustfun 
the  centre  of  uie  beam  by  means  of  a  lang-hoU,  df,  suspended  from 
their  apex,  and  passing  tiirough  an  iron  plate  which  beam  against  the 
under  side  of  the  beam.  This  bolt  corresponds  with  the  king-post  in 
the  truss  of  a  roof,  and  the  lower  part  of  the  beam,  between  c  and  e, 
acts  the  put  of  a  tie-beam. 


By  screwing  up  the  nut  /,  on  the  lower  end  of  the  king-bolt,  the 
beam  is  eambend,  or  slightly  curved  upwards,  as  shown  in  the  out, 
and  so  long  as  it  retains  this  curvature  the  weight  laid  upon  it  must 
eventually  press  upon  the  truasing^bars,  being  transmitted  to  them 
through  Xba  king-bolt  The  defects  of  Una  mode  of  tnunng  eontnst  in 
the  drounurtuee  that  the  beam  will  not,  eo  long  aa  it  retains  the 
cambered  form,  sustain  tmy  part  of  the  load,  bat  will  of  itaelf  tJirow 
eonsidenible  strain  on  the  truss ;  and  that  the  lower  edge  of  the  beam, 
although  required  to  be  in  a  state  of  tension,  to  act  as  a  tie  con- 
necting the  abutments  e  and  t,  is  really  in  a  state  of  compression, 
because  it  forma  the  inner  part  of  tiie  curve,  which  is  necessarily 
shortar  tiutn  the  outer  line  formed  tiie  oonvex  top  of  the  beam. 
"Notwithstandii^  these  obviooa  defeats,"  obsemis  Mr.  Ainger  in  a 
communication  to  tiie  Society  Arts  IVansaotions,'  voL  xlviiL  p. 
101),  "  this  mode  of  trusring  continued  to  be  much  employed  till  about 
the  year  1816,  when  Mr.  ^trlow,  among  other  valuable  experiments, 
compared  girders  trussed  on  the  principle  above  described  with  a  plain 
[neoe  ol  tuabw  of  t^e  some  dze,  and  found  the  latter  to  be  on  the 
avenge  not  considerably  weaker."  TImm  defeela  are  remedied  by 
oonneeting  the  lower  ends  of  the  inclined  ban,  which  are>  though  not 
very  property,  called  braces,  by  an  iron  rod  stoetohlng  in  a  perfectly 
■brai^t  line  from  c  to  e,  and  capable  of  being  brought  to  any  required 
degree  of  tension  by  means  of  screws  or  keys.  TMs  addition  makes 
the  truss  perfect  in  principle,  its  strength  bieing  limited  only  by  that 
of  the  materials  em[^yed,  which  may  be  ^ther  iron  al<«ie,  or  iron  and 
inwd.  In  some  oases  the  imdinad  bars  are  not  continued  upwards 
nnUl  th^  meet  in  an  sgax.,  and  » third  bar,  in  a  horiwmtal  portion, 
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ia  placed  between  their  upper  ends.  This  horizontal  piece  resembles 
the  straining^ill  of  a  truncated  roof,  and  the  vertical  bolts,  of  which 
two  are  used,  take  the  place  of  qneen-poats. 

In  the  paper  by  Mr.  Ainger  above  refnred  to,  it  is  observed  that 
trusses  on  the  above  principle  are  difficult  and  somewhat  eqmuiTe  to 
mske  in  an  effectual  manner;  and  a  more  ecoaomicsl  plan  is  described 
which,  though  not  equally  efficient,  adds  very  greatly  to  the  strengUi 
of  the  timber.  The  deaorij)tion  is  illustrated  by  a  representation,  of 
which      2  is  a  copy,  of  a  girder  thirty-four  feet  long,  used  to  support 


a  leaden  flat,  and  which  had  been  found  to  stand  witiiout  sensible 
alteration  for  two  years.  The  beam  a  &  ia  cambered  in  a  ■ttnlTm-  degree 
to  that  shown  in  fig.  1,  and  the  trussing  consists  of  a  series  (^tnn 
rods,  ac,cd,  and  d  h,  pulling  against  iron  plates  or  abutments  notched 
into  the  timber  at  a  and  h,  and  connected  together  at  the  joints  e  and  d, 
by  bolts  similar  to  those  used  in  the  chains  of  a  suspension-bridge,  the 
rods  ed  being  double,  and  emlnadng  the  ends  of  a  e  and  d  b  between 
them.  The  truss  fonns,  in  fact,  a  Buq>ension-bridge,  supporting  the 
middle  of  the  beam  at  e  and  d  by  means  of  small  blous  inserted 
between  it  and  the  connecting-bolts.  The  ends  of  the  truss,  a  and  ^ 
are  prevented  from  approaching  each  other  by  the  upper  part  of  the 
beam,  which  should  therefore  oe  in  a  state  of  compression ;  and  in 
order  tiiat  it  may  be  ao,  notwithstanding  the  extension  of  the  fibres  by 
the  cambering  of  the  heun,  notches  may  be  cut  about  one-third 
through  the  subBtance  of  the  wood,  as  at  e,t,e,e,e,  which,  after  the 
curving  of  the  beam,  are  filled  in  with  wedges  of  hard  wood  or  iron. 
The  upper  edge  of  the  beam  is  thus  enabl^  effectually  to  resist  the 
tennon  of  the  rods,  the  stren^ith  of  which  forms  tiie  only  limit  to  that 
of  the  girder.  Several  varieties  of  this  plan  of  suspension-tTusBing  ore 
given  in  Hebert's  'Engineer's  and  Uedianio's  EncyclopGodia,'  vol.  L, 
pp.  158-161.  It  may  be  allied,  like  the  former  system,  either  to 
single  Orders  or  to  those  connstanx  of  two  flitches.  Ainger  gives  a 
formula  for  calculating  the  size  of  the  iron  trussing-rods,  which,  for  a 
beam  thirty-four  feet  long,  should  have  a  cross-section  of  rather  more 
than  a  square  inch  for  every  ton  weight  to  be  sustained  in  the  centre 
of  the  b^m.  It  was  found  by  experiment  that  a  fir  beam  eight  inches 
square  and  twelve  feet  long  between  the  supports,  strengthened  by 
iron  rods  one  inch  square,  applied  as  in  S,  would  support  between 
4000  and  6000  pounds,  whion  la  more  than  douUe  the  weteht  it  would 
sustain  without  trussing.  A  girder  <A  the  same  dlmaisionBf  tmsMd 
with  iron  braces  on  the  pindple  of  fig.  1,  but  with  the  addition  of  a 
horizontal  tie-bar  one  inch  square,  appeared  to  possesa  no  greater 
strength  to  resist  fracture,  although  its  deflection  under  similar  loads 
was  less,  owiiu;  to  the  iron  braces  being  less  c<nnin«8rible  tlwui  the 
flr-wood,  wfaii^  on  the  mqwmwni  prine^pU^  luw  to  resist  the  tenidon 
of  the  rods. 

The  late  1&.  <!teorge  Smart,  inventor  of  the  ingenious  truss  called 
the  "  bow-and-stiing-rafter,"  in  experiments  tried  to  ascertain  how  for' 
the  strength  of  a  beam  is  increased  by  confining  its  ends,  so  as  to 

i)revent  them  &om  approaching  each  otiier  when  the  centre  is  heavily 
oadedj  found  that  a  lath  which,  when  simply  laid  on  two  points  of 
BUi^wrt,  Iwoke  with  a  load  of  II  Iba  pkoxL  in  the  middle,  would 
sustain  S70  lbs.  when  the  ends  were  firmly  secured  by  wedges.  These 
experiments  led  him  to  the  construction  of  trussed  beams  of  imusual 
li^tness,  in  wrought-iron  m.  well  as  in  wood.  In  1826  ha  submitted 
to  the  Sociefy  of  Arts  a  wrought-iron  beam  adapted  for  use  in  bridges, 
roofs,  floors,  and  other  eonstioictions  in  which  stifhess,  strength,  and 
li^tnesa  are  required,  for  the  invention  of  which  he  was  reworded 
with  their  silver  Yoloan  medaL  This  beam  or  guxler  is  mode  by 
welding  the  ends  (tf  an  arched  bar  of  wrought-iron  to  a  longer  straight 
bar,  and  then  turning  the  ends  of  the  stroif^t  bar  eititer  up  or  down, 
OB  mi^  be  most  con'raiient  for  fixing,  accoiding  to  the  particuliu-  use 
to  which  it  is  to  be  applied.  Blocks  of  well-seasoned  wood  are  then 
insnted  at  intervals  between  the  arch  and  the  straight  bar,  to  prevent 
buckling,  and  the  whole  is  held  together  by  iron  stiups  inclodng  the 
blocks  and  the  iron  ban.  Mr.  Smart  oonodved  that  wroughtoron 
beama  made  in  this  way  wonld  support  ao  much  more  wei^t  than 
those  of  cast-iron  of  riimlar  dimensions,  tiiat  tiiey  m^ht  be  made  of 
any  given  strength  for  one-half  the  ooet  of  cast-iron  girden ;  and  he 
refers  to  the  application  of  such  a  beam  to  sustain  a  very  heavy  mass 
of  brickwork  over  a  gateway  leading  from  the  Poultry,  under  drcum- 
stances  which  would  have  precluded  tiie  use  of  timber.  Very  light 
timber  beams  were  made  by  Mr.  Smart  upon  the  same  principle;  and 
so  stnnig  was  his  oonfidenoe  in  tiie  afniUoation  of  truadng  upon  an 
extensive  scale,  that  be  published  a  design  for  a  foot-bridge  of  trussed 
timber  to  cross  the  river  Thames  at  Hungerford  ty  a  single  span. 

Cast-iron  beuna  are  frequentiy  trussed  with  wrought-iron  rods,  in  a 
similar  manner  to  those  of  wood,  and  are  applied  to  purposes  for 
which  ^reat  strength  is  required.  The  brest-snmmen  used  over  large 
shop-windows,  to  sostatn  the  front  wall  tA  the  house,  are  often  made 
in  this  way;  and  similar  ^rdenanmiieh  ned  in  tlie  oonstraotion  of 
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railway  bridge  The  bridge  «^ich  supports  th«  IicmdoD  and  Blaofcw»U 
Railway  across  the  street  called  iUiiones  is  a  remarkable  example. 
It  has  a  clear  span  of  sixty-three  feet,  and  lb  supported  1^  six  moasiTe 
trussed  beanu,  weigbing  about  flfteen  tons  aach.  When  used  in  floors 
tst  rot^tng,  Mtnbar  may  be  applied  on  each  ude  of  the  iron,  ■app<Hied 
by  ledges  formed  for  the  purpose,  to  render  the  Sttang  of  the  joists 
and  ot£er  timbers  easy.  Smart  recommends  the  use  of  bridgiiiff  and 
ceiling  joiats  formed  of  wide  hoop-iroa  riT^»d  together,  with  a  aup  of 
poplar  between  them  to  hold  the  flooring  or  latb-uails ;  and  he 
obaerTed  that  neither  fir  nor  oak  will,  when  thin>  receive  noils  near  so 
well  as  poplar,  without  splitting :  in  additicm  to  vhidi  he  says  that, 
besidfls  being  very  durable  if  kept  dry,  it  has  the  advantage  of  being 
muith  less  combustible. 

Triidsing  has  been  applied  with  advantage  to  the  raising  of  avmken 
floors,  and  the  repair  of  beams  which,  from  sagging  or  from  the  ravages 
of  diy-rot,  have  become  dangerous.  In  the  forty-second  volume  of  the 
'Tranttotiona  of  the  Society  of  Arts/  pp.  149-152,  is  an  account  of  a 
method  o(  nising  a  sunken  floor,  whidi  had  bean  snnnniiifiiH/ni  arliirifiil 

S'  Hr.  F.  Rii^miaa,  and  for  which  he  was  nnrarded  wkh  vas  large 
ver  medal  of  the  Bodety.  The  floor  on  which  he  had  operated  had 
sunk  in  the  middle  to  the  extent  of  Ave  inches,  and  had  become  very 
tremulous,  in  consequence  of  the  removal  of  a  trussed  partitaon,  in 
order  to  tbrow  two  rooms  into  one.  The  ceiling  and  cornice  of  tJie 
room  bdow  being  valuable,  it  was  desirable  to  apply  a  remedy  from 
above,  ■wiaeh  was  aocompliahed  by  removing  the  floor,  aud  i^tplying 
to  eatOi  mde  of  the  sagged  beam  a  cast-iron  arch,  of  which  the  span 
was  equal  to  tiie  length,  and  the  height  or  spring  equal  to  the  depth, 
of  the  beam.  The  ends  or  abutments  of  these  arches  were  united  by 
tie-rods  of  wrought-iron.  Four  equidistant  holes  were  then  cut  tnns- 
versely  through  the  beam  near  its  lower  edge,  and  in  each  of  these  was 
^aced  a  short  bar,  having  an  eye  j^jecting  on  each  side  of  the  beam. 
Olirough  these  eyoa  were  pasaed  vertical  bars  or  truising-bolts,  which 
nwe  above  the  top  of  the  beam,  and  were  there  connected  together  by 
eroH-pieoea,  which  rested  upon  blodu  attached  to  the  cast-iron  on^es. 
3y  screwing  down  nuts  upon  tiie  upper  enda  <rf  these  bolts,  as  the 
arches  thei^elvee  could  not  yield,  the  beam  was  compelled  to  rise,  and 
was  so  restored  to  its  original  straightness.  The  cast-iron  arches  and 
thdr  tie-roda  were  formed  of  sevenu  small  {neces,  so  that  they  might 
be  very  conveniently  apfdied;  but  for  the  method  of  accomplishmg 
this,  and  for  other  mattOB  of  detail,  we  must  refer  to  ISi.  lUobman's 
■oooont,  which  is  illus^ated  with  engravings.  In  the  same  volume 
(pp.  168-164)  is  an  account  of  the  means  adopted  by  Mr.  Alfred  Ainger 
for  supporting  the  decayed  timbers  of  the  roof  of  the  church  of  St. 
Mary  Aldenn^y,  in  the  city  of  London,  by  means  of  cast-iron  trusses 
or  cradles.  This  operation  was  performed  under  circumstances  of 
unusual  difficult,  some  of  the  be^s  being  so  much  decayed  by  the 
di^.rot  as  to  have  lost  all  bearing  upon  the  walls.  The  ingMiioua  cod.- 
faivances  adopted,  whidi  were  rewarded  by  the  Society  of  Arts  with 
their  large  gold  medal,  prevented  the  necessity  for  destroying  a  richly- 
ornamented  ceiling,  tlie  restoration  of  whidt  would  probablv  have 
oost  6000/. 

TRUST  AND  TRUSTEE.  A  trust,  which  lain  fact  only  a  new 
name  given  to  a  use,  is  well  defined  by  I>ord  Coke  in  the  words 
employed  by  him  for  the  deflnitaon  of  the  latter  term,  namdy  :  "  A 
confldenoe  reposed  in  some  other,  not  issuing  out  of  Uie  land,  but  aa  a 
thing  collateral,  annexed  in  privity  to  the  estate  of  the  land,  and  to 
the  person  touching  the  land,  for  which  cettui  que  mm  has  no  remedy 
but  by  guipana  in  Chancery."  (Co.  Litt  272  b.)  The  explanation  of 
the  twms  of  the  above  definition,  and  an  accoimt  of  the  origin  of  uses 
and  traste,  and  their  ooanectioo  with  each  oUier,  will  be  found  under 
Uses.  The  purpose  of  this  artiole  is  to  give  a  general  account  of  tiie 
nature,  omutitution,  and  objects  of  trusts,  of  the  duties  and  UaUlities 
of  trastees,  and  of  the  rights  and  estate  of  the  cutui  que  trtmU,  that  Is, 
of  the  persons  beneficially  entitled  under  trusts. 

The  first  division  of  ^uste  is  into  simple  speciaL  The  simple 
trust  corresponds  ezactiy  with  the  ancient  use,  and  is  where  property 
is  umply  verted  in  one  person  for  the  benefl.t  of  another,  the  tnins  of 
the  taut  not  bcdng  spoiled,  but  left  to  the  construction  of  law.  The 
special  brust,  on  the  other  hand,  is  where  propOTty  is  vested  in  a 
trustee  for  purposes  particularly  pointed  out,  and  where  therefore  he 
is  not  the  simple  depositfuy  of  the  estate,  but  is  bound,  in  his  diaraoter 
of  trustee,  to  the  active  pCTformance  of  certain  duties.  Special  trusts 
ore  further  subdivided  into  ministerial  and  discretionaty;  the  former 
being  such  as  require  for  their  perfwmaooe  only  the  ordinary  qualities 
of  a  rational  agent,  the  latter  sodi  as  iuvt^ve  Oie  exercise  of  more  <a 
less  judgment  and  discretion. 

I.  Of  the  creation  of  b-usta. 

1.  And  first,  as  to  trusts  created  by  the  act  of  a  party, 
A  declaration  of  a  trust  is  reguded  in  equity  as  a  gift  or  oonveyanoe 
of  property  to  the  persons  who  are  the  objects  of  the  trust,  and  thwe- 
fore  the  capacity  to  declare  a  trust  Is  limited  the  aame  rules  as  the 
power  of  diaporing  of  property  at  law.  Thus  parstais  under  the 
disabilities  of  coverture,  infancy,  IwMor,  or  IdictCT-  are  incapable  of 
crmting  trusts  wherever  they  would  be  moapable  of  ocmvoying  at  law. 

By  the  common  law,  trusts  might  be  created  by  parole,  but  W  the 
seventh  section  of  the  Statute  of  Frauds  (29  Car.  II.  c.  8)  it  was 
enacted  that  "  all  declarations,  or  creations  of  trusts  or  oonfidanoes  in 
any  lands,  tenements,  or  hereditaments,  shall  be  manifested  and  proved 


by  some  writing,  signed  by  the  par^  who  is  by  law  enabled  to  declare 
such  trust,  or  by  his  last  will  in  writing,  or  else  they  shall  be  uttei'ly 
void  and  of  none  effeoU"  The  words  "  lands,  tenements,  and  hereditar 
niajta  "  in  thjn  clause  can  have  no  ^^dioa^n  to  peiBonal  estate,  trusts 
relating  to  which  are  therefore  not  affected  by  the  statute;  but  th^ 
comprise  chattels  real  (3  Ves.  696)  and  copyholds  (Amb.  151.)  It  is 
to  be  observed  that  the  statute  does  not  require  trusts  to  be  dedared 
in  wrilang,  but  only  to  be  manifexttd  and  'proved  by  writing;  and 
therefore,  though  the  language  of  the  9th  section  as  to  grants  and 
assignments  of  toiuts  ren<&«  it  probable  tiiat  the  intention  of  the  act 
was  that  the  declaration  itaeU  should  be  in  wxitiog,  it  is  established 
that  the  statute  is  satisfied  if  the  trust  be  manifested  by  uty  subsequent 
acknowledgment  on  the  part  of  the  trustee,  however  informal  or 
indirect,  as  by  a  letter  under  his  hand,  his  answer  in  Chancery,  or  by  a 
recital  in  a  deed,  &c. ;  and  though  the  writing  itself  must  be  signed, 
the  terms  of  ttw  trust  may  be  collected  from  a  papw  not  signed,  pro- 
vided it  can  be  clearly  connected  with  the  aigped  writing.  (3  Ves. 
696;  2  Vein.  2SSi  2  P.  W.  412.) 

The  enactments  of  the  Statute  of  Frauds  with  req>eat  to  wills,  as 
now  modified  \fy  1  Vict  c.  29,  also  indirecUj  affect  the  creation  of 
trusts.  As  wills  must  be  executed  according  to  certain  formalities,  it 
follows  that  a  trust  of  realty  or  personalty  cannot  be  created  by  will 
without  the  observance  of  the  proper  solemnities;  and  it  has  been 
determined  that,  if  the  legal  estate  be  efiectually  devised,  but  the 
deolaraticai  trust  be  not  duly  attested,  the  devisee  of  the  1^^  estate 
will  be  entiUed  to  ^ebenefidd  interest  (SAtic  141);  though  if  there 
be  mala  fdet  on  the  port  of  the  devisee  or  legatee,  as  if  there  be  an 
express  or  im^ed  undertaking  to  execute  the  intent,  a  court  of  equity 
wiU  establish  the  trust  notwithstanding  the  statute.    (2  Vem.  £5U.) 

A  trust  may  be  created  either  directly,  by  express  declaration,  or 
iudirectiy,  without  mention  of  a  trust  in  words,  by  the  expression  of 
an  intention,  which  the  court  of  equi^  will  execute  as  a  trusL 

In  direct  declarations  of  trust,  tedmksal  words  are  not  necessary ; 
but  it  is  established  as  a  general  rule  that,  where  they  are  employed, 
they  are  to  be  token  in  their  legal  and  technical  sense.  A  distinction 
however  is  made  in  this  respect  between  what  are  called  tmsta 
executed,  in  which  the  limitations  are  comfJete  and  final,  and  truata 
executory,  in  whidi  the  expressed  limitations  are  not  intended  as 
complete  in  themselves,  but  only  as  directions  or  instructions  for  % 
settlement  to  be  afterwards  executed.  To  the  former  the  rule  is 
strictiy  i^fJioable,  while  with  respect  to  the  latter  a  court  of  equity 
will  endeavour  to  execute  what  appears  to  be  the  intention  of  the 
parties,  notwithstanding  the  use  of  inappropriate  technical  words ;  and 
the  oiUy  di&eresce  in  ttus  respect  between  executory  trusts  in  marriage 
ortidee  aud  in  wills  is,  tlut  the  known  objects  and  purposes  of  l^e 
former  afford  a  clue  to  the  intention,  which  in  the  lattM-  can  in ^neral 
be  oolleoted  only  from  the  language  of  the  instrument.  (Feame, 
'Cont.Rem.'94,  lU.) 

When  the  owner,  or  the  person  otherwise  entitied  to  the  disposition 
of  property,  dwwB  an  intention  to  exercise  it  in  favour  of  another, 
the  court,  unless  where  there  is  a  want  of  consideration,  will  exacute 
that  intention,  however  inform&Uy  expressed.  Thus  when  a  person 
has  contracted  with  another  for  the  sole  of  his  estate,  he  beoomos 
thereby  a  trustee  of  the  estate  icfz  the  purchaser ;  or  if  a  testator, 
without  expressly  devising  bis  lands,  direct  them  to  be  sold  for  psy> 
ment  of  debts  and  legacies,  the  lands  will  desooid  to  the  heir  aa  a 
trustee  for  the  creditors  and  legatees. 

Trustees  being  considered  merely  as  the  instruments  through  which 
a  trust  is  to  be  oarried  into  execution,  the  Court  of  Chaooery  will  not 
allow  a  trust  to  fall  to  the  ground  from  the  want  of  trustees,  or  their 
refusal  to  act,  but  will  appoint  proper  persons  to  administer  the  trust. 

In  general  all  persons  vtipilcAa  of  acquiring  the  legal  estate  in  property 
are  ci^Ue  of  being  trustees,  and  are  bound  by  the  trusts  declared  of 
it;  though  en  exception  riiould  periiaps  be  made  with  respect  to 
property  vested  in  the  king,  ag^nst  whom  there  is  no  remedy  in 
Chancery,  tiiough  the  subject  might  sue  the  crown  i»eferring  a 
petition  of  ri^t  (Hardres,  467 ;  1  Ves.  446.)  The  fitness  of  a 
person  fur  the  office  of  trustee  however  depends  on  his  capacity  to 
discharge  the  discretionary  part  of  the  trust,  and  to  jnn  in  the 
requisite  aesursDcea  relating  to  the  property :  /erne*  covert  and  inlutB^ 
on  account  of  the  disabilities  they  labour  under,  are  not  proper  persons 
to  select  for  the  office  of  trustees.  An  alien  may  discharge  the  office 
of  trustee  of  personal  ohattels,  thoi^h  not  of  lozids  or  chattels  real,  aa 
he  could  not  sue  or  be  sued  respecting  such  property;  besides  which, 
the  1ml  estate  of  tiie  property  so  ccmveyed  to  the  alien  would  vest,  on 
inquinti(»i  found,  in  the  king.   (GUb.  'On  Usee,'  43 ;  2  ICer.  481.) 

2.  As  to  trusts  created  by  opoation  of  law. 

IVusts  of  this  kind  may  arise  in  three  ways  :  1st.  Where  the  trust 
origimdly  derives  its  ezistenoe  from  operation  of  law ;  2ndly.  Where 
a  trust  ahmdy  in  existence  is  revived  by  operation  of  law,  as  against 
a  particular  property ;  sod,  Srdly.  Where  a  trust  already  in  existence, 
and  annexed  to  a  pcuticular  subject-matter,  arises  de  novo  by  operatiMi 
<A  law  aa  against  a  partionlar  persmi. 

Trusts  ca  the  first  kmd  arise  either  where  an  estate  is  purcJused  in 
the  nune  of  one  person,  and  the  consideration  is  paid  by  another,  in 
which  case  a  trust  of  the  legal  estate  arises  for  the  person  who  advances 
the  purchase-money ;  or  where,  upon  a  oonrc^yaiwe  or  will,  the  giantee, 
devuec^  w  legatee  is  intended  to  take  the  mere  legsl  estate,  and  the 
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beneficial  interest  is  1^  wholly  or  portiall;  tindiapoeed  of :  in  which 
cue  a  trust  of  bo  much  of  the  benefidal  interest  as  ia  undisposed  of 
resulte  to  the  settlor  or  his  heir,  if  the  subject  be  re«l  eetete,  and  if  it 
be  personal  otate,  to  himself  or  his  personal  repreeeotatiTe.  The 
intention  to  exclude  the  person  to  whom  the  legal  estate  is  given  from 
the  ben^eial  interest  may  either  be  presumed  from  the  dromnstanoee 
or  actoaJly  erpresBed  apon  the  inBtrument.  Whenever,  upon  a  oon- 
veyanoe  or  wul,  a  trust  ia  declared  of  port  of  the  estate,  and  no 
mention  is  made  of  the  residue,  the  partial  declaration  ia  considered  to 
have  been  the  sole  object  of  the  settlor,  and  tiie  remoiiung  intereet 
resolfcs  to  him  or  bis  representative.  But  if  no  trust  be  expreeaed  of 
any  part  the  estate,  the  grantee  or  devisee  must,  in  the  abeenee  of 
mucla  jidtt  on  his  part,  be  oonsidered  as  benefloially  entitled  to  the 
whole.    (2  Bro.  C.  C.  689 ;  1  Atk.  448.) 

A  trust  of  the  second  kind  arises  when  the  estate  is  oonverted  by 
tJie  trustee  from  one  speoies  of  property  to  anotiber,  either  in  pursuance 
or  in  breach  of  his  dnty.  If  the  property  in  its  origmal  form  was 
subject  to  a  trust,  the  eatui  que  truisms  interests  cannot  be  idboted  by 
any  change  in  that  form.  Thus  where  trust-money  has  been  laid  out 
in  the  punshaae  of  land,  and  where  the  rents  and  profits  of  land  have 
been  laid  oat  m  the  parchase  of  stock,  the  hod  and  stock  have  been 
held  boand  hj  the  aanw  equity  to  which  the  money  laid  oat  in  the 
pmrdme  was  aubjeeft,  (8  Yea.  40 ;  1  Atk.  49.)  In  tiie  same  manner, 
if  a  trustee  or  other  person  invested  witly  a  fidndary  c^taraoter  obtsin 
a  renewal  of  a  lease  in  his  own  name  and  at  his  own  expense,  the  trust 
which  was  annexed  to  the  original  term  will  oUaoh  uprai  the  renewed 
lease,  and  the  trustee  will  be  entitled  only  to  the  amount  ot  axftam 
incnired.   (11  Yea.  391 ;  1  Eden,  463.) 

Tba  third  kind  of  trust  by  operattcm  of  law  arfaes  whererw  the 
vropeetr  paases  from  tbe  trustee  into  tiie  hands  of  a  who  takes 

by  a  derivatdve  title.  The  heir,  devisee,  or  peraonal  reiR^sentattve  of 
a  deceased  trustee  takes  the  property  in  the  same  character,  and  is 
bound  by  the  same  equity.  Where  the  trust  estate  has  passed  to  a 
stranger  by  conveyance,  if  be  be  a  volunteer, — that  ia  to  say,  if  there 
was  no  proper  consideration  for  the  oonveyonoe, — he  will  be  bound  by 
the  tnwt,  whether  he  had  uotioe  of  it  or  not  (2  P.  W.  678.)  If, 
however,  the  grantee  was  the  porchaeer  of  the  estate  for  an  adeqnate 
conaidention,  tiien,  if  he  took  with  notice  of  the  trust,  he  will  be 
bound  by  it,  in  the  same  manner  as  the  person  from  whom  he  pur^ 
chased ;  but  a  frond  purchaser,  without  notioe  of  the  teust,  b  not 
affected  by  it ;  and  his  title,  even  in  equi^,  cannot  be  impeached. 
(15  Yes.  S50  i  2  B.  ft  B.  S18.) 

II.  Of  the  estate  and  offiee  of  tnuteos. 

1.  Of  their  estate. 

Whenever  a  ^ist  is  created,  it  is  a  general  rale  ^lat  a  le^  estate, 
sufficient  for  the  purposes  of  the  trwt,  shall,  if  possible,  be  implied ; 
and  also  that  the  legal  estate  limited  to  trustees  shall  not  be  construed 
to  extend  beyond  what  the  purposes  of  tiie  trust  require.  Thus  the 
court  has  in  many  cases  extended  the  estate,  so  as  to  make  it  oommen- 
sorate  with  the  oDjeots  to  be  effected,  and  even  supplied  the  eatate 
when  it  was  altogether  wanting.  (1  Yes.  49ff.)  On  the  other  hand, 
the  court  has  freqsentl^  restricted  the  estate  which  trustees  would 
have  taken  by  the  wording  of  the  instrument.  (7  T.  R.  4S3.)  But 
these  rules,  so  far  ee  they  relate  to  devises,  must  now  be  considered 
with  reference  to  the  1  Yict.  c.  26,  by  the  SOth  section  of  which  it  is 
declared  that  where  any  real  estate,  other  than  a  presentation  to  a 
church,  is  devised  to  a  trustee  or  executor,  such  devisee  shall  be  con- 
strued to  yam  the  whole  estate  which  testator  had  fomr  to 
dispose  of  m  the  property,  unless  a  definite  term  of  yean,  aonlnte  or 
determinable,  or  an  estate  of  freehold,  be  ihtsrfsby  given  to  him 
e^ressly  or  by  implication. 

The  legal  estate  vested  in  a  trustee  has  in  general  the  same  pro- 
pertiee  and  incidents  as  if  the  trustee  were  the  boieficial  owner.  Thus 
it  is  liable  to  enrte^,  dower,  and  free-benoh,  and  at  the  common  law  it 
was  aobjeot  to  forfeiture  to  the  king  and  esidieat  to  the  lord ;  trat  the 
law  is  now  alterad,  and  the  devolution  of  such  estates  is  not  affected  by 
the  attainder  or  conviction  of  the  trustee  or  mor^jogee.  The  l^al 
estate  in  the  property,  whether  real  or  personal,  may  be  conveyed  or 
assigned  by  the  trustee,  who  may  likewise  devise  or  bequeath  it  by  his 
will,  though  tnist-estates  vrill  not  always  pass  in  a  will  by  l^e  same 
words  as  other  proper^  and  the  question  in  each  case  ia  one  ot 
presumed  intention.   (8  Yea.  417.) 

2.  Of  the  general  properties  of  the  ofBce  of  trustees. 
Acceptance  of  the  office  hy  a  trustee  may  either  be  by  express 

declaration  or  be  implied  from  his  proceeding  to  perform  the  duties  of 
it.  No  general  rule  can  be  laid  down  as  to  what  particular  acts  will 
ooostitute  an  acceptance  of  the  office  by  a  trustee,  which  ia  a  question 
to  be  detcnnlned  hy  th«  drcamstanoes  of  the  particular  oase  :  it  maj, 
however,  be  stated  generally  that  every  voluntary  interference  wiui 
the  bust-estate  will  be  construed  as  an  acceptalice  of  the  trust ;  and 
that  where  a  trustee  acta  ambiguously  he  wUl  not  be  allowed  aft^- 
wards  to  take  advantage  of  the  doubt,  and  deny  that  he  acted  in  tho 
character  of  trustee.  (2  Yes.  Jun.  678 ;  1  Yes.  652.) 

But  08  no  one  is  eompeOable  to  undertake  a  trust,  it  is  in  the  power 
of  the  person  appointed  a  trustee  to  renoonoe  the  oflice  by  wb&t  is 
called  a  dlsetaimer,  which.  If  he  intend  to  dedine  the  office,  ne  ouf^t 
to  execute  without  defa^.  A  disclaimer  ou^it  to  be  made  by  deed, 
and  should  purport  to  be  a  disclaimer,  and  not  s  conveyance,  wmch,  as 


it  transmite  the  estate,  would,  strictly  apeaUng,  Imply  a  previous 
acceptance  of  the  tnist,  though  instruments  of  this  V»h^  receive  a 
liberal  constructdon.    (2  Swanst.  372;  2  H.  ft  K.  378.) 

The  general  propertiee  and  qualities  of  the  trustee's  offloe  may  be 
stated  under  the  flawing  heads  : — 

(1.)  A  trustee  having  once  accepted  his  office  cannot  afterwards 
renounce  It.  The  only  modes  by  which  he  can  be  released  are  a 
decree  of  a  court  of  equity,  a  power  reeerred  on  the  instrumsnt 
crealwg  the  trust,  or  the  consent  of  all  the  persona  bmiefloiallT 
interwited  in  the  estate.   (2  Sch.  and  Lef.  246.) 

(2.)  The  offloe  of  trustee,  which  implies  personal  confidence,  cannot 
be  del^ated  (2  Yea.  640),  though  a  trustee  may  sometimes  perform  a 
mere  ministerial  duty  tlm>ugh  an  attorney  or  proxy.   (1  YeS.  413.) 

<8.)  Wheal  there  are  sevwal  trustees,  the  administration  of  the  ^tate 
is  vested  in  all ;  and  therefore  if  one  refuse  to  act,  the  others  cannot 
proceed  without  his  concurrence,  and  the  Court  of  Chancery  moRt  t^V^ 
upon  itself  the  administration  of  the  bust,   (2 '  Eq.  Ca.  Ab.'  742.) 

(4.)  Where  one  of  several  trustees  dies,  the  joint  office  may  be  exer- 
cised by  the  surrivon.  This  is  a  consequotce  of  the  general  maxim  of 
law,  that  though  a  bare  authority^  given  to  several  determines  by  1^ 
death,  of  <me,  if  the  authority  be  coupled  with  on  interest  it  surviveai 
(Co.  Utt.  113  a,  181  b.) 

(5.)  One  trustee  is  not  liaUe  for  the  acta  of  bis  oo-tmstee  in  which 
he  has  not  joined,  and  this  is  equally  true  whether  there  is  a  proviso 
to  that  eSfeot  in  the  settlement  or  not.  (Bridg.  86;  18  Yes.  264.) 
And  even  if  a  tsnstee  joins  in  a  receipt  for  money  required  for  the 
purposes  of  the  trust,  for  the  sake  of  conformity  only,  he  will  not 
thereby  become  respcHtsible  for  the  application  of  it,  ^ough  it  will  be 
upon  him  to  prove  that  hie  oo>tmstee  was  the  penon  1^  whna  the 
money  was  reeesred.  (11  Yes.  824 ;  I  Ed.  147.)  Tba  rule  Is  different 
with  respeot  to  eo-executors,  each  of  whom  has  an  absolute  contnd 
over  the  property,  and  who  are  therefore  under  no  obligation  to  join  in 
giving  receipts  (Amb.  219 ;  8  Swanst  64) ;  thou^  whoever  their 
joining  together  in  doing  any  act  is  necessary,  the  same  rule  applies  to 
them  as  to  other  trustees.  (7  Yes.  197.)  But  if  a  trustee  allows 
money  to  remain  imfooperly  in  the  hands  of  his  co-trustee,  or  Is  oogtd- 
aant  of  a  breach  of  trust  committed  him,  and  takes  do  measures  to 
protect  the  estate,  he  will  become  himself  reaponsibla  (11  Yes.  819.) 

(6.)  Trustees  cannot  derive  any  private  advantage  from  the  odminia- 
tration  of  the  trust,  and  therefore  all  profits  made      the  trustee  in 
the  management  of  the  trust  estate,  in  whatever  manner,  bdong  not  ia 
him,  but  to  the  eeitui  que  tnut.   (2  M.  ft  K.  664.) 
m.  Of  the  duties  of  trustees. 

Trtwteee  of  personal  estate  an  bound  to  use  all  due  diligence  in 
getting  in  and  reducing  into  posaeesion  all  parts  of  the  trust  estate 
that  may  happen  to  be  outstariding  at  the  time  of  the  commencement 
of  the  trust  (1  Mad.  290),  and  in  providing  for  tho  safe  custody  of  the 
propnty.  (1  Ed.  148.)  Th^  are  also  bound,  where  trust-money 
cannot  be  ^^ied  immediately,  to  invest  it  on  proper  seouiity,  so  as  to 
render  it  productive  to  the  esaftn  one  tnut.  In  the  abBence  td  any 
medfio  direction  aa  to  investment  m  the  trust-deed,  the  rule  is  that 
taa  trustees  ought  to  invest  in  tiie  public  funds. 

Where  a  trust-estate  conststs  of  renewable  leaseholds,  it  is  in  genersl 
tiie  duty  of  the  trustee  to  provide  for  renewals.  If  there  be  aa 
express  trust  to  provide  for  the  fines  out  of  the  rents  and  profits,  the 
trustees  should  lay  aside  a  proper  proportion  of  the  armual  income  fior 
the  purpose.  (17  Yes.  485.)  If  there  be  no  express  direction  lor 
ayment  of  the  fines,  the  estate  may  be  charged  with  the  amount  of  the 
ne,  and  tiie  rule  of  the  court  is  that  the  tenant  for  life  and  remainder- 
man must  apportion  the  fine  between  them  according  to  tiie  value  of 
their  respective  interests.   (1  Bro.  C.  C.  440 ;  9  Yes,  560.) 

Trustees  for  sale,  whether  expressly  such  or  by  implication,  have,  in 
the  absence  of  any  express  restriction  on  their  powers,  Uie  right  to 
use  all  reasonable  discretion  as  to  the  time  and  manner  of  efibcting  a 
sale.  They  cannot  be  compelled  to  enter  into  any  other  covenant 
than  thatagtunst  incumbrances  by  their  own  acts.  The  general  rule 
is,  that  a  trustee  for  sale  caimot  become  the  purchaser  of  the  trust 
property  dther  for  himself  or  as  agent  for  anotiier ;  and  the  cegtvi  qua 
trutt  is  at  liberty  to  set  aside  any  such  purchase,  however  fair,  uid 
though  so  odvant^e  should  have  been  gained  by  tiie  trustee.  (8  Yea, 
760.)  But  a  trustee  is  not  absolutely  prohibited  from  puidharing  from 
the  eethd  que  tnut  under  certain  circumstances,  tiiougjh  the  tiansBotion 
is  at  all  times  one  of  great  difficulty,  and  looked  upon  with  great 
suspicion  by  the  court.  (9  Yes.  244.)  Upon  setting  aside  a  purchase 
by  a  trustee,  the  court  will  in  genera]  allow  for  all  repairs  and  improve- 
ments effected  on  the  property.  (II  Yes.  223.)  ^e  eeitta  que  truat 
will  not  be  entiUed  to  reUef  unless  he  make  his  application  within  a 
reasonable  time;  and  if  while  fuijurw,  and  with  fuU  knowledge  of  hie 
rights  he  expressly  confirms  the  parchase,  he  will  not  be  allowed  after' 
wards  to  set  it  aride.  (5  Yes.  680;  12  Yee.  856.) 
lY.  Of  the  powers  of  trustees. 

The  powers  of  trustees  are  either  general  or  tpecial.  It  is  impoarable 
to  define  exacUy  the  general  powers  of  trustees,  the  extent  of  which 
depends  in  each  case  upon  the  particular  circumstances  of  the  trust- 
estate.  It  may  however  be  laid  down  as  a  general  mle,  that  irtuttever 
is  compellable  oy  suit  is  equally  valid  if  done  the  trustee  witiiout 
suit  (4  Yes.  869)  j  though,  K  a  sidt  has  already  been  instituted  tor  the 
execution  of  tiie  teuit,  whereby  the  mani^gement  ia  taken  out  cS  tlie 
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hands  of  the  truittee,  Ike  ought  to  take  no  step  without  the  sanction  of 
the  court.   (10  Yes.  104.) 
V.  Of  allowances  to  trustees. 

It  is  a  settled  rule  that  a  truBtee  is  not  entitled  to  charge  for  his  time 
and  trouble  in  the  manftgement  of  ihe  trust-estate,  whether  he  be  a 
profes^ooal  person  or  not ;  and  the  rule  apidies  not  only  to  trustees 
ezpreasly  nominated,  but  to  all  penotw  bearing  a  fiduciary  character, 
such  as  exeoutora,  mortgagees,  receivers,  and  committees  of  lunatics' 
estates.  (10  Vea.  3  OS.)  Exceptions  to  this  rule  have  been  admitted 
in  the  cases  of  truBtees  for  the  estates  of  absentees  iD  the  West  Indies 
and  executors  in  India ;  but  the  rule  against  such  allowances  to  trus- 
tees is  only  a  general  one  in  the  absence  of  e^oesB  directions  h;^  the 
settlor  to  the  contrary,  and  Hun  is  no  objeotion  to  a  trustee's  receiving 
remuneration  for  his  sorrioea.  or  to  his  being  allowed  to  nuke  profee- 
nonal  chat^,  if  the  intention  of  th6  settlor  to  that  effect  be  dearly 
eziH^sed.  (7  Ves.  480 ;  3  Beav.  338.)  A  trustee  may  even  baixoin 
witli  his  eeituit  que  tratt  for  on  allowance,  though  bargains  of  this  kind 
are  very  narrowly  watched  by  f^e  court.  Trustees  not  beiog  allowed 
to  (diarxe  for  their  own  trouble,  may  on  proper  occasions,  ami  where 
the  bnsmesB  of  the  trust  is  troublesome  or  oomplicstedf  o&Il  in  the 
aeastance  of  sgents  at  the  expense  of  the  estate. 

A  trustee,  tbough  not  allowed  to  charge  for  his  trouble,  is  entitled 
to  all  his  expenses  out  of  pocket ;  aad  even  a  specific  remuneration 
given  by  the  settlor  to  the  trustees  is  no  reason  for  their  not  receiving 
an  allowance  for  expenses.  (7  Ves.  480.)  The  expenses  incurred  by  a 
trustee  in  the  miuiagement  Of  tba  trust-estate  are  conudered  as  a 
oharae  upcm  the  estate,  to  the  satistaotion  of  which  the  trustee  Is 
entitled  before  he  can  be  compelled  to  convey. 

The  general  rule  wiUi  respect  to  the  cotrts  of  trustees  incurred  in 
l^al  proceedings  is,  that  they  shair  be  allowed  as  between  solicitor 
and  client,  if  there  be  a  fund  under  the  control  of  the  court  out  of 
which  they  may  be  paid.  (1  Swanst.  201.)  But  this  rule  is  subject 
to  numerous  exceptions,  depending  npcm  t^e  drcumstanoes  of  the  case, 
and  the  propriety  or  otherwise  of  the  conduct  of  the  toistee,  either  in 
the  course  of  the  suit  itself  or  in  the  matters  out  of  which  it  arose.  A 
toustee  who  diBclftims  by  answer  in  chancery  is  antitifld  to  costs  as 
between  party  and  party  only.    (2  M.  &  K.  278.) 

YI.  Of  the  relinquishment  of  ofBce  by  trustees. 

A  trustee  may  be  discharged  from  his  ofSce  by  the  consent  of  the 
ceituia  que  Iruat,  but  for  this  purpose  the  consent  of  idl  must  be  obtained, 
however  numerous  they  may  be;  and  if  any  of  the  cctfuu  que  tnut  be 
incompetent  to  consent,  or  be  not  yet  in  cue  as  in  tiie  case  of  a  Umita- 
tion  to  unborn  children,  no  complete  discharge  can  be  obtained. 

A  trustee  may  be  disdmged  in  virtue  of  a  special  clause  to  that 
effect  contained  in  the  instrument  under  whi^  he  is  trustee.  A 
proviso  to  this  effect  is  usually  introduced  into  settlements  combined 
with  a  power  either  to  the  ceiiui  que  trmt,  o^  to  the  co-trustees,  to 
nominate  a  new  trustee  in  the  event  of  any  of  the  number  happening 
to  die,  or  being  derirous  of  being  disdiarged  from,  or  refuamg  or 
declining,  or  becoming  incapable  of  acting  in  the  trusts.  The  transfer 
of  the  trust  is  not  complete  until  tile  new  trustee  has  been  nominated 
by  tiie  donee  of  the  power,  and  a  conveyance  or  assignment  of  tbe 
property  has  been  executed.  Powers  of  appointing  new  trustees  are 
strictly  construed,  and  cannot  be  properly  exwoised  except  under  the 
precise  circunistances  contemplated  ia  the  power,  and  it  is  always  con- 
sidered  that  the  original  number  of  trustees  ouj^t  to  be  maintained. 
For  this  reason  it  would  be  improper  to  appoint  one  trustee  to  do  Hi© 
duty  of  two  retiring  trustees  (2  M.  ft  K.  682) ;  and  where  there  is  a 
direction  that  upon  the  trustees  being  reduced  to  a  certiun  number 
others  should  be  nominated  by  the  survivors,  it  has  been  determined 
Uiat  they  might  supply  vacancies  before  the  numbers  were  so  far 
reduced,  but  that  then  tJiey  were  compellableto  doso.   (5  Yes.  825.) 

Two  recent  acts,  known  as  the  "  Ihrustee  Relief  Acta,"  have  pro- 
vided faoilitiee  for  tarustees  wishing  to  discdiaigs  themselves  from  the 
responsibility  of  adminiatering  funds  which  may  bare  oome  into 
their  hands, 

YU.  Of  the  estate  and  rights  of  the  ceitui  que  trutt. 
1.  As  to  what  it  consists  ot   In  cases  of  the  sim^e  trust  the  whole 
rights  of  equitable  ownership  consist  in  the  rig^t  of  possession  and  tiie 
right  of  disposition. 

The  equitable  owner  has  in  general  a  right  to  the  possession  of  the 
estate,  but  where  there  are  several  parties  intercBted  either  contem- 
poraneously or  in  succession,  it  is  in  the  discretion  of  the  court  of 
equity  to  determine  whothw  possesaltm  ought  to  remwn  with  the 
trustee  or  be  given  up  to  the  etaui  que  trutt.  The  right  of  possession 
of  the  c«(ut  que  trutt  is  recognised  in  a  court  of  equity  only,  for  at  law 
the  trustee  is  considered  as  the  owner,  and  the  eestw  que  trust  as  tenant 
at  will  only.  The  trustee  as  tenant  of  the  legal  estate  may  recover  in 
ejectment  from  his  own  cestui  que  trust,  who  has  no  defence  to  ths 
action  at  law,  and  is  only  entitl^  to  apply  for  an  injunction  in  eauitv. 
(8T.R122;  iaata445.)  ^  ' 

Upcm  the  ground  tiist  ue  eettui  que  truat  is  the  beneficial  owner  of 
the  estate,  he  is  entitled,  either  by  the  express  limguage  or  by  the 
equitable  construction  of  statutes,  to  various  privileges  connected  with 
nal  estate.  Thus  the  2  Hen.  V.  st.  2,  c  8,  and  the  subsequent  statutes 
relating  to  persons  entitled  to  serve  as  jurors,  have  been  construed 
^  apphr  to  the  cettuit  que  trust,  and  not  to  the  trustee.  By  7  ft  8 
Will.  HI,  c  25,  B,  7f  the  right  of  voting  as  a  freeholder  of  a  coimty 


was  conferred  on  the  cestui  que  trust,  it  in  possession ;  and  by  the 
2  Will.  IV.  c.  45,  a.  19,  the  cestid  que  trust  of  copyholds  or  of  any 
lands  whatever  except  freehold,  td  the  required  yearly  value,  is 
entitled  to  vote  at  elections  of  mem  ben  of  parlismeni  whether  in  pos* 
session  or  not. 

The  cestui  que  tnut  of  chattels  is  also  entitled  to  the  use  and  pos- 
session of  them  during  the  continuance  of  his  interest ;  and  upon  this 
ground  they  do  not,  upon  the  bwkruptcy  of  the  tenant  for  life,  fall 
under  the  rules  as  to  goods  in  the  order  and  disposition  of  the  Ixuik- 
rupt  with  the  conaent  of  the  true  owner.  (19  Yea.  491.) 

A  cestui  que  trust  who  ia  entitled  to  the  whole  equitable  interest  may, 
in  virtue  of  the  jm  tUmonendi,  call  upm  the  trustee  for  a  conveyance 
ot  the  estate^  But  he  has  no  such  ri^t  when  the  trustee  holds  upon 
trust  for  the  benefit  of  others,  or  even  when  he  is  entitled  to  the 
whole  usufructuary  interest,  but  the  continuance  of  the  estate  in  the 
trustee  is  necessaiy  to  answer  some  ulterior  purpose  relating  to  the 
truB^  such  as  to  preserve  contui^ent  remainders.  (5  Mad.  429.) 

In  oases  of  social  trust,  the  right  of  the  cestui  que  tnat  is  to  have  a 
specific  execution  of  the  intention  of  the  settlor  to  the  extent  of  that 
eettvi  que  tnut'$  intfflvst.  If  tiiere  be  but  one  oeitei  que  tnut,  and  he 
capable  of  consent,  the  spenflc  execution  of  the  trust  msy  be  departed 
from ;  and  so  where  tiiere  are  several  eestaia  que  trust,  who  all  agree ; 
but  no  variation  can  be  made  so  as  to  afifoet  tine  interut  of  any  cestui 
que  trust  without  his  consent. 

2.  Of  the  nature  and  properties  of  Hib  estate  of  the  ceettd  que  tru^ 

Equitable  interests  may  be  assigned,  and  the  asBignee  may,  like  the 
original  catui  que  tnut,  compel  a  conveyance  from  the  trustee  1^  bill 
in  equity,  without  mnking  Qm  assignor  a  party.  (3  Kusa.  583.) 

Fema  covert  entitled  to  equitable  interests  in  lands  and  equitaUe 
tenants  in  tail,  might,  before  the  Fines  and  Recoveries  Act  (3  ft  4 
WilL  lY.  c.  74),  have  passed  their  equitable  estates  by  those  as- 
surances, and  may  now  do  so  under  that  act  by  the  same  modes  of 
osBuraiuie  and  wiUi  the  same  formalities  as  if  the  estates  wwe  legaL 

The  purchaser  ot  an  equitable  intweat  should  take  care  to  inquire 
of  tbe  trustee  whether  he  has  bad  notice  of  any  prior  inonmbnuice 
upon  the  equity  of  the  vendor,  which  will  give  the  purchaser  a  remedy 
against  the  trustee  in  case  of  his  misrepresentation  (10  Yes.  470) ;  and 
the  purchaaer  should  also,  upon  the  execution  of  t^e  conveyance,  give 
notice  to  the  trustee  of  his  own  equitable  title,  whereby  he  will 
secure  precedence  of  all  prior  incumbrances  who  have  not  given  such 
notice.   (3  Russ.  80.) 

Equitable  interests  in  property  are  transmisuble  b^  Aanaa,  and 
require  the  same  solemnities  as  legal  iuterests.  (1  Yict.  c.  26,  s.  3.) 
Possession  or  receipt  of  the  rente  and  profits  of  equitable  estates  is 
considered  in  equity  equivalent  to  seisin  at  law,  and  adverse  posses- 
sion of  the  one  is  attended  with  the  same  eflbcts  on  the  title  as 
disseisin  of  the  other.    (2  J.  ft  W.  1, 153.) 

A  trust  of  freeholds  or  copyholds  ia  subject  to  the  courtesy  of 
tJie  husband,  but  was  until  lately  exempt  from  dower  and  freebench : 
now,  however,  the  3  ft  4  Will.  IV.  c.  105,  the  Utle  of  dower  attaches 
upon  et^uitable  in  the  aame  manner  as  upon  legal  estates,  though 
subject  m  either  cose  to  be  defeated  by  the  alienation,  devise,  or  other 
declaration  of  intention  on  the  part  of  the  husband. 

The  effect  of  mairiage  ia  the  same  upon  equitable  as  upon  legal 
interests,  and  tberefcm  a  husband  may  sssign  the  trust  of  a  term  of 
years  belonajng  to  his  wife,  in  the  same  manner  that  he  may  assign  her 
chattels  retd  at  law.   (9  Yes.  99.) 

Judgment  creditors  have,  by  the  Statute  of  Frauds,  sec  10,  execu- 
tion at  law  against  the  equitable  freehold  estate  of  a  debtor  in  the 
hands  of  his  trustee,  when  the  debtor  has  the  whole  beneficial  interest ; 
but  if  he  have  a  partial  interest  only,  or  the  estate  be  not  freehold,  the 
judgment  oredituT  has  no  exeontion  at  law,  but  he  may  in  a  court  of 
equity  obtun  the  same  Batisfacticni  out  of  the  braeflcial  interest  as  he 
would  be  entitled  to  at  law  out  of  a  legal  estate.  (4  Mad.  004.) 

The  estate  of  the  cestui  que  trust  is  governed  as  to  descent  'bj  the 
rules  of  the  common  law. 

Trusts  of  chattel  interests  were  always  considered  as  assets  in  equity, 
but  it  was  a  question  whether  a  trust  of  a  freehdd  was  assets  in  the 
hands  of  the  neir  until  the  Statute  of  Frauds,  hj  the  10th  section  of 
which  a  trust  in  fee-simple  was  declared  to  be  assets  1^  descent,  in  the 
same  manner  as  a  It^al  estate.  The  enactment  however  appliea  to 
simple  trusts  only,  and  not  to  special  busts  or  equities  of  redemption 
(2  Atk.  293) ;  but  now,  by  the  S  ft  4  Wm.  IV.  c.  104,  aU  a  persona' 
estate  or  interest  in  lands,  tenements,  or  hereditamento,  corporeal  or 
incorporeal,  or  other  real  estate,  whether  "  freehold,  customarj-hold,  or 
copyhold "  (which  worda  equally  to  legal  and  equitaUe  estates), 
are  made  assets  for  the  paymmt  of  debts  as  weU  by  simple  contract  as 
on  specialty.  Trusts  of  chattel  intereats  will  be  l^i;al  assets  in  the 
hands  of  the  executor.  (Mod.  858  ;  4  Yes.  541.)  Simple  trusts  of 
real  estate  are  made  legal  assets  by  the  abov^-mentioned  section  of  the 
Statute  of  Frauds ;  and  it  seems  that  complicated  trusts  and  equities 
of  redemption,  whidi  ore  not  within  the  stitute,  will  be  considered 
l^;al  assets  as  to  specdslty  oreditots  by  analog  to  law.  (S  '  Ch.  Bep.* 
143.)  It  ai^iean  that  under  the  8  ft  4  Wm.^Y.  c  104,  real  estates 
are,  with  respect  to  simple  contract  debts,  to  be  taken  as  equitable 
assets,  but  that  the  act  does  not  alter  the  mode  of  administration  of 
trusts  of  chattels  nor  of  equitable  freehold  interests,  in  so  far  as  they 
j  were  assets  before  the  ocU 


Digitized  by 


Google 


TnUST  AND  TRUSTEE. 


TUBERCLB. 


3.  It  is  a  maxim  of  equity  that  a  trust  shall  not  fail  for  want  of  a 
trustee.  If  tba  iiitentiuri  of  the  eettlor  be  clear,  but  ho  has  omitted 
to  name  a  trustee,  or  tke  trustee  dies  or  becomes  incapable  of  taking 
the  eotftte,  the  truat  attaches  upon  the  person  on  whom  the  legal  estate 
has  derolved.  CWilm.  21,  22.)  When  powers  given  to  tnutees  are 
not  disoretionary,  but  imperative,  they  are,  as  above  mentioned,  con- 
iddered  as  truste,  and  the  court  will  protect  the  eatui  que  trust  irom 
the  failure  or  neglect  of  the  donee  of  the  power.  A.Vhere  the  discretion 
of  the  trustee  waa  to  be  governed  by  a  rule  which  the  comrt  can  apply, 
it  will  do  ao ;  but  where  there  is  no  rule  or  measure  by  which  the 
discretum  of  the  trustee  was  to  bo  governed,  the  court  executes  the 
power  in  the  mumer  which  appears  most  reasonable,  and  in  general 
proceeds  upon  the  pnnciple  that  equality  is  equity.  (2  Ed.  832 ;  '  Eq. 
Cfk  Ab.'  194.)  Where  a  discretion  is  given  to  the  trustee  in  respect 
of  the  objects  to  whom  an  appointment  ia  to  be  made,  questions  some- 
times arise,  when  the  power  comes  to  be  executed  by  the  court,  as  to 
the  objects  to  be  included  and  the  mode  of  dbbributioD.  When  the 
power  is  in  favour  of  "  relatLonB,"  the  ooort,  except  under  particular 
circumatanceB,  appoints  to  relatlona  within  the  statute  of  distribu- 
tions, when  lA  seems  that  the  dutribution  will  be  mode  per  eamia, 
and  not  per  itirpa  (1  Bro.  C.  C.  33);  and  the  words  "next  of  kin" 
occurring  in  such  a  pown'  are  settled  to  mean  '*  nearest  of  kin,"  to  the 
exclusion  of  those  who  would  take  by  renresentation  under  the  statute. 
(2  M.  A:  K.  780.) 

4.  The  eatui  que  trust  is  entitled  to  have  the  admii^steatioa  of  the 
imst^tate  placed  in  proper  hands.  Thus  the  court  will  diamias  a 
trustee  upon  its  being  shown,  upon  application  by  bill  to  the  Court  of 
Chancery,  that  he  has  acted  improperly,  or  has  become  incapable  of 
executing  his  office  (4  Yes.  592 ;  5  Ves.  707) ;  and  where  the  original 
number  of  tnlstees  has  been  diminished,  the  cettui  que  truit  may  have 
the  vacancies  supplied.  {5  Ves.  772.)  The  ceitai  qae  traat  may  also 
file  •  tnll  agauiBt  his  trustee,  either  for  the  puipose  of  compelling  him 
to  ihe  execution  of  an  aot  <^  duty,  or  to  restrain  him  tram  doing  any 
act  not  within  the  scope  of  the  trust,  or  which  would  be  prejudicial 
to  the  estate.    (1  Bro.  '  C.  C  177 ;  6  Mad.  10.) 

6.  If  a  trustee  aliens  the  bnst-estate,  the  cettui  que  trutt  may  follow 
tjie  estate  into  the  hands  of  any  person  who  has  acquired  it,  whether 
he  had  notice  of  the  trust  or  not;  and  even  into  the  hands  of  a  pur- 
chaser  for  valuable  oonaideration,  if  he  hod  notice  at  Ha  time  of  his 
purchase.  The  limit  of  time  and  extent  within  which  th.9  eettui  que 
trust  may  institute  proceedings  for  the  recovery  of  lus  estate  is  fixed  by 
the  3  ft  4  WUl.  IV.  c.  27. 

In  case  of  a  breach  of  duty  by  tiie  trustee,  the  eeslui  que  Inut  has 
also  a  remedy  against  him  personally  by  way  of  compensation.  The 
amount  of  tiie  losa  is  considered  as  a  umple  ocmtract  debt  against  the 
estate  of  the  trustee,  and  payment  of  it  Tom  be  enforced  in  the  same 
manner  as  for  any  other  similar  debt.  The  droumstaooe  of  the 
trustee  having  derived  advantage  or  not  from  the  breach  of  trust, 
makes  no  dlETerence  as  to  his  liability.  Where  trustees  are  jointly 
implicated,  it  was  formerly  thought  that  the  cestui  que  trust  might 
proceed  against  any  of  t^em  singly ;  but  the  contrary  has  since  been 
settled.  (8  Sim.  219.)  But  the  cestui  que  trttst  will  not  be  entiUed  to 
any  remedy  against  his  bustee,  if  he  himself,  being  under  no  legal 
incapacity,  has  concurred  in  the  breach  of  trust,  or  subsequently 
acquiesced  in  it,  or  A  fortiori  if  he  has  executed  a  formal  release  to 
the  trustee.    (3  Swanst.  64.) 

Owing  to  the  inadequacy  of  the  law  to  meet  the  case  of  defalcations 
and  frauds  of  trustees,  bankers,  and  other  persons  entrusted  with  the 
care  and  management  of  the  property  of  others,  a  statute  was  passed 
(20  ft  81  Vict.  0.  0i}  whereby  offences  of  this  kind  were  made  mis- 
demeanours punishable  with  penal  servitude  for  three  years,  or  im- 
prisonment not  exceeding  two  years,  ydih  or  without  hard  labour. 

VIII.  There  are  two  rules  of  equity  with  respect  to  trust-estates 
which  are  of  very  general  application.  The  fint  is,  that  what  the 
settlor  bos  directed  to  be  done  shall  be  considered  as  done;  so  that  it 
shall  not  be  in  the  pown*  of  biisteee,  by  nc^ecting  the  performance  of 
their  duty^  to  afbct  in  any  vaj  the  interests  of  tlie  cMfwa  que  trmt. 
Thus  where  money  is  directed  to  be  laid  out  in  land,  or  land  is  directed 
to  be  Bold,  equity  will  consider  the  converaon  to  have  taken  place,  and 
deal  with  the  property  accordingly.  This  constructive  conversion, 
however,  subsists  only  until  a  cestui  que  trust,  competent  boUt  from 
interest  and  personal  capacity  to  elect,  declares  hia  intention  as  to  the 
character  in  wliich  he  wdl  tdte  the  property.  [Electioh.I 

The  second  rule,  which  is  almost  a  consequence  of  the  farst,  is,  Uiat 
no  act  of  the  trustee  shall  alter  the  nature  of  the  cestui  que  trust's 
estate.  This  rule,  of  course,  is  to  be  understood  only  of  acts  not 
authorised  by  the  trust ;  and  with  respect  to  cetiau  que  trust,  who  are 
mi  juris,  is  universal,  but  is  subject  to  some  exceptions  with  respect 
to  ^ust-estatee  belonging  to  lunatics.  The  court,  though  it  will  not 
in  general  alter  the  condition  of  the  lunatic's  property  to  the  prejudice 
of  his  representativeB,  will  not  refuse  to  do  so  if  it  (wpear  to  be  clearly 
for  the  benefit  of  the  lunatic  himsdC  (2  Ves.  Jun.  72.)  It  was 
formerly  thought  that  the  court  might  exerdse  a  similar  discretion 
with  respect  to  the  estates  of  infant^  tmt  it  is  now  settled  otherwise, 
(19  Ves.  122.) 

(Sanders,  'On  Uses  and  Trusts;*  Lewin's  'Law  of  Trusts  and 

Trustees.') 

TRUSTS,  CHARTTAfiLE.   [Uses,  Ch&bitable.] 


TRTTTLENE.  [Proptlese] 

TUBE.  The  surface  of  a  tube  is  generally  a  cylinder,  but  this  word 
may  bo  made  use  of  in  mathematics.  When  a  tube  is  bent,  there  ia  no 
distinct  geometrical  name  tat  its  surface,  but  the  foUowiog  definition 
might  do  very  well :  Let  a  surface  be  called  a  tube  when  it  is  formed 
by  a  circle  which  moves  with  its  centra  upon  a  given  curve,  and  its 
plane  always  perpendicular  to  the  tuigent  of  that  curve.  This  would 
include  the  straight  tube,  or  common  circular  cylinder,  and  every 
species  of  bent  tube. 

TUBE-DRAWINO.  There  are  certain  peculiarities  in  the  fabrica- 
tion of  metal  tubes  which  place  tiiem  in  a  separate  rank  from  Mna 
manufactures  in  metaL 

Some  varieties  of  lead-pipe  are  produced  by  casting  a  thick  cylinder, 
of  which  the  intemal  Ixn^  corresponds  with  the  intended  bore  of  the 
pipe,  and  then  reducing  the  ext^nal  diameter  by  drawing  through  a 
series  of  dies,  smaller  and  smaller  as  the  process  proceeds,  as  described 
in  LUD  Handfactubb.  Ur.  Hick  has  devisMl  a  mode  of  making 
tapering  tubes ;  that  is,  tubes  which  taper  or  diminish  in  diameter 
from  one  end  to  the  other.  They  are  first  made  parallel  or  cylindrical 
and  ore  tapered  afterwards;  the  machine  employed  effects  this  by 
rotating  grooved  rollers ;  and  a  greater  or  loss  d^ree  of  taper  is  ob- 
tained by  varying  the  proportion  between  the  rate  at  which  the  tube 
is  drawn  through  the  machine-uid  that  at  which  the  rollers  revolve. 
The  tubes  for  many  locomotives  are  mode  in  this  way,  taper  within  and 
cylindrical  on  the  outside ;  the  metal  is  cast  hollow,  and  is  drawn  on 
a  taper  mandril  through  a  plate;  when  used,  the  thi^  end  is  placed 
nearest  to  the  fire-box.  One  of  the  early  ways  of  making  wrought  iron 
tubes  was  to  provide  a  strip  of  sheet  iron,  and  beat  it  up  by  hand 
hammers  and  swages  nearly  to  a  cylindrical  form ;  this  was  then  laid  in 
a  semi-cylindrical  cavity,  with  a  mandril  running  through  it ;  and  then 
many  blows  were  given  by  a  heavy  tilt-hammer,  the  lower  face  of  which 
bad  a  hemispherical  or  nther  8emi-<7lindrical  form.  An  Improvement 
upon  this  was  to  draw  the  tube  through  grooved  rollers  after  having 
been  thus  far  &shioned.  Another  mode  afterwards  adopted  was  that 
of  raising  a  strip  of  iron  to  a  welding  hoat ;  beating  up  one  end  of  it 
nearly  to  a  cylindrical  form ;  drawing  the  whole  piece  through  a  kind 
of  tonga  having  bell-shaped  jaws;  and  welding  without  the  aid  of  any 
mandril.  This  metiiod  has  been  found  available  for  tubes  up  to  six 
inches  diameter.  Common  brass  tubes  are  often  made  by  beating  ■ 
strip  of  brass  round  into  a  cylindrioot  form,  soldering  the  edges,  and 
drawing  it  through  holes  to  muetiie  exterior  true ;  without  paying  much 
regard  to  the  interior.  Telescope  tubes,  ftc.  are  drawn  inside  and  out, 
and  are  hardened  at  the  same  time ;  the  soldered  tube,  being  placed 
upon  a  steel  mandril,  is  drawn  through  a  draw-plate,  by  which  the  tube 
is  lengthened,  pressed  eveiTwhere  close  to  the  mandril,  and  rendered 
smooth  and  dense.  Fluted  tubes  for  pendl-enses  are  dmwn  tiiroug^  a 
fluted  hole,  upon  a  mandril  usually  cylindrical.  Very  small  tubes, 
used  by  silversmiths,  are  drawn  upon  steel  wire  as  a  mandril.  Many 
kinds  of  brass  tubes  are  made  exactly  in  the  same  way  as  the  lead  pipes 
described  in  Leab  MAKUVACrtlRE ;  that  is,  by  casting  a  thick  cylinder, 
and  then  drawing  it  bymachineiy  through  a  series  of  holes,  smaller  and 
smaUw  in  regular  order,  so  as  to  elongate  Uie  thidc  cylindwinto  a  thin 
tube.  Mr.  Muntajpatoited  a  few  years  ago  •  process  for  maUng  tabes  <tf 
the  MufUz  metal  mtroduced  by  him,  which  metal  conaiBte  of  about  S 
porta  of  zinc  to  3  of  copper.  A  short  thick  tube  is  cast,  and  is  then  rolled 
out  to  a  great  length  and  reduced  thickness ;  but  having  no  mandril 
within  it,  it  is  squeezed  fiat ;  the  proper  shape  is  afterwords  given  to 
it  b^  drawing  through  a  circular  hole.  There  is  something  in  the 
quahty  of  the  metal  which  enables  it  to  be  elongated  in  this  way, 
inappucable  to  most  othw  kinds.  Mr.  Webster,  of  Birmingham,  has 
a  curious  method  of  making  elastic  metal  tubes,  suitable  for  fuming 
the  junctions  of  pipes  exposed  to  variable  temperature;  or  of  pipes 
which  are  otherwise  strained  or  required  to  bend,  such  as  the  tube- 
couplings  connecting  locomotivee  with  their  tenders,  hose  witii 
fire-engines,  or  the  like.  The  tubes  are  made  with  transverse  corruga- 
tions, so  as  to  yield  to  slight  bendings,  contractions,  ftc.  Eiuh 
OOrrugatioQ  is  very  narrow  and  deep.  Attain  tube  is  mode  first,  and 
is  then  corrugated  by  degrees ;  this  is  erocted  by  rolling,  the  rollers 
suecessivdy  used  being  gradually  deeper  and  deeper  in  their  grooves, 
imtil  the  exterior  of  the  tube  is  well  puckered.  Such  a  tube  may  be 
stretched,  contracted,  or  bent  within  certain  limits,  without  injury  to 
its  strength  or  soundness ;  they  imitate  in  a  humble  way  the 
snake-like  structure.  Triangular  and  rectangular  tabes  are  mu<^ 
used  in  IVanoe  for  sliding  ao&s  and  mnaorea ;  these  ars  made  neari^ 
in  the  same  way  as  ordinary  cyiindiical  tubes,  the  sectional  torm  being 
dependent  on  ue  draw-hole  and  the  mandril.  The  small  coUapatble 
colour-tubes,  so  much  used  by  artists,  were  at  first  made  like 
common  brass  and  lead  pipes,  by  successively  drawing  a  thick  tube 
till  it  becomes  very  long  and  very  thin ;  but  tiiey  aro  now  made  more 
quickly  1^  a  peculiar  kind  of  stamping,  only  possible  with  such  a  soft 
metal  as  tin.  Mr.  Ritchie  has  devised  a  mode  of  making  tubes  thicker 
at  the  middle  tium  the  ends,  by  giving  them  a  reciprocating  motion 
between  rollers,  half  way  through  and  back  again. 

Flans  have  been  devised  for  nuking  copper  tabes  by  electro-deposit. 
The  method  will  be  understood  from  the  principles  explained  under 
Elect  ro-Metallurot. 

TUBERCLE  is  the  name  given  to  that  form  of  deposit  which  is 
obsnrved  in  the  tissue  previous  to  sorofulouii  uloeratien  [SoBorcLa.^ 
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TUHBRBL. 


and  aim  \a  the  limgs  when  they  ore  aSeeboA  with  phthlab  [PHTHlsia] 

or  pulmonnry  O'liriiimption. 
TUBERCULOSIS.  [Scbophla.] 

TUBULAR  BEAMS.  In  addition  to  what  haa  been  said  on  the 
mbjeot  of  the  reaiatanoe  of  hollow  girdeis,  [under  Oibdebb  abd 
Riubtaxoe],  it  may  be  deniable  to  state  thai  the  inresldntloiia  by 
Mr.  Tait  of  the  eiperimenta  made  1^  Mr.  Fairbalm  have  led  to  the 
recognition  of  the  following  laws  upon  the  eubject : — 1.  The  atraogtb 
Taries  nearly  as  the  area  of  the  top,  or  of  the  bottom  flange,  nmltipOed 
tgr  the  depth,  divided  by  the  distance  between  the  pointa  of  support, 
tad  affected  by  a  ooeffideat  determined  by  experiment.  2.  When  the 
d^th  and  distance  between  the  points  of  support  are  the  same,  the 
breaking  wugfats  are  as  the  areas  ot  the  top,  or  of  the  bottom  parts. 
Ur.TUtgjves,  as  the  pnustical  formula  dflrived  from  these  laws;  calling 
w  the  breaking  weight  of  a  rectangular  tubular  beooa ;  a,  the  area  of 
the  bottom  web;  d,'the  depth  of  the  beam;  I,  the  dear  bearing,  and 
e,  a  ooefBdent  found  to  be  equal  to  18  tons;  all  the  dimensjons 

being  Id  incbes;  then  w=~^.  8.  In  hollow  cyHndiicol  beams  formed 

(tf  thin  plates,  the  breaking  weight  in  tons  is  equal  to  the  continued 
product  <^1iie  sectional  area, by  the  depth,  and  by  a  constant  (li(tons)^ 
divided  by  the  dlstaooe  between  the  suroorta ;  and  Mr.  Tait  asserts  that 
square  tububr  beams  poBsess  1  Jtimes  the  strength  of  cyliudrical  ones : 
if  this  be  correct,  rectangular  cells  at  the  top  of  a  large  tubulax  girder 
are  preferable  to  circular  ones.  4.  In  hollow  elliptical  beams  the  breaking 
weight  in  tons  is  equal  to  the  continaed  product  of  the  sectional  area, 
the  depth  and  a  oonatast  (15  tons)  divided  by  the  distaace  between  the 
supports  :  all  these  dimensions  being,  as  before,  in  inches.  The  formula 
becomes  of  course,  with  the  change  in  the  value  of  the  coe£Bciente,  the  same 

as  above.w  =       ;  and  as  it  is  so  much  easier  in  rectangular  beuns  to 

jnodify  the  area  of  the  bottom  flange,  bo  as  to  ensure  in  it  the 
requidte  ratio  between  it  and  the  top  flange,  there  must  evidently  be 
an  advantage  in  their  use. 

The  tubular  girders  for  beams  of  wrought  iron  appear  to  have  been 
used  on  a  large  scale,  fco-  the  first  time,  in  the  bridge  over  the  turn- 
pike rood  at  Blackburn,  by  Mr.  William  Fairbaim ;  sinoe  that  pwiod, 
the  system  haa  been  extended  by  other  ennneen  in  »  most  extra- 
ordinary manner,  as  lu  the  instances  of  tiie  Britannia  and  of  the  Salt- 
aah  bridges ;  and  at  the  present  day  the  tubular  wrought  iron  beams 
are  veiy  often  substituted  for  the  cast  iron  girders  which  were, 
previously  so  much  used  in  general  construction.  In  the  latter  case, 
the  superior  lightness  of  the  wrought  iron  tubular  girders,  tmd  their 
greater  powers  of  elasticity,  render  them  preferable  to  the  weightier, 
and  more  brittle  and  uncertain,  cast  iron ;  but  Hm  wrought  iron  tabes 
do  not  admit  of  arUstie  treating  in  the  same  manner  that  cast  iron 
ones  do,  and  therefore  are  less  fitted  for  picturesque  structurea.  The 
works  of  Messrs.  Hodgkinson,  Tato,  Clark,  Fairbaim,  Moiln,  Love,  tec. 
must  be  consulted  by  the  student  of  this  branch  of  the  arts  of  con- 
struction ;  and  in  the '  Aanalee  des  Fonts  ot  Chauss^o,'  and  in  the 
'  Journal  des  Travaux  Publique  de  la  Belgiquo,'  may  also  be  found 
Bomo  interesting,  practical,  and  theoretioal  articIeB  on  the  subject. 
The  Swiss  and  American  engineers  have  for  many  yean  used  species 
of  tubular  girders  in  their  timber  bridges  of  hu^  span ;  but  these 
were  designed  upon  the  ordinary  principles  of  carpentry  as  applied  to 
ordinary  framing,  and  did  not  depend  for  their  strength  in  any 
important  manner  upon  the  cross  bracing  and  roof  whitdt  converted 
them  virtually  into  tubular  beam& 

TUCA'NU^  (the  Toucan).  A  soutiiem  constellation  ot  Bayer, 
situated  between  Fhamix  and  the  south  pole,  and  near  to  the  br^ht 
star  in  Eridanus.  The  following  are  the  principal  stan  in  this  con- 
stellation : — 
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TUESDAY.  [Wek.] 

TULIF.  Of  all  the  plants  vUdi  have  obtidned  attention  on  account 
of  the  beauty  of  their  floweie,  perhaps  tulips  have  had  the  most  In 
esttmatmg  the  excellence  of  a  particuUr  flower,  the  florist  is  not  so 
much  guided  by  iU  beauty  of  form  and  colouring  aa  by  its  rarity ;  and 
sorts  which  have  at  one  time  obtafaied  great  prices  on  account  of  their 
ranty  have  become  little  thought  of  when'  they  became  more  abundant. 
There  are,  however,  several  pointa  considered  by  florists  as  essential  to 
the  character  of  a  fine  tulip.  "  The  stem  should  be  strong,  elastic,  and 
erect,  and  about  30  inches  above  the  surfece  of  the  bed.  The  flowers 
should  be  large,  and  composed  of  six  petals  (pki/Ui)  :  these  should  pro- 
ceed a  little  horisontallT  at  first,  and  then  turn  upwards,  forming 
iJmoBt  a  perfect  oup,  wXb  a  round  bottom,  rather  widest  at  the  top. 
The  three  exterior  petals  should  be  rather  larger  than  the  three  inte- 
rior ones,  and  broader  at  their  base :  all  the  petSs  should  have  perfectly 
entire  edges,  free  from  notch  or  serrature ;  the  top  of  each  should  be 
broad  and  well  rounded;  the  ground  ootour  of  the  floww,  at  the  bottom 
of  the  eup,  should  be  dear  white  or  yellow,  and  the  various  rfob- 


oc4oured  stripes,  which  are  the  principal  ornament  of  a  fine  tulip, 
should  be  re^lar,  bold,  and  distinct  on  the  margin,  and  terminate  in 
fine  broken  points  ^^antly  feathered  or  pencilled.  The  centre  of  each 
leaf  or  petal  should  oontun  one  or  more  bold  blotches  or  stripes,  inter- 
mixed with  small  portions  of  the  original  or  breeder  colour,  abruptly 
broken  into  many  irregular  obtnsejpcnBtB."  {'  Cye.  of  Gaid.*)  For  the 
botaniool  (diaracta-,  see  Tdlipa  in  NaT.  Hdt.  Div. 

The  varieties  of  cultivated  tulips  have  been  divided  by  florists  in 
mat^  ways  for  the  sake  of  convenience.  Parkinson,  who  wrote  in 
1629,  raiumerates  140  varieties,  which  were  divided  into  pracoca,  ewly 
blowers;  sertina,  late  blowers;  and  dubia  nudia,  doubtful  or  middle 
blowors.  The  first  divisioa  consisted  prim^MJfy  of  varieties  of  Tulipa 
saavealau;  the  latter  divuions  were  «hie% onnpossd  of  varieties  ot 
T.  OanerioM.  Amongst  modem  florists  in  Qreat  Britain,  the  varieties 
of  the  latter  tulip,  of  which  upwards  of  600  are  enumerated  in  modem 
catalogues,  are  divided  into  four  fiimilies-^iMrret,  ByblosmMM,  Bosea^ 
and  Selfs. 

Baarrt  tulipt  have  a  yellow  ground  marked  with  purple  or  scarlet 
of  different  shades.  Byhlamtn  tuUpa  have  a  white  ground,  lined, 
marked,  striped,  or  vaiiegBtedl  with  videt  or  purple  only  of  variona 
shades.  Rote  (ii£tp«  are  marked  or  variegated  with  rose,  scarlet,  crim- 
son, or  cbsrry  colour  on  a  white  ground.  Sel^,  or  flain-eoionred  tiU^, 
are  those  which  have  a  white  or  yellow  ground  witiiout  any  marks. 
The  first  three  of  these  families  are  again  divided  into  feaUurtd  and 
Jtamtd,  according  as  the  intermii^led  colours  are  in  narrow  stripes  or 
pencilUngs,  or  in  a  broad  centod  stripe. 

It  is  from  amongst  the  last  family  of  tuKps,  tlw  Sdfi,  that  vbat  are 
called  breedtrt  are  selected.  In  a  state  of  nature  the  tulip  is  mostly  a 
self,  that  is,  it  has  but  one  colour ;  but  under  certain  oroumstaooea 
all  the  other  colours  that  are  found  in  tulips  will  be  developed  in  tiieee 
simple-coloured  tulips.  It  is  thus  that  Uie  last  variety  of  tulips  has 
been  obtained  that  at  present  exists ;  and  aa  each  variety  can  be  propa- 
gated by  o^oots  from  the  puvnt  bulb,  and  as  the  colours  of  tulips 
will  admit  of  an  infinity  of  modes  of  Uendii^  there  is  hsrdfy  a  linut 
to  the  number  of  vaneties  of  these  flowers  whidi  may  be  obtahwd. 
Selfs  are  always  raised  from  seeds,  but  the  drcumstancee  which  are 
most  ^vourable  to  the  "  breaking  "  of  the  3el&,  as  the  develomnent  of 
other  colours  is  called,  are  iiot  w«l  understood.  A.  florist  will  have  to 
wait  sometimes  twenty  years  withont  having  tiie  pleasure  sering  bia 
Self  "  break." 

To  develops  all  the  beauty  <rf  form  and  colour  of  which  the  tulip  is 
susceptiUe,  requires  the  greatest  care  in  its  cultivation,  and  perh^  it 
is  on^  amongst  the  amateurs  of  Holland  and  Belgium  that  uiis  flower 
can  be  seen  in  all  its  ^ory.  Tulips  ore  mostly  planted  in  beds,  which 
should  be  made  in  an  open,  airy  situation.  A  bed  of  tulips  is  planted 
in  what  are  technically  caJled  rovm,  consisting  uniformly  of  seven, 
ammged  with  regard  to  the  hannony  of  their  colours,  the  taUeet  occu- 
pying the  centre,  and  the  bed  may  be  thus  ot  any  length,  while  the 
row  always  consists  of  seven.  The  soil  should  be  dug  out  for  about 
20  inches  deep,  and  the  bed  filled  in  with  a  mixture  of  about  two  parts 
of  a  &esh,  rich,  loamy  soil,  rather  of  a  sandy  character,  and  one  put  of 
well-rotted  cow-dung.  The  beet  time  for  planting  the  bullia  is  from 
the  end  of  October  to  about  the  10th  of  November.  They  should  be 
planted  about  seven  inches  ^wurt,  and  about  four  inches  deep,  or  lesa 
according  to  their  size,  in  the  ground.  The  leaves  will  aqppear  in  Feb- 
ruary, and  tiie  blossoms  in  April  or  May.  The  bed  ot  flowers  should 
be  protected  by  an  awning,  wtuch  must  not  be  used  ^  tiie  flowers  are 
opened,and  should  be  so  ooustructed  that  the  light  and  ajr  may  be  freely 
admitted  during  the  intervals  between  the  coolness  of  the  night  and 
the  brightness  of  the  sun  at  noonday.  Tulips  should  never  be  arti- 
ficially watered.  When  the  petab  fw  off,  the  seed-vessel  should  be 
removed,  as  its  remuning  on  weakens  the  bulb.  When  the  top  of  the 
stem  begins  to  wither  and  dry  up,  and  Uie  leaves  beeone  brown,  the 
bulbs  should  be  tt^en  up  and  placed  in  a  dry  situatioiL  In  the  follow- 
ing August  or  September  the  loose  skins  and  fibres  and  the  easily  sepa- 
rable ofisets  should  be  taken  oEf  the  bulbs,  and  they  should  lie  depo- 
sited in  drawers.  In  propagating  the  tulip  from  seeds,  they  should  be 
sown  in  deep  boxes,  filled  with  good  garden-mould  mixed  with  sand. 
The  young  plants  will  not  require  water,  and  tii^  may  be  ezpeeted  to 
blossom  by  the  fourth  or  fifth  year,  or  at  latest  the  ssventh. 

(Loudon,  Cgcloptrdiaof  Planttj  Osclopadiat^  OardaUnff;  Macin- 
tosh's Book  of  the  Oardm;  Diction,  dtn  Science*  NtOvenUa;  ^xton's 
Botanical  Dtdionar^  ;  Redout(S,  LUiacia  ;  Hogg,  Supjp.  to  Practieal 
TrcaiiK,  &c.) 

TUMBREL,  or  TUMBRIL,  a  machine  formerly  used  for  the  punish- 
ment of  scolding  women,  consistmg  of  a  stool  or  chair  attached  to  the 
end  of  a  long  pole,  mounted  in  such  a  manner  that  the  chair,  with  the 
offender  placed  in  it,  might  be  swung  over  a  pond,  and  immersed  aa 
often  as  mi^t  be  necessary.  Several  notices  of  the  use  of  Uiis  appa- 
ratus, which  was  also  called  a  trebwhet,  a  ctietinff-ttool,  or  a  dKcking- 
Btool,  are  given  in  Brand's  '  Popular  Antiquities,'  art.  '  Cuoking-stO(«.' 
It  appears  to  have  been  used  as  early  as  the  era  of  the  Saz(ni  govotn- 
ment  in  En^ond,  and  to  have  been  a  common  punishment  in  some 
places  at  least  as  late  as  tbe  time  of  Gtqr,  who  mentions  it  in  his 
*  ^storoIsL'  The  tumbrel  was  also  used  as  a  punishment  fox  brewers 
and  bakers  who  truugressed  the  laws  relating  to  them.  Fabian 
(quoted  hi  Stmtt'a  *  H<h^  Angel-c^ynnan,'  voL  iL,  p.  9)  s^s  that,  in 
the  42nd  year  of  Henry  IIL,  bakers  were,  tat "  laA  ot  sme,'*  poniahed 
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}vf  the  tonberdl,  whereas  before  that  time  tliOT  used  to  be  poiuitted 
the  pillory ;  and  be  odds,  Uut  tiu  tomberdl  waa  "  a  kinii  o£  piUoirs, 
made  foure-square,  that  turned  lound  about^"   Tke  name  tunibni  la 
tim  applied  to  the  covered  carta  uaed  to  carry  tods,  &&,  in  a  ttain  of 
artillery. 

TUUOUR.  It  is  not  possible  to  define  exactly  the  diseaaea  which 
are  common^  idaased  ondo-  ^  name  of  Tumomn,  and  any  definition 
la  whiob  the  character  of  OBtUing  (which  i«  the  true  meaning  of 
tumour)  ia  induded  is  unnatural ;  for  thwe  are  aereial  diaeiaea  which 
agree  in  the  most  unpoitant  reapects  wlt^  some  of  those  called  tumoun, 
but  are  not  attended  by  any  obvious  enlargement  or  swelling  of  the 
part  in  which  they  are  situated ;  and  the  same  disease  exists  in  some 
cases  wit^  and  in  otbers  without  swelling.  The  greater  part  of  the 
difloaaoe  which  have  been  olaased  aa  tumours  are  examples  of  a  large 
dasfl  o{  what  may  be  called  mm*btd  or  parasitic  growths ;  diseaAed 
atruoturea,  which  are  not  mere  alteratiana  of  previously  existing  ports, 
but  new  cvgauisms  or  living  aobstanoea  which  have  grown  within  the 
tktaues  of  the  body  by  powers  of  development  peculiar  to  themselves, 
and  which  depend  upon  the  surrounding  parts  only  for  t^eir  supply  of 
Mood  or  other  nutritive  fluid.  In  tl^  daas  are  included  all  those 
diaeasea  described  aa  solid  or  sarcomatous  tumoura,  and  tiiose  which 
are  dowl^  related  to  some  Unds  of  tumoun,  but  are  not  aeeompanied 
by  swellmg,  such  aa  tubercle,  certain  forms  of  difibaed  cancerous 
growths,  and  some  others. 

The  diseases  called  Encysted  Tumom^  are  antirdy  diflbrent  frem  all 
others  of  the  class  in  their  patiK^ogicsI  characters,  and  are  oonndecad 
in  a  separate  article.  [Wsir,]  The  chief  cancerous  growths  are  treated 
of  under  their  appropriate  heading  [CAHOEn ;  MELAI19BIS]  ;  and  tuber- 
culous growths  under  the  name  of  the  disease  which  is  consequent  on 
their  development  [Phthibis  ;  Scbofula].  The  present  article  will  be 
Aie&j  devoted  to  the  histoiy  c^  those  morbid  growths  which  are 
otHDnmonly  described  aa  innocent  tumours. 

All  morbid  parasitic  growths  may  be  divided  into  malignant  and 
innoeeat.  Ttw  practical  distinction  between  Uie  two  claases,  from 
which  thCT  derive  their  names,  ia  that  on  innocent  growth  or  tumour 
is  not  likely  to  recur  after  being  removed  by  operation,  but  a  malig- 
nant growth  ia  likely  to  recur  in  the  same  or  some  other  port.  These 
two  names  may  aaf  ely  be  retained  to  mark  the  two  chief  divisions  of 
morbid  growths ;  for  although  the  tost  of  the  result  (rf  a  surgical 
operation  cannot  be  ^plied  to  those  wfaidi  from  their  locality  do  not 
admit  of  extirpation,  yet  the  names  indicate  important  ohaiactariatica 
in  the  progress  of  tiie  two  kinds  of  growth,  wherever  seated.  Inde- 
pendently of  the  practical  distinction,  the  moat  essential  characters  of 
malignant  growths  are : — 1.  Hut  thqr  may  occur  in  ahnoat  any  part  of 
the  body,  dthou^  some  parta  are  more  liable  than  othen,  and  eaidi 
kind  of  growth  seems  to  find  its  most  appropriate  seat  in  a  certain 
organ,  aa  cancer  in  the  breast,  tubercle  in  the  lungs,  melanosis  in  ^e 
liver,  &c  2.  That  they  have  a  tendency  to  infect  the  adjacent  parts, 
and  to  propagate  themselves  from  one  part  to  another,  probaUy  by 
germs  earned  from  the  primary  disease  into  the  blood,  with  which 
they  circulate  till  they  meet  with  an  organ  in  a  fit  state  to  supply 
thrat  with  the  means  tA  increase.  8.  That  they  tend,  throu^  on 
intermediate  process  of  softening  (which  appears  to  be  consequent  on 
the  death  of  uieir  constituent  particles),  totwds  ulceration ;  that  this 
nlcemtioQ  is  of  a  kind  which  is  at  present  incurable ;  and  that  in  its 
progreea  it  involves  almost  without  distinction  of  tissue  all  the  adjacent 
natural  structures  of  tiie  body,  the  particles  of  which,  by  their  contact 
or  combinaUon  with  those  of  the  malignant  growth,  sewn  fint  to 
amme  a  natore  dmilar  to  tlieir  nature,  and  then  to  perish  with  them. 
4.  Tliat  in  general  the  minute  atructnrea  of  which  toOT  are  composed 
are  >?ifitTiilnr  to  those  of  the  natural  organs  of  the  body ;  and  that 
their  development  does  not  proceed  to  the  formation  of  any  structure 
bthiIt  to  the  fully  developed  tissues. 

The  distinctive  characters  of  innocent  growths  are  chiefly  negative. 
Certmn  of  them  may  present  one,  but  they  lardy  prcamt  more  than 
<me,  and  never  aU,  of  the  characters  just  desfoimd.  Thus : — 1.  The 
number  of  tissues  in  which  innocent  growths  occur  is  eompaiatively 
few :  in  many  parts  in  which  malignant  growths  are  common  they  are 
never  aeen ;  and  when,  as  sometimes  happens,  many  innocent  tumours 
exist  in  the  same  body,  they  are  (at  least  as  a  geneial  rule)  all  found  in 
tiie  same  tissue,  or  in  or  near  the  same  organ.  Thus,  many  fatty 
tumours  may  grow  at  the  same  time,  but  they  all  lie  in  the  tissue  of 
the  natural  ttt :  many  fibrous  tumours  may  occur  together,  but  all  are 
in  or  near  the  uterus.  On  the  oontnuy,  when  many  canoerous  growths 
co-exist,  th^  are  commonly  found  in  many  different  organs  and  tissues. 
2.  The  tissues  adjacent  to  innocent  growths  are  not  further  altered 
than  in  consequence  of  the  pressure  and  the  inflammation  which  ^e 
growth  excites ;  neither  ia  there  any  evidence  tjiat  such  growths  propa- 
gate tbraoselvas  from  one  part  to  another.  8.  Innocent  growths  have 
no  nstural  tendency  to  ulcerate  or  slough ;  those  dlianges  happen  to 
them  only  in  the  same  manner  and  imder  the  same  drcunistances  aa  to 
the  natural  tissues  of  the  body.  Horeovw,  in  ulcerating  or  slou^iing 
the^  have  no  more  tendoioy  wan  the  natural  tissues  in  similar  con- 
ditions have  to  involve  the  adjacent  parts  in  their  destructimi,  4.  The 
tissue  of  an  innocent  growth  is  in  general  similar  to  tiist  of  some 
natural  and  fully-devdoped  tissue  of  the  boi^. 

The  class  of  mnocent  growths  indudea  most  of  those  to  whi(di  the 
name  of  Bsxcoma  it  now  commonly  giroL  TiMdr  ^>peHimcM  Vf  so 


various,  that  the  most  practised  morbid  anatomista  frequentiy  meet  with 
exuaples  niiich  they  cannot  certainly  refer  to  any  deeoribed  variety  : 
yet  there  are  some  weli-charaoterised  forms,  within  the  descriptions  of 
which  may  be  included  a  great  majority  of  those  which  occur  in  the 
human  body;  and  these  we  shall  describe  under  tiie  tiwa""  of  the 
Fatty  Tumour,  or  Growth;  the  Cellular;  the  Fibrous,  or  Tendinous; 
the  Cartilaginous ;  the  Oaaeous ;  the  Fibro-oartUaginous. 

The  FattjT  or  Adipose  Tununir,  to  whioh  the  name  of  Lipoma  is 
often  j^ven,  is  the  most  common  of  all  the  tnmours  occurring  in  the 
human  body,  and,  happily,  the  most  innoorat,  and  the  most  usu^dly 
cs^ble  of  remedy  by  extirpation.  Its  general  seat  is  in  the  sub- 
cutaneous cellular  adipose  tissue ;  but  in  rare  cases  it  is  situated  more 
deeply,  and  then  has  a  more  compact  structure  and  more  intimate 
oonneoti<«  with  the  surrounding  parte.  It  usual^  occurs  singly ;  but 
sometimes  twenty  or  more  various  small  aizas  are  seen  in  ttw  same 
person.  Ibi  elementary  tissue  is  exactly  tike  titat  of  the  fat  in  which 
it  lies,  but  from  which  it  is  sepamted  by  a  layer  of  compact  cellular 
tissue,  and  ia  generally  distinguished  by  tiie  smiJlneas  and  diBtinotaeas 
of  the  lobes  oompoung  it.  Its  blood-vessels  are  few  and  of  amaU  size, 
and  usually  enter  it  at  its  base,  where  it  is  more  closely  than  elsewhere 
connected  mth  the  adjacent  tissues.  It  is  insensible,  and  commonly 
grows  very  slowly,  without  ^mduoing  pain,  or  any  other  inconveoience 
than  is  due  to  its  weif^t  or  its  preaaure  on  adjacent  parts.  When  left 
to  itself,  the  adipose  tumour  may  grow  to  an  enormous  sise.  Hr. 
Copel&nd  removed  one  vreighing  22  lbs. ;  Sir  AsUey  Cooper,  one  of 
87  lbs.  lOoES.;  and  H.  Dagcun  ot  Morlaix,  one  which  weighed  46 
French  pounds.  The  sise  of  the  wound  neceeaailly  made  in  the 
removal  of  tumours  of  such  magnitude  renders  the  operation  some- 
what dangerous ;  but,  except  this  circumstance,  the  extirpation  of 
&tty  tumours  may  usually  be  nndertakan  with  full  confidence  of 
success.  If  not  removed,  tii4y  are  apt,  through  the  rfVjM«^  and 
thinning  of  the  akin  over  than,  to  give  rise  to  ulceration  and  other 
more  painful  affections. 

The  Cellular  Tumour,  which  derives  its  name  from  the  similarity  of  its 
tiffiue  to  tiiat  of  the  common  cellular  tissue  of  tiie  body,  is  a  very  rwre 
disease.  It  u  composed  of  a  compact  substance,  infiltrated  by  a  serous 
or  half-gelatinous  fluid,  and  may  attoin  a  great  sise.  Hr.  Lawrence,  in 
his  '  Lectures  on  Surgwy,'  has  deevibed  the  beet  exu^le  yet  known 
of  it :  periiaps  also  the  diaease  whidi  Hr.  Abemetby,  in  his '  Claasifi- 
oation  <^  Tumours,'  named  Common  or  Vascular  Sarooma,  was  of  this 
kind.  But  altogether  veiy  little  is  known  of  this  form  of  tumour :  the 
great  «ilargementa  of  the  skin  of  the  scrotum,  supposed  by  aome  to  be 
of  the  same  nature,  are  widely  different  from  it. 

Tlw  Fibrous  or  Tendinous  Tumour  (the  fleshy  tubercle  of  Dr. 
Baillie)  ia  a  veiy  frequent  and  wall-marked  growth.  Its  ordinary, 
perhaps  its  on^,  seat  is  in  the  walls  or  in  the  neighbourhood  of  the 
uterus.  Its  nabuvl  form  is  almost  exactly  lobular;  but  when  it 
hanga  in  a  depraident  position  it  generally  becomes  pyriform.  Its 
tissue  has  the  same  microaoopio  chantoter  aa  that  of  the  natural  fibrous 
and  tendinous  tissues,  and  is  equally  little  vascular.  Its  section  pre- 
sents a  vcsy  oompaot  and  firm  senu-transparent  basis,  intersected 
numerous  diinins^  touf^  fl.1»oas  lucoculi,  arranged  sometimes  in  rays 
proceeding  fnan  Its  centre,  but  more  frequentiy  in  iiregnlarly^  arched 
and  undulating  lines.  It  grows  slowly,  and  at  first  without  pain ;  but 
when  it  has  attained  aome  size  it  usually  excites  painful  and  dangerous 
affections  of  tiie  uterus ;  and  this  is  especially  the  case  when  the 
tumour  projects  into  the  cavity  of  that  organ.  One  such  tumour  may 
grow  alone  in  the  uterus:  but  mote  commonly  two  or  more  grow 
together,  snd  sometinus  thne  are  from  ten  to  twenty.  Thev  may 
increase  so  as  to  limn  masses  nearh-  a  foot  in  diamettf ,  and  m  tihb 
case  they  usually  end  fatally  by  their  pressure  on  important  organs,  or 
by  hsomurriiage  when  tiiey  project  externally.  In  advanced  stogea  of 
their  growth,  or  at  any  time  if  they  oease  to  increase  in  size,  they  are 
apt  to  be  calcified ;  earthy  matter  being  deposited  around  or  within 
them,  so  aa  to  Sana  a  diell  or  a  coial-like  maas  tA  hard  substanoe, 
which  bears  some  resemblance  to  ivmy,  but  has  none  of  its  micrO' 
Bo^o  ohaneteia 

The  Cartilaj^ouB  Tumour  is  that  which  has  been  named  Chondroid 
or  Csrtalsginous  Sarccnns :  it  is  the  Enchondroma  of  MUller,  and  one 
of  the  numcETOus  forms  of  growths  which  have  been  heaped  together 
under  the  term  osteo-aarcoma.  Its  usual,  and  perhaps  i^  only,  place 
of  growth  is  within  or  upon  the  bones,  and  it  occurs  in  connection 
with  the  bones  of  the  fingers  and  the  last  pbaUnx  of  ^e  great  toe 
more  frequently  than  in  any  other  part.  It  grows  slowly,  and  usually 
without  any  pain,  and  may  continue  to  inCTease  for  thirty  or  more 
years.  It  is  most  commonly  isolated,  but  sometimes  two  or  more 
tumours  of  the  same  kind  occur  on  one  or  both  hands.  The  most 
usual  form  of  the  cartilaginous  tumour  is  globular,  with  au  irr^;ular 
nodulated  surface ;  and  a  section  shows  that  it  i»  composed  of  nume- 
rous round  masses  of  a  ^yish-white  semi-transparent  substaoee, 
closdy  resembling  the  cartilage  composing  the  skeletons  of  cartila- 
ginous fiahes,  and  [veeenting  all  the  nucroscopic  cfaaractera  of  ordinary 
fcetil  cartilage.  ITio  component  maases,  wMch  are  especially  obvious 
when  the  tumour  is  large,  vary  in  size  from  two  lines  to  h^  an  inch 
in  diameter,  and  in  diSerent  specimens  vary  much  in  consistence:  they 
are  held  together  portions  «f  tough  fibro-cellular  tissue,  in  whit^ 
blood-vesiWB  run,  but  are  themselves  little,  if  at  all,  vascular  before  the 
pioosM  of  cirifioation  has  oommenced  in  them. 
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The  cortiUginoiia  tumour  may  grow  to  an  enormous  mze :  one  in 
the  College  of  Surgeons,  which  had  almost  completely  oaaified,  mea- 
mirea  a  yud  in  circumfereace.  It  is  situated  on  tbe  upper  part  of  the 
Ubia.  But  even  in  tbe  most  advanced  states  they  may  be  removed  by 
the  amputation  of  the  part  on  wluch  they  ore  situated,  without  fear  of 
their  recurring ;  and  this  is  always  an  advisable  proceeding ;  for  be- 
sides the  inconvoiience  produced  by  their  weight  and  pressure  on 
adjacent  parts,  large  cartala^ous  or  osseous  tumours  arc  apt  to  pro- 
duce nloeratiui  and  sloughing  by  their  distennon  of  the  skin  which 
covers  them. 

The  greater  number  of  those  called  Osseous  Tamours,  or  osseoua 
exostoees,  ore  only  ossified  cartilaginous  tumours, — examples  of  what 
may  be  called  the  second  stage  of  the  disease  last  described.  It  is 
doubtful  indeed  whether  any  tumour  possessing  the  true  osseous 
microeoopic  structure  ii  formed  xcept  through  a  preoedins  corti- 
lag^ous  state.  Many  otiier  kinds  of  tumours  connected  with  bones 
are  incorrectly  called  osseous  or  osteo^orcomatous.  Such  are  those 
connected  with  medullary  or  soft  cancerous  diseases,  of  which  some 
are  only  the  oeseous  skeletons  upco  which  the  malignant  disease  was 
fixed ;  others  are  the  remains  of  the  original  bone  expanded  and  broken 
out  by  the  growth  of  the  malignant  disease  in  tiie  interstices  of  its 
tissue.  And  anin,  other  hard  tamouts  connected  with  braies  result 
from  what  should  be  called  the  calcification  rather  than  the  osaiflcation 
of  a  previous  softer  groniph :  for  in  these  the  earthy  matter  is  deposited 
irregularly,  and  they  never  acquire  the  structure  of  true  bone.  Most 
or  ^1  of  tiiese  calcified  tumours  are  of  a  malignant  nature.  One  of 
the  best  characterised  forms  is  that  of  which  Dr.  Baillie  ('Morbid 
Anatomy ')  gives  the  history,  in  a  ease  in  which,  after  Mr.  Hunter  had 
amputated  tiio  patient's  1^,  calcareous  masses,  ^milar  to  that  which 
had  formed  within  and  around  the  femur,  were  developed  within  the 
lungs  and  upon  the  ribs. 

The  history  of  the  Fibro-cartilaginous  Tumour  is  as  yet  more  im- 
perfect than  that  of  any  of  the  preceding,  except  the  cellular.  It  is 
most  frequently,  or  always,  connected  with  the  bones,  and  is  most 
commonly  met  with  upon  the  jaws,  from  which  it  may  be  removed 
without  fear  of  recurrence.  It  has  usual^  a  round  or  oval  form,  and 
its  surface  is  less  deeply  nodulated  than  tiiat  of  the  cartilaginous 
tnnuiur.  It  roay  attun  a  great  size,  and  commonly  leads  to  sloughing 
and  ulceration  of  the  tissues  over  it,  if  not  timely  removed.  It  is 
composed  of  a  very  firm,  compact,  pale,  whitish  or  yellowish,  albu- 
minous tlB^ue,  in  which  email  spicula  of  bone  are  often  scattered,  but 
which  does  not  become  truly  or  entirely  osseous.  It  may  grow  within 
a  bone,  but  more  usuallv  it  commences  on  its  exterior  ;  in  the  former 
ease  it  generally  expands  the  shaft  or  body  of  the  bone  into  a  shell 
around  it ;  in  tbe  latter  tiie  sur&ce  of  the  bone  is  broken  up,  and 
seems  to  coalesce  with  the  tissue  of  the  tumour. 

In  different  examples  the  fibro-cartilaginous  tumour  presents  various 
degrees  of  consistence,  and  not  a  few  apparent  diversities  of  internal 
structure.  In  some  examples  its  substance  is  homogeneous,  in  others 
obscurdy  fibrous ;  and  horn  these  last,  which  are  the  most  frequent, 
it  derives  its  name,  which  is  intended  to  express  its  general  aspect 
lather  than  its  minute  structure,  for  the  firm  tissue  at  which  it  is 
diieSy  composed  has  not  the  microscopic  or  chemical  characters  of 
cartilnge.  In  other  examples  again  the  fibrous  structure  rather  pro- 
dominates  over  that  which  resembles  cartilage ;  and  in  others  nume- 
rous cells,  containing  a  glai^  or  a  serous  fluSi,  are  scattered  throu^ 
the  interior  of  the  mass.  From  the  existence  of  such  diversities,  it  is 
not  unlikely  that  more  than  one  kind  of  tumour  is  included  in  this 
name ;  but  the  gradatitauj  from  tiie  examples  in  which  the  tissue  is 
most  nearly  homogeneous  to  those  in  which  it  is  most  filntnis,  or  con- 
tains most  cells,  are  so  numerous  and  gradual,  that  it  seems  more  pro- 
bable that  they  are  all  of  one  kind,  modified  by  accidental  circum- 
stances, or  exatnuicd  in  diSisrent  stages  of  their  development. 

The  treatment  of  tiie  tumours  whose  natural  history  has  been 
described  ma^  be  summed  up  in  a  few  words.  There  is  no  remedy  for 
them  but  their  removal :  not  one  of  the  medicines  proposed  for  exciting 
tiieir  absorption  is  worthy  of  a  trial.  Of  the  means  of  removing  them 
(when  removal  is  possible),  none  is  so  safe,  so  expeditious,  or  productive 
of  so  littie  pain  or  iaconvenieoce,  as  the  knife ;  and  whenever  it  can 
be  employed,  the  sooner  it  is  used  tho  better,  for,  in  general,  delay  can 
only  increase  the  severity  of  the  opention.  For  the  operation  itself, 
the  only  general  rule  is,  that  the  whole  of  the  diseased  mass  must  be 
removed ;  any  portion  which  is  left  will  most  prolwbly  become  the 
nucleus  of  a  similar  growth.  The  particular  proceedings  must  be 
varied  according  to  the  size,  locality,  and  other  circumstances  of  the 
tumour. 

TU'MULUS  (or  Barbow),  a  Latin  word,  signifying  a  "  littie  hill." 
Tumuli,  or  artificial  mounds  of  earth,  of  various  sizes  and  forms,  are 
found  in  many  parts  of  the  globe,  and  are  for  the  most  part  tombs,  or 
■  sepulchral  memorials  of  persons  of  distinction,  or  of  warriors  slain  ih 
battle.  That  some  of  these  artificial  mounds  were  originally  raised 
for,  or  at  least  appropriated  to,  other  objects  than  tiiat  of  sepulture,  is 
probable ;  but  of  this  we  have  no  satisfactory  evidence.  We  limit  our 
present  remarks  to  the  consideration  of  tumuli  as  sepulchral  monu* 
ments. 

In  the  book  of  Joshua  mention  is  made  of  heaps  of  stones  [CAmiral 
nised  over  dead  persons,  which  in  course  of  time  wouM  assume  nearly 
the  appemsnoe  of  barrows  at  the  pvaent  daj.   This  practice  seems. 


however,  to  have  been  Aoaa  hx  the  case  cd  enemies  only,  and  was 
doubtiess  intended  as  a  mark  of  abhorrence.  Tho  earliest  account  of 
tumuli  as  honorary  memorials  of  the  dead  is  1^  Homer.  His  descrip* 
tions  of  the  f  uneraU  of  I'atroclua  and  of  Hector,  in  the  '  Iliad,'  difier  in 
very  trifling  particulars ;  but  in  each  the  some  mode  of  inhumation  is 
commemorated.  The  ceremony  of  burning  the  body  took  place  during 
the  night,  and  at  the  dawn  the  embers  wore  quenched  with  wine.  The 
ashes  of  tiie  deceased  were  inclosed  in  an  urn,  placed  near  the  centra 
of  the  space  occupied  by  the  pyre,  which  was  surrounded  by  an  arti- 
ficial substructure,  or  a  foundation,  and  tiie  loose  earth  was  heaped 
above  it.  The  word  used  by  Homer  to  denote  the  throwing  up  of 
such  loose  earth  (x<vw)  is  strikingly  picturesque;  and  its  propriety 
will  be  readily  acknowledged  by  persons  who  have  seen  the  outline  of 
many  of  those  primitive  sepuldires,  which  has  evidentiy  resulted  from 
the  looso  earth  be^  allowed  to  settle  at  Uie  an^  whic^  it  would 
form  when  thrown  up. 

In  later  ages  we  find  accounts  of  immense  sepulchral  tumuli.  Such 
was  that  of  Alyattes,  the  father  of  Crtcsus,  which  is  described  by 
Herodotus  and  by  Strabo.  A  sepulchral  mound  which  still  exists  near 
tbe  site  of  Acanthus  yma  raised  by  the  army  of  Xerxes,  in  memory  of 
a  noble  Persian  who  had  superint^ded  the  construction  of  the  canal 
which  was  cut  across  the  isthmus  of  Athos. 

Tacitus,  from  whcau  we  derive  the  first  satisfactory  account  of  the 
Qermans,  observes  that  tiieir  funerals  were  distinguished  by  no  empty 
pomp.  "  The  bodies  of  illustrious  men  were  consumed  with  a  par- 
ticular kind  of  wood ;  but  the  funeral  pile  was  neither  strewed  with 
costly  garments  nor  enriched  with  fragrant  spices.  The  arms  of  the 
deceased  were  cunmitted  to  the  flames,  and  sometimes  even  liis  h(»se. 
A  mound  of  earth  was  than  raised  to  his  memory,  as  a  better  sepulchre 
than  those  elaborate  sbiictures  which,  while  they  indicate  the  weak- 
ness of  human  vanity,  ore  at  best  but  a  burthen  to  the  dead.* 
('  Germonia,'  xxviL) 

Whether  the  body  was  preserved  entire  or  committed  to  the  flames^ 
the  custom  of  depositing  tiie  remidns  of  dead  bodies  under  a  mound  of 
earth  has  beea  observed  in  nearly  every  part  of  the  world ;  1^  the 
andent  Scythians  on  the  bsAks  of  the  Borysthenee  (H«od.,  iv.  71),  and 
by  the  aborigines  of  North  America  on  the  banks  of  the  Ohio  and 
Mississippi  (JeCTeTSon, '  Notes  on  the  State  of  Vii^ia' ;  Squire  and 
Davis, '  Ancient  Monuments  of  the  Mississippi  Valley,');  and  such, 
mounds  are  still  to  be  seen  in  great  numbers  in  Denmark,  Sweden, 
Germany,  Fmnce.'Spain,  Portugal,  and  Great  Britain. 

Of  the  sepulchres  of  tho  Scythian  nations,  many  are  found  in  the 
Kuban.  They  ore  described  as  perfect  tumuli,  sometime*  <rf  great 
height,  on  a  tme  formed  by  a  square  wall  of  hrgs  atones.  In  some 
esses  the  earth  is  excavated  to  a  considerable  depth ;  in  others  it 
merely  covers  tiie  body.  The  deposits,  with  the  remains  of  the  dead, 
are  weapons  and  implements  of  war,  domestic  utensils,  and  idols. 

Vast  numbers  of  the  timiuli  scattered  over  various  parts  of  Ger- 
many have  been  examined.  They  have  been  distributed  tho 
antiquaries  of  that  coimtry  into  max  classes : — 1.  Tumuli  withoat 
bodies,  or  urns.  2.  Tumuli  with  bodies,  but  witiiout  urns.  S.  Tumuli 
vrithout  bodies,  but  with  urns  baked.  4.  Tumuli  with  both  bodies  and 
urns.  Of  the  last  class,  several  were  opened  in  the  neighbourhood  of 
Sinzheim,  and  skeletons  were  found  in  them,  with  rings  of  brass  and 
iron  about  the  arms,  feet,  and  fingers,  ear-ringa,  and  chain  or  other 
ornament  surrounding  the  ne(^  (Meidinger,  *  Die  Deutscben  Volk- 
stomme  geographisch  und  geschichtlioh  beu^chtet^*  p.  208,  ftc) 
Mr.  Kemble,  who  "  opened  at  least  three  thousand  interments  in  North. 
Qermsny,"  and  found  in  the  whole  only  two  skeletons,  whilut  in  another 
part  (Sinzheim)  he  found  in  14  barrows, "  70  interments  and  not  one 
sure  case  of  cremation,"  thinks  that  the  appearance  of  the  borrows 
hitherto  opened  proves  that  the  custom  of  cremation  was  at  one  time 
general  unong  all  the  Teutonic  races,  and  that  it  only  slowly  dio^ 
peared  before  the  progress  of  Christianity,  which  impend  the  practioe 
of  burying  tiie  bodies  of  the  dead  unbtunt.  For  a  time  it  seems  to 
have  been  usual  to  inter  the  unbumt  bodies  in  the  tribal  indosnrei, 
and  even  to  open,  for  their  reception,  the  old  barrows  to  which  family 
and  other  associations  had  given  a  kind  of  sanctity.  This  custom  seems 
to  have  continued  as  low  down  into  CliristLin  times  as  the  7th  century, 
and  is  many  places  much  later,  but  eventually  the  custom  became  uni- 
versal among  tiie  German  races  to  inter  their  dead  witliin  the  precincts 
of  their  churches,  and  hence  every  churchyard  became  a  place  of  sepul- 
ture. We  have  quoted  above  Taoitus's  description  of  the  ancient 
German  manner  of  burning  and  burying  the  dead ;  and  there  can  be 
little  doubt,  from  the  appearances  presented  by  the  major  port  of  the 
more  conspicuous  barrows  which  tiave  been  opened  that,  at  least  as 
regards  distinguished  persons,  bis  account  is  sufficiently  accurate ;  but 
Mr.  Kemble,  who  investigated  this  point  with  great  zetu  and  diligenoe, 
has  shown  that  one  and  perhaps  the  ordinary  mode  was  to  bum  the 
body  upon  a  stone  structure  raised  fur  the  purpose.  As  the  result  of 
numerous  explorations  of  previously  unopened  barrows,  and  a  com- 
parison of  passages  and  allusions  m  old  German  and  Scandinavian 
literature,  he  infers  that  "  a  heap  of  stones  was  built,  having  a  hollow 
for  the  body ;  tiie  materials  for  a  fire  were  laid  in  this,  and  the  atones 
made  red-hot,  and  than  the  corpse  placed  in  the  trough,  and  covered 
over  with  combustible  materials  till  all  was  consumed.  The  hollow 
was  then  filled  up  with  more  stones,  and  Hio  whole  surmounted  with 
euih  to  form  a  hurow."   (*  Anshioological  Journal,'  voL  xiv.) 
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Of  late  years  great  attention  haa  been  paid  by  the  northern  anti- 
qiuuiea  to  the  pnmeval  twnaiiu  of  Denmuic,  Swedm,  and  Norway,  and 
the  barrows  of  those  countrieti  have  been  careful^  aod  eyatematically 
expired.  Along  with  certain  local  peouliartties  they  bear  a  general 
resemblanoe  to  the  barrowa  occmring  tilroagboat  the  north  of  Qcr* 
many,  Holland,  parts  of  France,  and  in  our  own  country.  Prom  their 
contents  the  Danish  antiquaries  have  claasifiod  them  into  barrows  of 
the  Stone,  the  Bronze,  and  the  Iron  periods — a  division  already  sug- 
snted  to  Eiuliah  antiquaries  by  the  contento  of  English  barrow& 
Those  of  the  Stone  period  are  the  oldest  They  are  often  of  great  size, 
and  are  "  peculiarly  distinguished  by  their  important  oircleB  of  stones 
and  large  atone  chambers,  in  which  are  found  the  remains  of  unliimt 
bodies,  tt^ther  with  objects  of  stone  and  amber."  CWorsaae, '  Prime- 
val Antiquities  of  Denmark,'  Thoms's  Trans.,  p.  98.)  The  earth  has  been 
removed  from  many  of  the  more  remarkable  of  these  banows,  so  as  to 
leave «i^theeixm6(ardea,6hBmb«n,orcroinIechs, exposed;  butenough 
remains,  as  Mr.  Worsaae  observes,  to  show  that  they  must  have  been 
works  of  enormous  labour ;  and  they  afford  a  proof  that  the  people 
who  formed  them,  and  who  were  'probably  the  earliest  inhabitants  of 
Demnark,  however  rude,  "  could  scarcely  have  led  a  mere  nomadic 
life,  but  must  have  had  settled  habitations,  and  that  they  were  a 
vigorous  people,  who  cherished  care  and  reveroice  for  the  departed." 

The  tiuniui  of  the  Bmue  period,  accm-ding  to  the  some  author, 
*  have  no  circles  of  massive  stones,  no  stone  (^ambere,  in  general  no 
large  stones  on  the  bottom,  with  the  exception  of  stone  cists  placed 
together,  which,  however,  are  easily  to  be  distinguished  from  the  stone 
chambera.  They  consist,  as  a  general  rule,  of  mere  earth,  with  heaps 
of  small  stonee,  and  always  present  Uiemselves  to  the  eye  as  mounds  of 
earth,  which,  in  a  very  few  rare  instances,  are  surrounded  by  a  small 
drcle  of  stooes,  and  oont^  relics  of  bodies  which  have  been  burned 
and  placed  in  vessels  of  day  vith  objects  of  metal."  These  tumuli 
belong  evidently  to  a  later  period  than  the  preceding,  and  to  a  peo^e 
more  advanced  towards  civilisation.  In  the  rudest  agea  the  people 
usually  bury  their  dead ;  later,  the  practice  of  cremation  is  resorted  to 
and  accompanied  with  much  religious  ceremony ;  and  it  is  only  when 
the  pagan  rites  ^ield  before  the  ^ogress  of  Cbristianity  that  a  return 
is  made  to  the  simple  custom  of  mterring  the  corpse  unbumt.  In  the 
Scandinavian  borials  of  the  Bronze  period,  the  body  seems  to  have  been 
burnt  on  a  pile  of  wood ;  the  bones  and  ashes  were  then  collected,  and, 
together  with  various  bronze  implements  and  ornaments  belonging  to  the 
deceased,  put  into  an  earthen  vessel,  or  rude  stone  chest  (cist),  which 
formed  the  nucleus  of  the  intended  barrow.  This  central  vessel  was 
surrounded  with  small  stones,  and  then  covered  with  earth,  so  as  to 
form  a  barrow.  (Worsaae.)  Only  persons  of  eminent  rank  or  merit 
seem  to  have  had  an  entire  barrow ;  in  most  cases  the  barrows  seem 
to  have  belonged  to  families,  while  some  are  evidently  the  csdhiuy 
butial-plaoes  of  the  poor,  excavations  being  mode  in  the  barrows  in 
order  to  insert  urns  containing  bones,  probably  burnt  at  a  common 
burning-place,  as  described  by  Mr.  Kemble.  The  barrows  of  this 
period  are  usually  formed  on  high  ground,  and,  whenever  ^actioablc^ 
so  as  to  be  seen  far  at  sea.  They  are  espeefsUy  numerous  in  the  iwlandft, 
and  in  Jutland,  Sleswig,  and  Holstein. 

Of  Danish  barrows  of  the  Iron  period  the  examples  are  compaxativeW 
few,  and  their  date  is  evidently  comparatively  recent.  In  externtu 
form  they  resemble  those  of  the  Bronze  period,  and  they  are  not  unlike 
them  in  tiieir  internal  arrangement ;  but  they  contain  only  un^tnU 
bodies.  Swedish  and  Norwegian  barrows  occur,  however,  in  which 
burnt  bodies  are  found-  A  ^tinctive  feature  of  the  barrows  of  this 
period  is  that  they  contain  "not  only  remains  of  the  warrior  but  also 
those  of  his  horse,"  together  vrith  his  trappings.  Some  of  thera  have 
ohambeiB  of  wood,  and  all  display  traces  of  costly  habits  and  compara- 
tive refinement  of  manners  in  trinkets  of  ^Id,  silver,  and  glass,  figures 
not  inel^antiy  carved  and  engraved  of  birds  and  other  animals,  runio 
inscriptions,  &c. ;  and  in  some,  as  indeed  in  some  of  the  Bronze  period, 
trunks  of  oaks,  rudely  hollowed  out  like  a  coffin,  have  been  found. 

The  first  careful  investigations  into  the  tumuli  of  this  country  were 
made  by  Dr.  Stukeley  in  Uie  neiriibourhood  of  Stonehenge  a  century 
and  a  quarter  ago.  (Stukelcy's  'Account  of  Stonehenge,*  fol.,  1740.) 
The  attention  of  the  public  was  a  second  time  drawn  to  the  subject  by 
Douglas,  in  his '  Namia  Britannica,'  published  in  1793  :  his  researches 
were  confined  to  the  southern  ooast  of  England,  and  chiefly  to  the 
coimty  of  Kent.  The  investigations  begun  by  Stukeley  and  Douglas 
were  prosecuted,  with  ample  means  to  carry  them  into  effect,  by  the 
late  Sir  Bicbard  Colt  Hoare,  whose  attention  was  first  directed  to  the 
subject,  and  who  was  materially  sasisted  in  his  researches  and  literary 
labours,  Mr.  Cunnington,  a  tradesman  and  self-taught  antiquary  of 
AViltshk«.  In  no  part  of  Europe  hod  tumuli  been  so  completely 
explored  as  by  Sir  K.  C.  Hoore  in  Wiltshire,  and  he  minutely  and 
carefully  expluned  their  contents  in  his  '  Ancient  Wiltshire,'  2  vols. 
foL,  1810,  1821.  The  classification  of  tumuli  according  to  their  shape, 
pTC^KMcd  by  Sir  R.  C.  Hoore,  has  been  so  generally  adopted  by  English 
and  French  antiquaries  that  it  may  be  useful  to  give  it  at  length,  with- , 
out  however  accepting  the  conclusions  which  the  author  arrived  at, 
and  which  indeed  are  scarcely  consistent  with  the  present  state  of 
archicology.  "We  must  not,"  he  observes,  "consider  every  barrow 
aa  a  mere  tumulus,  or  moimd,  loosely  and  fortuitously  thrown  up,  but 
must  rather  view  them  as  works  of  evident  design,  and  executed  with 
Hm  greatest  symmetry  and  predsioii.  The  Loi%g  barrov)  (see  Ko*  1, 
AHTS  AHD  KL  DIT.  VOL.  TISL 


annexed  illustration),  from  its  singular  form  and  lirgo  size,  claims  the 
fint  notice.   These  barrows  differ  oonsidsrably  in  form  as  well  as  msg 


mtude.  Some  resemble  the  half  of  an  egg  cut  down  the  middle ;  some 
are  almost  triangular;  some  fwrn  a  ridge  of  equal  breadth  throughout ; 
but  the  greater  number  are  wider  at  one  end  than  the  other,  and  tiiat 
end  is  usually  turned  towards  the  east.  They  are  oommoiJy  traced  on 
elevated  situations,  and  stand  singly.  They  differ  mstwrinlTy  from  cir- 
cular Imutows  in  their  contents ;  for  brass  weapons,  or  trinkets,  are  never 
found  in  them.  With  few  exceptions,  bodies  appear  to  have  been  laid 
on  the  floor  of  the  barrow,  at  the  broadest  end,  in  an  irregular  manner; 
and  near  one  or  two  dsts,  cut  in  the  native  chalk,  and  covered  with  a 
piieolttones  or  flints.  The  £9iet  banw  (No.  2)  is  theabi^maie 


usually  found.  It  abounds  on  the  Mendip  Hills,  in  Somersetshire^ 
and  is  sometimes  surrounded  with  a  shallow  ditch.  Dorsetshire  also 
contuns  many  barrows  of  tiiia  class.  The  Bell  barrow  (No.  8),  from 
the  symmetty  of  its  shape,  is  probably  an  improvement  on  the  bowl 
barrow.   It  occurs  in  the  vicinity  of  Stonehenge. 

Of  the  Druid  hamm,  aa  it  was  miscalled  by  Stukeley,  Sir  R.  C. 
Hoara  distinguishes  thvee  varieties  (Nos.  i,  10,  and  11).  The  out- 
ward vallum,  with  the  ditch  within,  is  moulded  with  great  car&  In 
the  area  are  sometimes  one,  two,  or  three  small  mounds,  which  in 
most  cases  have  been  found  to  contain  small  articles,  such  as  cups,  and 
lance-heads,  also  amber,  jet,  and  glass  beads.  Two  other  varieties  of 
the  Druid  barrow  have  been  casually  ofaeerved.  One  is  a  low  mound, 
inclosed  within  a  vallum,  and  occupying  almost  the  whole  area  (No.  £). 
In  the  other,  the  u«a  is  perfectiy  fiat,  and  rises  in  a  curved  line  from 
the  Valium  (No.  9). 

The  Tvjin  barrovi  (No,  7)  consists  of  two  conical  mounds  within  a 
fosB.  The  Broad  barrow  (No.  9)  resembles  the  bowl  barrow,  but  is 
wider  and  flatter  at  top.  All  these  are  regarded  as  belongiag  to  the 
Celtic  or  ancient  British  period. 

Two  other  forms  are  mentioned — tiie  Pond  harrow  (No.  6)  and  the 
Com  barrtv  (No.  8).  Of  the  cone  barrow,  only  a  single  example  has 
been  noticed,  near  Everleigfa,  on  Salisbuiy  Plain.  Sn^  cone-shaped 
baiTOWS  placed  together  in  groups  are  usually  of  Saxon  date :  large 
numbers  of  them  occur  in  the  eastern  parts  of  Kent. 

Another  kind  appears  to  have  escaped  the  notice  of  Sir  Bichurd  C. 
Hoare.  These  barrows  are  so  slightiy  elevated  that  tiiey  can  scarcely 
be  discovered,  except  in  the  morning  and  evening,  when  the  shadows 
are  broad  and  marked.  Thur  contents  show  them  to  belong  to  an 
ear^  period. 

No,  12,  a  tumulus — or  rather  the  ruins  of  a  tumulus — called  Mill- 
barrow,  near  Avebury,  Wiltshire,  set  round  with  stones,  was  represented 
and  described  by  Dr.  Stukeley,  in  his  work  on  Avebury,  fol,,  1743  :  it 
is  fully  described  and  figured  under  Avebukt,  in  Geoo.  Dvf. 

Tumuli  frequently  occur  arranged  in  a  row.  l^fiff.  17  is  shovm  a 
series  of  four  known  as  the  Bartiow  Hills,  in  the  county  of  Essex,  on 
the  south  border  of  Camlwidgedure.  They  vary  in  size,  as  indicated 
in  the  diagram.  The  largest,  a,  measuring  142  feet  in  diameter  by 
44  feet  in  height,  was  explored  in  1835  by  Mr.  J.  Q.  Rokewode  and 
oiher  gentiemen,  who  excavated  a  passage  or  gallery  on  ike  surface  of 
the  natural  earth,  from  the  extreme  base  to  near  the  centre  of  the 
barrow.  This  line  or  gallery  is  marked  (No.  IS)  a,  extending  66  feet, 
where  the  workmen  were  ordered  to  extrad  the  open  spaoa  on  each 
side;  aod  at  the  distance  of  18  feet  they  cams  to  a  square  mclosure,  or 


chest  {c),  which  was  found  to  contain  various  antique  relics  of  genuine 
Roman  or  of  Brito-Koman  manufacture.  These  were  glass  urns  or 
bottles,  a  bronse  lamp  and  cup,  a  patera,  a  prtefericulum  (a  long  or 
tall  vsse,with  a  partianlar  handle),  gtess  vessels,  a  folding  chair,  brmue 
atrigil^  an  enamelled  voee,  fto.   Tb»  last  and  ti»  bronze  pnoferioulam 
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are  elegant  aod  extraordinaiy  vesecls,  and  the  only  examples  of  the 
kind  ever  found  in  any  of  the  tumuli  of  Great  Britain.  A  particular 
account  of  these  objects  is  given  in  the  '  Axchoiologia,'  vol.  xzvii. 

At  a  place  called  the  New  Grange,  near  Droghcda,  Ireland,  there 
waa  a  remai^ble  tumulus,  which  was  explored  in  1770  hy  Governor 
Pownall,  who  wrote  an  account  of  the  bairow,  and  of  other  objects  in 
the  vicinity,  for  the  Society  of  Antiquaries  of  London,  and  published 
the  same  in  vol.  ii.  of  the  '  Archieologia.'  He  states  that  the  mound 
consists  mostly  of  large  pebble  stones,  which  must  have  been  conveyed 
about  12  or  14  milea ;  and,  by  calculation,  the  whole  weired  at  least 
X89,000  lbs.  The  height  is  70  feet,  and  the  diameter  about  400  feet. 
Snm>unding  its  base  iras  a  series  of  rude  stones,  placed  in  a  circular 
form,  on  their  ends,  as  indicated  (No.  14).  A  gallery  formed  of  upright 
stones,  c  c,  with  others  placed  on  their  tops,  extended  from  the  outer 
edge  to  near  the  centre  of  the  tumulus,  where  there  was  an  area 
surroundtd  by  other  stones,  and  covered  by  a  dnme  or  cupola,  a. 
Branching  from  this  area  were  three  square  recesses,  b,  b,  o.  The 
accompanying  diagrams  show  a  plan  and  section  of  the  jpillwy. 


Silbuiy  Mill,  near  Marlborough,  Wiltshire,  is  one  of  the  lai^t 
barrows  In  the  world.  [AvEBoaY,  in  Gaoa.  Div.]  See  the  cut  in  the 
preceding  column,  Ka  13. 

Some  yeiy  remarkable  examples  of  tumuli,  cromlechs,  and  stone 
chambers  in  Jersey,  GuBmsey,  and  other  of  the  Channel  Islands, 
have  been  explored  and  described  with  great  acumen  by  Mr.  Lukia. 
('  Archaiol.  Journal,'  Jto.)  They  bear,  in  many  particulars,  a  curiously 
close  affinity  to  the  Scandinavian  barrows,  as  described  by  Worsaae  and 
the  BOTal  Society  of  Antiquariee,  Copenhagen.  [Croklsch.] 

Sir  Bichazd  C.  Hoore  ooniiden  the  dapontloa  of  tike  body  entire, 
and  its  leduotion  to  ashes  1^  fire,  to  have  been  practised  in  £nghmd  at 
the  same  time.  There  are,  however,  varieties  of  both.  In  the  moat 
ancient  interments  the  body  is  inclosed  in  a  cist,  with  the  legs  and 
thighs  drawn  up,  ond  the  head  generally  turned  towards  the  north. 
The  second  is  of  later  date.  The  body  is  deposited  at  full  length ;  but 
the  head  is  pieced  in  no  particular  position,  and  arms  and  varioua 
instruments  ot  iron  accompany  the  ikdeton  ;  these  burials  of  unbumt 
Indies  in  EngUsh  barrowi  bear  in  all  respects  a  close  similarity  to  (hoae 
described  by  Mr.  Kembla  in  North  Germany.  In  the  same  manner, 
two  modes  of  depositing  the  remains,  after  they  were  burnt,  have  been 
practised.  In  the  more  ancient,  the  fi^mente  of  the  burnt  bones 
were  collected  and  ltdd  on  the  floor  of  the  barrow,  or  in  a  cist  exca- 
vated in  the  native  soil.  In  the  second,  which  is  clearly  the  later, 
ttie  bones  and  ashes  were  inclosed  in  a  funeral  um,  which  waa  placed 
in  a  dst,  uauslly  with  the  mouth  downward.  In  tiiese  cases  portions 
of  the  cloth  which  enveloped  the  nm  have  ocoaaionaUy  been  dis- 
covered, as  well  as  amsU  brass  phis,  by  which  the  cloth  was  apparentiv 
fastened. 

Of  urns,  many  varieties  have  been  found  in  exploring  the  tumuli. 
The  flmt  or  largest  class  was  property  the  sepulchral  um,  and  is  always 
fcund  to  oontam  bones.  The  second  is  different  both  in  shape  and 
design :  it  contained  neither  ashes,  bones,  nor  trinkets ;  and  as  the 
custom  prevailed  of  depomting  articles  of  food  with  the  dead,  these 
have  received  the  name  of  drinking^jupa,  from  a  supposition  that  they 
were  Intended  to  hold  fluids.  Such-  vessels  are  frequentiy  found  with 
skeletons,  and  are  phioed  either  at  then-  head  or  feet.  They  are 
^ways  ornamented  with  patterns,  and  would  contain  about  a  quarts 
The  third  are  smaller  BtiU,  and  more  &ntaatio  in  shape.  They  too 
dimmutive  to  have  been  receptades  for  ashes.  'I'hey  were  probably 
intended  for  perfumes,  and  have  somewhat  fancifully  been  named 
mcwiBe-oups.  At  one  time,  there  can  be  litUe  doubt  that  barrows 
might  have  been  found  throughout  the  country ;  but  they  have  been 
destTOTed  as  cultivation  advanced.  Yet  even  now  they  are  traceable 
ow  a  luge  put  of  the  land,  and  thev  exist  in  considerable  numbers 
where  the  Isod  remains  untilled— lar^ly.  for  example,  in  such  widely- 
■^Mrted  places  as  WUtehire,  Derbyshire,  Kent,  and  tiie  Channel 

We  may  («id  that  the  remains  found  in  Uie  British  banvwa,  equally 
with  thoee  of  thebarrows  of  other  Teutonic  races,  indicate  three  distinct 
stages  or  eras  of  society.  The  first  was  before  the  iotnjduction  of  metals 
wh«i  ams  and  implements  consisled  of  spear-heads  of  flint,  and  arrow- 
headB  of  flint  or  bone ;  the  second,  when  these  articles  were  of  bronze ; 
and  the  latest  whoa  iron  instnimente,  arms,  and  utensils  aooompany 
the  depoat  Of  the  sepnlohial  wm  also  thero  aretwo  varieties,  mSf- 
wtog  different  periods  of  mechanical  art.  In  the  first  the  ura  is 
fiwmoned  by  hand,  without  ornaments,  or  with  those  of  the  rudest 
fand,  and  dned  by  the  heat  of  tiie  sun.  In  the  second,  it  was  evidenUy 
wrought  on  the  lathe,  ornamented  by  the  appli(»tion  of  some  instru- 
ment with  Eig8«g«  and  otiier  patterns,  and  linished  and  baked  with 
different  degrees  of  skill  aod  attention.  Poesibly  the  fimt  of  theee 
may  beloKg  to  the  earliest  known  inhabituite  it  Britain;  and  th« 


others  may  perhaps  be  assigned  to  the  latest  Belgic  colonists.  The 
lator  Saxons  buried  their  dead  in  oaoeteries  of  oonsiderablefl^entjaiid 
without  barrows. 
TUN.  [TohJ 

TUNE,  in  Music,  a  short  air,  <n-  melody,  with  both  or  either  of 
which  terms  it  is  aynonymoua.  A  vocal  Tuiu  is  a  song,  or  a  ballad,  in 
England ;  an  arielU,  a  vaudeville,  in  France ;  a  gaang  in  Qemiany ;  a 
canzonetta,  an  arietta,  in  Italy ;  a  tegnidilla  in  Spain ;  &c  In  instru- 
mental music  a  Tune  is  variously  denominated, — dance,  hornpipe,  jig, 
gigue,  gigaj  waits,  valte,  waltzer,  fandango,  kc,  aooording  to  the 
oountry  in  which  it  had  its  origin  or  is  naturalised.   [AiB ;  Melody.] 

TUNGSTEN  (W).  Tf^o^/raiiuNffi.  Thia  element  was  discovered  by 
Scheele  in  1781,  but  was  not  isolated  till  srane  few  Tean  later.  The 
name  indicates  "  heavy  Bt<me^"  in  aUoiion  to  the  hi^  speoifio  gravi^ 
of  its  Swedish  ore. 

The  chief,  if  not  the  only  form  in  which  tungsten  occurs  in  nature, 
is  that  of  tungstio  acid ;  amuetimea  free,  but  more  often  combined :  it 
is  usually  found  in  company  with  tin-stone,  and  till  within  the  hut  few 
yean  has  been  regarded  only  as  a  minerala^oal  curiosity.  Becently, 
nowevM',  tungsten  has  been  combined  with  iron,  and  the  alloy  found 
to  possess  the  properti&'j  of  the  best  steel. 

Tungsten  may  easily  be  obtained  from  tungstic  add,  by  reducing 
with  hydrogen  or  carbon  at  a  high  temperature.  The  most  oonvenient 
method  is  to  knead  a  mixture  of  tungatic  add  and  charcoal  into  a  paste 
with  oil,  and  ezpods  the  mass  in  a  carbon  cruoible  to  the  heat  of  a 
blast  famaoe.  It  is  a  steel'^T&y  metal,  susceptible  of  considerable 
lustre,  ezoeedingly  hard  and  infusible,  uid  of  specific  ^vity  17  6.  It 
does  not  readily  oxidise  in  the  air,  and  ia  not  magnetic.  It  is  a  good 
conductor  of  heat  and  eleutricity,  and  strong  oxidising  adds  ia 
converted  into  tungatic  acid. 

The  equivalent  of  tungsten  is  92. 

Tungaten  and  oxygen  form  two  definite  oompounda ;  Mnftride  fWCL) 
and.  t^oxide,m  tungttk  acid  (WO^).  A  dark  indigo-blue  odourad  oxids 
(W^Oj)  has  also  been  described,  but  it  is  prob^Iy  a  mixture,  or  pos- 
sibly a  compound  of  binozide  ai^  terozide  (WgO^sa  W0„  WO,). 

Binomde  of  twagttea,  or  ttmg^oat  oxide  (WO,),  u  a  dark  copper^ 
coloured,  almost  black  powder,  obtained  on  passing  hydrogen  over 
tungstio  odd  at  a  low  rod  heat.  It  has  also  been  formed  in  lustrous 
Boales.  Knoxide  of  tungsten  has  a  great  tradenoy  to  absorb  oxygen, 
but  fonoa  with  soda  a  compound  that  is  not  acted  upon  by  any  add, 
except  hydrofluoric. 

TangiHe  add  (W0,>.— The  anhydrous  add,  or  (MjufM;  mkydride, 
may  be  procured  by  decompodng  Wolfram  (tungstste  of  iron  and 
manganese  HnO,  WO^  +  SFeO,  WO,),  with  aqua  regia,  ev^iorating 
to  drynesB,  digesting  tiie  residue  in  ammonia,  re-crystalliamg  the 
timgstoto  of  ammonia,  drying,  and  heating  to  rediiess.  It  i«  a  yelloir 
powder,  insduble  In  water  and  adds,  but  soluble  in  ■^W**^  and  ia 
alkaline  oorbonatas  witii  eCferveeoeooe. 

Rpdrated  tmgatk  acid  (UO,  WO,)  is  a  yellow  precipitate,  formed  on 
adding  excess  of  hydroohlorio  ooid  to  a  Bolutdoa  of  tungstio  anhydrule 
in  alkali. 

Ttingstatn. — Those  of  the  alkalies  axe  formed  in  the  manner  just 
indicated,  and  othera  may  be  obtained  double  decomposition. 
Tungttale  of  soda  (NaO,  WO,  +  2Aq.)  poasoasoa  the  important  property 
of  rendering  fabrics  uninflammable.  MusUn  soaked  in  a  sdution  of  20 
parts  of  this  salt  with  8  of  phosphate  of  soda  in  100  parts  of  water 
may  readily  be  ironed  and  otiienvise  prepared  for  wear,  and  ia  then 
only  charred  when  brought  into  contact  with  fire ;  it  does  not  iteelf 
bum  with  flame  and,  therefore,  does  not  propa^te  ite  combustion. 
Tnng^tUe  of  lead  rivds  the  carbonate  as  a  ingment.  A  modification  of 
tungstio  add  In  which  two  equivalents  combins  with  one  of  base  has 
been  termed  mtiaimgtivi  acid  (HO,  W,0«). 

Ttingtten  and  phoipkonta  form  two  compounds.  The  first  is  a  dark 
gray  powder  (W^P,)  produced  when  phosphorous  v^>our  is  passed 
over  the  metal.  The  second  (W^P)  occurs  ia  crystdline  groups  of 
lustrous  prisms,  and  is  obtained  on  reducing  two  equivalents  of  {dtos- 
phorio  acid  and  one  el  tungstio  add  in  a  carbon  orudble  at  a  very 
high  temperature, 

Ttmgitm  and  tulphur  form  Undphide  (WB,)  and  temUpkide  (WS,). 
The  former  is  a  Uuish^blaok,  ciTstalline,  plumbago-like  povrder,  whidi 
remains  undissolved  when  a  well  fused  mixture  of  equal  [Kute  of 
bitungsteto  of  potash  and  sulphur  is  treated  with  water.  The  ter- 
Bulphlde  is  produced  on  dissdving  tungstio  acid  in  an  alkaline  sulphide, 
and  precipiteting  an  aoid :  it  is  di^itly  soluble  in  water,  ana  is  a 
powerful  sulphur  aeid. 

Tangiten  and  chlorine  combine  ia  two  proportions.  On  poBaing  the 
dry  gas  over  the  heated  metal,  botii  chlorides  are  formed,  tne  relative 
proportions  depending  on  the  amount  of  chlorine,  liie  Hchloride 
(WUlJislesBVolatUetbanthefSKMonifs  (WCIA  Both  of  them  crys- 
tallise. 

The  compounds  of  tungsten  are  not  poisonous.  Thdr  aolutions  are 
not  predpitated  by  sulphide  of  hydrogen,  or  sulphide  of  ammonium. 
Sulphuric  add  and  sine  when  added  to  a  sdution  of  tungstio  add  pro- 
duce a  deep  blue  coloration  in  the  liquid.  With  borax  in  the  blow- 
pipe flame,  the  compounds  of  tungsten  yidd  a  yellow  bead,  becoming 
blood-red  on  cooling.  The  metal  is  estimated  in  the  state  of  tungstio 
anhydride,  which  oontains  78'83  per  cent  of  metal. 
TUNGSTIC  ACID.  [TtnrosnH.] 
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TUNING.  [Tfmprbauekt  afd  TDitlsa]  In  column  118  we 
alluded  to  the  proepectuB  of  eertain  ttming-f orks,  of  which  itwaB  stated 
that  each  one  was  tuned  to  the  Irue  atandard  by  a  "  scientific  process." 
We  have  received  an  explanation,  by  which  it  appears  that  this  is 
the  adrertiaer's  way  of  saying  Halt  a  good  standard  timing  fork  having 
been  first  constructed  by  a  scimtiiflo  nooaaa,  every  tuning  foilc  sold 
was  carefully  compared,  by  ear,  with  that  originaL  This  is  quite  as  it 
should  be ;  but  the  terms  used  ezpreaa  something  different. 

TUNING-FORK.  A  steel  inatrument  with  two  prongs  apringing 
out  of  a  handle,  and  so  adjusted  as  to  length  that  when  struck  a  certain 
fixed  note  is  produced,  by  which  the  pitdb  of  the  voice  or  of  musical 
instruments  is  regulated.  In  England  the  tunii^-fork  is  made  with 
parallel  prongs,  and  is  vibrated  hf  striking  one  of  the  prongs  when 
both  unite  and  reinforce  each  other ;  the  note  becomes  miwi  more 
resonant  W  placing  the  handle  on  a  sounding-board,  or  even  on  a 
table.  In  France,  where  the  instrument  is  called  a  diapattm,  and  in 
Gerniany  a  dia*pa»m,  the  prongs  are  bent  into  the  form  of  an  exag- 
gerated horse  shoe,  and  a  cylinder  of  wood  being  placed  in  the  widest 
part  of  the  opening,  is  moved  quickly  upwards  so  as  to  separate  the 
prongs  further  apart,  and  they  continue  to  vibrate  for  some  time. 
The  rork  is  usually  tuned  to  a  or  o  in  the  tenor,  a  separate  fork  being 
provided  for  each  pitch  required,  Mr.  Klein  has,  however,  introduced 
a  fork  which  admits  of  adjustment  for  pitch  by  means  of  a  email  brass 
olamp,  which  slides  on  one  of  the  prongs,  and  can  be  fixed  in  certain 
positions  by  means  of  a  damping  screw.  By  varying  the  plaoe  of  the 
damp  upon  the  prong  the  pitch  of  the  fork  can  be  raised  or  lowered, 
and  eoliain  marks  are  engraved  upon  the  prong,  showing  the  po8iti<m 
for  the  clamp  for  giving  the  pitch  adopted  1^  each  tA  the  prindpal 
orchestras  in  Europe. 

It  would  be  very  desirable  if  a  uniform  pitch  oould  be  agreed  on  in 
tiie  musical  world ;  but  so  long  as  each  nation  continues  to  use  its 
own  weights  and  measures,  it  will  naturally  claim  the  privilege  of 
regulating  its  own  musical  pitch.  Under  Acoustics,  Comoert  Pitch, 
and  TsicPBRAMEHT  and  Tdkiho,  some  remarks  are  made  on  this  sub- 
ject, by  which  it  appears  tiiat  for  many  years  past  the  pitch  has  been 
rising,  to  the  injui?  of  the  voices  of  our  public  singers.  Messrs. 
Broadwood,  the  weU-known  pianoforte  makers,  employ  three  tuning- 
forks,  all  of  different  pitch ;  the  first  is  the  philluinnonio  standard 
of  thirty  years  ago,  and  is  used  for  tuning  pianos  which  give  the 
accompaniments  ^  vocal  concerts ;  secondly,  a  fork  higher  in  pitch, 
used  for  tuning  idanoa  that  take  part  in  orcheetral  compositions;  and 
thirdly,  a  fcvk  of  still  higher  pitch,  used  as  the  open  and  philbannonic 
standard  of  the  present  day.  Indeed  there  is  a  difference  of  about  a 
semitone  between  the  first  and  tliird  of  these  forks. 

It  is  stated  that  the  middle  c-fork  used  in  Paris  in  1699  was  equal 
to  489  vibrations  per  second,  while  in  1859  it  hod  increased  to  588. 
In  tiie  last-named  year  the  opera  standard  iark.  used  in  London,  St. 
Petersbo%  and  Berlin,  was  even  Romewhat  higher  than  that  of  Puis ; 
and  cases  have  frequently  occurred  in  whidi  a  band  intended  to  take 
part  with  a  cathedral  organ,  suoh  as  that  of  St.  Paul's,  London,  found 
it  impossible  to  tune  down  all  their  instruments  to  the  pitdi  of  the 
organ.  The  object  of  thus  raising  the  pitch  has  been  to  improve  the 
brilliancy  of  the  instruments.  Opera  bands  and  military  bands  have 
both  raised  their  pitch.  The  oonductor  of  the  band  of  the  Guides  of 
Brutsels  employs  two  forks,  one  which  U  too  high  for  vocal  musio, 
being  used  to  give  brlllianinr  to  mUitery  instrumenta. 

Attempts  have  been  made  at  various  times  to  settle  the  standard 
of  pitch  by  reference  to  sdentific  principles.  Fischer's  experiments,  or 
rattier  their  results,  obtained  in  1823,  are  noticed  under  Aooitstics. 
About  thirfy  years  ago  the  Philharmonic  Sodety  adopted  a  fork  of 
a  certdn  {dtou,  which  for  a  time  seemed  to  check  uie  tendency  to 
rise  in  the  standard.  The  maker  informed  us  that  tiiis  foik  was 
entirely  settied  by  ear,  and  that  Sir  Qeorgs  Snun^  dirooted  him  to 
make  it  a  little  sharper  or  a  little  flatter  until  in  the  course  of  about 
half  an  hour,  a  pitch  was  hit  upon  which  satisfied  Sir  George's  musical 
ear.  In  1834  some  of  the  leading  musicians  of  Germany  met  at 
Stuttgord,  and  agreed  upon  on  A-fork  of  880  vibrations  per  second, 
corresponding  wiUi  S28  for  the  tenor  o.  The  next  attempt  to  secure  a 
uniform  standard  was  made  Mr.  HuUab,  in  1842.  When  this 
gentleman  introduced  the  system  of  teadiing  singing  on  the  WHbem 
method,  under  the  sanction  of  the  Committee  of  Council  on  Education, 
it  was  quite  necessary  to  secure  a  common  standard  of  pitdi  for  the 
soke  of  uniformity  in  the  various  classes,  and  among  the  teachers 
instructed  by  Mr.  Hullah,  who  themselves  had  classes  in  various  pirts 
of  the  kingdom.  The  great  and  successful  gatherings  in  Exeter  Hall, 
where  1500  or  2000  pu^Is  under  thia  method  ui^ted  their  voioes, 
woi^  evidently  have  oeen  impossible  unless  a  standard  of  piteh  had 
been  adopted.  Accordingly,  Mr.  Hullah  and  his  publisher,  Mr.  Parker, 
applied  to  Mr.  Tomlinson  to  prepare  a  new  fork ;  the  necessity  for 
which  will  be  further  apparent  when  it  is  considered  that  the  A-fork 
or  the  c-fork  of  one  maker  did  not  by  any  means  imply  the  same  A-fork 
or  c-fork  of  another  maker ;  nay,  even  forks  of  the  same  name,  and 
bought  at  the  same  shop,  were  not,  as  a  role,  in  unison.  Mr.  Hullah 
expressed  great  anxiety  that  the  pitch  should  be  kept  down  as  muoh 
as  possible,  but  he  left  it  to  Mr.  Tomlinson  to  decide  what  number  of 
vibrations  per  second  should  be  assigned  to  the  note  which  it  was 
a{p«ed  should  be  the  middle  o  of  the  wtmoSxaia.  In  a  letter  addressed 
to  Mr.  Hullah  on  April  18, 1842,  ISx.  Tomluuon  stated  hk  reasons  why 


the  number  512  should  be  adopted.  We  n-ill  quote  a  few  remarks 
from  the  printed  description  which  was  written  when  this  fork  was 
issued,  and  which  has  boen  given  with  every  fork  that  has  been  sold, 
ever  since: — 

"  The  tuning-forks  now  in  use  are  themselves  regulated- -not  upon 
any  definite  principle — but  by  the  imperfect  system  of  eopytitgry.eaoh 
one  being  attuned  in  (apparent)  unison  with  others.  To.%  workman, 
having  no  test  but  his  ear  to  depend  upon,  is  liable  to  fall  into  inao. 
ourades,  the  precise  amount  of  which  he  has  no  means  of  determining : 
hence  the  standard  itself  may  vary  from  time  to  time ;  and  indeed  it 
is  known  to  musicians  that  the  standard  of  musical  pitoh  is  higher  in 
^ioB  country  at  the  present  time  than  formerly,  any  given  note  being 
now  a  little  tkarper  than  Uie  similsriy-named  note  in  the  times  of  our 
eariier  composers.  And  not  only  so,  but  di^^t  vocalists  of  dis- 
tinction, instrumental  t>erfoTmers,  and  musical  instrument  makers, 
adopt  certain  standards  of  their  own,  which  often  differ  considerably 
one  from  another.  These  discrepancies,  and  the  rapid  extension  of 
vocal  musio  in  England  under  the  auspices  of  the  Committee  of 
Coundl  on  Education,  iiave  led  to  the  opinion  that  the  present  is  a 
favourable  time  to  attempt  the  formation  of  a  riyonma  ilandard  of 
piteh ;  one  which,  by  depending  on  an  unchanging  sdehtifio  principle, 
will  be  independent  of  local  and  temporary  usages.  The  principle 
here  alluded  to  is  that  on  which  the  pitoh  wholly  depends — namdy, 
tht  nnmher  of  vibraMvna  per  gecond  iohidi  produea  the  given  note.  The 
great  rapidity  of  these  vibrations  renders  the  determinatif^)  of  the 
number  a  point  of  muoh  difficulty  :  but  sdence  furnishes  many 
reaouroeB  whereW  this  determinati<m  can  be  made  with  great  nioe^. 
Any  note  might  he  chosen  as  a  standard,  but  the  note  "  Do  "  or  o, 
represented  musically  thus,  has  been  sdected  as  the  one  most  goo*- 
lally  useful:— 


This  note  in  the  new  standard  tuning-forks,  ii  produced  In'  612 
vibrations  per  second,  a  number,  the  simplicity  of  which  rendras  it 
peculiarly  valuable^  It  forms  part  of  the  geometrical  series,  1,  2,  4,  8, 
16,  82,  64,  128,  268,  512,  1024,  2048;  each  term  of  which  thus 
becomes  a  representetive  of  the  natural  note  "  Do  "  (except  the  first 
five  terms,  which  vibrate  too  slowly  to  produce  musical  sounds) ;  every 
term  being  the  octave  of  the  next  bdow  it.  Under  such  a  system  the 
lowest  c  on  a  grand  pianoforte  would  be  due  to  82  vibrations  per 
second ;  the  highest  o  to  2048,  and  the  highest  note  of  the  instrument 
to. 2780.  By  careful  experimente,  mode  expressly  for  the  present 
object,  it  has  been  recently  determined,  that  the  philharmonic  C, 
tiie  most  authoritative  standard  in  this  oountry,  vibrates  a  smaller 
number  of  times  per  sacond  than  512;  while  Fischer,  of  Berlin, 
found,  a  few  years  ago,  that  the  average  of  the  pitoh  note  A,  in  four 
cebbrated  Gcmtinental  orahestras,  gave  a  number  which  would  raise 
the  0  to  about  616  vibntiona  per  second.  Thus  the  numbers  of 
vibrations  pra-  Second  of  the  pitoh-note  a  at  the  prindpol  Berlin  and 
Paris  theatres  were  as  follow  : 


TibraUons 
per  Bae. 


nbrstlcns 
per  Bsc 


Berlla  Theatre    .  . 
Fario  Grand  Opera  Frsn^ais , 
Opera  Comiqas      ■      .  , 
Opora  Italien     .  • 


'ff 

soft 


"In  aeleoting,  therefore,  tiie  number  612,  we  not  only  obfeun  that 
which  is  tiiecnvtioally  most  correct,  but  one  which  is  also  a  convenient 
mean  between  various  existing  standards ;  it  gives  a  very  trifling 
elevation  to  the  general  English  pitch,  and  furnishes  a  standard,  which, 
for  the  first  time  in  this  country,  con  be  numerieaUg  expressed  In 
connection  with  the  tuning-fork." 

It  is  further  stated  that  "  every  fork  is  tested  by  an  uniform  standard, 
and  stamped  with  a  device  exjo'essive  of  the  velodty  of  ite  vibrations 
=  018  per  saoond." 

it  is  remarkable  that  tUs  fork  should  have  been  almc»t  entirely 
confined  to  the  use  of  Professor  Hullah's  dnging-dasses,  and  that  when 
the  Sodety  of  Arts  committee  was  appointed  the  existence  of  a  stan- 
dard for  nearly  twenty  years,  of  which  many  thousands  had  been 
issued  to  the  public,  should  have  been  known  only  to  a  few  of  the 
members  of  that  committee.  This  committee  seems  to  have  been 
appointed  in  consequence  of  the  hnperial  government  of  France  having 
in  1858  appointed  a  commisdon  to  inquire  into  the  bast  mode  of 
BeAt)iag  AUiapcaonnormaL  The  commiadoners,  among  whom  were  some 
eminent  composers,  as  well  as  men  of  sdence,  presented  their  report 
early  in  1869,  in  which  it  was  admitted  that  the  standard  of  pitch 
differs  in  different  countries ;  tiiat  it  differs  among  different  musical 
establislunente  in  the  same  country ;  that  there  is  a  tendency  every- 
where to  an  elevation  in  pitch ;  and  that  great  confusion  arises  frnn 
these  dmumstancfls.  It  was  agreed  that  the  Paris  Opera  standard 
ought  to  be  lowered ;  and  in  order  that  existing  musical  instrumente 
might  be  readily  o^i^ed  to  a  lower  pitch,  about  half  a  semitone  of 
diminution  was  recommended :  namely,  tiiat  the  Open  A  lotk  should 
be  lowered  from  896  to  870  vibntiona  per  second,  cqniralent  to  a 
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lowering  of  the  tenor  o  from  538  to  623.  A  dccroe  of  the  Emperor 
Mnctioned  Hob  standard,  and  made  it  compulsory  on  all  musical 
establishments  in  any  way  supported  by  the  state  to  adopt  this  atan- 
dard  at  Paris  from  the  let  of  July,  lS5i>,iuid  in  the  provinces  from  the 
Ist  of  December  following. 

The  preliminary  meeting  of  the  Society  of  Arts  ivas  held  on  the  3rd 
of  June,  1S59.  A  large  number  of  muaical  gentlemen  and  one  lady, 
Madame  Qoldachmidt  {J«iny  Lind),  attended,  together  vith  a  few 
scientific  men.  It  was  agreed  that  the  pitch  bad  gradually  risen,  was 
still  rising,  that  it  ought  to  be  checked,  and  that  the  settlement  of  a 
definite  standard,  once  for  all,  was  very  desirable.  Madame  Gold- 
Hchmidt  stated  that  within  the  short  space  of  twelve  years  the  pitch 
had  risen  sufficiently  to  matce  the  change  painful  to  the  singers  of 
soprano  music.  A  committee  was  appointed  to  examine  and  report  on 
the  question  :  the  ddiberations  lasted  twelve  months.  It  is  wcn-tl^  of 
i-eiuark  ^t  Six  Jolin  Herschel  addressed  a  letter  to  the  committee,  in 
which  he  expressed  his  astonishment  that  the  French  commission 
should  have  fixed  upon  the  number  870  for  their  a  fork,  or  522  for  o ; 
nnd  he  oxprcsaed  his  conviction  that  sooner  or  later  the  mathemati- 
cally simple  and  easily  calculated  512  must  be  adopted.  His  proposal 
was  to  re-form  the  pitch  efiectually,  and  once  for  all,  by  the  adoption 
of  that  numbw.  The  instrument-makers,  he  remarks,  would  bo  some- 
what puzzled  by  ani/  change,  but  that  the  embarrassment  would  not 
be  increased  by  making  the  full  required  alteration  at  once.  The 
committoe,  however,  reported  in  favour  of  a  number  between  the  two 
extremes — namely,  52S,  or  the  pitch  estabUshcd  by  the  Stuttgard 
musicians  in  1S!J TLio  instrumental  performers  stated  to  the  com- 
mittee that  they  could  lower  the  Opera  pitch  of  uJ6  down  to  523,  but 
if  they  hod  to  lower  it  to  612  some  of  them  would  have  to  purchase 
new  instraments.  On  the  other  hand,  the  vocalists  who  would  have 
preferred  512  were  content  to  accept  523  as  a  compromise  in  the  right 
direction.  Besides  this,  528  was  recommended  as  a  good  number  for 
the  fundamental  note  of  the  octave,  since  it  admits  of  the  other  notes 
of  the  scale  being  expressed  la  whole  numbers  without  fractions.  At 
the  presentation  of  the  report  a  strong  attempt  was  mode  to  obtun  a 
vote  in  faroar  of  612,  but  without  success ;  so  that  for  some  time  to 
come  this  number  will  probably  only  reign  in  Professor  HuUoh's 
singing-classes. 

The  scientific  process  by  which  the  number  of  vibraUons  per  second 
is  determined,  consists  in  the  use  of  one  of  three  or  four  methods. 
The  first  is  by  means  of  the  monochord,  a  string  of  known  length  and 
diameter,  stretched  by  a  known  weight  usually  in  a  horizontal  position. 
The  loigth  of  the  string  is  the  vibrating  portion  between  two  well-derined 
edges  or  bridges,  and  the  weight  is  guided  over  a  very  small  pulley. 
Fischer  was,  we  believe,  the  first  to  point  out  a  source  of  error  in  this 
arrangement,  namely,  that  in  the  horizontal  position  the  string  is 
prevented  by  friction  from  experiencing  the  full  effect  of  the  weight, 
and  the  calculation  will  give  the  number  of  vibrations  in  excess  of 
the  true  value.  The  string  must  therefore  be  in  a  verticid  position. 
The  formula  convenient  for  calculation  results  from  the  mathftmatiffliJ 
theory  of  the  vibratione  of  a  stretched  cord : — 

Let  I  =  the  length  tn  ineltet  of  the  cord  or  wire. 

e  =  the  length  alao  in  inches,  whose  weight  would  be  equal  to 
that  by  which  it  is  stretched. 

Then  the  number  of  vibrations  per  second  will  be 
N=-^''x9-3257, 

t 

in  which  0-8257  is  {  \/g,  g  being  the  accelerattve  force  of  the  gravity 
of  the  earth  at  its  surface,  expressed  in  inches. 

Mr.  Woolhouse  ('Essay  on  Musical  Intervals')  took  a  piece  of  the 


position  by  a  weight 
avoir.,  sounded  the  common  pitch-note  a  :  hence,  according  to  the 
preceding  formula,  c=  98726  inchra;  Vc=3142  inches;  Vcx9-8257 

=8087-2  inches;  and  K=^^=424.   " We  thenf ore  oondude  that 

the  {utch-note  a  vibrates  about  424  times  in  one  second.  This  may 
differ  _  one  or  two  vibrations  from  the  truth,  on  account  of  the 

unavoidable  small  defect^i  of  the  materials  used  in  the  experiment." 
According  to  this  determination  the  notes  of  the  octave  have  the 
following  values c  254,  d  286,  E  318,  r  339,  o  382,  a  424,  B  477,  and 
c  509  vibrations  per  second  respectively. 

The  second  mode  of  determining  the  pitch  of  a  given  note  is  by 
means  of  ^e  Sirxh,  and  the  method  of  doing  bo  is  bri^y,  but  perhaps 
suiBciontly,  described  under  that  head.  For  the  method  of  Beats, 
we  may  refer  to  that  head,  and  likewise  to  the  articles  Acoustics,  and 
Temperauent  and  Tdnino.  But  the  most  rapid  and  striking  method 
of  determining  the  number  of  vibrations  in  a  given  note  is  that 
recently  introduced  by  M.  Lissajoux  [Nodal  Points  and  Lines].  By 
means  of  an  electro-magnetic  machine  a  disc  one  metre  In  circumference 
moves  wiUi  strict  uniformity,  and  makes  one  revolution  in  one  second. 
This  disc  is  covered  with  a  tnin  layer  of  copperplate  printer's  ink,  and 
the  fork  is  furnished  with  a  small  ivoty  point.  On  vibrating  the  loA 
and  bringing  the  point  up  to  the  rotating  disc,  it  will  engrave  a  number 


of  tooth-like  waves,  which  have  only  to  be  counted  in  order  to  deter- 
mine the  number  oi  vibrations  per  second  of  the  fork. 

The  law  which  regulates  the  vibrations  of  a  tongue  of  metal  fixed  at 
one  extremity,  and  free  to  vibrate  at  the  other,  is  that  the  number  of 
vibrations  of  similar  tongues,  but  of  diSerent  lengtlis,  ore  in  the  inveree 
ratio  of  the  squares  of  those  lengths.  Thus  if  one  tongue  be  twico  aa 
long  as  the  otiier,  the  shorter  will  perform  four  times  as  many  vibra- 
tions in  a  ^ven  time  as  the  longer.  The  method  of  tuning  a  fork  by 
a  standard  is  to  sound  the  toA  with  that  standard,  and  if  it  agrees 
with  it,  the  tvro  notes  vrill  soimd  in  unison  as  one ;  if  it  do  not  agree, 
a  system  of  beats  will  be  heard  more  or  less  rapid  according  to  the 
diven^ence.  The  tuner  then  adopts  one  of  two  methods :  by  means  of 
a  flat  file  he  rubs  off  a  portion  from  the  ends  of  the  prongs,  thus 
reducing  them  in  length,  and  making  them  vibrate  quicker;  or  he 
introduces  a  rat's  tail  file  and  removes  a  portion  from  between  the 
prongs,  thus  increasing  their  effisctive  length  and  causing  them  to 
vibrate  slower. 

It  is  undoubtedly  true,  ttiat  the  pitch  even  of  the  tuning-fork  is 
liable  to  slight  variations  from  change  of  temperature.  While  writing 
this  artiele  we  have  performed  the  following  experiment :  two  forks 
were  sounded  together  and  found  to  be  strictly  in  unison ;  one  of  them 
was  plunged  into  hot  water  for  a  few  seconds,  then  wiped  diy,  and 
again  sounded  with  tiie  other  fork,  when  a  very  painful  beat  was 
evident. 

On  striking  a  tuning-fork  briskly  on  a  hard  siibstauce,  other  notes 
besides  the  fundamental  note  may  sometimes  be  heard.  This  arises 
from  nodal  divisions  in  each  limb,  after  the  manner  of  strings  and  tubes 
[Pipe],  but  not  following  quite  the  some  laws.  Whore  tiiere  is  one 
node  it  is  at  a  distance  from  the  fixed  point,  a  little  greater  than  two- 
thirds  the  length  of  tlie  prong ;  the  note  then  given  by  this,  which  is 
called  the  second  mode,  is  much  sharper  than  when  there  is  no  node 
(or  by  the  first  mode),  and  tho  relative  number  of  vibrations  is  A 
still  higher  note  corresponds  to  two  nodes  (third  mode),  and  one  still 
higher  to  three  nodes  (fourth  mode).  These  subdivisions  of  vibrating 
rods  may  also  be  produced  in  tubes.  The  squares  of  the  odd  numbers 
S,  5,  7,  9,  tea.,  represent  with  sufficient  exactness  the  relations  of  tho 
number  of  vibrations  corresponding  to  the  second  mode,  third  mode, 
fourth  mode,  Ac  Under  all  these  circumstances  it  may  be  stated ; — 
1.  That  the  number  of  vibrations  of  similar  springs  of  diSerent  lengths 
is  in  the  inverse  ratio  of  the  squares  of  the  lengths ;  2.  That  the 
number  of  vibrations  of  springs  of  the  same  length,  but  of  different 
tlucknesses,  is  proportional  to  tiieir  thicknesses ;  3.  That  the  width  of 
a  spring  has  no  influence  on  the  number  of  its  vibrations,  provided  it 
be  smiul  vrith  respect  to  its  length,  and  that  it  vibrates  after  the  first 
mode ;  4.  That  springs  of  equal  size,  but  of  different  material,  mcb.  as 
wood,  glass,  steel,  &,c.,  do  not  give  the  some  note,  because  the  number 
of  the  vibrations  depends  upon  the  density  and  rigidity  of  matter. 

A  tuning-fork  may  be  made  to  furnish  several  beautiful  illustrations 
of  interference.  [iNTEBrsBEhXE.]  If  a  vibrating  tuning-fork  be  held 
to  the  ear  and  turned  gradually  round,  the  sound  will  increase  and 
diininish  in  a  remarkable  manner;  when  the  prongs  are  presented  at 
an  angle  of  45*  the  sound  is  scarcely  ^f  at  all  perceptible.  In  such 
cases,  when  the  prongs  coincide,  or  are  equally  distant  from  the  ear,  the 
waves  of  sound  combine  Iheir  effects,  whilst  in  intermediate  positions 
they  reach  the  ear  in  different  phases,  and  interfere  and  produce  total 
or  partial  silence.  A  similar  effect  is  produced  by  fixing  the  fork  to 
the  maodril  of  a  lathe,  the  length  of  the  fork  coinciding  with  the  axis 
of  motion ;  if  the  fork  be  vibrated  no  sound  will  be  heard  while  it  is 
rotating.  If  a  vibrating  tuning-fork  be  held  with  its  handle  obliquely 
in  contact  with  the  table,  the  resonance  of  the  table  is  heard  while  the 
fork  is  at  rest ;  but  if  the  fork  be  moved  parallel  to  itself  along  the 
surface  of  the  table,  the  resonance  ceases,  from  the  interference  of  the 
planes  of  vibration  with  each  other.  The  moment  the  handle  is 
brou^t  to  rest,  tho  resonance  is  again  heard.  If  the  tuning-fork  be 
held  vertically,  the  resonance  is  not  interrupted  by  moving  it  about, 
since  the  pl^es  of  vibration  coincide.  If  a  vibrating  tuning-fork  be 
held  over  a  cylindrical  glass  vessel  of  suitable  length,  the  air  in  the 
glass  will  be  made  to  vibrate  and  produce  a  tone.  If  a  second  glass 
cylinder  be  held  at  right  angles  to  the  first,  so  that  the  respective 
openings  of  the  two  Teesels  form  a  right  angle,  the  musical  tone  pre- 
viously heard  will  cease,  but  will  sound  again  on  removing  the  second 
vessel,  an  effect  which  arises  from  the  interference  of  the  vibrations  of 
the  air  in  the  two  vessels. 

TUNNEL,  iu  civil  engineering,  on  arched  passage  formed  under- 
ground to  conduct  a  canal  or  road  on  a  lower  level  than  the  natural 
Burface.  The  derivation  of  this  word,  which,  in  the  senae  above  given, 
is  unnoticed  by  most  lexicographers,  is  rather  uncertain.  Richardson 
places  it  among  the  derivatives  of  tun,  and  defines  it  as  "  any  inolosure, 
inclosed  way  or  passage ; "  aa  a  chimney-tunnel,  or  passage  for  smoke, 
in  which  sense  the  word  tunnd  or  tonnell  is  used  by  Spenser  and  other 
early  English  writera ;  a  passage  for  liquor,  in  wUch  sense,  as  well  as 
in  that  last  mentioned,  it  is  convertible  with/unnei;  or  a  net  shaped 
like  a  tunnel  for  liquids,  wide  at  the  mouth,  and  diminishing  to  a  point. 
He  also  observes  that  "Tooke  thinks  tun  and  its  diminutive  tuntul 
(Anglo-Saxon,  Tixnd,  tend)  ore  the  past  participles  of  the[An^o- 
Saxon]  verb  tyn-an,  to  enclose,  to  encompass." 

Long  tunnels  ore  usually  made  through  hills  in  order  to  avoid  the 
inconvenience  and  loss  of  power  occasioned  by  conducting  a  canal,  road. 
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or  nulnay  over  elevated  ground,  asd  the  enormous  expense  of  such  an 
opm  excaTatim  as  would  be  Qecessary  in  order  to  preserve  the  re- 
quisite level  Those  of  less  extent  are  frequently  constructed  to  avoid 
the  oppontion  of  landowners,  or  to  afford  unintOTrupted  passage  under 
a  road,  caoal,  or  river.  Many  tunnels  of  the  latter  character  differ  in 
DO  material  point  from  bridges;  but  in  the  case  of  oblique  crossings  a 
tunnel  is  distiuguished  from  on  oblique  or  skew  bridge  by  its  ficee 
being  at  right  angles  with  the  direction  of  the  lower  passage,  instead  of 
being  parallel  with  the  direction  of  the  upper  passage.  Of  this 
character  are  the  tunnels  under  the  Hampstead  Koad,  between  Euston 
Square  and  Camden  Town,  and  the  KensaU  Green  tunnel,  tinder  the 
Harrow  Koad,  both  on  the  line  of  the  London  and  North- Western  rail- 
way ;  and  on  the  West  Loudon  railway,  passing  under  the  Paddington 
canal  at  Wormholt  Scrubbs.  The  Thamee  tutuiel  Is  the  most  re- 
marlcable  example  of  tunnelling  under  a  river,  and,  although  far  less 
extensive  than  many  other  tunnels,  it  is,  from  the  tdmost  insuperable 
difficulties  of  its  aituatioD,  perhaps  the  most  astonishing  work  of  the 
lind  ever  executed,  AnoUier  class  of  tunuels  are  those  made  under 
towns,  in  order  to  form  a  canal  or  luilway  communication  -nith  points 
which  are  inaccessible  by  an  open  passage,  except  at  great  expense. 
The  Kegent's  canal,  for  example,  passes  under  Islington,  London,  by  a 
tunnel  three-quarters  of  a  mile  long ;  and  the  Liverpool  and  liun- 
chester  railway  is  conducted  from  the  station  at  Edge  Hill,  on  the 
outskirts  of  Liverpool,  to  the  docks  at  Wapping,  for  goods  traffic,  and 
to  Lime  Street,  in  the  centre  of  the  town,  for  passenger  tiaffio,  by  (wo 
tunnels,  each  of  which  is  about  a  mile  and  a  quarter  long. 

The  construction  of  tunnels  is  by  no  means  of  recent  origin,  although 
it  is  only  of  late  that  they  have  become  common.  The  outlet  for  the 
drainage  of  the  lake  Copais  in  Bceotia  [Bai:oTiA,  in  Qeoo.  Dir.]  is  one 
of  the  oldest  monuments  of  the  labour  of  man.  The  great  tunnel  in 
iiaxaam,  which  was  seven  stadia,*  or  4200  Greek  feet,  in  lengUi,  was 
driven  through  a  moantain  900  feet  high,  for  tiie  purpose  of  serving 
as  the  bed  of  a  channel  to  convey  water  &*om  a  natui«l  source  to  the 
city  of  Samos.  (Herod.,  iii,  60.)  The  Posilipo  near  Naples,  which  is 
at  least  as  old  as  the  beginning  of  the  reign  of  Tiberius,  is  a  tunnel 
three-quarters  of  a  mile  long.  The  tunnel  which  was  made  at  an 
early  period  in  the  Roman  republic  for  the  partial  drainage  of  the 
Alban  I^ce  is  above  a  mile  in  length.  Of  ancient  works  of  this 
cibaracter  there  is  a  remarkable  example  in  the  subterranean  canal  ,froin 
lake  Fucinus,  or  the  lake  of  Celano,  to  the  river  Siris,  originally  formed 
by  the  emperor  Claudius,  and  cleared  out  some  years  since  by  order  of  the 
Neapolitan  government.  This  extensive  tunnel,  which  is  about  t^ree 
miles  long,  Uiirty  feet  high  and  twenty-eight  wide  at  the  entrance,  and 
nowhere  less  than  twenty  feet  high,  passes  in  part  through  solid  rock, 
ud  k  lined  in  other  places  vrith  masonry ;  and  it  ^^motb  to  have-been 
constructed  in  a  manner  resembling  that  now  usually  followed,  the 
excavation  having  been  carried  on  by  several  jiiartiee  or  gangs  simulta- 
neously, by  means  of  verttoal  shafts,  and  inclined  passages  or  galleries 
from  the  sides  of  the  mountain.  A  minute  account  of  the  tunnel, 
as  it  appeared  during  the  clbaring-out,  is  given  in  the  thirty-eighth 
Tolume  of '  Blackwood's  Edinburgh  Magazine'  (p.  657)i  in  a  paper 
entitled '  Eight  Days  in  the  AbrucxL*  The  objeot  of  tiiis  tunnel  is  to 
cany  ctt  tiie  superfluous  waters  of  the  lake ;  Init  in  more  recent  times 
similar  works  nave  been  executed  for  navigable  canals.  These  are 
generally  in  England  of  small  transverse  dimensions,  being  calculated 
for  the  passage  of  siugle  boats,  and  very  often  without  towing-paths, 
in  which  case  the  boats  are  either  hauled  through  by  a  rope  or  chain, 
worked  by  a  steam-engiDe,  or  propelled  by  men  lying  on  their  backs 
on  the  deck,  or  on  projecting  boards  provided  for  the  purpose,  and 
thrusting  against  tiie  rides  or  root  of  the  tunnel  with  their  feet.  This 
dangerous  practice  has  occasioned  much  loss  of  life,  and  is  also  objeo- 
ticmable  on  account  of  its  tediousness,  as  boats  are  often  detained  for  a 
long  time  at  one  end  of  the  tunnel  while  a  boat  is  coming  from  the 
opposite  end.  In  the  evidence  before  the  House  of  Lords  on  the 
Chraat  Western  Bailway  loll,  in  1835,  it  was  stated  that  great  delays 
were  expericnoed  at  tiie  Islington  tunnel  when  any  accidental  derange- 
xoent  prevented  the  steam-«is^e  and  chain  from  working;  because, 
altitough  boats  were  occasionally  "legged"  through  in  as  little  aa 
seventeen  minutes,  the  ordinary  time  required  for  working  a  light 
barge  through  the  tunnel,  by  two  men,  was  half  an  hour,  and  for  a 
loaded  barge  three-quarters  of  an  hour,  or  frequently  an  hour.  In 
Bucb  casefl  boats  arriving  in  the  opposite  direction  had  to  wait  at  the 
moutii  of  the  tunnel,  until,  frequently,  as  maiqr  as  half  a  dozen  v&ee 
collected,  wUch,  when  their  tum  arrived,  passed  through,  in  a  tiain.' 
At  some  o£  the  longer  tunnels  this  inconvenience  was  even  greater. 
At  the  Harecastle  tunnel,  on  the  Trent  and  Mersey,  or  Orand  Trunk 
canal,  two  hours  were  formerly  required  to  effect  a  passage  of  little 
more  than  a  mile  and  a  half.  "  This  place  is  so  frequented,"  observes 
the  Buon  Dupin,  in  his  '  Commsrciai  Power  of  Great  Britoia,'  "  that 
at  the  moment  when  the  passage  begins,  a  file  of  boats  a  mile  long  is 
oftm  seen."  To  prevent  coDfuuon,  those  going  towards  Liverpool 
were  allowed  to  pass  in  the  morning  only,  and  those  in  the  contrary 
direction  in  the  evening.  This  tunnel,  which  was  formed  by  Brindley, 
and  was  one  of  the  earliest  works  of  the  kind  executed  in  this  country, 
was  commenced  about  the  year  1766.  It  is  2830  yards  long,  12  feet 
wide,  and  9  feet  hi^,  and  is  in  some  parts  as  much  as  70  yards 
bmeath  the  nirboe.  It  ia  lined  with  a  semicireular  briok  aroh,  and 
was  completed  for  the  small  sum  of  81.  lOi.  Sd.  per  yard.  Inoreased 


traffic  upon  the  canal  having  rendered  it  necessary  either  to  construct 
a  new  tunnel  or  to  enlarge  the  old  one,  the  former  alternative  was 
adopted ;  and  in  1822  Telfdtd  was  engaged  to  superintend  the  work. 
The  new  tunnel,  which  runs  parallel  with  that  of  Br^uU^r*  is  2826 
yards  long,  14  feet  wide,  and  16  feet  high ;  and,  notwithstanding  its 
greater  dimensions,  it  was  executed  in  less  than  three  years :  the 
original  tunnel  occupied  eleven  years.  The  new  tunnel  has  an  iron 
towing-path,  so  supported  as  to  allow  the  water  to  play  freely  beneath 
it,  which  gives  the  advantage,  so  far  as  the  play  of  the  waves  ia  con- 
cerned, of  a  waterway  of  tite  full  widtii  of  the  ttmneL  It  is  i>erfeot]y 
straight,  and  the  light  can  be  seen  from  end  to  end ;  and  so  agreeable  is 
the  travelling  through  it,  that  one  of  the  bargemen  said,  after  passing 
it,  that  he  wished  it  extended  all  the  way  to  Manchester. 

Although  in  some  cases  the  adoption  of  a  tunnel  on  a  line  of  railway 
or  canal  may  be  decided  by  the  necessity  of  non-interference  with  pro- 
perty on  the  surface,  it  is  more  generally  a  question  of  expediency^ 
which  involves  the  consideration  of  many  important  points,  among 
which  the  nature  of  the  ground  is  one  of  the  fint.  The  ground  dioida 
be  examined  by  numerous  borings,  because  sudden  breaks  or  foults  In 
the  strata,  which  may  occasion  great  difficidty  and  expense  in  tunnel- 
ing, may  otherwise  escape  notice.  The  Kilsby  timoel,  on  the  London 
and  North-Western  Itailway,  presents  a  case  iu  point ;  the  trial  shafts 
having  been  accidentally  sunk  just  beyond  the  limits  of  a  bed  of 
sand  and  gravel,  so  full  of  water  as  to  resemble  a  quieksuid,  occa- 
sioned so  much  difficulty  that  tiie  contractora  had  to  rdinquish  the 
work,  which  had  been  let  for  99,0002.,  but  ultimately  cost  upwards  of 
320,000!.,  or  about  133!.  per  yard.  If  the  first  small  borings  appear 
satia&u^ry,  shafts  of  at  least  four  feet  diameter  should  be  sunk  along 
the  line  of  the  tunnel,  down  to  its  extreme  depth;  and  the  quantity  ol 
water  which  appears  in  these  shafts  in  a  given  time  be  noted,  in  order 
to  ascertain,  as  nearly  as  possible,  what  draining  power  is  requi0it&  U 
Uie  trial  shafts  be  judiciously  placed,  they  may  subsequentiy  be  used 
as  working  shafts,  which  will  render  tiie  expense  of  forming  them  of 
large  diameter  immaterial.  When  the  quantity  of  water  and  the 
nature  of  the  strata  have  been  thus  tested,  the  engineer  possesses  data 
for  calculating  the  comparative  cost  of  a  tunnel  and  an  open  cutting, 
in  doing  which  it  is  necessary  to  consider  the  adjoining  works  of  the 
line.  If  embankments  be  required  within  a  reasonable  distanoe  of  the 
proposed  tunnel,  it  may  become  a  question  whetiier  it  will  be  mote 
economical  to  make  a  cutting,  and  to  carry  the  excavated  earth  to  the 
embankment,  or  to  adopt  a  tunnel,  and  to  obtain  the  required  quantity 
of  earth  for  the  embankment  from  side-cutting,  or  in  any  other  way. 
Sometimes  it  may  be  necessaiy  to  deposit  the  material  taken  out  of 
the  tunnel  in  Bpoil-bauks,  in  wtuch  case  the  power  of  obtaining  sites 
for  tiiem,  and  of  making  convenient  temporary  roads  or  taunm^s  for 
the  removal  of  the  cartii,  must  be  considered  in  selecting  the  positions 
for  the  working  shafts.  These  ore  only  a  few  of  the  points  to  be  con- 
sidered in  estimating  the  expense  of  a  tunnel,  among  the  less  prominent 
of  which  la  the  pro^bility  of  being  called  upon  for  damages  owing  to 
the  intersection  of  springs,  which  may  occasion  mischief  at  a  great  dis- 
tance. Cases  have  occurred  in  which  the  water  has  been  drawn  from 
wells  a  mile  from  the  tunnel  This  evil  may  often  be  remedied  1^ 
unking  the  wells  to  a  greater  depth,  but  in  some  cases  it  is  better  to 
offer  compensation  at  once.  The  cost  of  the  actual  making  of  the 
tunnel  varies  very  greatiy,  according  to  the  nature  of  the  ground  and 
the  amount  of  brickwork  required.  Lecount,  in  the  article  '  Tunnel' 
in  the  '  Enoyclopeedia  Britannica,'  states  that  many  of  the  old  canal 
tunnels  were  made  for  less  than  4L  per  lineal  yard,  and  that  railway 
tunnels  of  the  ordinary  dimensions  vaiy  from  about  20L  per  yard,  in 
sandstone  rock,  which  is  at  once  easy  to  excavate  and  able  to  stand 
without  ,any  lining  of  brickwork  or  masonry,  up  to  from  1001.  to  1402, 
per  yard  in  very  loose  bad  ground,  such  aa  a  quicksand,  which  may 
i-equire  a  lining  of  brickwork  twenty-seven  inches  thick.  The  cost 
of  the  Thomra  tunnel  was  about  1200!.  per  yard ;  but  in  this  case,  in 
addition  to  the  unparalleled  difficulties  attending  the  excavation,  the 
amount  of  brickwork  is  much  greater  than  in  ordinaty  tunnels,  and 
there  are  two  arches,  each  of  which  may  be  eonsidwad  a  distinct 
tunnel. 

Kocky  strata,  if  the  stone  be  of  a  nature  to  work  freely,  are  usually 
the  cheapest  for  tuanelling,  owing  to  the  absence  of  lining,  and  the 
power  of  saving  labour  by  the  use  of  gunpowder.  In  the  extraordinary 
tunnels  and  rock  excavations  at  Bishoptou,  on  the  Glasgow,  Paisley, 
and  Greenock  railway,  314  tons  of  gunpowder  were  used  in  a  length  of 
2300  yards  in  hard  whinstone,  some  veins  of  which  were  so  hud  that 
the  rate  of  progress  at  each  face  of  the  excavation  varied  from  three 
feet  six  inches  to  six  inches  only  per  diem.  The  Box  tunnel,  on  the 
Great  Western  railway,  passes  for  a  considerable  distance  through 
strata  of  Bath  freestone,  geologically  termed  the  great  oolite  formation, 
and  presents  some  features  worthy  of  notice.  Major-General  Pasley 
was  deputed  by  the  Board  of  Traie  to  examine  Hia  tunnel,  and 
from  his  report,  dated  August  12, 1842,  the  following  particulars  an 
derived  : — "  The  tunnel  occure  on  a  gradient  or  inclination  of  1  in  100, 
ascending  from  west  to  east,  while  the  natural  dip  of  the  oolitic 
strata  is  about  the  same  in  the  opposite  direction :  they  are  nearly 
horizontal  in  a  direction  from  north  to  south,  or  transverse  to  that 
of  the  tunnel  The  strata  vary  in  thickness  from  2^  to  4  feet  and 
upvnuds,  and  are  intersected  vertical  fissures,  of  trilling  width,  but 
of  ocnBudenble  height;  the  direction  of  which  is  genenilly  at  right 
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angles  with  that  of  the  toimel,  but  in  wme  cases  'obliiuely  across 
it,"  The  eastern  end  of  the  tunnel  ia,  for  a  ehort  distance,  lined 
vith  masoury;  beyond  fvhich,  for  about  half  a  niile,  the  cxcava- 
tiuu  is  left  without  any  support  from  nutsonry  or  brickwork,  ita 
extreme  width  being,  in  thi  part,  30  feet,  and  ita  height  varying 
from  30  to  40  feet,  in  order  to  avoid  finishing  above  in  any  etratum 
^  doubtful  character,  whichj  though  sufficienUy  strong  in  the  aides, 
might  not  be  so  trustwcn^y  as  a  roof.  The  i^es  of  the  excavation 
are  cut  in  the  form  of  an  oblong  elliptical  or  nearly  »  Oothic  arch ; 
but  the  uppermost  bed  of  oolite,  which  forms  the  roof  of  the  tuunel, 
has  not  beeu  completed  in  that  form,  but  has,  for  greater  strength, 
been  left  flat  for  a  width  of  two  or  three  feet ;  and  in  order  to  avoid 
the  risk  of  exfoliation  which  would  have  attended  the  cutting  of  the 
edges  of  the  strata  to  a  Uun  wedge  sbiH[>e,  had  the  curved  line  of  the 
tunoel  been  continued  unbroken  where  it  inteneots  them  in  the  sides 
(A  the  roof,  they  are  out  in  the  form  of  Bteps,  each  Bb«tum  presenting 
a  thick  blunt  edge ;  ao  that,  in  the  words  of  Posley's  report,  "  the 
upper  strata  of  the  oolite  being  supported  by  those  below  them,  beyond 
which  they  each  successively  project  in  a  moderate  degree,  like  corbels 
in  arohit€K!ture,  the  whole  enter  into  that  sort  of  combination  which 
has  the  strength  of  an  arch  without  its  form;  provided  that  the  vertical 
flsBures  do  not  cut  throoj^  them  l<mgitndinaUy,"  of  which  no  symp- 
tom was  (^parent.  The  remaining  portion  of  Uie  Box  tunnel,  passing 
in  the  centre  through  beds  of  fullers'-earth  and  clay  below  the  great 
oolite  formation,  and  towards  the  western  extremity  through  the  infe- 
rior oohte,  is  arched  over  with  brickwork,  varying  in  thickness  from 
four  to  seven  concentric  half-brick  rings,  and  at  the  western  entrance 
containing  nine  such  rings.  An  inverted  arch  is  introduced  excepting 
where  the  oohte  forme  the  foundation  or  bottom  of  the  tunnel ;  and  in 
some  parte  a  ptniion  of  the  dde  walls  has  been  formed  of  the  inferior 
oolite,  unprotected  \ij  brickwork,  although  it  has  not  in  any  instance 
been  trusted  iot  the  root  The  judicious  adoption  of  such  changes  in 
the  amount  of  masonrr  forms  an  important  part  of  the  duty  of  the 
engineer,  and  is  essential  to  the  construction  of  tunnels  at  a  moderate 
expense,  although  it  may  occasionally  lead  to  failure,  as  in  the  case  of 
the  Summit  tunnel  at  Littleborough,  on  the  Manchester  and  Leeds 
railway,  where,  in  passing  through  a  abatum  of  blue  shale,  the  invert 
had  been  discontinued  for  a  short  distance ;  but  the  shale,  although 
apparently  hard  and  firm,  was  so  affected  by  the  atmosphere  as  to  soften 
and  yield  under  the  pressure  of  the  sides,  rendering  it  necessary  subse- 
quently to  put  in  a  strong  invert  of  masonry. 

Tunnelling  in  clay  is  frequently  attended  with  formidable  difficulties 
which  render  it  very  expensive.  It  is,  when  tough,  a  ditBcult  material 
to  remove,  blaHting  being  of  no  use,  and  spades  and  pickaxes  being 
almost  ini^licable.  Ijecount  states  that  in  such  cases  hatchets  may 
be  used  to  advantage,  but  that  cross-cut  saws  answm-  best.  The 
Primrose  Hill  tunnel,  on  the  London  and  North- Western  railway, 
passing  through  the  London  clay,  is  an  example  of  the  diflficHlties  of 
such  a  material.  The  engineers,  warned  by  the  failure  of  the  tunnel 
attempted  some  years  before  through  the  same  material  at  Highgate, 
on  what  is  now  called  the  Archway  road,  which  fell  in  owing  to  the 
insufBciency  of  the  brick  lining,  adopted  unusual  pracautiona  in  the 
first  instaoce,  excavating  only  mne  feet  in  advance  of  the  brickwork, 
and  supporting  the  clay  by  very  strong  timbering  until  the  arching 
was  complete.  Owing  however  to  the  extraordinary  mobility  of  the 
moist  clay,  the  pressure  upon  the  brickwork  was  so  great  as  to  squeeze 
Hie  mortar  from  the  joints,  and  to  bring  the  inner  edges  of  the  bricks 
in  contact.  The  evil  was  augmented  hj  the  form  of  the  bricks,  which, 
according  to  the  custom  in  and  near  London,  were  made  with  hollow 
surfaces,  and  were  consequently  unfit  to  bear  great  preesure,  because 
their  edges  only  could  come  in  contact  The  result  was,  as  stated  in 
Lecount's '  History  of  the  Railway,  connecting  London  and  Birmingham/ 
32,  SS,  that  "  by  degrees  the  bricks  were  grinding  to  dust,  and  the 
dimensions  of  the  tunnel  insensibly,  but  irresistibly,  contracting." 
This  difficulty  was  overcome  by  the  use  of  very  luurd  bricks 
Itud  in  Roman  cement,  which,  by  setting  bard  before  the  external 
pressure  became  so  great  as  to  force  the  bricks  into  actual  contact, 
enabled  the  whole  surface  of  the  brick,  instead  of  its  edges  only,  to 
resist  the  pressure.  The  thickness  of  the  brickwork  was  also  increased, 
so  tiiat  in  most  parti  of  the  tunnel  it  amounts  to  twenty-seven  inches. 
The  occurrence  of  a  similar  material  in  tibe  line  of  the  Fareham  tunnel, 
on  the  Oosport  branch  railway,  occasioned  great  expense,  and  produced 
a  dip  of  the  superincumbent  earth  whhOi  earned  away  about  for^ 
wda  in  length  of  the  brick  arching,  althoufl^  it  was  of  the  unusnd 
thickness  of  three  feet. 

Tunnels  formed  through  chalk  are  often  impeded  by  faults  or  cavities 
fOled  with  wet  gravel  or  sand,  which  pour  a  flood  of  semifluid  matter 
into  the  excavation  as  soon  as  they  are  cut  into.  The  irruption  of 
■nch  loose  materials,  as  well  as  of  water  alone,has  in  many  cases  occasioned 
difficul^ea  almost  insurmountable.  In  the  Watford  tunnel,  on  the 
London  and  North- Western  railway,  which  passes  through  the  upper 
chalk  formation,  where  it  is  covered  with  a  thick  irregular  bed  of  gravel, 
such  breaks  occaaioned  great  inconvenience.  The  chalk  had  occasional 
fissures,  sometimes  as  much  aa  one  hundred  feet  deep,  filled  with  clean 
graTel,  "which,"  observes  Lecount  ('Histoiy/  Ac.,  p.  114),  "when 
WOTked  into,  rushed  down  with  lueh  violence,  as  to  plough  the  walls 
of  the  tunnel  aa  if  bullets  had  been  shot  aouutit.'*  Such  an  accident^ 
ooDurriDg  at  the  foot  (tf  one  of  the  wniong  ahaffai,  orenrttelmed  ten 


I  men  who  were  at  work  in  the  tunnel,  and  led  to  the  ooDstmction  of 
the  lai^e  ventilating  shaft  near  the  centre  of  tlie  tunnel,  which  occupiee 
the  site  of  the  cavity.  Loose  ^nd  is  perhaps  the  mu^t  difficult  soil 
that  can  be  met  with  in  tunnelling,  but  it  hoa  been  in  eeveml  instances 
aiiccessfully  passed  through.  In  the  tunnel  on  the  LeicuHter  and 
Swannington  railway,  one  of  the  earliest  railway  tunnels,  a  loose  dry 
running  sand  was  encountered  for  a  distance  of  five  hundred  yards,  in 
which  it  VM  necesaaiy  to  make  a  wooden  tunnel  to  support  the  ami 
while  the  brickwork  was  executed.  Whra  water  occurs  with  the  loose 
soil  the  difficulty  is  Frtill  greater.  This  was  the  case  in  part  of  the 
Wapping  tunnel  at  Liverpool,  a  portion  of  which  fell  in,  to  a  depth  of 
thirty  feet  from  the  surface.  The  Kilsby  tunnel,  before  alluded  to,  is 
a  more  striking  example  of  this  kind  of  difficulty.  Mr.  Stephenson,  the 
engineer,  conquered  this  obstacle  by  sinking  shafts,  a  little  beside  the 
line  of  tiie  tunnel,  for  pumjung  out  the  irater,  and  ao  draining  the 
sand  until  it  was  suSdentiy  dry  for  tunnelling.  These  shafts  were 
sunk  through  the  quicksand  by  means  of  wooden  tubbing,  and  from 
them  headings  were  driven  to  collect  the  water  and  to  conduct  it  to 
the  pumps.  Steam-engines  were  erected  to  wor^  the  pumps,  which 
were  used  incessantly  for  nine  months  before  the  sand  was  dry  enough 
to  allow  the  work  to  proceed :  during  a  great  part  of  that  time  two 
thousand  gallons  of  water  were  removed  per  minute.  When  the 
working  m  the  tunnel  was  recommenced,  hwdings  were  driven  from 
the  pumping  shafts  to  the  bottom  of  the  working  shafts,  by  means  of 
which  the  timnel  was  freed  from  vrater.  The  quicksand  extends  over 
about  four  hundred  and  fifty  yards  of  the  length  of  the  tunnel,  and  its 
bottom  dips  to  about  six  feet  below  the  arch.  On  the  occasion  of  an 
irruption  of  water  in  another  part  of  the  tunnel,  in  which  it  was 
desirable  to  complete  the  arching  of  a  portion  already  executed  before 
it  was  possible  to  get  rid  of  the  water,  that  object  was  eHeeted  by 
floating  the  men  and  materials  to  the  i^ot  upon  a  raft.  Water  has 
been  met  with  in  large  quantities  in  several  other  tunnels.  It  flowed 
so  freely  from  fissures  m  the  freestone  rock  through  which  the  Box 
tunnel  is  driven,  that  in  November,  1S37,  the  steam-engine  employed 
in  pumping  proved  insuSlcieilt,  and  the  water  filled  one  division  <rf  the 
tunnel,  and  rose  to  the  height  of  fifty-six  feet  in  the  shaft,  thmaby 
suspending  the  work  until  the  following  July,  when  the  water  was  over- 
come by  means  of  a  second  engine,  of  fifty-horse  power.  After  another 
irruption  in  the  some  ttmnel,  the  water  was  pumped  out  at  the  rate  of 
thirty-two  thousand  hogsheads  a  day.  The  progress  of  the  Herstliam 
and  Eeveral  other  tunnels  was  stopped  for  a  time  in  like  manner.  In 
no  case  however  has  the  irruption  of  water  or  the  badness  of  the  ground 
proved  so  serious  a  difSculty  as  in  the  Thames  tunnel. 

Short  tunnels  are  occasionally  excavated  from  the  mds  only,  but 
those  of  considerable  length  are  usually  framed  by  sinking  rertical 
shafts,  about  nine  feet  in  diameter,  down  to  the  level  of  Uie  tunnel, 
and  excavating  in  each  direction  from  tiie  bottom  of  those  shafts,  until 
the  several  parties  of  workmen  meet  in  Uie  intermediate  portions.  By 
this  means  the  work  can  proceed  at  any  required  number  of  points  or 
fiiccs,  so  as  to  bring  the  execution  of  tJie  tunnel,  whatever  may  be  its 
length,  within  a  moderate  period  of  time.  The  accurate  junction  of 
these  detached  workings  is  provided  for  in  the  following  manner : — 
In  setting  out  the  tunnel,  the  engineer  plants  a  transit-instrument  in 
an  observatory  erected  in  the  line  of  the  tunnel,  supporting  it  on  a  pier 
insulated  from  the  building  to  prevent  vibration.  If  a  road  happen  to 
pass  near  the  observatory,  the  ground  should  be  excavated  round  the 
pier  to  a  depth  of  from  six  to  ten  feet,  according  to  the  traffic,  for  the 
same  puniose.  A  distant  marie  should  then  be  selected  in  the  line  of 
the  tunnu,  and  a  fixed  pohit  placed  as  an  adjusting  spot  for  the  line 
of  direction,  which  point  should  be  at  a  conriderable  distance.  Inter- 
mediate marics  for  the  working  and  ventilating  shafts  may  then  be  set 
out  correctly ;  and  aa  these  shafts  ore  sunk,  the  points  determined  by 
the  transit-instrument  are  carried  downwiuds  by  carefully  suspeudcd 
plummets,  which  should  be  of  iron,  end  let  down  in  buckets  of  water, 
or,  which  is  better,  in  cups  of  mercury,  to  check  vibration.  When  the 
shafts  are  cleared  out  at  the  bottom,  other  tranait-inatrumenta  may  be 
placed  in  them,  the  plumb-line  and  transit  bdng  kept  as  for  apart  as 
possible.  The  intersection  of  the  vertical  hairs  in  the  transit  with  the 
plumb-line  will  then  enable  the  engineer  properly  to  set  out  the  work. 
By  these  means  junctions  are  effected  between  the  several  workings, 
or  ililftt,  with  surprising  accuracy.  In  a  length  of  1520  feet  between 
two  shafts  of  the  Box  tunnd,  which  has  a  slope  of  1  in  100,  the 
Junction  of  the  two  shifts  was  perfect  in  point  of  lerel,  and  did  not 
deviate  more  than  an  inch  and  a  quarter  in  any  place  at  the  eidee; 
Even  in  curved  tunnels,  although  the  difficulty  is  increased,  great 
exactness  is  attainable.  In  those  on  the  Glasgow  and  Qreenock  railway 
at  Bishopton,  the  deviation  from  perfect  correctness  nowhere  exceeded 
two  inches. 

The  number  of  working  shafts  in  a  given  length  of  tunnri  is  deter- 
mined by  the  nature  of  the  ground  and  the  time  allowed  for  excavatioo. 
Th^  should  be  so  near  together  as  to  allow  the  tunnel  to  be  excavated 

and  lined,  if  brickwork  be  requisite,  for  a  length  equal  to  one-half  of 
the  distance  between  two  shafts,  at  least  two  months  before  the  time 
appointed  for  the  completion  of  the  tunnel ;  that  time  being  desirable 
to  allow  for  accidents,  for  building  the  tunnel-fronts,  ballasting  and 
laying  the  railway,  &c.  The  shafts  are  usually  9  feet  in  diameter  in 
the  dear,  and  lined  with  brick woA  9  inchea  tmck,  laid  in  cement ;  all 
the  bridlu  being  laid  as  headen,  or  wit^  their  ends  townrda  the  coitie 
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of  the  shaft ;  but  the  aubetance  of  the  brickwork  must  vary  with 
circumatances,  imd  engineere  are  by  no  means  uniform  as  to  the  dimen- 
Bions  of  their  ahafta.  Those  of  tlie  Box  tunnel  are  mostly  25  feet  in 
diameter,  while  some  tunnels  have  been  excavated  with  shafta  of 
only  3  or  4  feet.  Down  to  &  depth  of  50  or  60  feet  the  earth  may  bo 
removed  by  means  of  a  simple  roller  or  winch  worked  by  two  men ; 
and  when  the  depth  ia  greater  a  horse-gin  may  be  erected  to  draw  up 
the  loaded  skips  or  bucketa.  The  depth  at  which  the  horse-gin  be- 
comes preferable  ia  however  dependent  in  some  degree  upon  the  nature 
at  the  strata  to  be  excavated ;  because  when  they  are  hard,  the  men 
above  may  have  to  wait  occaaionally  for  the  coming  up  of  the  skip; 
and  ib  ia  better  to  have  only  two  men  at  a  staud-stiU  instead  of  a 
horeo,  a  horse-boy,  'and  a  banksman  or  skip  lander.  The  roll  or  winch 
is,  at  the  commencement  of  the  shaft,  supported  by  four  bars  or  cijla 
laid  across  each  other  on  the  ground;  and  the  excavation  is  continued 
until  the  earth  exhibita  signs  of  weakness.  A  wooden  curb  or  ring 
alxiiit  8  indiea  thick,  and  aa  wide  aa  the  brick  lining  is  to  be,  ia  then 
laid  in,  and  upon  this  the  brickwork  is  laid-  When  the  lining  of  this 
portion  of  the  shaft,  which  is  frequently  but  half  a  brick,  or  4i  inchoa 
in  thickness,  ia  completed,  the  excavation  is  recommenced,  and  is 
carried  down  in  a  vertical  line  even  with  the  inner  surface  of  the  brick- 
work, which  18  then  supported  by  the  earth  left  under  the  curb,  which 
may  be  further  supported  if  necessary  by  diagonal  timber  props. 
When  the  excavation  haa  been  carried  so  much  deeper  that  the  ground 
again  appears  weak,  a  second  cupb  is  inserted  in  a  groove  cut  in  the 
earth,  and  the  ground  between  the  two  curbs  is  divided  into  four,  six, 
or  eight  vertiow  masses,  of  which  one  or  two  are  removed  to  a  depth 
equal  to  the  thickness  of  the  brickwork.  The  wall  is  then  bnilt  up  in 
its  place,  and  a  further  portion  of  earth  is  removed,  and  so  on  until 
the  lining  is  complete.  When  the  shaft  is  carried  down  to  the  full 
depth,  the  miners  begin  to  excavate  laterally  by  forming  a  heading  or 
driftway  along  the  level  of  the  upper  part  of  the  tunnel.  Sometimes 
such  a  drift  ia  formed  throughout  the  whole  length  of  the  tunnel 
before  any  part  is  opened  out  to  the  full  size  ;  but  in  other  cases  it  is 
made  in  short  portions,  little  exceeding  the  lengths  in  which  the  exca- 
vation of  the  tunnel  itself  is  carried  on,  which  may  vary,  according  to 
the  ground,  from  3  to  15  feet  In  the  former  case  the  driftway,  which 
ia  about  4  feet  wide  and  5  feet  hiyh,  afforda  a  satisfactory  teat  of  the 
strata  to  bo  passed  through,  and  of  the  probable  quantity  of  water  to 
be  met  with,  for  which  it  may  in  some  cases  serve  aa  an  adit  or  drain ; 
and  for  these  reasons  such  a  heading  ia  occasionally  formed  before 
letting  the  contraots  for  the  tunnelling. 

In  addition  to  the  working  shafts,  the  contractor  ia  usually  allowed 
to  sink  any  number  of  small  air-shafts  of  3  or  4  feet  diameter,  as  may 
be  necessary  to  prevent  the  accumulation  of  foul  air  in  the  workings  of 
the  tunnel ;  provided  that  no  auch  shaft  ahall  open  into  a  pubhc  road, 
or  be  within  50  feet  of  a  working  shaft.  These  are  formed  in  a  similar 
manner  to  the  working  shafts,  and  both  are  finished  at  their  lower 
enda  by  resting  upon  a  cast-iron  curb  or  ring  imbedded  in  the  masonry 
of  the  roof  of  the  tunnel,  and  at  the  upper  enda,  after  the  works  are 
completed,  by  building  them  about  10  feet  above  the  surface,  and 
coping  th«m  with  stone.  In  very  long  tuunela  one  or  more  large  per- 
manent shafts  are  desirable  for  the  purpose  of  ventilation,  and  also  to 
admit  light,  so  aa  in  some  degree  to  lessen  their  gloom.  In  the  Kilaby 
tunnel,  which  is  between  a  mile  and  a  quarter  and  a  mile  and  a  half 
long,  ther«  ore  two  such  ventilating  shafts,  GO  feet  in  diameter  and  about 
lOU  and  132  feet  deep  respectively.  These  were  buitt  from  the  top 
downwards,  in  the  manner  obove  described,  in  portions  10  feet  deep, 
and  from  6  to  12  feet  wide.  Lecount  gives  the  following  directions 
for  the  brickwork  of  such  a  shaft,  if  made  in  unfavourable  ground  : — 
The  tunnel  itself  at  the  point  of  intersection  should  be  of  stone.  The 
lower  part  of  the  shaft,  to  the  height  of  4d  feet,  should  be  3  feet 
thick ;  the  next  17  feet,  2  feet  8  inches  thick ;  the  next  portion  of  the 
like  extent,  2  feet  3  inches;  and  the  uppermost  16  feet,  1  foot  10 
inches.  The  bricks  should  be  laid  in  alternate  courses  of  headers  and 
stretchers,  and  each  brick  shodld  be  well  flushed  up.  The  top  may  be 
flniahed  with  a  stone  coping  and  an  iron  railing,  and  protected  by  an 
iron  fence  wall,  to  prevent  the  risk  of  anything  being  thrown  down  the 
shaft  either  by  accident  or  design.  In  some  tunnels  a  large  oblong  ex- 
cavation, called  an  eye,  is  introduced  in  lieu  of  a  circular  ventilating  shaft. 
In  the  Biahoptou  tunnel  there  ia  such  an  eye  300  feet  long ;  and  there 
are  two  similar  openings  in  the  Glasgow  tunnel  of  the  Edinburgh  and 
Olaagow  railway. 

After  the  completion  of  the  driftway,  either  through  the  tunnel  or 
to  the  length  of  a  single  stage  only,  the  miners  excavate  the  tunnel  to 
its  full  dimensions,  beginning  by  cutting  downwards,  and  propping  up 
the  earth  vrith  timbers  as  they  proceed ;  those  which  support  the  roof 
being'  at  such  an  elevation  as  to  allow  the  centering  to  be  set  up  and 
the  brick  arch  to  be  built  beneath  them.  The  bars  which  immediately 
support  the  earth,  extending  from  the  top  or  outside  of  the  completed 
brickwork  to  a  framework  placed  against  the  face  of  the  excavation, 
ore  called  side  frars,  and  ore  in  favourable  earth  required  at  the  upper 
part  of  the  tunnel  only;  but  in  bad  ground  they  ore  requu-ed  aome- 
times  aa  low  as  the  springing  of  the  inverted  arch  which  forms  the 
bottom  of  the  tunnel.  When  a  complete  brick  lining  is  requured,  the 
invert  ia  the  part  first  built,  and  it  is  completed  by  a  course  of  stone 
laid  along  each  aide,  at  the  point  where  the  aide  walla  spring  from  it. 
These  courses  of  atone,  which  are  marked  a,  a,  a,  a,  in  the  subjoined 
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cuts,  ^fl,  1  and  2,  conaist  of  blocks  about  three  feet  long,  well  bedded 
in  mortar,  upon  a  few  cuursoa  of  brickwoik  laid  aa  a  footing.  The 
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side  walls  are  next  raised,  with  such  a  batter  or  curvature  as  may 
enable  them  best  to  sustain  the  pressure  of  the  external  earth ;  and 
when  they  are  raised  to  the  level  of  the  springing  of  the  arch,  beams 
of  wood,  called  ciU»,  are  laid  across  the  tunnel  and  built  in  with  the 
brickwork.  Upon  these  cilia  the  trusses  of  the  centering  are  set  up, 
and  adjusted  with  wedges  to  the  proper  height.  Logins,  or  pieces  of 
wood  Btretcliing  longitudinally  from  one  centering  to  another,  are  then 
added,  and  upon  these  the  bricks  are  laid.  In  some  cases  the  cills  are 
supported  upon  trestles,  instead  of  being  built  into  the  walls;  and 
where  this  ia  not  the  case,  the  holes  left  in  the  masonry  must,  after 
the  removal  of  the  cills,  be  carefully  filled  up.  The  excavation  should 
always  be  made  as  nearly  aa  poasible  of  the  size  and  ahape  of  the 
intended  masonry ;  and  aa  the  building  proceeds,  ever;  cavity  left  out- 
side the  brickwork  should  be  carefully  filled  up.  Well-pounded  clay 
may  for  this  purpose  be  rammed  under  the  invert,  and  almost  any 
other  material  may  be  uaed  for  the  sides  and  roof.  The  ramming  of 
the  sides  may  be  performed  after  the  laying  of  every  second  course  of 
brickwork,  and  that  above  the  arch  aa  frequently  as  convenient.  The 
timbers  used  to  support  the  superincumbent  earth  are  in  most  cases 
removed  aa  soon  as  the  arch  is  completed ;  but  in  very  bad  ground  it 
is  sometimes  necessary  to  leave  them  imbedded  in  the  earth.  When 
the  work  has  proceeded  so  Sar  that  the  excavations  from  the  two 
adjoining  shafta  are  within  about  fifty  yards  of  each  other,  if  no  drift- 
way have  been  previously  mode  through  the  tunnel,  it  is  advisable  to 
drive  a  heading  through  the  intervening  earth,  to  insure  a  perfect 
junction  of  the  two  shifts. 

Many  of  the  earher  tunnels  were  constructed  with  vertical  sidea  and 
a  aemicircular  arch ;  but  it  is  now  more  usual  to  have  the  aidea  curved 
or  battered,  the  degree  of  curvature,  as  well  as  the  shape  of  the  arch 
which  forms  the  roof,  being  varied  according  to  the  nature  of  the 
ground,  as  soft  semi-fluid  ground  will  press  much  more  equally  in 
every  direction  than  strata  of  a  harder  and  drier  character,  and  will 
therefore  require  a  nearer  approach  to  the  circular  form.  The  annexed 
cuts  represent  two  varieties  of  form,  the  details  of  which  are  taken 
from  the  first  series  of  Brecs's  '  Railway  Practice.'  Fig.  1  is  the  form 
of  the  Primrose  UUl  tunnel,  in  movable  London  clay.  The  invert, 
which  consiata  of  three  concentric  half -brick  rings,  ia  a  curve  of  26  feet 
radius;  the  arch,  of  four  half-brick  rings,*  is  atruck  with  a  radius  of 
11  feet  9  inches ;  and  the  sides  are  area  of  27  feet  6  iuchea  radius. 
The  width  of  the  tunnel  is  21  feet  5  inches  at  the  springing  of  the 
invert,  and  24  feet  8  inches  at  the  widest  part.  The  clear  height  of 
the  tunnel  is  21  feet  8  inches,  the  remaining  depth  of  8  feet  4  inches 
being  occupied  by  the  ballasting,  drain,  &a.  The  side  walla  are 
18  inches  thick,  Uke  the  arch  which  conatitutea  the  root  /*ty.  2, 
which  represents  the  transverse  section  of  the  Linsdole  and  Kilsby 
tunnels,  both  on  the  North- Western  railway,  hoa  an  elliptical  arch,  con- 
sisting of  several  circular  arcs,  of  which  the  lower  pair,  extending  from 
the  iuvert  to  the  point  marked  6,  are  struck  from  radii  of  42  foet 
8  inches,  the  centres  being  upon  an  horizontal  line  8  feet  i  inches 
above  the  springing  of  the  iuvert ;  the  portion  from  &  to  c  has  radii  of 
21  feet,  the  centres  being  on  the  some  horizontal  line ;  that  from  c  to 
d  has  radii  of  14  feet  4^  inches ;  and  the  crown  of  the  arch  is  a  curve 
of  9  feet  radius.  In  this  case  also  the  invert,  instead  of  being  struck 
from  a  centre  in  the  crown  of  the  arch,  has  its  centre  some  feet  below 
it  The  internal  height  of  this  tunnel  ia  altogether  rather  more  than 
27  feet,  and  its  greatest  width  is  24  feet  These  dimensions  are  rarely 
much  exceeded  on  railways  of  the  ordinary  gauge,  where  two  tracks 
are  provided  for;  and  fur  a  single  track  perhaps  12  feet  wide  and 
16  feet  high  may  be  taken  as  an  average.  Both  the  invert  and  the 
arch  should  be  built  in  half-brick  rings,  care  being  taken  to  put  in  the 
proper  number  of  bricks  to  each  ring,  that  the  bearing  may  be  uniform. 
In  tunnels  of  the  ordinary  dimensions,  each  ring  should  contain  five 
more  bricks  than  that  immediately  within  it  The  aide  walls  may  be 
built  in  what  ia  called  Engltah  bond,  conaiBting  of  alternate  courses  of 
headers  and  stretchers.  The  bricks  should  always  be  of  the  best 
quality,  and,  when  the  form  of  the  tunnel  requires  it,  moulded  of  a 
taper  ^pe.    In  the  laying  also  care  ia  requisite,  and  every  brick 

*  As  before  stated,  It  wu  ftnind  necoosarj.  In  most  puts  of  this  tannal,  to 
inorcote  the  tUcknces  of  the  brickwork  ftrom  18  to  S7  ioshes. 
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Bhoul<i  bo  bedded  with  a  wooden  mAllet,  and  the  jointa,  if  in  mortar, 
■woU  ilushed  up.  The  thicknees  of  the  Ihiing  is  regulated  by  the  nature 
of  the  ground ;  but  Lecount  nys  that  27  mches  at  the  top  and  sides, 
and  18  in  the  invert,  if  laid  in  cement,  will  be  sufficient,  even  in  a 
quicksand :  there  are,  however,  iustancee  of  a  thickness  of  10  rings,  or 
45  inches.  It  is  sometimes  ounsidered  advisable  to  lay  the  first  or 
inner  ring  of  the  roof  without  mortar,  and  then  to  grofit  it,  by  which 
mcaoB  an  equable  pressure  is  insured. 

A  brick  drain,  built  in  Bonuui  cement,  with  the  jcouts  left  open  for 
about  half  an  inch  to  admit  water  from  the  ballasting,  should  oe  laid 
along  the  centre  of  the  tunnel ;  and  if  the  shafts  let  in  water,  it  should 
be  collected  aud  conducted  down  the  inside  of  the  arch  by  pipes. 
SVater  should  be  excluded  aa  much  as  possible  during  the  buildhig  of 
the  tunnel  and  shafts,  by  puddling  with  clay,  or  Bxum  other  means  as 
the  circumstances  may  dictate;  but  whatever  precautions  may  be 
used,  water  will  frequently  percolate  through  the  brickwork  to  a  wrious 
extent  At  the  Chevet  tunnel,  near  WakeficQd,  this  inconvenience 
has  been  rraiedied  by  lining  the  roof  with  sheet  dnc.  In  the  Thames 
tunnel  there  is  an  interior  lining  of  cement,  behind  which  channels 
are  provided  in  the  brickwork  foi-  the  passage  of  water.  A  remarkable 
instance  of  difficulty  arising  from  this  cause  occurs  in  the  Beechwood 
tunnel,  S02  yoids  long,  upon  the  Loodos  and  North- Western  railway. 
It  passes  through  oltenutte  strata  of  rook  and  marl  abounding  in 
springs ;  and,  in  the  fint  winter  after  Its  erection,  a  chemical  action 
itook  place,  which  partially  destroyed  many  of  the  bricks.  It  was  pro- 
posed to  line  the  arch  with  cement;  but  an  apprehension  was  enter- 
tained that  it  would  not  adhere,  owing  to  the  constant  dropping,  and 
it  was  determined  to  apply  an  interior  lining  of  brickwork,  9  inches 
thick,  and  to  out  chases  in  Uie  old  work,  which,  when  dosed  in  1^  the 
mew  arch,  should  become  bo  many  dndna,  44  inohes  square,  to  conduct 
the  water  to  the  central  dnun  or  culvot.  The  tunnel  was  divided 
longitudinally  by  a  temporary  partition,  and  t^e  work  was  executed  in 
one-half  of  the  tunnel  at  a  time,  without  stopfong  the  passage  in  the 
other  half.  After  executing  as  much  as  possible  of  the  bri<^work  in 
this  way,  a  scries  of  bearers  was  laid  overhead  supporting  a  close 
flooring,  on  which  the  men  stood  to  complete  the  area.  The  details 
of  this  curioua  operation,  which  was  completed  in  for^  days,  in  the 
latter  end  of  the  year  1840,  were  fully  detailed  by  Ur.  TT  U.  Smith,  in 
a  paper  laid  before  the  Institution  of  Civil  Engineera. 

In  laying  the  roadway  in  a  railway  tunnel  care  should  be  token  to 
avoid  the  use  of  any  ballasting  of  a  character  likely  to  retain  water. 
The  ballast  is  sometimes  thrown  down  the  shafts  on  to  an  inclined 
plane  at  the  bottom,  which  conducts  it  in  the  right  direction.  In 
^reading  it,  it  should  be  well  beaten  down  with  wooden  rammers,  and 
the  blodis  or  sleepers  should  be  bedded  with  great  core.  As  it  is 
especially  desirable  to  avoid  all  risk  of  acddrat  in  travelling  tiirouf^ 
tunnels,  while  their  darkness  might  prevent  the  immediate  detection  <tf 
any  derangement  of  the  rails,  some  engineers,  for  greater  security,  place 
t^e  sleepers  or  points  of  support  closer  together  in  tunnels  than  on  other 
parts  of  the  line.  The  temperature  being  more  uniform  than  in  the 
opeD  air,  renders  it  easy,  with  proper  care,  to  provide  more  accurately 
than  umial  for  alterations  in  the  length  of  the  rails  by  expansion  and 
contraction. 

Although,  in  the  majority  of  cases  ccourring  in  railway  and  canal 
practice,  tunnels  are  constructed  in  the  manner  just  described,  there 
are  exceptions  which  require  notice.  In  tunnelling  near  the  side  of  a 
hill  expense  is  occasionally  saved  by  driving  horisontal  or  nearly  faori- 
contal  passages,  which  are  called  gaUcria,  from  the  face  of  the  hill  to 
the  line  of  the  tunnel,  and  removing  the  excavated  earth  through  them. 
The  double  tunnel  through  the  Shakspere  Cliff,  near  Dover,  on  the 
line  of  the  South-Eastem  railway,  was  constructed  in  this  way.  A 
benching  or  road  was  formed  along  the  face  of  the  cliff,  to  afford  the 
means  of  access  for  the  workmen ;  and  the  tunnel  was  excavated  by 
means  of  seven  galleries  opening  in  the  face  of  the  cliff,  and  inclining 
towards  the  aea  at  the  rate  of  1  in  178-  Then:  average  length  was  about 
400  feet ;  their  width  C  feet,  ood  their  height  7  feet ;  and  the  excavated 
chalk  was  conveyed  along  them  in  small  tram-waggons,  and  tipped  into 
the  sea.  There  are  also  seven  vertical  shafts  of  6  feet  diameter,  oud  of 
an  average  depth  of  180  feet.  The  tunnel  consists  of  two  arches  or 
passages,  12  feet  wide,  separated  by  a  wall  of  chalk  10  feet  thick ;  they 
are  about  1 9  feet  iugh  to  the  springing  of  the  arch,  which  is  of  a  Pointed 
or  Gothic  form,  and  about  SO  feet  high  iu  the  centre ;  and  each  has 
a  single  track  or  line  of  railway  laid  through  it.  The  chalk  of  which 
the  cliff  is  composed  is  very  hai-d,  but  it  consists  in  many  places  of 
small  detached  niasBes,  so  that  brick  lining  is  required  for  about  two- 
t)i«da  of  the  whole  length  of  the  tunnel  The  arching  consists  gene- 
rally of  three  half-brick  rings,  and  is  strengthened  at  intervals  of  12 
feet  by  counter-forts,  which  are  carried  up  and  stepped  back,  so  as  to 
sustain  the  weif^t  of  any  flat  beds  of  chalk  that  wpear  of  doubtful 
Btebility. 

Anomer  variation  from  tiie  ordinary  process  occurs  in  those  tunnels 
■"l^ch  Me  formed  by  means  of  an  open  cutting,  and  subsequently 
covered  m.  Such  are  called  optti  tannda,  and  are  sometimes  preferred 
where  the  object  of  the  tunnel  is  to  avoid  the  permanent  severance  of 
l^ds  rather  than  to  penetrate  ground  too  elevated  for  an  open  cutting. 
The  short  tunnel  on  the  London  and  North- Western  railway,  at 
Kcnsall  Green,  and  parts  of  the  Underground  railway,  in  London, 
were  formed  in  this  wbt.   &i  such  cas«  the  udee  of  the  cutting  are 


made  nearly  vortical,  and  supported  by  timbers  until  the  brickwoik  is 
executed. 

While  the  projects  ics  some  of  the  earliest  English  nulwi^  were 
before  parliament  much  discusuon  took  pUce  relative  to  the  ventila- 
tion and  lighting  of  tunnels,  and  to  the  effect  which  tiiey  might  have 
upon  the  health  of  persons  riding  through  them.  Most  of  the  objec- 
tions raised  against  tunnels  during  the  period  referred  to  are  now 
I  exploded,  and  eome  of  them  appear  not  a  Uttie  ridiculous.  It  was 
XCTged  by  their  opponents  t^t  the  damp  cold  air  common  to  all  aiib- 
,  tenueoua  excavations  would  prove  highly  detrimental  to  healtii ;  that 
the  noxious  gases  emitted  from  the  locomotive  engines  would  occumu- 
'  late  and  render  the  air  irrespirable ;  and  that  the  sudden  transitions 
I  from  light  to  darkness,  and  vice  vend,  would  be  very  injurious  to  the 
si^t.  The  discomfort  arising  from  these  evils,  so  far  as  they  really 
\  exist,  and  from  the  deafening  noise  of  tunnel-travelling,  ore  amply 
^  sufficient  to  give  a  preference  to  an  open  cutting,  when  such  a  line  is 
I  obtainable  at  modoate  expense,  but  they  b^  no  means  bear  out  thtt 
,  predictions  of  the  alarmists.  Some  interesting  experiments  made  in 
the  tunnel  on  the  Leeds  and  Selby  railway  are  recorded  in  a  paper  by 
Mr.  Walker '  On  Ventilating  and  Lighting  Turmela,'  in  the  '  Transac- 
tions of  the  Institution  of  Civil  Engineers,'  vol.  i.  p.  95,  While  the 
tunnel  alluded  to  was  in  progress,  it  was  determined  to  leave  tiie 
working  shafts  open,  to  promote  ventilation  and  to  admit  li^t*  The 
former  object  was  sufficiently  attained  to  prevent  any  serious  incon- 
venience to  passengers,  but,  so  far  as  the  trains  are  concerned,  little 
benefit  is  derived  from  the  light  admitted  by  them,  although  attempts 
were  mode  to  diffuse  it  by  means  of  tan  reflectors.  The  experiment 
succeeded  so  far  as  to  enable  a  person  to  read  the  larger  print  in  a 
newspaper  advertisement  in  any  part  of  the  tunnel;  but  it  is  stated 
that,  owing  to  the  rough  and  dirty  state  of  the  walls  and  the  oUiquity 
of  the  rays  thrown  upon  them,  the  rays  reflected  from  tliem  were  too 
feeble  to  be  useful  in  a  case  of  such  sudden  transition  from  the  light 
of  day  as  that  experienced  by  persons  passing  through  with  a  train. 
Reflectors  would  also  be  rendered  useless  during  the  passage  of  a  train 
by  the  quantity  of  steam  emitted  by  the  engine.  In  order  to  settie  the 
question  as  to  the  supposed  unhealthinees  of  tunnels,  in  February, 
1837,  Dr.  Paris,  Dr.  Watson,  Mr.  W,  Lawrence,  lecturer  on  anatomy 
and  surgery,  Mr.  R.  Fhilli[M,  lecturer  on  chemietiy,  and  Mr.  Lucas, 
surgeon,  were  requested  to  visit  and  report  upon  the  Primrose  Hill 
tunnel  Although  the  ventilation  was  then  imperfect,  owing  to  the 
western  extremity  of  the  tunnel  being  unfinish^,  and  the  st^m  was 
allowed  to  escape  from  the  engine  for  a  space  of  twenty  minutes, 
during  which  it  remained  stationary  in  the  tunnel,  those  gentiemen 
reported  that  for  so  many  feet  above  their  beads  the  atmosphere 
remained  clear,  and  apparently  unaffected  steam  or  effluvia  M  any 
kind,  and  that  neithm  damp  nor  cold  was  perceptible.  They  further 
express  their  opinion  "  that  the  dangers  incurred  in  pa&>ing  through 
well-construotea  tunnels  are  no  greater  than  those  incurred  in  ordinary 
travelling  upon  an  op^  railway  or  upon  a  tumpike-road ;  and  that 
the  apprehensions  which  have  been  expressed  that  such  tunnels  are 
likely  to  prove  detrimental  to  the  health  or  inoonvmient  to  the  ieel> 
ings  of  those  who  go  through  them  are  perfectiy  groundless."  Theas 
opinions  are  fully  corroborated  by  the  obserrotions  of  Dis.  Davy, 
Williamson,  and  Keid,  upon  the  Leeds  and  Selby  railway  tunnel, 
which,  as  well  as  the  report  on  the  Primrose  Hill  tunnel,  were  given 
in  evidence  before  the  Select  Committee  of  the  House  of  Commons  on 
tha  London  and  Brighton  railways,  in  1837.  The  objection  arising 
from  darkness  is  obviated  on  the  Loudon  and  North-WeetMn  and 
many  other  railways  by  the  use  of  lamps  in  the  roofs  of  the  carriafces, 
which  afford  an  agreeable  though  small  degree  of  Ught  in  the  interior ; 
but  in  a  few  cases  the  tunnds  tbemselTes  are  lifted  by  gas-lamps 
attached  to  the  side  walls. 

The  above  description  of  the  practical  operations  of  tunnelling  is 
founded  upon  the  methods  used  by  railway  engineers;  but  there  is 
no  difference  between  the  execution  of  a  r^way  or  of  a  canal  tunnel 
A  list  of  some  of  the  most  important  tunnels  is  added,  sod  their 
cost  per  yard  lineal  ia  affixed  wherever  it  is  possible  so  to  do.  It 
may,  however,  be  added  that  all  the  works  enumerated  seem  likely 
to  be  surpassed  in  magnitude  by  the  tunnel  in  course  of  execution 
under  the  Alps  of  the  Mont  CtJnis  range :  it  ia  proposed  to  be  about 
13,787  yards  in  length,  under  a  mountain  nearly  9000  feet  above  the 
level  of  the  rails. 
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length. 

Yards. 

Tbatnes  and  Mcdiro7      •       <  ■ 

.  3780 

Harecastle  (by  Brindlpjr)    .       .  ■ 

.  2S80 

Lapal  [Dudlej  Canal}     .       .  ■ 

.  877B 

Oosty  Hill  (Dudlejr  Canal)  . 

.  623 

Rililey  (Crotnford  Canal)    *       >  • 

.  39G6 

Bllsworth  (Grand  Jnactian)    ■  • 

.  3080 

Asperton  (Hereford  and  Cloacntrr)  . 

.  1320 

OxenbaU         „            „  • 

.  3103 

Manden  (Huddenflold)  . 

.  BSOO 

Foulbrld^  (LMds  and  Liverpool]  . 

.  ISiO 

Fenii7  Compton  (Oxford)  . 

,  1188 

Islington  (Kegent's  Canal) 

.  000 

UaidaHiU  ,. 

.  370 

Saw^rtoa  (Thames  and  Severn) 

.  4180 

Cost  per  yard. 
i  ».  i. 
S9  «  0 
S  10  S 


T  0 
10  13 


S9  0  0 


Digitized  by 


Google 


4as 


TtntBABT,  COKHON  OF. 


TURF. 


4M 


Out  per  yard. 

£   t.  d. 

S  It  0 

9   i  0 

T8  19  0 

65    0  0 

iO    0  0 


FimciML  Camal  Tokmeu.  Length. 

Tuda. 

HoMea  (Gmal  de  ft.  QnaBUn)   .      .  .11,1" 

SooMey  (ChmI  Oe  Bonttflsae)  . 

PoDltly  (Cuul  de  Bonrgofne)    .      .  .  S680 

Uauvacea  ((^oal  da  Harne  m  Xhlu)  .  5330 

St.  Algnon  (Caiul  dn  Ardennce)       .  .  SSt 

Puxmpu.  Railwat  Tumnu. 
Bnminlt  tnnii«l,  Aahton  ind  HuiDhe»tcr 

BAUwaj   S1S3 

Box  ttmnel,  GiMt  Westen       .      .   .  SSST        100   0  0 

liUlebortnigll        .....  S8S0 

teppertOQ   SBOO 

Xllsby  .......  Ut»        IM   0  e 

Watford   nn 

UereOum   17B0 

-WUte  Ball  Hin   1«7» 

Shakespere  toiinel  .....  1800 

Frimroee  Hill   IMS 

BMoUb^   lOU         SO   0  0 

Mtwood   1000        140    0  0 

Bolleboia  (Paiia  wd  Ronen)   .      .      .  S890         40   0  0 

TenablM  S»l  40    0  0 

FiMf  PoTille  (Bouen  and  Havrr]    .      .  3400         40    0  0 

Terrt  Ntrire  (Lyon)   1641  SO    0  0 

Cnmplioh   lOlT'         SI    0  0 

BLCtoDd  SU  80    0  • 

Kerthe  (Avignon  to  HaneiUe)       .      .  <0St 

Blaiar  (Lron}   4>7B 

Billy  {Rhtlmi)   IBSO 

Hammarting  (SirttserUiid)        ■      .    .  MM 

Banoutein   1711 

Railway  tuimek  are  usually  made  about  24  feet  iride,  and  from  28 
to  20  feet  hig^,  on  the  oarrow  gauge ;  those  on  the  Great  Weatem  line 
an  made  80  feet  wide  by  85  feet  high ;  oanal  tunnds  are  rarely 
eixecuted  of  loiger  dimendone  than  16  feet  6  inches  in  breadth  by  18 
feet  in  height. 

There  had  been  two  or  three  echemea  for  fomdng  a  tunnd  under 
the  Thames,  [Hior  to  tlwt  brought  fcnward  in  1823  hy  Hr.  (afterwords 
Sir)  Isambard  Mark  Brunei : — one  proposing  to  connect  QraTeaend  with 
Tilbuiyj  another  to  commenoe  at  Rothermthe,  a  little  below  the  site 
of  the  present  tunnel ;  and  works  had  been  actually  b^un  at  both 
these  placee  but  soon  abandoned.  Brunei  proposed  to  effect  his  object 
by  means  of  a  fnmewoi^  or  shield,  which  should  support  the  &oe  of 
tbe  excavation  and  allow  the  earUi  to  be  removed  on  msny  points 
simultaneously;  the  fiames  or  divisions  of  the  shield  being  then 
moved  slowly  forward,  and  closely  f<dlowed  by  a  solid  mass  of  Inick- 
work  enclosing  two  arcbed  pansgei  16  feet  4  inches  in  Iiei^t  from 
file  invert  of  the  arch,  and  18  feet  9  inches  span  at  the  springing  of 
the  arch.  Great  difficulties  were  a:perienced  in  the  coarse  of  the 
work,  and  some  serious  accidents  happened  from  the  river  breaking 
through  the  moist  sand  and  clay  tlirou^  which  the  tunnel  had  to  be 
carried.  But  ultimately  all  obstades  wen  overcome,  and  the  work 
was  in  1842  brought  to  a  Buccessful  terminatitn,  about  seventeen  yean 
from  the  oommencement  of  the  noavatitms. 

TURBARY,  COMMON  OF,  is  a  right  to  dig  turf  in  another  man's 
land,  or  in  the  lord's  waste.  This  dmcription  of  common  right  may 
be  appendant  or  appurtenant  to  a  house,  but  not  to  land ;  for  the 
turfs  dug  in  virtue  of  the  ri^t  are  to  be  burnt  in  the  house.  The 
right  is  therefore  confined  to  snoh  qnanUlgr  ae  is  sufficient  for  the  con- 
sumption of  the  house  to  which  tiie  common  of  turbaiy  i>  aj^iendsitt, 
aud  never  extoids  to  a  right  to  dig  turf  tar  sale. 

Where  common  of  turbary  is  appurtenant  to  a  house,  it  will  pass  by 
a  grant  of  jha  house  with  the  appurtenances.    (2  Rep.  37,  Cixnmon,) 

TURBINE.  A  turbine  is  a  water  wheel  fixed  upon  a  vertical  revol- 
ving axis,  reoeiving  and  discharging  water  in  various  directions  round 
ite  Ritfioe.  This  daaoription  of  prime  mover  oonDsts  tii  a  dnun, 
bearing  a  munber  of  suitab^  formed  vaiici,  curved  in  sneh  a  masner 
as  to  mIow  the  water  leaving  them,  after  it  has  glsnced  off  firom  tiiem, 
to  escape  with  ss  littJe  velooi^  or  power  as  possible.  Turbines 
possess  advantage  of  ooonpging,  comparatively  with  the  power 
exercised,  a  very  small  bulk  ;  and  ofbeing  equally  effldent  with  Isige 
cn- small  &lls. 

Tha«maybeoonridet«dtobafhree  olasMsof  toiUiua;  Isb  Thoee 
in  which  the  water  is  supplied  and  disohaiged  fat  a  direction  parallel 
to  the  axis;  theysie  technically  known  ss  the  panUd-fioa  Uirbina, 
aoocrdiog  to  the  dasaifieation  propoeed  by  Profeaaor  Ruikine,  in  hia 
'  Treatise  on  Prime  Movers.'  2iid.  Those  in  which  the  water  is  sup- 
plied and  diBchaT:ged  in  currents  radiating  from  t^e  a^ :  or  tiie  ont- 
toard  Jtom  turtdna.  And  Srd.  Those  in  which  the  water  is  supplied 
and  disohamd  in  correnta  conver^ng  radially  towards  the  axis,  or 
the  tnteonf  jKw  hirbina.  The  leading  principles  affecting  the  working 
of  these  vuious  machines  are  the  same,  though  detuls  are  neoes- 
aarity  dissimilar;  tbey  may  be  briefly  described  as  foUowa  : — 

Whatever  description  of  turbine  be  used,  it  is  desirable  that  little 
or  no  change  of  velocity  of  flow  should  take  place  in  the  current, 
during  the  ponnge  of  the  water  throtwh  the  wheel;  and  tiut  the 
WAter  should  enter  without  shook,  ana  leave  without  a  whitliog 
motiom.    The  latter  condition  is  attained  when  the  ratio  of  the 

ARTS  AMD  BOL  DIT,  VOL.  TXIL 


entering  velodfy  is  to  the  outgoing  velodty  in  the  same  ratio  as  the 
radius  of  the  reoeiving  to  that  of  the  discharging  sidw;  or  r*iiing 

this  ratio  n,  it  =1,  in  parallel  flow  tiu-bines;  V2"io  outward  flow 
turbines;  and  (  in  inward  flow  turbines.  The  angles  of  obliquity  of 
the  blades  to  the  line  of  flow,  differ  according  to  the  velocity  required 
in  the  wheels,  and  to  their  peculiar  form :  thus,  in  ^e  parallel  flow 
turbines,  the  angle  may  vary  between  20"  and  85*;  in  the  outward 
flow  turbines,  between  141'  >nd  264" ;  and  in  the  inward  flow  ones, 
between  86*  and  S4*,  the  best  velodty  at  the  middle  of  the  rings 
of  the  vanes  appeora  to  be  ascertained  by  the  formula  (for  all  kinds 
of  turUnea) — calling  v  the  vdodty,  A  the  head  in  the  supply  chamber, 

andy  the  aoodsrating  force  of  gravity:  then  voO'SfffiVS^- 

From  General  Morin's  experiments  it  would  appear  that  the 
efficiencies  of  the  respective  descriptions  of  turbines,  with  reference 
to  the  powers  exerted  upon  them,  are  comprised  within  the  limits  of 
from  76  to  80  per  cent,  of  the  power  exerted  in  the  parallel  flow 
turbines;  in  inward  flow  turbines  the  limits  i^iproaoh  closdy  the 
avenge  of  78  per  cant.;  and  in  outward  flow  ones,  they  are  on 
the  average  68  per  cent. ;  on  the  average  then,  the  efflciraicy  of  all 
cloflses  may  be  taken  to  be  about  70  per  cent,  of  the  total  power. 
The  reaction  wheel  may  be  considered  to  constitute  a  modiflcatiou  of 
the  turbine ;  and  it  will  be  discussed  more  fully  under  Wateb  Foweii. 

The  best  descriptions  of  this  class  of  engines  are  to  be  found  either 
in  Rankine's  woi^  before  quoted ;  in  Morin's  '  hap>aa  de  M(Jcamque 
Pratique ; '  in  Armengaad's  '  Traits  Pi^iqoe  dee  Hoteurs  Hydiau- 
Uques ; '  end  in  several  of  the  pimctieal  papen  on  maohinery  by  Mr. 
Fairbaim.  M.  Foumeyron  has  publisheda  deooription  of  the  outward 
flow  turbines  he  himself  invented,  with  full  insfcructitns  for  ascer- 
taining the  proportionB  of  the  several  details. 

TURF,  the  sod  whidi  ooven  the  surface  of  pastures,  and  is  composed 
of  a  portion  of  the  soil  with  the  roots  of  natural  grasses  or  other 
plsQts ;  vhloh  gives  the  whole  a  oonsiBtakoe,  and  allows  ot  ite  being 
raised  in  dices  by  the  idoo^  «■  the  puing  tool  made  for  tiie 
piupose. 

The  word  is  often  also  applied  to  the  substanoe  which  is  generally 
called  paU  ;  and  when  the  latter  is  takra  from  tiie  surface  where  living 
plants  are  growing,  the  name  of  turf  is  very  applicable  to  it.  It  is 
derived  from  the  Dutch  word  torf,  which  is  gentaiiLUy  applied  to  perfect 
peat  as  well  as  to  turf.  The  orinn  and  oompodtion  of  peat  tuve  been 
described  tmder  that  head.  [^aT.]  We  shall  here  only  noti<«  the 
uses  to  which  turf  is  applied,  when  we  mean  a  sod  taken  from  the 
surface  on  which  some  living  plants  are  still  or  have  lataly  been 
growing.  Near  extensive  heaths  which  have  never  been  reclaimed, 
and  in  situations  where  no  regular  i)eat-boga  are  to  be  found,  turf 
becomes  a  very  useful  fuel  It  is  pared  off  ^e  surface  with  the  heatii 
growing  on  it,  in  dry  weather,  in  soda  of  a  convenient  size,  generally 
round,  and  about  one  foot  in  diameter.  The  thickness  of  the  sod 
depends  on  the  depth  and  abundance  of  the  roots  found  in  it,  as  they 
are  the  sole  cause  of  the  turf  continuing  to  bum  when  the  blaze  caused 
by  the  burning  of  the  heath  is  ovw.  As  the  soil  of  the  places  where 
turf  is  nsoally  out  is  generally  of  a  sandy  nature,  turf  ashes  ore  not  so 
valuable  for  manoring  the  land  as  peat  aslws ;  still  tbey  contain  por- 
tions of  potssh  and  other  vegetable  salts,  and  produce  a  very  good 
effect  when  spread  as  a  top-dreadng  on  moist  meadows  the  soil  of  which 
is  chiefly  oomposed  of  cla^.  In  sufficient  quantities  they  are  excellent 
to  raise  turnips ;  and  it  is  generally  observed  that  where  poor  heathy 
pastures  are  pared  fw  ths  purpose  of  burning  the  turf  on  the  spot  and 
spreading  the  aahea,  the  turidps  sown  there  seldom  fail  For  the 
advantages  and  disadvantagee  tA  this  operation,  see  Pariko  and 
BusNiKa. 

Where  the  poor  can  readily  obtain  turf  for  the  trouble  of  cutting  it 
and  drying  it  for  use,  a  degree  of  comfort  is  difiuscd  through  their  cot- 
tages which  cannot  be  found  where  fuel  is  scarce.  In  the  large  open 
chimn^  ths  whole  family  can  be  seated  by  a  pile  of  tutf  burning  on 
the  hearth. 

Turf  is  used  for  many  otiier  purposes,  as  well  ae  for  fueL  Laid  like 
tiles  on  a  roof,  overlapping  each  other,  they  form  an  noeUent  and 
cheap  protection  against  ram.  Cut  somewhat  thicker,  and  in  the  duqie 
of  bricks,  they  serve  to  build  the  walls  of  cabins,  which  are  warm  and 
durable,  provided  the  eaves  of  the  roof  project  sufficientiy  to  cover 
them.  The  soldier  who  has  saved  through  many  campaigns  knows 
from  experienoe  that  a  eonioal  hat  of  tnif  osn  be  nued  in  a  voj  ah<ni 
time,  if  the  material  is  at  hand. 

When  clay  is  burnt  to  improve  the  texture  of  the  soil,  the  operation 
is  best  performed  in  a  drcutar  hearth  made  of  turf,  with  certain  flues 
to  regulate  the  supply  of  air  to  the  burning  mass.  The  tuif  is  a  dow 
conductor  of  heat,  and  by  its  means  the  mass  is  kept  bumiug  steadily 
in  the  interior  of  the  heap,  without  beiiu;  cooled  by  the  effect  of  the 
extemd  air.  When  the  tntf-wall  itselfbegins  to  bntn  throu^,  it  la 
generally  the  proper  time  to  mix  the  whole  and  extinguish  the  firai 

The  turf  which  we  have  been  considering  is  taken  from  the  surface 
of  uncultivated  land,  and  in  the  course  of  a  certain  number  of  yean 
the  wild  heaths  and  other  plants  natural  to  the  sdl  spring  up  again, 
and  by  thdr  stems  and  roots  produce  a  fresh  turf.  To  assist  this 
renovation  it  is  usual  to  out  the  flat  turfs  of  a  circular  shape  with  a 
thin  paring  tool,  as  we  observed  before,  so  that  there  remain  portion* 
of  the  Buifooe  whiidh  aie  not  disturbed,  and  from  which  the  heatii  and 
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wild  planti  soon  ipreid  orar  tba  nirbM  whioh  liM  been  out  In  this 
way  uie  aame  ipot  ini^  be  made  to  give  •  freeh  aupplj  of  Uaia  morj 
eeven  yean.  This  a  only  done  where  the  soil  ijs  abecdutely  barren,  and 
wbere  its  cultiTation  ia  not  thoogfat  of ;  for  at  last  eyery  renmant  of 
good  earth  is  carried  off  the  graesea  disappear  entirely,  and  nothing  but 
the  common  heaths  can  find  food  for  their  Teget&tion. 

The  surface  of  good  pastures,  especially  of  commoni^  is  often  pared 
for  the  purpose  at  forming  an  artificial  turf  for  ornament  or  for  the 
purposes  of  pasture.  In  toe  first  case  those  spots  are  ohosen  where 
the  grass  is  of  the  finest  and  closest  pile.  The  sur&ce  Is  pared  as  thin 
as  can  couvenientlf  be  done,  so  that  the  sward  shall  not  break.  A 
proper  spot  having  been  chosen,  it  is  divided  by  the  spade,  or  some 
sharp  iuatrumeut  Lke  a  knife  stuck  acro^  a  long  hojidJe,  into  strips 
about  a  foot  wide ;  and  a  very  sharp  fiat  instrument  with  a  bent 
handle,  so  as  to  work  horizontally,  is  thrust  an  inch,  or  a  littia  more, 
below  the  surface,  paring  off  the  strip  which  has  been  marked.  As 
the  workman  who  cuts  the  sod  advances,  anoUier  rolls  it  up  before 
him,  imtil  it  is  of  a  proper  size  to  be  carried  o£  A  cut  ia  then  made 
across  the  strip,  and  another  roll  is  begun.  Thus  a  large  spaoe  may  be 
completely  Imxed,  or  itorollel  stripe  may  be  cut  out,  leaving  some  of 
the  turf  uncut  between  them.  In  this  case  the  loas  of  the  herbage 
will  be  soonest  repaired  by  the  spieadinff  of  the  gnusoe  from  the  strips 
which  are  left.  When  an  ornamental  lawn  is  to  be  formed  by  laying 
down  the  turf,  the  ground  is  levelled,  or  hud  in  any  desiied  form. 
It  is  well  rolled  and  beaten,  to  make  it  firm,  and,  if  the  weather  be  dry, 
it  ia  well  watered  before  the  turf  is  applied.  As  lawns  require  frequent 
mowing,  a  close,  slow-growing  turf  is  a  great  advantage :  it  should 
therefore  be  token,  if  possible,  from  a  poor  thin  soiL  Tlw  turf  which 
lies  immediately  over  tne  chalk  is  best  adapted  to  this  purpose.  If 
thu  ground  to  be  covered  is  of  a  rich  quality,  it  ia  beat  to  remove  the 
soil  and  lay  some  of  the  poorer  subaoil  bare,  to  place  the  turf  on,  A 
rich  moist  soil  would  make  the  grass  grow  too  rank,  and  require  con- 
stant mowing  and  rolling  to  keep  it  down.  Brickbats  and  rubbish  are 
often  spread  over  the  ground,  where  a  lawn  is  to  be  formed  by  turfing 
it  over :  these  not  only  form  a  poorer  soil,  but  also  keep  it  drier  by 
their  porosity.  It  nwd  not  be  observed,  that  where  turfing  is  naaried. 
to,  to  cover  bare  places  in  meadows  or  pasture,  the  reverse  of  all  this 
should  be  done,  and  manure  spread  avec  the  places  where  Mm  turf  is 
to  be  laid,  so  that  the  roots  may  be  invigorated,  and  a  rioh  pile  of  grass 
may  spring  up. 

When  uiere  are  banks  and  inequalities  in  pastures,  it  is  often  useful 
to  pare  off  all  the  tur^  rolling  it  up,  from  the  plains  which  ore  to  be 
levelled.  The  superfiuous  soil  ia  then  removed,  and  if  it  has  been  long 
in  the  form  of  a  dry  bank,  it  is  spread  over  the  grass,  which  it  greatly 
invigorates.  The  new  surface  is  enriched  with  manure,  if  it  requires 
it,  and  in  moist  weather  or  after  watering  it,  the  turf  is  rolled  over  it 
and  well  beaten  down,  A  heavy  roller  drawn  over  it  will  greatly  assist 
its  rooting,  and  thus  an  unsightly  bank,  on  which  the  grass  was  usually 
either  coarse  or  burnt  up,  according  as  the  season  was  wet  or  diy, 
becomes  a  good  and  neat  posture.  Another  imp<ntant  use  of  turf  ia  to 
cut  it  into  small  strips  and  divide  these  into  pieces  of  a  square  inch  in 
size,  or  somewhat  more,  for  Uie  purpose  of  laying  land  to  grass  by 
inociilatim.  This  is  only  a  partial  tu^ng,  whicn  extends  rapidly,  and 
in  the  course  of  a  very  few  years  converts  a  field  which  was  not  very 
productive  as  arable  land  into  a  valuable  meadow,  eapeoially  if  it  ia  so 
mtuated  as  to  be  capable  of  occssional  irrigation. 

The  advantage  of  an  extent  of  fine  turf  for  the  exercise  of  high-bred 
horses  has  given  a  name  to  the  pursuit  of  breeding  and  training  horses 
for  the  purpose  of  racing.  The  annals  of  the  turf  record  the  deeds  of 
fcmous  horses  and  the  success  of  their  owners.  The  turf  has  its  rules 
and -codes  of  laws,  and  the  highest  individuals  in  the  nation  often  sit 
in  judgment  on  some  disputed  point  of  turf  lav,  with  as  much  gravity 
as  they  would  decide  the  most  unportant  interests  of  the  state. 

TURKISH  CHKONOLOay,  The  Turks,  like  all  the  other  Mo- 
hammedans, have  adopted  the  tera  of  the  Hijra,  which  b^ins  with  the 
16th  of  July,  A.D.  622.  [^ba.]  The  year  of  the  Hijra  contains  12 
months  of  alternately  30  and  29  days,  or,  more  exactly,  854  days 
8  hours,  and  18  minutes;  and  82  of  our  (solar)  years  ore  equal  to  3S 
Mohammedan  (lunw)  vean,  6  days,  8  hours,  and  16  minutes.  On 
these  facts  is  founded  the  following  easy  rule  for  finding  the  Christian 
year  which  corresponds  to  any  given  Mohammedan  year  : — 

The  number  of  centuries  contained  in  the  given  Mohammedan  year 
is  multiplied  by  3 ;  to  the  product  are  added  as  many  units  as  the 
period  of  33  years  is  contained  in  the  number  of  those  years  which  are 
in  the  given  Mohammedan  year  beaidea  the  centuries ;  the  sum  thus 
obtained  is  deducted  from  the  given  year ;  and  to  the  rest  is  added 
621,  or  the  number  of  full  Christian  years  before  the  b^inning  of  the 
Hijra ;  the  mm  thus  obtained  corresponds  to  the  Cbris^u  year. 

ICxample  :  ^\^lat  year  of  Christ  corresponds  to  the  Monammodan 
year  118S     oace  of  Kuchuk  Kai'narji)  t 

II  (the  number  of  centuries)  xZ         .       ,       .    =i  S8 
2  (the  units  of  the  period  of  83  yean  contained 

in  88)  +  88   =  86 

1188  vtlic  given  year)  -35  =  ngg 

C21  alio  number  of  years  before  tho  Hijra)  +  1168    «  1774 

'^iiO'iaconwt,  the  peace  of  Ktiohuk  Kainarji  having  buen  eigucd  in 


To  idiHige  ft  CSiristian  year  into  ft  year  reqairei  onlj 

an  inversion  at  the  preoeding  rule. 
Example:  What  Hohaounedaa  year  oocremKldi  to  the  Cbristian 

year  1774  I 

1774-621   w  1168 

11  (the  number  of  centuries  in  1 163)  x  8        .   .    =  88 
1  (the  number  of  times  which  63  contains  88) 

+  38  =  84 

84  +  1168   =  1187 

We  have  seen  above  that  the  Mohammedan  year  corresponding  to 
the  Christian  year  1774  was  1188;  but  Uie  result  is  correct  notwith- 
standing the  u^rent  results  in  the  two  cases ;  for  the  banning  of 
jLD.  1774  falls  in  the  latter  part  of  jlh.  1187,  and  the  be^nnizg  of 
A.H.  1188  and  the  greater  put  of  this  year  falls  in  A.D.  1774.  TIiub 
the  latter  rule  is  only  the  complement  of  the  first,  and  by  employing 
both  the  reader  will  always  know  whether  a  given  Mohammedan  yoar 
falls  entirely  in  one  Christian  year,  or  whether  it  falls  in  part  of  one 
and  in  part  of  anotiitf  Cliristian  year ;  and  he  wiU  know  the  same  for 
a  Christian  year  with  regard  to  a  McAummadan  year.  If  this  be  tnu^ 
the  consequence  Will  be  that,  if  a  Mt^iammedan  year  falls  entirdy  in 
the  course  of  one  Christian  year,  there  will  be  no  difference  In  the 
result  obtained  by  employing  successively  both  the  rules.  This  is  in 
fact  the  cose,  as  may  be  seen  by  the  following  example  : 

The  year  A.n.  522  begins  on  the  Sth  of  January,  A.D.  1128,  and  ends 
on  the  24^  of  December  of  the  same  year  1128, 

Rule  1— for  A.H.  S22  :  6  X  8   .      .      .      ,  =  IS 

522-16    =  607 

607  +  621    =  1128 

Rule  2— for  A.D.  1128:  1128-621    .      .  .  =  £07 

6  (centuries)  x  3       .      .      .      .  =  16 

16  +  507    =  622 

from  which  we  may  oonclude  that  the  year  522  a.h.  falls  entirL-ly  in 
the  course  of  the  year  1128  a.d.  To  moke  this  more  intelligible,  we 
observe  that  the  Mohammedan  year  being  composed  of  lunar  or  move- 
able montiis,  its  b^jjinning  is  likewise  moveable,  and  in  the  courf>e  of 
33  years  it  goes  sucoeeeively  through  all  the  twelve  months  of  our 
year.  The  above-mentioned  two  rules  will  be  good  till  a.h.  liOl 
(a.d.  IfiSO).  The  determining  of  the  corresponding  days  of  the  two 
eras  presents  considerable  duBcuIties^  and  cannot  conveniently  be 
given  here. 

TURKISH  LANGUAGES  AND  LITERATURE.  The  Turkish 
languages  form  a  particular  femily,  which  differs  from  the  Arabic,  the 
Persian,  the  Mongol,  and  the  Chinese.  The  principal  Turkish  lan- 
guages are  the  following  : — 

1.  Uighur,  This  language  is  considered  the  most  ancient  of  all  the 
Turkish  dialects,  and  is  stm  apokon  in  eastern  TurkLititn,  oai^ially  in 
the  country  between  Kitwligbar  and  Kdmul.  The  Uighiu-  was  origin- 
ally written  witli  fourteen,  and  afterwards  with  sixteen  letters,  which, 
according  to  Abel  Rdmuut,  are  an  imitation  of  tho  Uj-riac  alphabet^ 
although  there  is  some  reason  to  believe  that  they  have  been  invented 
by  the  Uighura  themselves.  They  were  afterwards  adopted  by  the 
Mongols,  who  however  have  modified  them.  The  Uighur  language 
was  cultivated  at  a  very  early  period,  and,  as  it  seems,  has  had  con- 
siderable infiuence  on  the  Chinese  literature.  The  number  of  foreign 
words  introduced  into  tiie  Uighur  is  not  very  considerable,  and  tlua 
language  is  consequently  the  purest  of  all  the  Turkish  dialects.  The 
Bodleian  Library  contains  a  beautiful  Uighur  manuscript,  the  *  Bakh- 
liydr-Nftmeh/  written  in  a.h.  838  (a.d.  1434).  Two  other  Uighur 
maDuBcripts  on  Mohammedan  divinity  are  in  the  Royal  Library  at 
Paris,  and  a  fourth,  the '  Kiudat-ku-bilik,'  or '  The  Science  of  Govern- 
ment,' was  sent  to  Paris  by  Von  Hammer  PutgstolL  This  work  was 
computed  about  A.n.  460  (a-D.  1069),  during  the  reign  of  Alp-AisUn, 
sultan  of  the  Seljuks ;  but  the  copy  of  Von  Hammer  dates  only  from 
A.H.  843  (a.d.  1459).  The  Uighur  language  is  very  little  known  in 
Europe. 

2.  JagabU,  in  the  greater  pari  of  independent  Turkiatiin.  This 
language,  which  was  ong^ally  written  with  the  Uwhur  characters,  and 
which,  in  ancient  Umes,  gr^itly  resembled  the  Uighur  hmguage,  is 
remarkable  for  its  strength,  perspicuity,  and  simplicity.  TurkisUtn, 
especially  Samarkand  and  Bokhara,  haviog  been  the  centre  of  tho 
power  of  the  successors  of  Qenghis-khan  and  Timur,  the  Jagatjfi  was 
cultivated  at  an  early  period,  and  many  Arabic  and  Persian  words  were 
introduced  into  it.  The  Arabic  chaiactera  were  substituted  for  the 
Uighur  letters,  but  not  till  a  oonddenble  time  after  the  Mohammedan 
religion  bad  been  introduced  into  TuricistlCn.  The  Jagatfti  language 
has  a  valuable  literature.  The  '  Wdki'dti  Bdbiirt '  is  on  autobi(^rapliy 
of  Sultan  Btfber,  the  conqueror  of  Hiudust^  (a.b.  900  till  938;  A.D. 
1494  till  1631).  It  has  been  translated  into  English  under  the  title 
'  Memoirs  of  Zehir-ed-dln  Muhammed  Baber,  Emperor  of  Hindustan, 
written  by  himself ; '  translated  portly  by  the  Ute  John  Leyden,  M.D., 
and  partly  by  W.  Erskine,  Esq.,  4to.,  London,  1826.  It  has  also  been 
translated  into  Feraian.  The  famous  '  Genealogical  History  of  the 
Turks,'  by  'Abti-l-ghdzi  (Bahddur  Khan,  Sultan  of  Khowaresm).  was 
originally  written  in  the  Jagat£i  language.  The  first  matntscript  of 
this  work  known  to  Europeans  was  discuvcred  b^  Swedi^h  ofticers, 
who,  after  tho  battle  of  Pultawa,  were  sent  oa  pruoners  to  Siberia. 
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One  of  them  translated  H  Into  French,  from  which  lao^age  it  was  re- 
tranalat«d  into  Englifih,  under  the  title  '  The  Genealogical  History  of 
the  Tatars,'  which  forms  the  first  Tolume  of  '  A  General  History  of 
the  TurkB,  Moguls,  and  Tatars,'  2  vola.  8vo.,  London,  1730,  The  text 
of  'Abli-l-ghiizi  has  been  edited  by  Frohn.    (Kazan,  1825.) 

5.  Kiptehak  diolecta,  in  the  eastern  part  of  European  Russia  and 
Western  Siberia.  The  purest  among  these  dialects  is  that  of  Kazan, 
in  which  several  books  have  lately  been  printed.  Some  of  theae  are 
much  mixed  with  Finnish  words. 

4.  Kirghiz  tiie  hmguage  of  the  Kdrd  Eir^iz,  and  the  Kirghiz 
Ka'tsdk,  who  live  a  nomadic  life  between  the  Ural  and  the  Chinese 
frontier. 

6.  Caucaso-DoDubian,  lu  several  subordinate  dialects  spoken  by  the 
Noghata,  the  Kazi-Kumukti,  and  other  Turiuah  tribes  in  Boutham 
Buaaia. 

6.  Turkoman. 

7.  Aufitro-Siberian  dialects.  They  are  vary  numerous,  and  more  or 
lesa  mixed  with  Moneol  or  Samoyede  w<n<d8.  They  are  spoken  by  the 
Turkish  tribes  that  live  in  the  middle,  eastern,  and  soutiiem  parts  of 
Siberia. 

6.  Chuwaab,  8pok«n  by  the  Chuwoshea,  who  lire  between  the  Sura 
and  the  Wolga,  and  in  aome  adjacent  countries  of  eastern  Kussia.  The 
Oiuwuh  differs  considerably  from  the  Kiptahak  dialects  in  the  neigh- 
bouring countries,  and  it  contains  a  great  number  of  Finnish  words. 
(Sehottf'De  Lingua  Tschuwaschorum  Dissertatio.') 

9.  Osmonli,  or  Turkish,  commonly  called  so.  Iliia  dialect,  which  is 
spoken  by  the  Turkish  eonquerora  of  the  Byzantine  empire,  most  be 
considered  as  a  compound  of  the  ancient  Seljukion  language  and  that 
of  the  tribe  of  the  Kdyi,  from  which  the  Osmanlis  are  descended.  -It 
is  the  richest  and  most  polished  of  all  the  Turkijdi  dialects ;  and  its 
regularity,  precision,  and  elegance  are  such,  that  Jaubert  says,  if  any 
academy  were  commissioned  to  make  a  language,  it  would  not  form 
one  more  perfect  than  the  Turkish.  Another  prin^ial  feature  of  this 
language  ia  ita  dignity,  with  regard  to  which  Sir  WilUam  Jones  says, 
"  The  Turkish  language  has  an  admirable  dignity.  The  Fenian  ia  fit 
for  joyous  and  amatory  subjects,  the  Arabic  for  poetry  and  eloquence, 
but  the  Turkish  for  moral  subjects.  Turkish  is  now  the  the  d^omatic 
and  officifJ  language  not  only  of  Turkey,  but  Egypt,  Tunis,  and  Tripoli, 
and  formerly  of  Algiers.  'Hie  OsmanUs  having  received  their  civilisa- 
tion from  the  Arabe  and  the  Persians,  and  the  Korin  (whi(di  among 
the  Mohammedans  is  never  translated  from  the  Arabic  into  any  other 
language)  being  atUl  the  source  of  Qieology  and  l^slation,  a  great 
many  Perman  and  Arabic  words  have  gradually  found  their  way  into 
the  Turkish  language.  However  the  groundwork  is  Turkish,  aiul  tiie 
Turks  pronounce  the  Arabic  words  in  a  much  softer  than  tim  Arabs, 
a  difference  which  is  principaUy  remaitoble  In  the  protmndation  of 
itxB  gutturals  and  the  long  rovus. 

The  Turkish  alphabet  is  oompoeed  of  thtrty-thtae  letters,  twen^- 
elght  of  which  ore  taken  from  the  Arabic  alphabet;  four  {pS,  cfttm, 
y&,  and  gkief)  from  the  Peinan  ;  and  one,  the  "  Saghir  nlin "  (fl)  is 
exclusively  Turkish.  These  letters  are  written  from  right  to  left. 
Turkish  ia  also,  and  very  frequently,  written  with  Armenian  characters, 
especially  by  the  merchanta.  There  is  no  article,  but  the  demonstra- 
tive pronoun  "bu"  ("that"  or  "this"),  and  the  cardinal  number 
"bir*"  f"  one")  someUmes  take  its  piaoe.  Tlure  is  no  gender.  The 
declension  of  the  nouns  is  easy :  tne  plural  is  formed  by  annexing 
''ler"oT  "lar  "  to  the  word,  and  there  are  six  cases  ss  in  haiia.  The 
adjectives  have  neither  declenaico  nor  gender.  The  declension  of  the 
pronouns  is  analogous  to  that  of  the  nootw,  but  not  always  exactly  the 
same.  There  are  eight  kinds  of  verba,  namely,  auxUiary,  active, 
posmve,  nt^tive,  impotential,  causative,  reciprocal,  and  persomd.  The 
{nSnitive  of  all  regular  verbs  ia  formed  by  means  of  the  syllables 
"  mek  "  or  tnak ; "  they  become  passive  by  taking  the  syllable  "  il " 
before  "mek"  or  "max."  The  verbs  have  six  moods — indicative, 
imperative,  optativo,  supportive,  conjunctive,  and  infinitive ;  and  there 
are  five  tenses — preaebt,  imperfect^  preterimperfect,  preterperfect,  and 
future.  The  different  kinds  of  verbs  are  formed  as  follows  :  Bevmek,  to 
love ;  tematemde,  not  to  love ;  moAmemek,  not  to  be  able  to  love ; 
seHtlfiieljkobe  lend;  mwUmmde,  not  to  be  lorsdt  mnUlMMidb,  not 
to  be  Mb  to  be  loved ;  SMcdOmab,  to  make  lors;  tewUdOmat,  to 
mgJie  that  somebody  is  loved ;  teaUkmd:,  to  love  each  oUiar ;  teaiimek, 
to  love  oneself,  Sx.  There  la  a  conBid^Ue  number  of  irregular  verbs. 
The  Turkic  construction  resembles  that  of  the  Latin  language,  and 
generally  s  sentenoe  cannot  be  perfectiy  understood  till  t^e  reader 
comes  to  the  last  word.  The  Turks  form  new  words  hj  means  of 
oompodtion  with  as  much  ease  as  the  Greek,  the  German,  and  the 
Fernan ;  in  Hiis  respect  the  Tuitirii  laufifuage  diflbrs  rsdioally  from 
fte  Aisbie. 

The  Tmkiih  literatore  is  of  ancient  origin.  Doling  the  reigns  of 
Osman  and  bis  snccessors,  a  great  number  of  Anbio,  Fandon,  Greek, 
and  Latin  works  were  truoalated  Into  Turkiah.  Mohammed  II. 
ordered  a  Innslation  of  Plutarch ;  Sblinuu  L  bad  the '  Ccnnmentariea ' 
of  CieBBr  tmnslated ;  and  ArlstoUe  and  EncM  were  translatod  in  the 
commencement  of  TtirUah.bi8tor7.  Miutala  III,  made  a  translation 
of  the  '  Principe  *  of  MachiaTelli,  and  of  the  '  Anti-Machiavel '  of 
Frederic  IL,  of  Prussia.  Some  of  the  works  of  Boeriuiave^ 
Sydaidiam,  Bcmnycastle,  Yauban,  Lalande,  Cassini,  and,  in  later  timee» 
a  0nat  number  of  Bnj^isli,  Goman,  and  Frendi  woriu  on  histiayf 


geography,  medicine,  (i}iemi8tn',niatliemattaB,andtheuintaryacienoefl, 
nave  lilcewise  been  tisnalated  into  Turkish.  The  orlgimd  literaturo  of 
the  Turks  is  valuable,  though  1^  so  than  the  Arabic.  Jem,  the  brother, 
and  Selim  and  Korkud,  the  sons  of  Bayazid  II, ;  Solim&n  II.,  Ahmed 
III.,  and  Mustafa  III.,  were  distinguished  poets,  and  their  works  have 
come  down  to  ua.  The  oldeet  TuAish  poet  of  renown  is  'Ashik- Pasha, 
who  lived  during  the  reign  of  Osman  and  Urkhan.  The  reign  of 
Bayazid  II.  was  distinguiehed  by  the  following  poets  : — Nej^ti,  who 
was  oonndered  the  first  lyric  poet  of  bis  timc^  and  who  translated 
several  Arabic  works  into  Turkiah;  Mcslhi,  whose  'Ode  on  the 
Spring,'  translated  by  Sir  W.  Jones  and  by  Baron  Hammer,  is  known 
aa  one  of  the  finest  specimens  of  poetry ;  A'fitabi,  Munirl,  Prince 
Korkud,  and  the  female  poet  Mihr!,  a  native  of  Amaeta.  Bakl  ia  the 
greatest  Turkish  poet.  He  was  thrco  times  high  judge  of  Rdm-ili. 
and  died  in  a.h.  1003  (a.d.  1600);  his  'Diwan,'  or  'Collection  of 
Poems/  haa  been  translated  by  Von  Hammer,  under  the  title  '  Bakl's 
des  groasten  Tiirkiachen  I^kera  Biwon,'  Vienna,  1 825.  NabI  Efendi, 
Seyed  Refet,  and  Kiighib-Pasha,  were  renowned  in  the  past  century. 
Ki^hib-Pasha,  grand-vizlr  under  Osmon  III.,  was  equally  renowned  as 
an  historian  and  a  poet,  and  his  countrymen  used  to  call  him  "the 
Sultan  of  the  poets  of  B^m."  The  number  of  historians  is  very  great, 
and  several  of  them  are  highly  esteemed  for  their  impartiality,  judg- 
ment, and  the  concise  beauty  of  their  style.  Such  are  'All,  the  con- 
temporary of  Bakl,  whose  work, '  Kunhol-Akhb^ '  (Mines  of  History), 
finisued  in  a.h.  1006  (a..d.  1597),  is  one  of  the  beat  sources  concerning 
the  eu'Iier  and  middle  periods  of  Turkish  history;  the  author  speaks 
with  great  impartiality  about  the  Ohristians.  Solak-z^e  has  written 
'  Torikhi  'Ali  Osmon  li  Solak-z^e,'  a  short,  but  very  exact  history  of 
the  Osmanlis,  which  finishea  with  the  year  A.H*  1054  (a.d.  1644). 
Pechewi  is  the  author  of  a  history  of  the  period  from  the  acceeaon  of 
Soliman  L  (II.)  to  the  year  a.h.  1032  (A..D.  1622).  H^jt  KhalftOi,  who 
died  in  a.h,  1068  {a.d.  1658),  is  the  authw  of  several  excellent  works 
on  history  and  geography,  which  are  written  portly  in  Arabic,  partly 
in  Tmikieh.  His  'Takwimuk  Tew^rikh,'  or  'Chronological  Tables,' 
are  claaucaL  They  were  published  at  Constantinople  by  the  printer 
IbnOiim,  in  a.h.  1146  (a  d.  1733),  and  on  Italian  translation  by  Hinaldo 
Carli  was  published  at  Venice  as  early  as  1697.  Hi(ji  Ehal&h'a 
Geography  of  R6m-ili  and  Bosnia  has  been  banslated  into  German  by 
Von  Hammer.  From  the  time  of  Bayazid  II.,  Turkish  history  has 
been  written  by  imperiiU  liietoriographera,  a  list  of  whom  is  contained 
in  Hammsr-Porgiitul's  'Geeshlchte  des  Osmaniachen  Reiches,'voL  viii., 
p.  591<92.  The  best  of  theae  historians  ore — ^Bdris,  or  Idzis  (died  in 
A.B.9S0;  A.D.  I62S);  Muata&  Jelal-z^e  (died  in  A.H.  6 40 ;  aJ>.1&83); 
Sead-ed-din,  who  became  Mufti  (died  in  A.a.  1007 ;  a.d.  1599) ;  'AbtU- 
Faaha  ITijinji  (died  in  A.H.  1102 ;  a.d.  1690) ;  Nolma  (died  in  A.H.  1128 ; 
A.D.  1715),  whose  history  contains  the  period  from  a.h,  1000  till  1070 
(aj>.  1592  till  1659);  Rashid  continued  the  history  till  a.h.  1134 
(A.D.  17S1);  'ABim,theeonlinuator  of  Ra^,tiUA.B.  1141  (a  i>- 1728) ; 
Subhl  ooQtinned  it  till  A.B,  1156  (a.d.  174S);  Izi  tdll  A.n.  1168  (a.d. 
1768^;  andWasetftillA.H.1188(A.D.1774).  The  annals  of  Nalma  were 
puUuhed  at  Constantinople  in  a.h.  1147  (A.D.  1784) ;  those  of  Rashid 
in  A.H.  1158  (A.D.  1740);  those  of  Subhi  in  a.h.  1188  (a.d.  1784); 
those  of  Isi  in  the  aune  year ;  and  those  of  Wassif  in  a.h.  118S  (a  d. 
1774);  and  afterwards  ia  a.h.  1248  (a-D.  1827).  The  Annals  of 
WMMf  Iian  been  partly  tnuukted  into  FreDBh  Iff  M.  Oausdn  de 
Peroml. 

Among  the  ntunerous  Turkish  biographers,  Latifi  deserves  particular 
mention.  He  wrote  tiie  lives  of  about  two  hundred  Turkish  poets, 
one  hundred  and  two  of  which  have  been  translated  into  German  by 
Chabert  (Zari(di,  1800,  Svo).  A  list  of  the  works  publiidLed  in  Turkish, 
at  Constantinople  ia  omitained  in  Hammer,  dted  above,  vol.  vii. 
p.  688-696 ;  and  a  continuation  of  it,  whidi  goes  down  to  tlra  year 
A  D.  1830,  in  vol.  viiL,  p.  618-S28.  Hie  '  Wienu-  JahrbOoher '  otmtain 
a  list  of  the  Turkidi  works  published  shuw  a.d.  18S0. 

Turiudi  lit^^ure  haa  been  eiu-tdied  by  ntmierone  works  on  morals, 
divinity,  and  philosophy.  Their  philosophy,  which  originated  from 
the  famous  school  at  Bokhiu-a,  has  a  mystical  character,  and  resembles 
in  many  points  the  speculative  dooteines  of  Schelling,  especial^  with 
regard  to  pantheism.  Mwe  than  one  TuiUsh  shaiUi  has  proraiimed 
the  poBsibihty  of  the  identification  of  the  soul  iritik  God,  sj^  the 
intellectual  rcHireation  of  the  worid ;  a  doctrine  which  has  likewise 
been  professed  by  H^d. 

(Toderini,  LeU«r<U,wa  ThLitAa  ;  Hammer-Purgstall,  BttcydopWiitche 
V^erndU  der  Wmenadiaften  da  OrierUt,  and  Oe^i(Ate  der  Otmanu^m 
IHdaktmst,  4  vols.  8vo;  the  TviHatK  Oravman  of  Davids^  of  Jaubert, 
of  Hindo^  and  of  Baricer ;  aiid  theiNcfuinarMs  of  Eiafibr,of  BianchL 
and  of  BetUiouBB ;  as  well  as  the  great  AroNc,  Penim  and  Tarbiih 
Dietimaij  of  Menioaki.) 

TURMERIC   [CoLOunmo  Ma'pteiis  ;  CmtotrHA  Loitoa.] 

TURNBULL'S  BLUE.  Perruyanide  of  Iron.  Professor  Graham's 
account  of  this  variefy  of  PrussiaQ  blue  is  nearly  as  follows : — It  is 
formed  by  adding  feniOTanide  of  potassium  (red  proasbte  of  potash) 
to  a  protosalt  of  uon.  It  resalts  from  the  snbotitution  oi  three  equi- 
valents of  iron  for  three  eqnivalcmts  of  potasstum.  The  same  Uue 
precipitate  maj|  be  obtained  by  adding  to  a  protosalt  of  iron  a  mixture 
of  yeuow  pruaaiate  of  potash,  chloride  of  soda,  and  hydrochloric  acid. 
The  tint  of  this  blue  ia  lighter  and  more  delicate  than  that  of  Prua^ua 
bine.   It  is  occasionally  used  by  the  oslioofiinter,  who  mixes  It  with 
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pendiloride  of  tiD,  and  printi  tha  mixtare,  wUeh  is  in  »  great  DMuare 
aduble,  upon  Tu^ej  nd  oloth,  ramng  the  blue  colour  •ftermrdi  by 
r*TTing  the  cloth  through  a  solution  of  chloride  of  lime,  containing  an 
mftm  of  lini&  The  chief  object  of  thia  operation  is  to  ctischorge  the 
red  and  produce  white  patterns,  where  tartaric  aoid  is  ^rmted  upon 
the  cloth,  but  it  haa  also  the  effect  inddentaify  of  precipitatinK  the 
blue  ^gment  and  peroxide  of  tin  t(^[ether  on  the  dota,  hy  neutrausing 
the  <££iine  of  the  perdiloride  of  tin.  This  blue  is  believed  to  resist 
the  acfsoa  of  alkalies  longer  than  ordinaiy  Prussian  blue. 
.  TURNER'S  YELLOW.  Oa$>el  YelUno :  PaUmt  Tdlow.  This  is  an 
le  of  lead,  which  may  be  pr^tared  by  different  proceene. 


Whea  litharge,  or  the  protoxide  of  lead,  is  acted  by  a  solution  of 
common  aal^  there  are  formed  soda,  whioh  remauM  duwhred,  and  a 
white  compound,  which  is  hydiated  oiqrohloridfl  of  lead;  and  this, 
when  heated,  loses  water,  becomes  of  a  yellow  odour,  and  is  the  com- 
pound required.  It  is  compoeed  nearly  of  one  part  <d  dilotide  and 
nine  parts  of  oxide  of  lead :  it  may  also  be  obtained  by  heating  chloride 
and  oxide  of  lead  tc^Uier  in  the  requisite  proportions,  or  by  heating  a 
mixture  of  one  part  of  oUoride  of  anmumium  with  ten  parts  of  pro- 
toxide of  lead.  In  fusing  tlusee  compounds,  it  is  requisite  to  be 
extremely  careful  to  aT<»d  any  admixture  o{  flarbonaoaoas  oombus- 
tibla  matter,  as  that  would  redooe  a  pration  at  the  oxide  of  lead  to  its 
metallic  state,  which  would  injure  tiu  oolour  of  the  product,  [Lbad  : 
Oxychloridet  of  Lead.'\ 

TURNING  is  the  art  of  giving  circular  forms  to  articlee  of  wood, 
ivory,  metal,  and  other  matoisls.  I'he  kinds  of  wood  mostly  used  for 
common  to^  are  alder,  beedi,  birch,  and  willow ;  for  the  beet  Ton- 
bridge  ware,  holly,  oheenut,  sycamore,  apple,  pear,  and  plum ;  for  hard 
geaeral  turnery — beech,  box,  elm,  oak,  and  milnut ;  and  mahogany  and 
pine  for  varioua  purposee. 

Nearly  all  kinds  of  turning  are  effected  by  the  aid  of  tiie  laikt.  The 
prinoijdes  of  this  valuable  maehioe  may  be  summed  up  bi  a  few  worda. 
For  every  p(^nt  marked  by  the  workman,  it  produces  a  circle;  and  it 
may  be  described  aa  a  machine  for  moving  the  material  to  be  wrought 
in  su6h  a  manner  that,  being  fixed  opposite  to  the  tool,  any  point  in 
the  drcumference  will  act  upon  the  whole  circle  in  precisely  tae  same 
way. 

PoMaiht. — Thia  ia  tlie  primitive  and  most  simple  kind  of  lathe.  It 
coraisti  of  two  upright  piooeif  eadi  having  a  ocmical  iron  or  steel  point 
fixed  on  the  side  oj^osite  the  other,  the  two  points  being  exactly  in  a 
line ;  one  of  these  upiig^ts,  or  puppO-headt,  as  they  ace  called,  is 
stationary ;  the  other  can  be  moved  along  and  fixed  at  any  part  of 
tJie  bed  by  a  wedge  beneath.  The  wood  to  be  turned  being  out  of 
proper  length,  the  centre  of  one  of  its  ends  is  pressed  agtuust  the 
point  of  the  fixed  puppet;  the  point  of  the  other  puppet  is  then 
brought  against  the  centre  of  tiie  other  end,  and  the  piqmet  wedged 
firmly  in  its  place.  Over  the  lathe,  and  at  right  an^ee  to  it,  ia  a  long 
flexible  wooden  pcde  or  lath,  whence  the  name  lathe ;  <me  end,  fixed 
firmly  overhead;  the  other,  just  over  the  end  of  the  work  nearest  to 
the  left-himd  puppet,  has  a  cord  at  catgut  attached  to  it,  which  paaaes 
once  or  twice  round  the  work,  and  is  fastened  at  the  lower  end  to  a 
treadlfr  The  depression  of  the  treadle  and  counteraction  of  the  pole 
«ve  an  alternate  rotatory  motion  to  the  work.  The  cutting  tool  is 
held  upon  the  top  of  a  fixed  piece,  between  the  two  puppets  and  close 
to  the  w<xk,  adled  a  mt,  but  can  only  be  applied  durmg  the  fall  of  the 
treadle ;  and  thus  a  great  loas  of  time  is  occasioned.  On  this  account 
tlw  pole-lathe  ia  now  but  littie  used.  When  commencing,  a  groove  ia 
out  to  the  extreme  left  of  the  voA  tor  the  oardtowrarkra;  and  If 
it  ia  required  to  use  that  part,  the  band  is  altennuids  shifted  to  a 
finished  part.  The  beginner  haa  one  great  difBonlty  to  overcome  in 
turning  soft  wood.  The  tool  requires  to  be  held  firmly  almost  on  the 
top  of  the  work,  and  the  superfluous  material  shaved  off;  while  the 
softness  of  the  wood  and  the  veloci^  with  which  it  revdves  cause  the 
work  to  be  eaaily  spMlt  by  the  least  unsteadiness  of  hand.  Zu  other 
turning,  ^  tou  is  iwld  neariy  opponte  to  the  centre  (rf  thamck^and 
the  saperfluoos  material  is  Mcnpad  away  with  little  comparative  duger 
of  accident 

A  modification  of  the  primitive  pole-lathe  is  used  by  watch-case 
joakeiB,  on  account  of  the  facilify  with  which  it  can  be  arrested  at 
any  point  of  its  rotation.  Some  case-makers,  the  French  in  particular, 
make  use  of  a  large  ttmting-ttxd  instead  of  a  lathe.  It  condsts  of  an 
iron  bar  upon  whidi  dide  three  puppets,  two  to  support  the  mandril 
with  its  back  screw,  and  Uie  other  the  rest ;  a  long  steel  bow  wtHdced 
by  the  left  hand  serves  instead  of  l^e  pole  and  treadle.  This  turning- 
tool  works  easily,  costs  but  litUe,  and  where  many  workmen  are 
emdoyed  effects  a  great  saving  of  room.  Took  of  this  scnt>  from  six 
inches  to  two  feet  long  and  upwards,  are  in  use  among  jewellers, 
goldsmiths,  watch  and  dookmaken,  and  many  other  artifloeFs;  and 
others  without  any  mandril,  in  -wiuai  the  work  is  held  between  two 
|)ointa,  as  in  the  pole-lathe.  One  of  this  latter  sort  mi^  be  converted 
mto  a  very  useful  Uthe  for  small  work  at  a  tarifling  expense,  and  still 
answer  as  a  turning-tool  if  required. 

The  PotUr'M-iBh^  is  the  simplest  description  of  rotatory  lathe ;  but 
it  diffofl  from  other  lathes  in  bsing  vertical  inttimti  of  horiaontal,  o, 
fig.  1,  is  an  iron  crank,  upon  the  lower  part  of  wiiieh  is  placed  a  heavy 
foot-wheel,  F ;  the  lower  end  of  the  crank  works  upon  a  centre,  f,  fixed 
oil  the  floor;  the  upper  in  a  collar,  b,  fastened  to  the  work-bench,  a, 
and  supports  the  tumboard  or  chuck,  d,  upon  which  the  clay  to  be 


worked  Is  phoad.  Motion  ia  given  to  the  tm/ik  by  means  of  a  treadle 
placed  at  uis  bade,  and  otoiiMted  irith  the  tiirow  of  the  crank  1^  a 


hook  or  rod.  Vat  large  woik  the  wheel  is  provided  with  a  winch  and 
bevil  gear,  and  is  turned  by  a  boy.  [Earthxhwabb.] 

PM-Uuhe.—Pig.  2  is  the  frmt-view  of  a  foot  lathe,  adapted  to  all 


ordinary  work,  whether  in  metab,  ivory  or  wood.  The  heedstoek,  H  n. 
Lb  of  cast-iron,  with  a  conical  steel  ring  let  into  the  front  puppet  within 
which  the  mandril  works.  A.  steel-pointed  screw  in  the  back  of  the 
headstock  keeps  the  mandril  steadiW  in  its  place.  The  beds  are  of  cast- 
iron,  shown  in  the  end  view,  JIf  i,  which  also  shows  the  manner  in 
which  the  headatoc^  is  fitted  npon  and  between  the  beds,  to  whidi 


it  is  firmly  fastened  by  two  screws,  a  a.  Jig.  2.  The  crank,  0,  ia  of 
WTOUj^t-iron,  auKiortea  at  each  end  by  a  screw,  b,  fig.  2,  3,  in  tiie 
standard  of  tiie  lathe.  The  fly  or  foot  wheel,  r,  luu  four  or  five  grooves 
on  its  edge,  and  gives  motion  to  the  mandril  by  means  of  a  oatgut  band, 
which  oonueots  it  with  the  smaller  part  of  the  mandril  pulley,  p.  The 
object  of  having  several  grooves  upon  tiie  whed  and  pulley  is  to  allow 
of  the  speed  of  the  lathe  bdng  regulated  according  to  the  sort  of  vatk 
to  be  turned.  But  this  arrangement  only  modifies  what  is  called  the 
quick  motion.  It  is  frequeothr  neceamy  that  the  mandril  should 
move  more  dowly  than  the  onuok ;  for  whkh  purpoee  a  large  pulley  is 
placed  upon  the  mandril,  and  a  small  one  upon  this  crank,  and  the  two 
are  connected  by  a  band.  The  treadle  is  formed  of  a.  long  iron  bar 
suspended  between  two  points  at  the  back  of  the  frame,  d,  fig.  2  and  3, 
and  carriea  two  i^orter  tiwuverse  bars  at  ri^j^t  angles,  passing  under 
the  throws  of  tiie  cnnk,  and  being  ocHmected  with  them  by  tiia  hotAs, 
IB:  the  froot enda trf  these  two  ^eoea  are  Mrewed  to  (^treading- 
board,  w.  The  standards  of  the  lathe  are  prevailed  team  altering 
their  position  by  a  rod  paadug  close  to  the  ground,  and  screwed  to 
each  standard  at  q.  The  £ront-head,  o,  is  of  cast-iron  fitted  on  to  the 
beds  nearly  in  the  same  manner  as  the  headstock.  The  point  of  the 
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cylinder,  i,  to  support  one  end  of  the  woijk,  muBt  be  exactly  opposite 
to  Uie  coitre  of  the  mandxiL  Then  we  several  methods  of  amnging 
the  cylinder  tod  its  screw ;  but  the  moat  oonvenient  ia  as  in  the  figure, 
with  a  Borew  j,  and  a  windi-handle.  K  ia  a  small  screw  with  a  binding- 
piece  beneatli,  which  rests  upon  a  flat  filed  on  one  tads  of  the  qrlinder, 
and  prevents  the  latter  from  shaking  during  taming.  The  rest,  haa 
a  jointed  lever  binding-screw,  aad  several  (ops  to  suit  different  pur- 
poses, with  a  small  screw  to  bold  theia  steadily  in  the  socket. 

This  completes  Uie  lathe  itself,  but  many  adaptations  are  neceaBary 
before  it  ia  In  order  for  work.  Of  these  the  principal  are  the  chueka 
used  to  connect  the  woriE  with  tiie  latbe.  The  tereoHAaek  is  a  circular 
plate  of  metal  witli  a  boas  at  tiie  bock,  tapped  to  screw  upon  the  nose 
of  the  mandril:  the  face  is  (omed  perfectly  true,  and  in  the  centre  ia 
a  coarae  conical  screw  to  hdd  any  huge  piece  of  wood  to  be  turned. 
The  hoUow-cKuck  is  a  strong  circular  cup  of  metal  with  perpendicular 
sides :  the  work  ia  either  driven  into  it  with  a  mallet^  or,  it  amaller 
than  the  inside  of  the  cup,  held  by  the  ^ds  of  four  screws  in  its  tini. 
The  driS-ehueh  ia  a  strong  iron  chuck  about  an  inch  in  diameter,  with 
a  square  hole  in  the  oentoe  to  receive  drille  and  other  tools.  In  drilling, 
a  tnork  b^ng  made  with  a  punch  where  the  hole  is  to  be,  the  work  ia 
held  against  the  point  of  the  driU,  and  the  front-head  being  brought 
up  to  the  back  of  the  work,  the  cylinder  is  pressed  forwu^,  as  the 
drill  proceeds,  by  turning  the  screw  j.  The  wiivenal  chuek  is  a  circular 
disc  of  metal,  with  tbxw  narrow  slits  cast  in  it,  extending  nearly  from 
the  centre  to  the  circitmfereaca  The  face  is  turned  perfectly  true 
when  on  the  mandril,  and  the  work  being  laid  upon  the  face  of  the 
chuck,  is  fixed  to  it  by  screws  which  pass  through  the  slits  into  nute 
st  the  back  of  the  plate.  The  eoncentrie  chuck  is  of  the  same  form  as 
the  last  described,  and  the  face  in  like  manner  must  be  turned  per- 
fectly true  to  Uie  mandril  Instead  of  three  slits,  it  has  but  two,  in  a 
straight  line  witii  each  other,  and  extending  nearly  the  whole  diameter ; 
the  openhiR  of  these  slits  is  wider  at  the  back  than  imat  Within 
these  dita  ues  a  qtindle,  having  a  bearing  is  the  centre  and  one  at  each 
extremity,  witJi  a  right-hand  screw  upon  one  and  a  corresponding  left- 
hand  screw  upon  the  other ;  these  screws  move  two  steel  studs  which 
fit  accurately  within  the  slits,  and  have  projecting  heads  about  on  inch 
square,  that  move  steadily  and  smoothly  ^ong  the  &ce  of  the  chuck. 
tlpoD  the  heads  are  fitted  two  other  square  pieces,  having  their  sides 
htdlowedout  in  curves  of  difiermt  diameters  varying  from  two  to  eight 
or  ten  .inciheR,  and  which  can  be  placed  with  ^thar  of  their  aides 
towards  the  centre,  to  fit  the  circumfnenoe  of  the  wot^  to  be  held 
between  them. 

All  the  trucks  that  we  have  described  are  adapted  principally  for 
work  which  does  not  require  supporting  at  both  ends.  When  a  long 
piece  of  wood  is  to  be  turned,  a  chuck  is  used  having  a  piece  of  steel 
with  three  points  standing  out  upon  its  faoe ;  the  centre  of  one  end  of 
the  woA  is  pressed  agamst  the  middle  pc^nt^  and  the  other  end  Is 
supported  by  the  cylinder  of  the  front-head. 

The  earvier  is  used  in  metal-work  for  the  same  purpose  as  the  tiirce- 
point  chuck  for  wood.  If  the  ends  of  the  work  are  pointed,  it  is 
supported  between  the  hollow  end  of  the  cylinder  in  the  front  puppet 
B,  fiy.  i)  and  the  nose  of  the  mandril,  which  is  mmilarly  shaped  for  the 
purpose :  if,  on  the  contrary,  the  ends  are  hollow,  the  (^tinder  is 
reversed  and  the  point-chuck  [fig,  5}  screwed  upon  the  mandiiL  The 
oanier(o,;jSff.  4)  is  fixed  upon  ttie  end  ol  the  work  bjr  its  screw,  as 
shown  ona  Isi|pBr  scale  in  the  side  fiew  Jig.  0;  and  mouon  is  given  to 
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the  work  br  the  driver  H,  figt.  4  and  6,  either  sorewed  upon  the  nose 
of  the  mandril  or  attached  to  the  pdnt^huck. 

Wood  and  ivoty  turners  make  use  prindpally  of  box  and«ther  wood 
diQoks  altered  sft  the  instant  to  suit  their  purpose.  One  ohuck,  how- 
ever, requires  notice,  caltod  the  split  or  nii^AtuA,Jtff.7i  ajdeceof 


wood  is  tapped  and  screwed  on  to  the  mandril  and  then  turned  corneal; 
it  is  afterwards  drilkKl  down  the  centre  to  the  bottom,  and  two  dits 
out  with  a  saw  at  right  angles  to  eadi  oAer,  from  the  potni  of  the 
diuck  to  the  noee  of  the  msndril;  the  work,  when  in  the  chuck,  is 
held  in  Its  place  by  the  ting  on  the  outdde. 

The  toob  used  in  turning  are  numerous  and  varied.  For  soft  wood 
scarcely  any  are  required  besides  gouges  or  round  chisels  with  circular 
points,  to  rough  out  the  work,  and  chisels  with  an  oblique  cutting  edge, 
sharpened  by  being  ground  and  rubbed  at  a  very  acute  angle  ou  ench 
nde.  To  pve  the  workman  power  to  prevent  the  totil  dipping  or 
frembling,  the  tools  are  set  in  Terj  long  handles,  the  ends  <rf  wbioh 


the  turner  holds  between  the  upper  part  of  his  arm  and  his  side.  For 
hard  wood,  ivory,  and  bone,  similar  gouges  and  chisels  are  used ;  but 
they  ore  smaller,  and  sharpened  at  a  leas  acute  angla  Some  of  the 
work,  as  in  gold,  silver,  and  light  brass-work,  is  performed  by  gravers 
with  straight,  oblique,  and  curved  &ces,  to  suit  mfiereut  sorts  or  paita 
of  the  wo^  These  are  sharpened  by  an  an^e  on  the  under  side  only, 
and  the  ontting-edge  is  applied  nearly  oi^wsite  to  the  centre  of  the 
work.  For  inaide  work,  drills  placed  in  angles  are  used  to  make  the 
first  opening,  which  ia  afterwards  enlarged  by  other  tools  with  tJiis 
general  cbanoteriatic,  that  the  stalk  is  made  narrower  than  tiie  cutting 
port  of  the  tool,  to  allow  of  undercutting  or  making  the  hollow  within 
larger  than  the  opening  through  which  the  point  of  the  tool  is  intm- 
duoed.  The  principal  tools  used  for  turning  iron  are  the  hook-tool, 
fy,  8 :  E  is  the  cutting-edge ;  the  heel,  B,  is  placed  firmly  upon  the  top 
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of  the  rest  and  the  tool  held  with  both  hands,  the  end  of  the  handle 
resting  against  the  turner's  shoulder.  For  finishing  the  work,  gravers 
of  different  sizes  and  ahapee  are  used,  similar  to  those  for  hard  wood, 
gold,  silver,  brass,  and  ivory,  but  stronger,  and  sharpened  at  a  more 
obtuse  angle.  Screw-tools  are  very  important  appMidsgeB  to  a  Isthe, 
and,  with  the  engineer,  in  constant  use :  l^ey  are  ued  up  witit  several 
teetii  exactly  the  shape  of  the  spaces  between  the  intended  threads. 
For  inaide  screws  the  teeth  ore  cut  on  the  side,  instead  of  the  front  of 
the  tool :  tape  however  are  much  more  generally  used.  A  circular  saw 
is  often  fitted  to  a  lathe,  particularly  for  ivoty-tuming :  the  saw  ia 
placed  upon  a  spindle  against  a  projecting  collar,  and  hdA  in  its  place 
by  a  waaher  and  nut.  A  parallel  rule  is  fitted  upon  the  table  by  the 
side  of  the  saw  to  regulate  the  width  of  tiia  pieces  cut  off. 

In  the  lathe,  as  previously  described,  the  tool  ia  held  in  the  hand, 
and  is  oonsequentiy  subject  to  any  unsteadiness  in  the  woriuoan.  To 
get  rid  of  this  imperfection  in  certain  cases,  and  so  arrange  that  the 
tool  could  be  withdrawn  at  pleasure  and  replaced  in  the  same  position, 
and  always  be  steady,  was  a  great  dedderatum.  TMs  was  effected  by 
the  invention  of  the  tUde-mt,  which  is  now  attached  to  eH  but  the 
most  ordinary  kind  of  lathes.  The  principle  of  the  slide-rest  is  that 
the  tool  is  fastened  to  a  plate,  moved  in  the  required  direction  by 
means  <tf  wnews,  instead  oS  being  held  in  the  hand.   Fig.  9  shows  a 


very  usual  and  convenioit  form.  T  ia  the  place  for  the  tool,  which  is 
held  down  by  the  screw  above :  the  tools  are  long  square  pieces  of 
steel  reaching  beyond  the  edges  of  the  plate  upon  which  they  are  fixed. 
This  plate  has  two  small  dips  or  dovetails  screwed  on  to  its  under 
surface  and  fitting  the  sides  of  the  plate  B,  which  has  a  screw  along  its 
centre,  working  m  a  nut  in  the  upper  plate :  so  that  by  turning  the 
winch-handle  the  tool  can  be  moved  backward  or  f  ortrard  along  the 
plate  B,  which  is  about  twice  the  length  of  the  upper  or  tool  plate. 
Beneath  the  |date  s  is  a  circular  piece  o,  divided  b^  a  line  into  two 
uneqtud  portions;  the  upper  and  thicker  portion  n  screwed  to  the 
plate  a ;  the  lower  is  in  &ct  on^  a  circular  fillet  left  upon  the  plate 
below :  in  the  centre  <^  the  btter  is  fixed  an  accurately-turned  pin 
fitting  into  a  corresponding  hole  in  the  former,  which  turns  upon  it  as 
a  centre,  and  can  be  set  at  any  required  angle  to  the  lower  plate  (which 
is  graduated  t<a  the  purpose)  and  fixed  in  its  position  by  two  binding 
BOewB,  shown  in  the  figure  on  each  dde  of  s.  Beneath  are  a  second 
sUde  and  cinndar  jJate,  countetparts  of  those  above,  and  the  whole  is 
mounted  on  a  plate,  P.  The  manner  of  using  the  rest  will  be  easily 
understood.  Hollow  and  spherical  aiufacea  may  be  cut  with  the  slide- 
rest  vrith  equal  aocuracy  as  rectangular  figures,  eitiier  by  an  adaptation 
to  the  common  dide-rest,  by  which  the  lower  slide  is  made  to  act  up<m 
the  other,  or  by  one  constructed  for  the  purposa  The  dide-rest  is  of 
great  value  in  producing  any  number  of  pieces  of  work  of  exactly  the 
same  form,  of  oppodte  forms  and  fitting  each  other,  or  in  any  given 
proportions;  each  dide-screw  is  fitted  with  a  small  <»rcular  graduated 
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plate,  and  sometlmea  also  with  ft  micrometer  screw  and  phte,  so  that 
(he  ^«atest  nicety  can  be  obaerved. 

It  is,  however,  odIt  in  conjunction  with  the  poteer-lalhe,  tiiat  the 
full  value  of  the  sUde-reat  is  exhibited.  The  beda,  headstodc,  and 
klide-rest  of  the  power-laUWj;^.  10,  are  made  in  the  same  manner  ae 


in  the  foot-lathe,  but  stronger ;  the  mandril  works  in  beaiiogs  to 
allow  the  end  b  to  project  beyond  the  back  puppet  and  cany  a  tolled 
wheel ;  between  the  beds  and  along  their  whole  length  is  a  soraw,  E, 
which  works  in  a  nut  attached  to  the  under  part  of  the  reat ;  on  the 
end  of  the  screw  ia  placed  another  toothed-wheel  jy,  iidiich  is  turned  by 
the  mandril-wluel  b  l^meana  of  the  eonneoldng  wheel  a  By  Taiying 
the  siEe  of  lbs  wheels  B  and  D,  the  reat  oan  be  mtde  to  mo?e  throng 
any  required  "PtOB  along  the  Iwds  of  the  lathe  at  each  revolution  of 
the  mandriL  The  qpindld  of  the  connecting  wheel  o  fits  in  a  curved 
groove  to  accommodate  it  to  the  different  sized  wheels  used  on  the 
mandril  and  reet-ecrew ;  when  the  reat  is  required  to  move  in  the 
c^)poHite  direction,  two  oonneoting  wheels  axe  used.  The  aice  of  theee 
connecting  wheels,  having  no  in£ucsice  on  the  relative  taies  of  b  and  D, 
may  Hw  varied  aooordi^  to  oiroomstanoee.  The  pulley,  inatasd  of 
being^ed  upon  the  mandril,  as  in  tiie  foot-lathe,  is  mounted  upon  a 
metal  tube  or  cannon  which  fits  and  turns  smoothly  npon  maudrO. 
The  lathe,  when  set  in  motion,  will  require  no  more  attention  until  a 
fine  B[nral  line  is  cut,  enveloping  the  cylinder  alimg  ita  whole  Imgtii ; 
the  rest  has  then  to  be  shifted  to  where  it  started  from,  or  by  a  ample 
contrivance  be  made  to  woA  its  way  back  again,  the  tool  being  aet  out 
a  little  deeper  each  time  until  the  nir&ce  is  completed.  In  screw- 
cutting  witb  the  power-lathe,  the  point  of  the  tool  is  made  ezaoUy  the 
shape  of  one  of  tije  snacee  between  the  intended  threads  and  having 
the  same  rake  or  incUnatbn ;  at  each  revolution  of  the  mandril  the 
reat  must  move  through  the  distanoe  from  one  thread  to  the  next 
The  oiroumftoence  of  the  aorew  has  no  effect  upon  any  part  of  the 
arrangement  but  the  inclination  of  the  tool,  when  the  screw  is 
required  to  be  double  or  treble-threaded,  that  is,  having  two  or  three 
intrav^eoiag  spirals  upon  the  same  stem,  the  rest  must  be  moved 
forward  a  proportionate  disttmoe  at  the  commencement  of  the  second 
and  third  threads.  In  10,  i  >  P  is  the  dr^ng-frame,  for  working 
drills  and  cutten,  fixed  m  ttie  rest,  by  aid  of  the  pulleys  a,  h,  and  i. 
If  it  is  required  to  drill  any  numba*  of  holes  in  a  plate,  Uie  drill-stock, 
fig.  11,  ia  placed  in  the  riide>reet  and  connected  with  the  pulley  i.  By 
mawing  Ihe  drill-frame  to  or  iram  the  centre  of  the  work,  holes  may 
be  driUed  in  straight  linee  across  like  centre,  and,  by  shifting  the 
divldiiv-ldate,  in  circles ;  by  the  eombinataoe  of  the  two  morements 
the  faolee  may  be  placed  in  carves  and  ipiraU  in  any  dinetkm.  By 
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f^vlng  motion  to  the  mandril,  ud  oonneoting  It  witb  tJu  sUde-rest 
screw,  spiral  grooves  mi^  be  drilled  tipon  the  nnjhoea  of  (dates, 
cylinders,  or  cones. 

We  nuty  here  notice  a  contrivance.  Introduced  by  Kr.  Miles  in  185d, 
'or  turning  pieces  of  wood  so  long  that  Ihey  would  vibrate  or  sw^  if 
operated  upon  in  the  ordinary  way.  The  wood  does  not  rotate.  The 
outteta  advance  aUmg  it  and  turn  rtnatd  it,  being  supported  by  a  t«»vel- 
lingcorria^   Two  dogs  or  props  are  placed  benea^ua  wood  at  oettain 


pofaiti,  whioh  may  be  moved  out  of  the  my  trtim'  the  enttov 


euttang  of  toothed  wheels  one  <4  the  most  valuable  appUca- 
tlons  of  the  lat^e.  [WHHEi/-CuTTmo.}  The  circular  cutter  used  In 
this  process  may  be  employed  in  many  other  ways,  suoh  aa  cutting 
grooves  and  flutes,  whitdi,  except  for  sudden  curves,  it  performs  better 
and  much  more  rai»dly  than  tne  drill  For  ootting  straight  grooves 
both  the  drill  and  cutter  ate  cntliely  aoperaedea  by  Che  j^aming. 
vmuMm,  a  modem  invention  of  the  greateat  importance.  It  eupphee 
what  was  one  of  the  greatest  wants  of  the  etwineer,  and  might  appro- 
priately be  called  the  straight-latlu.  For  cutting  grooves  or  flutes  in 
cylindrical  work,  two  email  puppets  carrying  centres  are  screwed  to  the 
table  to  support  the  work.and  the  parts  where  the  grooves  are  required 
ore  brought  under  the  tool  by  means  of  a  diviaaon-plate  fixed  to  one  of 
Uie  puppets  :  a  revolving  outter  may  be  used  instead  of  a  fixed  tool 
for  cutt&i^  long  {rtQions  and  imninatuig  flutea. 

Bxcentnc  Twmmig. — In  enumerating  the  different  chncks,  we  pur- 
posely omitted  tiie  excentrie  and  oval,  as  they  give  their  namea  to  the 
reflective  kinds  of  turning  for  which  they  ore  used,  and  may  therefore 
be  considered  rather  as  parts  of  the  lathe  it»elf  than  aa  mere  qipur- 
tenances.   Fig.  IS  represents  a  nngle  excaitrio  chuck.  It  oonMsta  oi  a 
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strong  plate  which  screws  on  the  nose  of  the  mandril ;  two  dovetailed 
pieces  are  screwed  upon  it  near  the  edges,  between  which  the  slide,  a, 
works.  Upon  the  slide  ia  fitted  a  circular  plate,  which  turns  upon  a 
centre,  and  has  its  edge  cut  into  a  number  of  teeth  according  to  the 
size  of  the  chuck ;  c  is  a  click  with  one  or  two  teeth  fitting  between 
the  teeth  of  the  'wheel,  and  held  in  its  place  by  a  spring  under  the 
other  end.  The  nose,  y,  for  carrying  the  work,  is  fixed  to  the  upper 
plate.  The  double  excentrie  chuck  is  made  in  the  same  manner,  but  it 
has  a  second  slide,  at  right  angles  to  the  first,  on  the  bade  of  the 
ground  plate.  In  common  turning  the  nee  of  tile  ezeenfarie  dnidc  is 
to  bring  any  required  point  in  the  work  in  a  line  with  centre  of 
the  mandril ;  thus  circular  holes  may  be  cut  in  any  part  of  a  plate, 
the  edge  may^  be  hollowed  out  by  any  number  of  eurves  of  ihe  same  or 
difiereut  nuhi,  and  polygons  wiUi  curvilinear  sides  may  be  produced 
with  the- greateat  acouraoy.   Aj|«.14,16,8nd  16  represent  thr^  among 
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tax  infinite  variety  of  figures  produced  in  this  way.  In  omamentad 
turning  the  excentrio  chuck  is  mostly  used  for  cutting  patterns  upon 
the  surface  of  the  work  without  altering  its  general  outline.  Thus,  in 
omomenUng  ivory  or  wood-work,  circles  and  curves  ore  laid  in  an 
infinite  varieiy  of  positiona  upon  the  foee  and  edges  of  the  work.  Tlw 
ivory-turner  frequently  usee  a  small  instroment  ealled  an  excemtrw 
ctiiter  s  it  is  formed  like  the  drill-etock.  Jig.  1 1 ,  and  moved  by  a  bow ; 
the  cutting  point  can  be  fixed  at  different  dlBtances  from  the  centre  by 
means  of  a  groove  and  screw.  In  oonjimction  with  a  click  plate  upon 
the  mandril,  the  cutter  answers  many  of  the  purposes  of  tiie  single 
excenlzic  chuck.  WiiJi  the  single-slide  exomtric  chuck  uid  the  man- 
dril at  rest,  the  cutter  will  produce  patterns  which  would  otherwise 
require  the  double  excentrie. 

Qtometric  Turning. — When  the  work  revolves  on  the  lathe,  and  the 
excentrie  cntter  is  ^ven  by  a  band  in  connection  with  the  mandril,  a 
great  variety  ot  very  compucated  and  beautiful  epicydoidal  and  other 
curves  mn  oe  oat.  This  geometric  chuck  la  an  exoentrio  with  the 
addition  «  an  arrangement  for  giving  motion  to  the  work  upon  the 
ehuck,  and  independent  of  the  mandriL  Fixed  to  the  headstock  and 
ccmccoibio  with  the  mandril  is  a  toothed  wheel  which,  aa  the  chuck 
revolves,  drives  another  and  smaller  wheel  on  its  under  sur&ce :  this 
latter  is  connected  with  another  toothed  wheel  which  causes  the  click- 
plate  and  work  to  revolva  The  peitems  ma^  he  infinitely  varied  by 
altoingthe  rdative  ainsoC  the  wheels;  and  fay  introducing  an  extra 
wheel,  and  ao  causing  the  work  and  diuck  to  revolve  in  agpposite 
directions  at  the  same  time ;  and  lastiy  by  changing  the  poeitioQ  of 
the  tool.  The  number  of  different  curves  that  can  be  produced  by 
tiiese  ehangee  and  the  great  dissimilarity  to  each  other  can  hardly  1m 
conceived.  The  excentrie  and  geometric  chut^  are  much  used  in 
producing  patterns  on  plates  and  blocks  for  printing  and  embossing. 

Oval  l^irning. — UntU  the  invention  of  the  oval  chuck  the  production 
of  true  ovals  was  a  matter  of  consideruble  dif&oalty,  and  the  cutting 
of  them  upon  the  lathe  an  impossibility}  with  it  we  can  turn  orab  cs 
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all  aiKcs  and  prnportioiu  with  almoat  tiie  nme  e«ae  M  cirQl«B.  The 
ooDBtxuction  of  th»  chui^  is  ample.  Upon  the  boat  of  the  hmA- 
itodE,  B,A'- 17,  is  i^aoed  a  rin^  bald  Mram  fhroo^  ito  two  ■rma 
and  the  projectiDg  piac«a  on  each  dda  nf  tha  headatock;  aaoxnrii 
placed  in  one  aim  of  tJie  ring  to  draw  it  ont  exooQtrio  to  tin  mandriL 
IVg.  1 8  abows  the  front  of  the  ohuck  with  a  slide  moTing  between  dove- 
taUa  on  a  gnnuid-plate ;  the  groimd-plate,  aa  shown  In  Jig.  19,  hoa  two 
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slits  cut  from  Uio  centre  bees,  which  sorewa  on  to  the  mandril,  neoriy 
to  tiie  dreumferenoe ;  two  small  studs  are  cast  upon  the  back  of  the 
sUde,  irtiich  are  made  to  wotl:  easily  in  the  two  slits,  and  stand  np 
just  above  the  face  o(  the  ground-plate.  When  the  elide  is  in  Its 
place  two  steel  rubbera  witli  stnuglit  polished  faces  are  screwed  to 
the  studs,  and  stand  out  at  the  back  of  the  groimd-f^te  at  ri^t 
angles  to  the  slita,  as  seen  in  X'/-  ^^e  ring  being  fixed  in  its 

place  upon  the  headstook,  the  diuok  is  screwed  upon  the  mandril, 
the  rnbbon  claq>lng  the  tim,  Triiidi  mnst  be  kept  perfectly  smooth 
and  well  riled ;  ^le  es>entnS<T  of  the  ring,  acting  u^n  the  rubbers, 
draws  the  sUcle  out  of  the  centre  in  oppoeito  diieotiona  alternately, 
and  upon  the  tool  being  applied  an  oytl  will  be  described  upon  the 
tace  of  the  work,  having  the  Sorter  diameter  in  proportion  to  the 
distance  of  the  tool  from  the  centre,  and  the  longer  to  the  excentrioity 
of  the  ring.  For  ornamental  wwk  tha  oval  ohuok  ia  provided  with  a 
olick  and  BMnetimea  a  micrometer  plate,  Uke  the  ezcentrio  chuck,  for 
plooiug  the  orals  in  difltevnt  direotims. 

Rme<ngii%e  Tvufmng, — Of  all  the  different  aorta  of  ornamental 
turning  tiiis  ia  by  fu-  Uie  beat  adapted  for  embellishing  small  artiolea. 
It  is  in  vary  general  use  for  gold,  silver,  and  ^t-wo^ ;  it  is  besidei 
applied  to  the  production  of  ground  tints,  borders,  and  ornaments  on 
copper,  steel,  and  wood  rolWs  for  printing  and  emboeeing  calico, 
leaniar,  and  p^ier ;  and  many  other  aorta  m  ornamental  vSek.  An 
unsteady  Ime,  which  in  nvolving  pioduoea  an  hnwular  obola,  ii  * 
rude  approach  to  the  rose- engine,  and  may  very  possibly  have  furnished 
the  first  hint  for  its  invention.    We  abaU  now  dflsciiba  it.   E  0^.  30) 
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la  a  headstook,  supported  upon  the  conical  polnte  of  two  Bcrewi,  oc,  in 
the  two  metal  Btondarda,  a  a,  fitted  and  bolted  to  the  bench  or  bed. 
In  the  front  and  bock  of  headatock,  near  the  bottom,  are  two  sunk 
ccDtrea  to  receive  the  conical  pointa  <n  Uie  screws.  The  screws  are 
secured  by  washers  that  nm  upon  them,  and  tighten  agunst  the 
standards.  The  upper  part  of  each  standard  caniee  two  other  screws 
al  right  ancles  to  those  described,  for  the  purpose  of  holding  the  head- 
stock  Btrady  when  the  roae-eqgtne  is  to  be  used  as  a  common  lathe. 
Two  of  these  screws  are  shown  in  the  front  of  the  enpne  (Jig.  21). 
Upon  the  mandril  are  mounted  the  pattern  guides,  or  ros^tes,  ciroular 
plates  of  gun-metal  or  braes,  each  about  half  an  inch  thick,  and  having 
two  patterns  or  waves  upon  its  rim.  The  roeettes  are  of  two  sorts, 
fixed  and  shtftiug.  The  fixed,  V,  are  screwed  to  a  collar  turned  upon 
the  mandril  itself ;  the  moveable,  B,  are  fixed  upon  a  cannon,  b  [fig.^V) ; 
the  plate  v  is  fixed  to  the  cannon,  and  Uie  roeettes  are  prevented  from 
tumiug  by  a  feather  whidi  fits  into  a  notoh  in  each  of  the  rosettes  :  a 
out  at  the  end  of  the  cannon  screws  all  tight  against  the  plate  H,  The 
jtlate  D  is  put  on  the  mandril  at  the  back  of  the  camion  plate  if,  but 
independent  of  both ;  behind  this  is  another  tJato,  r,  fitted  on  to  the 
nuodril,  and  taming  witii  it ;  at  the  bock  of  this  pkita  is  a  nut,  which 
is  tightoied  until  the  cannon  requires  some  little  force  to  tiim  it  upon 
the  mandril  witii  the  hand.  On  the  large  plate  f,  is  a  spring-click, 
which  fkUs  into  notches  cut  in  the  plate  D,  which  itself  carries  an  end- 
less screw  working  Into  a  half  thread  out  on  the  edge  of  the  cannon 
t>1ate  M.  T  18  a  carrit^^  for  holding  the  rubber  r,  by  metuu  of  the  two 
screws  in  the  top  of  the  carriage  :  the  rubber  ia  a  small  bar  of  steel, 
three  or  fonr  inches  long,  and  the  breadth  of  the  roaettea.  Screwed 


into  the  bottom  of  the  headstook  is  a  strong  arm,  K  (fig.  21),  with 
a  ac|UM«  hole  near  the  bottom,  to  receive  a  smaller  arm  pierced  with 
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faolee ;  one  end  of  this  latter  ti  attached  to  a  itioug  spring,  %  and  by 
placing  a  pin  in  one  v  other  o(  tha  holes  in  tl)B  raijul  arm,  t^e  spring 
may  be  made  other  to  pTBSi  at  pull  the  arm  h  with  leea  of  greater 
force.  The  rubb«r-eBrrisge  t  behig  moved  along  the  bar  b  till  the  end 
of  tiie  rubber  ia  exactly  opposite  the  face  of  the  rosette  to  be  employed, 
and  fixed  there  b^  ihe  back-screw,  the  spring  set  to  jnUl  the  arm  h,  and 
the  side  screws  m  the  standards  a  turned  back  until  the  face  of  the 
rosette  reete  upon  the  rubber  B,  the  engine  at  each  revolutiou  will  mx>- 
duce  a  copy  of  t^e  indentetiona  upon  the  face  of  iho  roeette  The 
engine  is  moved  by  a  hand-winch  with  a  band  passing  round  a  foot- 
wheel,  and  another  connecting  a  small  pulley  on  the  crank  with  the 
mandril-pulley  £,  In  the  some  manner  as  the  dow  motion  of  the  foot- 
laUie  {Jig.  2).  The  slide-rest  is  adapted  to  the  roee-engine  in  Uia  fol- 
w^.    The  tail-piece  of  the  rest  t  {J^.  20, 22)  baa  a  hollow 
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cflindOT,  0,  fixed  In  tlie  middle  of  one  end.  The  bar  B,  wbidi  haaa 
piece  at  each  end  fitting  into  dovetails  In  the  sidee  of  a,  boa  a  cylindri- 
cal piece  which  fite  accurately  into  the  hollow  cylinder  c,  and  can  be 
raised  or  lowered  at  pleasure  by  a  ring  or  nut,  M,  working  upon  the 
outcdde  of  o,  the  rest  being  placed  in  &te  required  poaition,  and  fixed 
to  the  bench  by  the  screw  a  (j^.  20).  The  stock  A  moves  round  upon 
the  t^linder  c,  and  can  be  fixed  at  any  required  an^  by  the  iM&aing 
nut  o.  The  top  of  the  rest,  wUoh  ttaTeraea  along  the  bar  b,  by  means 
of  a  screw  tbroughout  ite  leiu^ih,  provided  with  an  iudez-plate  and 
winch-handle,  e,  is  composed  of  two  parte,  the  ground  piste  {fig.  23) 
and  another  pLate  (fig.  24),  which  carries  the  tool-slide.  The  engine  is 
also  capable  of  turning  the  aides  and  edges  of  work,  for  which  purpose 
it  is  provided  wiUi  a  separate  set  of  waves  out  upon  the  sides  of  the 
rosettes,  some  of  vlddi  are  made  <A  Iszger  diwieter  than  others  for 
that  purpose.  The  rubbers  are  abaped  at  the  side  to  correspond ;  the 
mandril  has  an  endway-motdon  wiuiin  ite  bearings,  and  is  acted  upon 
in  either  direction  by  the  lever-spring  o  {fig.  20),  which  has  it«  fulcrum 
upon  the  bench :  ite  upper  end  is  forked,  and  fite  a  groove  iu  tho 
mandril,  and  the  lower  ndd  by  an  arm  and  pin.  For  side-work  the 
slide-reet  is  placed  parallel  with  the  bench  as  in  common  turning. 

The  square,  or  itraight-line  ehuek,  is  peculiar  to  the  roee-engine,  and 
forme  a  veir  material  part  of  it ;  the  object  of  it  is  to  lay  the  pattema 
in  a  straight  iujBtesd  of  a  circuW  direction.  Fig.  26  represente  the 
strugLt-line  chuck  ;  the  square  frame,  a  a,  is  fastened  to  the  two  anna 
of  the  headatock,  shown  in  fi;,:  21,  by  bolto  and  uuts,  or  wedges; 
B,  B,  ia  a  slide  connected  with  the  nose  of  the  mandril  either  by  a  chain 
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or*  what  Is  better,  a  rack  and  {union.   On  the  fitoe  of  the  slide  ■» 


click  and  BCiew-pktes,  and  a  noes  to  receive  the  chucks,  as  in  the 
exuentric  and  oval  ohucka.  a,  Ji j.  28,  ia  the  wave  of  which  the  pckttems 

Fig.  38. 


B,  0,  D,  E,  and  T  ore  compoaed,  by  notches  in  the  plate.  These  apeci- 
meoB  will  eerre  to  show  the  immense  number  of  patterns  which  may 
be  produced  with  twenty  or  thirty  rosettee  and  their  combinations. 
Many  curious  patterns  are  produced  by  using  two  roeettes,  one  fixed  to 
the  mandril,  the  other  on  uie  cannon.  For  cutting  copper  and  steel- 
plates,  or  wood  blocks,  the  tool  is  Bharpened  with  two  acute  angles ; 
but  m  turning  gold  and  silver  work  the  quantity  of  metal  taken  off  is 
required  to  be  so  minute  that  the  two  faces  of  the  tool  must  be  nibbed 
to  such  an  obtuse  angle  as  to  appear  almost  stiaight.  Close  to  the 
ude  of  the  tool  in  the  rest  is  placed  a  stop,  or  touohe,  as  it  is  called,  to 
regulate  the  depth  of  the  cut  The  touche  has  a  very  small  face, 
highly  polished,  which  rubs  upon  the  work  in  advance  of  the  tod. 

The  number  of  adaptations,  on  account  of  the  various  and  trregtilar 
shapes  of  the  different  pieces  of  work  to  be  engine-turned,  is  very 
large,  and  would  take  up  far  too  much  space  to  describe.  Cutting  the 
rosettes,  which  every  ei^gine-tumer  ought  to  do  for  himself,  is  an  ope- 
ration of  considerable  nicety,  as  the  waves  are  monUy  Yeiy  shallow,  and 
tiie  rosettes  large,  to  make  than  wotk  easily,  and  i£e  ^htest  fault  in 
a  wave  will  be  repeated  through  the  whole  work.  Two  supraior  ma- 
chines  for  engine-tummg  were  invented  by  Messrs.  Perkinfl  and  Heath, 
some  years  ago,  in  which  the  rosettes  are  dispensed  with,  and  their 
place  supplied  by  an  eicentric  wheel,  or  cam,  wluch  produces  one  wave 
only ;  but  by  means  of  toothed  wheels,  as  many  of  Uieee  waves  as  are 
requisite  are  introdoced  during  each  revolution  of  the  mandriL  This 
engine  produces  an  immense  variety  of  patterns,  with  the  very  grwat 
advantage  of  all  the  waves  being  precise  counterj^rta  of  each  other. 
Work  of  this  description  is  generally  cut  with  a  diamond,  as  a  steel  tool 
is  liable  to  break,  or  get  dull,  and  destroy  the  uniformity  of  the  effect. 

Turnips.  Bramca  rapa.  This  well-known  plant  is  cultivated 
for  Its  biilbous  roots  both  in  the  garden  and  tho  field.  Aa  a  culinary 
root  it  has  been  prized  from  the  earliest  times,  and  many  varieties 
have  been  cultivated  for  the  table ;  but  it  is  tliose  of  a  lar^r  kind, 
cultivated  in  the  fields,  which  form  so  important  a  part  of  the  most 
improved  syfitems  of  agriculture  on  all  light  soils,  that  the  success  of 
the  farmer  is,  in  general,  proportioned  to  the  quantity  of  turnips  raised 
on  his  ferm.  They  are  the  great  foundation  of  all  the  beat  systems  of 
croppmg,  by  supplying  the  manure  required  for  the  subsequent  crop, 
and,  at  the  samo  time,  clearing  the  land  of  all  uoxious  weeds,  by  the 
numerous  ploughinga,  stirrings,  and  hoeings  which  th^  require. 

Turmps  were  first  raised  upon  l«id  which  hod  alreaiiy  borne  a  crop 
that  was  re^ed  early  in  summer,  and  on  fallows  which  had  hem 
worked  and  cleared  early,  so  as  to  leave  a  sufBcient  interval  between 
the  last  ploughmg  and  the  time  of  sowing  winter  com  to  have  a 

it^ili'^Px^*  turmps.  These  turnips  however,  which  are  stiU 
cultivated  by  the  mmie  of  stubble  or  ec&ish  turnip,  never  grow  so 
large  as  those  which  had  been  sown  earUer  on  land  well  prepared  and 
highly  manured.  *^  ^ 

The  regular  cidtivation  of  turnips  on  a  large  scale  was  orinnally 
mtrwluced  from  Flanden  mto  Norfolk  two  centuries  ago,  and  from 
Norfolk  yna  earned  mto  the  south  of  Scotland  and  the  noHh  of 
li^qKlaad  about  a  century  after.  It  waa  long  confined  to  one  or  two 
indiv^uabi,  who  cultivated  tumiiw  very  auoceasfully ;  but  at  last  it 
spread,  and  was  greatly  improved  by  Introducing  the  row  cidture; 
according  to  full  e  system,  which  acquired  the  name  of  the  Northum- 
beriand  mode  of  cultivation.  The  usual  mode  of  sowing  turnips  both 
in  Fwndere  and  in  Norfolk  was  broadcast,  and,  as  the  Ubouiws  in  both 
oountnes  foeoune'vezy  expert  in  hoeing  them  out  at  r^ular  distances. 


this  mode  was  long  preferred.  AU  tsnnen  howerer,  who  have  any 
pretensions  to  a  good  system  of  ooltivation,  now  adopt  the  Northum- 
berland plan.  The  great  object  on  poor  lig^t  lands,  especially  those 
which  have  lately  been  broi^ht  into  cultivation,  is  to  raise  a  crop  of 
turnips :  for  when  once  this  is  obtained,  and  the  Isjid  has  been  improved 
by  the  folding  of  sheep  upon  it,  there  is  no  great  difficulty  in  main- 
tuning  the  fertility  thus  produced  by  judicious  management  and 
frequent  green  oropCL  Qroat  Improvement  in  poor  soils  has  been 
efiected  by  the  introduction  of  ground  bones  and  superphosphate  as  a 
manure.  It  is  however  the  best  plan  to  unite  the  regular  application 
of  farm-yard  dung  with  tiiat  of  the  bone-dust.  For  this  purpose  the 
best  farmers  prepare  tiieir  land,  where  they  intend  to  sow  turnips, 
early  after  harvest,  by  ^ving  it  as  complete  a  cultivation  as  they  can 
before  winter ;  and  they  put  on  it  a  good  coat  of  numure,  and  plough 
it  in.  In  Uie  bepnnii^  of  summer  anotiier  [doughing  is  given,  with 
repeated  harrowings,  to  destroy  the  weeds  wMch  nave  sprung  up.  If 
the  subsoil  is  dry,  or  the  land  has  been  thoroughly  drained,  the  seed 
may  be  drilled  in  rows  from  2  feet  to  30  inches  apart,  with  bones  or 
any  equivalent  artificial  manure  on  the  flat  Burfaco.  The  tamip-seod 
can  scarcely  fail  to  vegetate  soon  :  less  danger  arises  from  dry  weather 
than  if  they  were  on  tiie  top  of  a  ridge,  and  the  intervals  can  be  readily 
stirred  1^  horse-drawn  tools.  The  manure,  which  has  had  time  to 
incorporate  with  the  soil  and  to  impart  to  it  the  various  products  of 
its  decomposition,  is  in  the  best  state  to  nourish  the  young  plant,  until 
it  can  push  forth  its  roots  and  feed,  as  it  were,  on  the  bone-dust :  a 
more  rapid  growth  is  ensured,  which  is  the  best  preservative  against 
the  fiy ;  and  experience  has  proved  that  this  is  a  much  more  certain 
way  to  insure  a  good  crop  of  turnips,  especially  of  swedes,  than  the  old 
method  of  putting  all  the  manure  immediate^  under  the  seed  in  tiie 
rows,  where  it  often  remains  inert  if  dry  weather  comes  on  soon  after 
the  seed  is  sown.  The  quantity  of  manure  put  on  in  autumn,  or  very 
early  in  spring,  depends  on  the  means  of  the  farm :  if  ten  cubia  yards 
of  short  dung  can  be  afforded  per  acre,  the  crop  of  turnips  will  amply 
repay  it,  and  twenty  bushels  of  bone-dust  or  less  per  acre  will  be 
sufficient  to  drill  with  the  seed.  Long  fresh  manure  may  be  safely 
ploughed  in  before  vrintn*,  which  would  be  very  improper  in  a  light 
soil  if  used  in  summer.  This  will  be  rotten  before  the  turnips  are 
sown,  and  all  the  expense  of  forming  dunghills  and  turning  them  over 
is  saved.  There  is  no  danger  of  the  manure  being  wasted ;  for  what- 
ever weeds  may  be  produced  will  be  ploughed  in  and  returned  to  the 
soiL  All  the  nutritious  parts  of  the  decomposing  dung  will  be 
absorbed  by  tiie  eartii,  and  none  of  them  will  ev^wrate.  Where  farm- 
yard  manure  is  scarce,  half  tiie  above  quantity  may  be  used,  and  a  fair 
crop  of  turnips  may  still  be  expected. 

The  early  vege&tion  of  the  seed  ia  essential  to  a  good  crop  of 
turnips,  la  its  young  and  tender  state  it  is  liable  to  a  variety  of 
accidents.  Ita  great  enemy  is  the-tumip-fiy  {altka  nemonim),  which 
appears  always  in  great  quantities,  if  there  is  any  continuance  of  dry 
weaiher.  The  more  irequenUy  turnip  are  sown  on  the  same  ground 
the  more  abundant  is  the  fly,  but  where  the  surface  has  been  pared 
and  burned  there  is  seldom  any  loss  from  this  cause.  It  is  generally 
found  that  in  moist  weather  the  fiy  does  comparatively  littie  harm,  as 
then  the  vegetation  is  rapid,  and  the  plant,  when  once  it  has  put  forth 
its  rough  leaves,  is  considered  safe.  Whatever  therefore  accelerates 
the  vegetation,  will  secure  the  growth  of  the  turnip.  Hence  the 
advantage  of  dunging  the  soil  before  winter,  by  which  means  it  is 
enriched  uniformly,  and  a  great  portion  of  the  uionuro,  having  become 
soluble,  absorbs  moisture  &om  the  atmosphere.  And  in  dry  weather 
it  is  well  to  sow  the  seed  with  the  water  drilL  As  K>on  as  the  turnip- 
plant  has  put  forth  its  rough  leaves,  the  intervals  between  the  rows 
should  be  stirred  with  a  light  plough  drawn  by  one  horse,  Tlie 
plough  can  be  made  to  go  within  an  inch  or  two  of  the  plante,  throwing 
the  earth  from  the  row  into  the  interval :  a  small  harrow,  wiiich  can  bo 
set  to  any  required  width,  is  then  drawn  between  the  rows  to  loosen 
the  earth  nused  by  the  plough.  This  greatly  increases  the  absorption 
of  moisture  and  invigorates  the  young  plants.  They  may  now  be 
thinned  out  and  even  singled  in  the  rows  by  means  of  a  hoe  about  12 
inches  broad,  leaving  plants  a  foot  or  more  wart.  Thus  the  turnips 
are  left  at  a  proper  distance,  and,  having  ample  room,  will  soon  cover 
the  TOWS.  A  horse-hoe  is  now  drawn  between  the  rows  to  eradicate  all 
weeds  and  keep  tiie  soil  open  for  the  fibres  of  the  roots  to  shoot  in. 
It  is  not  advisable  to  throw  the  earth  over  the  tomips,  unless  it  be 
just  before  winter,  to  protect  them  from  the  frost ;  on  the  contrary,  in 
wet  weather  the  earth  is  more  likely  to  cause  the  turnip  to  rot  than  to 
help  its  growth.  The  fibres  which  draw  the  nourishment  stiike  in  the 
soil  below,  and  spread  between  the  rows  wherever  they  meet  with  a 
loose  and  mellow  earth. 

In  order  to  have  a  heavy  crop,  especially  of  Swedish  turnips,  it  is 
advisable  to  sow  the  seed  earlv,  that  is,  in  southern  counties,  towards 
the  end  of  May.  They  will  tiien  have  the  advantage  of  the  summer 
showers,  and  be  beyond  the  reach  of  the  fiy  in  a  very  few  days,  and 
when  the  dry  weather  sete  in  they  will  already  have  a  supply  of 
moisture  in  their  roots,  and  the  fibres,  having  struck  deep,  n-ill  not 
suffer  any  check.  The  only  inconvenience  of  sowing  early  ia  that 
many  of  the  plants  are  opt  to  run  to  seed.  This  is  in  many  cases  owing 
to  the  seed  which  is  used.  If  the  seed  has  becu  raised  from  fine  roota 
which  have  stood  the  winter,  tiiere  is  littie  danger  of  the  plants 
running  to  seed  in  the  first  summer ;  but,  as  ia  often  the  ease,  If  small 
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imperfscfc  roota  are,  takes,  or  thou  vhich  run  to  eeed  in  autumn,  then 
the  plants  will  have  a  tendency  to  produce  seed  and  not  bulbs.  Tlie 
whita  Ifttffolktutiup  and  ita  varietiw  should  be  aown  about  midanrnmer 
to  have  a  good  and  heavy  crop  before  winter.  The  distmoe  at  wbidt 
they  may  be  left  in  thinning  them  out  must  depend  on  the  vaiiety, 
whether  it  has  a  wide  Hpreadtug  top  or  noL  The  best  crops  both  of 
swedes  and  common  field  turnips  are  generally  those  where  the  tope 
are  vigorous  and  moderately  spreading.  A  small  top  will  not  nourish 
a  large  bulb  :  but  when  the  growth  is  ohiefiy  in  the  leaves,  the  bulbs 
are  seldom  large. 

It  may  be  considered  as  a  genenl  rule,  that  the  moat' advantageous 
mode  of  o<»isuming  turnips  is  to  draw  them  and  cut  them  in  sUcea  in 
the  field,  to  be  there  consumed  in  troughs  by  sheep,  to  which  com  or 
oil-cake,  as  well  as  hay,  is  r^ularly  given.  When  iha  crop  of  turnips 
is  abundant,  part  of  them  may  be  stored  for  the  cattle  in  the  yard  or 
fatting-stalls,  and  for  the  milch-oomi  and  heifers.  They  will  require 
nothing  but  good  straw^  if  Hbsy  have  plentiy  of  tummSf  and  no  hw 
whatever  need  be  used,  unless  it  be  (or  the  horses ;  and  even  tiiey  wiU 
thrive  well  oa  Swed^  turnips  and  atr&v  with  a  small  quantity 
of  oats. 

Tumtpe  are  often  left  in  the  field  all  the  winter,  which  greaUy 
deteriorates  them.  If  they  cannot  all  be  fed  off  before  Christmas,  they 
should  be  taken  up,  and  the  tops  being  out  off  within  an  inch  of  tlw 
crown  of  Uie  root,  th^  may  be  stored  in  loDg  ohuops  five  feet  wide  and 
four  feet  high,  sloped  lika  the  roof  a  house  and  covered  with  stnw 
and  earth,  in  which  state  they  vrill  keep  till  they  are  wanted.  It  is 
advantageous  to  have  di&rent  varieties  of  turnips,  iriiich  will  come  to 
perfection  in  auceeasion;  and  it  is  useful  to  sow  some  at  different  times 
fur  this  purpose.  The  small  turnip,  which  from  its  rapid  growth  is 
called  the  nmble  turnip,  may  be  sown  as  late  as  the  end  ot  August,' 
and  in  mild  seoaona  will  produce  tolerable  bulbs  in  winter  and  early  in 
apnag.  The  froat  will  not  injure  a  growing  turnip  so  readily^  as  one 
which  is  come  to  perfection  and  the  leaves  of  wniob  are  withered. 
Some  varieties,  like  the  yellow  Aberdeen  and  the  green  round  turnip, 
are  hardier  tlum  others,  and  will  stand  the  winter  well  in  a  light  and 
dry  soil. 

There  are  so  many  varieties  cultivated,  that  it  ie  diffioolt  to  enume- 
rate them.  The  Swedish  tumipe  may  be  classed  aoocnding  to  the 
colour  and  oie  of  their  tope  and  the  shape  of  the  bulb.  The  best  have 
but  little  stem  rising  from  the  bulb  and  a  good  tuft  of  leaves.  The 
substance  of  the  tumipe  is  of  a  bright  yellow  and  has  a  sfaroog  smell, 
espeoiatly  when  they  have  been  kept  some  time.  No  frost  will  hurt 
them,  if  they  are  kept  dry ;  but  alternate  run  and  frost  will  do  them 
harm.  When  Ui^  are  stored,  it  is  advantageous  that  the  air  should 
have  free  access ;  and  for  iliiB  purpose  it  bw  been  recommended  to 
place  them  between  hurdles  set  upright  and  to  slightly  thatch  them 
with  straw  to  keep  out  the  ndn.  In  this  way  they  keep  longer  sound 
than  when  put  in  clamps  covered  with  straw  and  earth. 

Of  the  field  tiunip  there  are  numerous  varieties.  The  common 
M'oriolk  turnip  is  round  and  flat,  the  bulb  being  half  buried  in  the 
ground ;  it  throws  out  no  fibres,  except  from  tiie  slender  root  which 
prooeeds  from  the  osntn  of  the  bulb.  There  ia  a  subvariety  which  is 
reddish  at  the  insertion  of  the  leaves,  and  another  of  a  green  hue :  the 
latter  is  the  hardiest.  The  globe  turnip  takes  itsname  from  its  shape ; 
it  rises  more  out  of  the  ground,  aud  grows  to  a  greater  sise ;  like  the 
last  it  is  either  entirely  white  or  red  or  green  near  the  crown.  It  is  on 
tbe  whole  the  most  productive  and  hardy.  The  tankard  turnip  risea 
high  out  of  the  ground,  and  approaches  in  shape  to  the  mangel-wurzel 
It  grows  to  the  greatest  siie;  butit  is^itto  become  ^lODg^if  left 
long  on  the  ground,  and  its  weif^t  is  not  in  proportion  to  its  bulk 
There  are  red  tankajxla  and  green  tankards,  as  well  as  white.  The 
green  round  turnip  ia  coaaidered  very  hardy,  and  is  usually  sown  late, 
to  be  consumed  after  the  winter.  The  yellow  Aberdeen,  although 
somewhat  leea,  is  compact,  and  stands  the  winter  well :  It  is  a  veiy 
useful  variefy. 

Those  who  are  pcssesMd  of  a  good  variety  will  do  well  to  raise  thmr 
own  seed,  ae  that  which  is  bought  cannot  always  be  depended  upon; 
the  best-shooed  middl»«ised  bulbs  should  be  chosen,  the  leaves  being 
cut  off  not  nearer  tiiao  an  inch  from  the  crown.  They  should  be 
planted  in  a  mellow  soil,  in  rows  three  feet  wide,  and  a  foot  from  bulb 
to  bulb  in  the  rowa,  about  March  cnr  ApriL  When  the  pods  are  well 
filled  with  seeds,  and  these  are  round  and  hard,  the  stem  should  be  out 
olose  to  the  root  and  carefully  laid  under  a  shed  to  dry.  The  seed  will 
ripen  there  without  shedding,  and  vAea  the  pods  are  quite  dry,  the 
seed  ia  eaaly  beaten  out  with  a  stick  or  light  flad.  Birds  are  so  fond  of 
it,  that  a  ctmstant  watch  must  be  kept,  and  this  is  the  reason  why  so 
few  farmers  grow  their  own  seed,  'nimip  seed  is  often  miaed  in  the 
gardens  of  cottagers,  whose  children  keep  off  the  birds,  and  it  is  a 
branch  of  industry  which  every  fiumer  should  encourage.  He  can 
readily  see  that  good  bulbs  only  are  used,  and  he  secjree  the  seeds  he 
wants,  while  the  cottager  is  well  paid  for  hia  trouble.  Tliia  is  perhaps 
the  mioat  convenient  mode  of  raising  the  seed  on  a  large  farm.  It  is 
beat  to  uae  fresh  seed,  as  it  always  germinates  sooner.  Machines 
which  sow  the  seed  and  manure  in  drills  at  the  same  time  may  be  had 
<A  most  of  the  ntanufacturers  of  improved  agrioultnral  implements. 

TURNPIKE  ROADS.  [ItOADsn 

TURNPIKE  TRUSTS.   Turnpike-roads  ore  a  peculiar  qpsoies  of 
highways  placed  by  the  authority  of  acts  of  pamament  vndir  the 
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management  of  tarusteee  or  oomnussioners,  who  are  invested  with  cer- 
tam  powera  for  the  construction,  management,  and  repahr  of  sudi 
roads. 

Besides  the  various  local  sots,  there  are  several  acts  of  parliament 
called  General  Turnpike  Acts,  the  provisions  of  which  extend  and 
apply  to  all  existing  and  subsequent  looal  acts,  and  which  are  too 
numerous  for  citation  hen.  The  Oeneral  Highway  Act  (S  ft  6  Wm. 
IV.  c.  60)  also  contains  certain  provisions  appli<sble  to  tumiuke-roads ; 
but,  by  the  118th  section,  does  not  extend  to  thwn  exo^  where 
expressly  mentioned. 

The  trustees  of  tunpike-roadi  consist  of  peracniB  noodnated  lor  tint 
purpose  in  the  Local  Acts,  who  must  be  persons  possessed  of  a  ftiwi»tn 
proper^  qualification,  and  ot  the  justices  of  peace  of  the  county  or 
counties  wrough  which  the  roads  pass ;  but  all  persons  who  are  oon- 
tractors  or  otherwise  personally  intOTeeted  in  the  roads  are  disqualified 
from  being  trustees.  (8  Oeo.  IV.  &  12S,  bb.  61,  62,  e(  ieq.)  They  are 
exempt  from  personal  liaUlity  for  acts  done  in  purtuanoe  of  their 
powers,  and  may  sue  and  be  sued  in  tiw  name  of  their  dork.  (7  ft  8 
Geo.  IV.  o.  2i,  ss.  2  ft  3;  8  Geo.  IV.  c.  126,  s.  74.) 

For  the  purpoee  of  providing  the  necessary  funds  for  making  and 
maintaining  the  roads  under  their  charge,  truBtees  are  usualfy  em- 
powered to  receive  moneys  by  way  of  subEcriptioc,  upon  which  interest 
IS  payable  to  the  aubsoribeta  out  of  the  produce  oE  Uie  tolls  whidi  the 
triisteea  are  by  the  looal  acts  empowered  to  levy  upon  persons  uring 
the  roads.  Power  ia  also  mven  tbem  to  borrow  money  upon  mortgage 
of  the  tolls.   (S  Geo.  IV.  c  128,  &  81.) 

The  Miaetmaits  of  the  General  Highway  Act  f  S  ft  6  Wm.  IV.  o.  50, 
s.  94),  relating  to  summary  proceedings  before  justices  to  compel  re- 
purs  of  highways,  extend  the  jurisdiction  of  the  justices  to  turnpike 
otScera,  where  the  highway  out  of  repair  is  part  of  a  tumpike-rMd ; 
and  while  the  liabihty  to  Btatuta  labour  existed,  it  was  exigible  as  wdl 
in  respect  of  tunpike-roada  as  other  highways ;  but  the  obligation  of 
statute  labour  seems  to  be  now  entirely  abc^ished  by  tiie  repe^  in  the 
6  ft  6  Wm.  IV.  e.  50,  of  the  atatutea  under  wbicb  statute  labour  was 
compounded  for. 

The  amounts  of  toll  exigible  on  any  turnpike  rood  are  regulated  by 
the  taUe  of  tolls  which  is  contained  in  the  local  act  by  wldoh  the  trust 
is  constituted,  and  no  tolla  can  be  charged  except  anoh  as  are  ^ven  bj 
clear  and  unambiguous  language  in  the  Act;  and  tibere  are  Tsrioos 
cases  of  exoq>ti(Hi8. 

Tolls  upon  turnpike-roads  are  in  most  oases  made  payaUe  onoe  a  di^ 
only  at  any  one  ga^,  and  payment  at  one  gate  generally  gives  exemp- 
tion from  payment  at  oth^  gates  within  a  certain  distance.  Post-horses 
having  passed  throu^  any  ^ite  may  return  toll-free  before  nine  o'clock 
in  the  morning  of  the  following  day,  and  when  horses,  having  passed 
through  a  gate,  return  the  asme  day  or  within  eight  hours,  drawing  a 
carriage,  the  toll  paid  on  the  horses  is  to  be  deducted.  (8  Geo.  Vf, 
c  126,  Bs.  29,  SO.) 

The  General  Turnpike  Acts  contain  various  provisions  r^ulating 
the  weights  to  be  allowed  to  carriages  pasung  along  turnpike-roads, 
and  imposiug  additional  tolls  for  overweigfat,  and  also  provisions  regu- 
lating the  amount  of  toll  leviable  vpoa  wsffions  Mid  osrts  depandiag 
upon  the  construction,  breadtii,  and  tire  of  ueir  wheels.  (8  Geo.  IV. 
ss.  7,  9,  ftc  ;  4  Geo.  IV.  c  96,  ss.  3,  5.  fta) 

Trustees  are  enabled  to  erect  toll-gatea  and  toll-houses,  the  propert7 
in  which  is  vested  in  them,  and  are  required  to  put  up  at  every  toll- 
gate  a  table  of  the  tolls  leviable  thereat,  and  to  provide  tickets  denoting 
payment  of  toll  to  be  delivmd  to  peiBOns  paying  tiie  same.  (9Geo.I>^ 
c.  77,  8.  8.  fto. ;  8  Geo.  IV.  e.  126,  ss.  87,  60;  and  4  Geo.  IV.  a  95, 
a.  2S.)  The  remedies  for  fhe  reoovesy  of  tolls,  and  the  penalties  for 
evading  them  are  contained  in  8  Geo.  IV.  e.  126,  s.  80,  fta 

The  trustees  of  every  turofake-road  have  power  to  enter  into  omn- 
poeittons  for  any  torn  not  exceeding  a  year  at  a  time,  with  any  person 
for  tolls  payable  at  any  toll-gates  under  their  management  (4  Oeo.  IV. 
a  95,  B.  18.)  They  may  also,  thou^  not  empowered  to  do  so  by  the 
local  act,  reduce  the  toUa  leviable  under  the  anthorily  of  the  act,  and 
advanoe  them  again  to  any  amount  not  ezoeedlng  the  rates  authorised 
by  the  act ;  provided  that  where  money  has  been  borrowed  on  the 
credit  of  the  tolls,  no  reduction  shall  be  made  without  the  consent  of 
the  persons  entitled  to  five-sixths  of  the  money  due.  (8  Geo.  IV.  o.  126, 
sa.  48,  44.)  Trustees  may  also  farm  oat  the  tidls,  though  no  vipnm 
power  be  given  in  the  local  act. 

The  General  Turnpike  Acta  oontain,  besides  numerous  provisions 
with  respect  to  the  appointment  and  duties  of  officers,  the  meetings 
and  proceedings  of  trustees,  the  making  <A  causeways,  ditdus,  and 
drains,  the  erection  of  milestoneB,  the  watering  of  roads,  the  prevcotioQ 
and  removal  of  annoyanoes  and  nuisanoee,  the  markhig  of  carriages 
and  r^ulations  as  to  drivers,  the  apprehension  of  offenders,  the  re- 
covery and  application  of  ponlties,  the  limitaticn  of  actions,  fto.;  all 
which  generu  enactments  Jure  been  made  from  time  to  Uma  for  Uw 
purpose  of  shtwtening  and  lessening;  the  expense  of  private  road  bUIs, 
so  that  almost  the  cmly  objects  wmdt  now  require  to  be  attended  to 
is  the  construction  of  road  acts  are  the  appointment  of  trustees,  the 
number  and  situations  of  toll-gates,  and  the  amounts  of  tolls.  (Chitty's 
'  Statutes,'  vol  iL,  Highwayt. 

TURNSOLE,  or  TOURNSOLE.   [Arohil  ;  CoLouRisa  Mattbhs.] 

TURPENTINE.  The  well-known  liquid  to  which  the  WMdtuzpsn- 
tine  is  now  so  oomnvHily  tidied,  is  only  the  voktile  port^  of  tuts 
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1  eotane  properly  bo  called.  True  turpentine  is  reallf  an  oleo-rerin,  a 
liquid  of  Mwut  the  ooDsistence  of  honey.  It  flows  nsturally,  or  by 
ineiBioD,  from  the  wood  of  matt  c<miferouB  trees,  auch  as  pine,  larch, 
fir,  piBtuhia,  ftc.,  and  difltUlation  yields  spfarit,  essence,  or  volatile 
oU  of  tarpent'nu,  the  non-voktile  portion  being  common  rwin,  or  eofo- 
fitmy.  [ReSInb.]  Oil  of  turpentine  is  very  largely  used  in  the  prepsi- 
mtion  of  paints  and  varnishes,  and  also,  when  rectified,  for  burning  in 
lamps  under  tiie  name  of  camphfn.  The  dcriration  of  the  word  tur- 
pentine is  not  very  evident.  It  was  known  and  doscribed  by  Marcus 
Oneous  in  Uie  eighth  centuir. 

The  turpentine  met  with  m  Knf;lfdi  connneTee  is  nearly  all  imported 
from  the  States  of  America,  North  Carolina  and  Virginia  anmilying 
the  greater  part.  It  is  the  produce  of  Pinta  ptUustna,  P,  taJa,  and 
P.  abia.  Frelteh  or  Bordeaux  turpentine  is  mdnly  obtained  from 
Pinu$  maritima,  a  tree  growing  abmidantiy  on  the  eoaata  of  Soutliftm 
Eorope. 

The  method  of  proeoring  turpentane  ib  veiy  simple.  An  indsion,  or 
hole,  ie  made  in  the  bark  of  tbe  tree,  or  a  maHl  piece  of  tiie  bark  2a 

removed,  in  the  spring  of  the  year.  From  this  wound  the  turpeo^e 
dowly  exudes,  and  is  oolleoted  rither  ih  a  little  trough  attached  to  tho 
stem,  in  a  hollow  made  at  the  foot  of  the  tree,  or  by  some  ramilar  con- 
trivance. It  is  from  time  to  time  transferred  to  casks  made  to  hold 
about  2  cwt.  The  first  gathering  ts  sometimes  called  vhyin  tvrpcnHne, 
and  contains  aiboal  20  per  cent  of  oil ;  that  eolteoted  towards  the  end 
of  the  season,  in  October,  has  a  more  solid  but  still  soft  consistence, 
and  is  not  bo  rich  in  oiL  As  might  be  expected,  the  crude  turpentine 
freqnently  oontainB  portions  of  twigs,  chips,  and  leaves ;  these  are 
Bometimes  separated  by  straining  the  melted  turpentine,  and  the  latter 
is  then  termed  refined.  Venice  turpentine  ia  the  variety  produced  from 
the  lardi  tree  {Larix  Survpeta) ;  Canadian  titrpenline,  or  Canada 
halmm,  exudes  from  tiie  Ahita  boJlMamea;  and  Chxan  tta-pmHne  £i 
obtained  from  the  PiHada  (ereftjn(X««. 

Turpentine  slowly  hardens  when  exposed  to  the  aXr.  This  is  partly 
due  to  evaporation  of  the  more  liquid  portion,  and  partly  to  resinifica- 
tion  of  the  fluid  part  by  oxidation.  It  is  probable  that  in  tiie  tissnes 
of  tiie  plant  turpentine  is  simply  a  mobile  juice,  and  that  in  the  ordi- 
nary staAo  of  oleo-restn  it  is  a  product  rather  than  a  simple  vegetable 
ednct.  16  BOftenB  and  liqaifiea  when  heated,  readily  takes  fire  in  tiie 
air,  and  baniB  wiOi  a  somewhat  amokjr  flame.  It  la  Mmpletely  dis- 
solved by  alcohol  or  ether,  and  distillation  witii  water  yields  oil  of 
turpentine. 

Oil  of  turpentine  (C^  H,b).  As  iJready  indicated,  tiiis  ia  obtained 
hy  distilling  turpentine  with  water ;  it  then  forms  the  upper  layer  of 
the  oODdeosed  product.  For  most  purposes  it  is  re-distilled  with 
Caustic  alkali^  acid  toattem  and  traces  <k  resin  being  tiiereby  remored. 

Oil  of  turpentfaie  is  a  cdourless  mobile  liquid,  of  charaelnristioodonr 
and  hot  pungent  taste.  It  should  be  neutral  to  test-paper,  of  specific 
gravity  0-86,  boiling-point  abtout  326°  Fahr.,  and  a  vapour  density  of 
4-76<  It  rotates  a  ray  of  polarised  light,  to  the  left  or  right  according 
to  origin.  It  is  very  soluble  In  ether  and  absolute  alcohol,  leas  bo  in 
ordinwy  (hydrated)  alcohol,  and  ia  not  miseible  with  vrater.  It  is  a 
|ood  Bolvent  ni  resuiB,  <dlB,  sulphur,  phoephoruB,  and  eaoutchoiic 
Pure  turpentine,  as  obtained  by  re-distiBation  in  vacuo,  has  constuit, 
well-defined,  lesvo-rotation.  Berthelot  diatingnishes  it  as  terebenlhen. 

Modifixationa  and  Derivaiivea  of  Oil  of  TH^>enline.  Under  the  influ- 
ence of  heat,  or  of  chemical  re-ogente,  or  of  both  combined,  oil  of  tur- 
pentine yields  several  interesting  sub&tuicee.  Isoterthenthm  ia  one  of 
the  products  into  which  oil  of  turpentine  is  resolved  on  heating,  in  a 
dosed  veBsal,  to  about  470*Fahr.  It  Is  a  colourless  liquid,  having  an 
odour  of  stale  lemons,  sp,  gr.  0-848  at  71' Fahr.,  boiling-point  350* 
Fahr.,  poeseasea  leevo-rotation  of  varying  Intensity  on  polarised  Kght, 
yields  a  Bolid  hydrate  and  hydroohlorate.  Metatertbentlm.,  like  isotere- 
benthen,  has  the  same  composition  as  oil  of  turpentine ;  it  is  formed 
under  the  same  circumstances  as  iHoterebenthen,  but  remains  io  the 
retort  after  tiie  heat  hae  been  raised  to  660°  Fahr.  It  distils,  however, 
at  a  temperature  alightiy  higher  than  060°,  sod  then  forms  a  yellowish, 
Tery  viscid  liqtdd  of  ap.  gr.  0-918  at  08*  Fahr.  It  has  a  disagreeable 
odour,  and  ex^te  lotvo-rotation  on  ptdariaed  hg^t. 

When  oil  of  turpentine  is  agitat^  wiUi  Ave  per  cent,  of  strong  sul- 
phuric add,  it  becomes  of  a  dark  red  colour,  and  viscid.  On  stnnding, 
the  mass  separatee  into  two  portions,  and  the  upper  clear  hquid  fur- 
nishM,  on  distillation,  a  body  having  the  same  boiling-point  and  com- 
pontum  as  tiie  tni^nal  oil,  but  of  an  odour  reeembolng  that  of  oil  of 
tiiyme :  it  ia  called  tenhm.  CoUphen  is  iwodnced  at  the  sune  time  as 
tereben  ;  Its  density,  however,  is  twice  as  great,  and  ita  boiling-point  is 
between  590'  and  600°  Fahr.  It  may  also  be  obtained  ham  colophony, 
hence  its  name.  Neither  tereben  nor  colopben  has  anv  action  upon 
polarised  light.  *^  /  i-- 

Water  oomt^es  with  oil  of  turpentane  to  form  definite  kydratet,  of 
which  three  are  solid  and  one  liquid.  When  the  oil  is  exposed  to 
ratense  cold,  crystals  of  hinkydmle  (Cja,o,  2H0)  sometimes  separate, 
but  gtmerally  a  kexakydratt  (C„H,o,6HO),  called  terpin,  in  large 
prismatic  crystals,  is  deposited.  The  latter  may  be  obtained  in  quan- 
tity by  well  mixing  four  ports  of  oil  of  turpentine,  one  of  nitric  acid 
(b^  gp.  1-86),  and  three  of  alcohol  {sp.  gr.  U'840),  and  setting  aside  for 
aeveral  weeks.  When  sublimed,  the  hezahydrate  loses  two  equivalents 
of  water,  and  is  converted  into  a  ouadhydTnii  (O^H,^  4E0).  The 
quadbydrate  is  also  famed  on  eq>oBing  turpentine  and  water  to  a  eon- 


tinned  heat  of  about  120°  Fahr.  It  is  more  soluble  in  hot  than  cold 
water,  and  is  readily  taken  up  by  alcohol,  ether,  or  benzole,  A  fourth 
hydrate,  termed  ferpinol  (C^,^  HO),  which  is  a  flnid  at  common  tem- 
peratures, ia  formed  on  distilling  either  of  the  oUier  hydrates  with  water 
containing  a  litUe  hydrochloric  or  sulphuric  acid.  It  has  an  odour  like 
that  of  the  hyacintli,  bolla  at  834°  Falir.,  and  is  of  sp.  gr.  0-852. 

Hydrochloric  acid  combines  with  oil  of  turpentine,  and  forma  several 
liquid  and  solid  bodies.  The  latter  have  very  much  the  appearance 
and  odour  of  camphor,  and  hence  are  termed  arlifieial  eampkort.  The 
monohjdrochlorate  {C^.„  HCl),  called  alao  hydroddomte  tf  eamphen. 
or  of  dadyl,  Ib  best  obtained  by  passing  diy  hydrochloric  add  gaa  into 
artificially  cooled  oil  of  turpentine  untn  absorption  ceases.  If  the  pro- 
duct l>e  exposed  to  a  freezing  mixture  of  snow  and  salt,  it  soon  becomes 
half  filled  with  white  prismatic  crystals,  having  the  characteristic  aro- 
matic smell  and  taste  of  camphor.  They  are  insoluble  in  water,  soluble 
in  alcohol  or  other,  fuse  at  289*  Fahr.,  and  boil  at  329*,  undergoing 
partial  decompositioh.  The  liquid  portion  of  the  above  product  is  also 
a  monohydrochlorate,  having  the  same  composition  as  the  solid ;  It  is ' 
termed  liydrochlorate  of  pencyl,  or  of  terebilen,  inasmuch  as  that  when 
distilled  with  quicklime  it  fumishes  pmeyl  or  terebilen,  a  liquid  hydro- 
carbon isomeric  with  oil  of  turpentine,  but  possessing  no  rotatory 
power  on  polanBed  light.  The  solid  hydrocUorate  by  similar  treat- 
ment yields  campJum,  caiapkilen,  or  daagl,  also  isomeric  with  oil  of 
turpentine;  boiling-point,  273°  Fahr.  A  acdid  and  liquid  AieHl'orftjrdfiafe 
of  turpentine  2HC1),  artificial  letium  or  citroa  eampkar,  are 

formed  when  oil  "of  turpentine  or  of  lemons  is  placed  in  contact  with 
excess  of  strong  aqueous  hydrochloric  acid  for  several  weeks.  A  liquid 
svhhinlrochlorale  (2C..„Hio,  HCl)  has  ^so  been  obtained.  Hydrobromio 
anA  hydriodic  acida  form  compounds  wil^  oil  of  turpentine  somewhat 
resembling  the  hydrochlorates. 

Chlorine  attacks  oil  of  turpentine,  and  yields  a  qaadriAhri«aled 
derivative  (C;oH,jCl,).  The  latter  fumishes  a  bieklorinated  compound 
(C_(,H,^Clj)  on  being  heated.  A  quadribromiaated  oU  {C^^^t)  htut 
also  been  obtained.  Tereben  and  chlorine  give  B  colourless  viscid 
liquid,  termed  chloroter^)en,  and  artiflciol  camphor  and  chlorine  yield 
crystals  of  chloroeamphen. 

Oil  of  turpentine  is  very  sosoeptible  of  oxidation.  The  sponta- 
neous production  of  reabs  from  it  has  already  been  alluded  to.  By 
distillation  with  Uchromate  of  potash  and  sulphurie  acid  it  yields 
abundance  of  formic  acid,  and  when  gently  heated  with  oxide  of  lead 
pves  formic  acid  and  teretinie  acid  (C,gH„0,o).  The  latter  cryBtollisea 
m  acicular  tufts,  and  forms  salts  that,  like  itself,  are  insoluble  in  water 
but  soluble  in  alcohol.  A  small  quantity  of  oil  of  turpentine  placed  in 
a  jar  of  oxygen  gas  standing  over  water  and  expceed  to  sunlight^ 
rapidly  absorbs  the  oxygen,  and  yieldB  crystals  of  kvdrated  oxide  of 
terp«i(Ti(«{C^H  ,0i,2H0),  which  are  deposited  on  the  rides  of  the 
vessel ;  it  is  soluole  in  alcohol,  ether,  and  boiling-water.  Strong  nitric 
acid  acts  very  violently  upon  oil  of  tmpentine,  the  temperat^ire  fre- 
quently rising  high  enou^  to  cause  inflammation  of  the  mixture. 
When  diluted,  however,  nitric  acid  merely  resinifies  the  oil,  and  pro- 
duces, among  other  substanccB,  terebie  acid,  which  will  preaentiy  be 
described  in  detail  hi  connection  with  resin ;  terep/Uhalie  acid  (C,gHgO,) 
isomeric  with  phtiialic  add  [Naphthalic  Gbodp];  (ere6«tzie  add 
(C„H,0 J),  funble  at  886'Fahr.,andaablimablelikebeneoieacid;  and 
terechrytic  acid  {C,jH,OJ,  of  golden  yellow  eolonr,  aacryatallisBb]^  and 
very  soluble  in  water. 

The  chief  properties  of  the  non-volatile  or  resinous  constitaenta — 
the  rwin— of  turpentine  have  already  been  described.  [Rbsins.]  It 
now  therefore  remains  only  to  notaee  Um  relations  of  the  oonetitoenta 
individually,  and  shortly  'describe  their  derivatives. 

Turpentine  Bexin,  as  a  whole,  is  acid,  and  has  the  eomposHion 
(HO,  C4oH,j,0,).  In  reality,  however,  it  contains  three  distinct  acids 
isomeric  with  each  other,  but  having  dissimilar  phyncal  properties ; 
their  names  are  pimaric,  sylvic,  and  pinic  acids.  The  two  latter  are, 
no  doubt,  mere  modiflcations  of  the  first,  and  probably  owe  their  die- 
aimilarity  to  the  action  of  heat.  Pitnarte  add  fa  best  obtained  from 
tiie  white  redn  or  galipot  of  Bordeaux  turpentine.  The  resin  is  pow- 
dered, digested  in  a  mixture  of  six  parts  of  cold  alcohd  and  one  of 
ether,  wUch  separates  matters  other  than  {rtmaric  add,  and  the  residue 
is  finally  boiled  with  alcohol.  On  standing  for  a  few  days,  the  solution 
deposits  crystalline  tufts  of  the  acid  under  consideration.  It  ia  very 
soluble  in  ether  and  hot  alcohol,  less  so  in  cold  alcohd.  It  fuses  at 
867°  lUir.,  but  does  not  re-solidi^  till  cooled  down  to  164'*  EUir.  The 
f  Qsed  add  is  dear  and  transparent  as  glass ;  when  powdered  it  may  be 
Ijcrfectly  dissolved  in  its  own  weight  of  alcohol,  hot  in  a  few  minutes 
the  solution  logins  to  deposit  eUiptical  crystals,  which,  like  the  non- 
fused  add,  require  ten  timet  their  weight  of  alcohol  for  solution.  By 
distillation  in  vacuo  pimaric  add  fumiBhes  sylvic  acid,  at  first  tiionght 
to  be  new,  and  called  pyromaric  aeid.  Sylvic  aeid  maj  be  obtained 
^m  powdered  ream.  The  ktter  la  well  washed  with  hold  alcohol  to 
remove  pinic  add,  and  tiie  residue  dissolved  in  boQing  alcohol ;  on 
standing,  the  sylvic  add  crystallises  out  Its  crystalline  character  ia 
more  pronounced  than  that  of  pimaric  acid ;  in  other  respects  the  two 
much  resemble  each  other.  Pinic  add,  or  the  amorphous  resin  of 
colophony,  is  obtained  on  evaporating  tiie  mother  liquor  from  the  pre- 
paration of  sylvic  add ;  by  hmt  it  is  partially  decomposed,  and  changed 
to  another  isomer,  eeU^Mie  add. 
By  destnictiTe  distillation  at  a  low  temperature,  turpentiiie  nmn 
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yielda  the  hydrocarbcuu  rennew  or  oolophen  and  tanben  alraady 
lafetred  to.  At  a  lumber  heat  it  givea  a  liquid  hydrocarbon  ooDtaioing 
reiinaphtia  or  toluen  (C,«H,)  [Tolckkic  Oboup];  reiinyl  (C,,Uu), 
iaomeiic  with  cumcn  [CUUIKIC  Acid];  and  reftnu^  (Co,U,,?), an  ino- 
dorous and  tasteless  inl,  of  ep.  gr.  0'9,  and  boiling-point  about  460° 
Fahr.  Uetinol  ia  a  solvent  of  sulphur  and  iodioe.  It  abeorba  many 
times  its  volume  of  sulphurous  and  other  gaae»,  and  is  not  acted  ufcm 
alkaliea. 

The  acida  of  reua  are  numobuio,  difficult  to  obttun  in  a  definite 
cnrstaUine  state,  are  mostly  insoluble  in  water,  and  soluble  in  ether. 
The  alkaline  resinatea  are  of  course  true  soaps,  but  are  inferior  in 
detergent  qualities  to  the  stearates,  oleotos,  and  margarutes. 

By  prolonged  ebullition  with  strong  nitric  acid,  turpentine  resin 

iielda  Azouabio  Acid  and  terd/ic  or  terebilic  acid  {C^^il,aOg)^  The 
itter  is  almost  insoluble  in  oold  water,  moderately  soluble  in  hot 
water,  and  rradily  taken  up  by  alcohol  or  ether.  Submitted  to  de- 
struotiTe  distillation,  it  gives  pyrota-efniic  add,  a  colourless  oily  liquid 
of  sp.  gr.  1*01,  and  boiling-point  892*  Fahr. 

TURPKSTINK,  MANUFACTURE  OF.  The  common  turpentine 
used  in  the  arts  is  mostly  imported  from  America,  in  barrels  and  casks. 
[TuBFENiniE.]  It  is  used  for  vwy  few  purposes  in  the  state  in  which 
2t  is  imported.  Tbe  process  of  distallation  is  in  most  cases  reaonted  to, 
as  a  means  of  separating  it  into  solid  rmn  and  liquid  ml  or  asetue  of 
turpentine.  Turpentine-works,  where  this  distillation  is  carried  on,  are 
managed  witJi  much  caution  on  account  of  t^e  inflammable  nature  of 
the  substance  operated  on.  The  viscid  turpentine  is  put  into  a  etill 
and  exposed  to  heat ;  it  melts  into  a  liquid,  gives  oS  its  esaeutiai  or 
oily  portion  in  the  form  of  a  va{K»ur,  and  there  remains  a  liquid  resin 
in  the  s^  The  vapour,  on  leaving  the  still,  passes  through  a  refrige- 
rator or  coding  vtmd,  and  ia  collected  as  a  clear  and  limpid  oil  or 
spirit  of  tun>entii)e.  The  residue  is  taken  from  the  still  as  min, 
Mack  or  yelUiw  aoowding  to  the  kind  of  turpentine  which  has  been 
en^>loyed. 

A  patent  was  taken  out  in  America  a  few  years  ago,  for  making  soap 
at  the  same  time  as  distilling  turpentide.  Itaw  turpentine  and  alkali 
were  put  into  the  still ;  the  spirit  of  turpentine  leased  off  into  a  con- 
denser, while  the  reain  became  partially  saponified  by  combining  with 
the  alkali,  uid  prepared  to  enter  into  the  composition  of  soap. 

Considered  as  an  ingredient  in  house-paiuters'  colours,  spirit  of 
turpentine,  or  turps,  is  an  important  aubetance.  Chovreuil  has  pointed 
out  tiirce  kinds  of  service  wluch  turpentine  renders  to  oil-colours.  It 
facilitates  the  application,  by  diminishing  the  vitwidity  of  the  oily 
mixture;  it  allows  the  painter  greatly  to  modify  the  appeai^co  of  hu 
work,  by  varying  the  degree  of  gloss  or  of  dullness;  and  it  prevents 
the  appearance  of  cracks  whioh  would  otherwise  be  visible  when 
the  work  is  varnished.  As,  however,  the  durability  of  the  work  de* 
pends  chiefly  on  the  oil,  the  best  mode  ia  found  to  he  to  use  as  littJe 
turpentine  as  ponible  when  the  work  hi  neither  to  be  dead  nor  var- 
aished. 

Common  or  crude  turpentine  is  imported  to  the  extent  of  about  a 
quarter  of  a  mUUoo  ewts.  annually  (246,458  cwts.  in  185S,  and  256,663 
in  1859).  A  small  import  duty,  impcwed  many  years  ago,  has  been 
since  repealed. 

TUBFKNTINES,  Medical  Via  of.  Common  turpentine,  or  Resina 
liquids  {Terebinlhina  vuli/arii),  as  the  natural  combiuatiou  is  termed, 
jtelds  two  distinct  articles  to  the  Materia  Medica,  namelpr) — 1*  Oleum 
terebinthinse,  obtained  by  the  distillation  of  the  liquid  reun ;  3.  Resina, 
or  sim^  resiu  <a  rosin,  which  is  resin  mth  a  little  water,  remuniog 
after  nearly  all  the  oil  baa  been  distilled  off:  but  if  the  process  of 
di^illation  be  carried  as  far  as  possible  without  causing  new  combina- 
tions of  the  elements,  all  the  water  is  driven  off,  and  the  residuum 
becomes  black,  and  is  termed  colophony,  and  sometimes  fiddler's  rosin. 
Tha  resin  is  used  merely  to  make  cerates,  ointments,  and  plaatei-s, 
which  are  more  or  less  stimulant. 

As  turpentines  have  a  very  disagreeable  taste,  it  is  customary  to 
fi)rni  them  into  pilbt  or  boluses ;  but  since  this  is  rather  difficult,  it  is 
well  to  bo  aware  tliat  magoesia  afibrds  a  convenient  means  uf  aocom- 
pli^ing  it,  as  in  the  case  of  the  uleo-resia  of  copoibu.  The  kind  of 
magnesia  and  the  quantity  to  be  used  vary  in  the  diflerent  kinds  of 
turpentine.  Bcmleaux  turpentine  (from  P.  vuuritima,  or  P.  ^naiter) 
requires  one  twenty-ooe  port  of  mogneeia  usta  to  form  a  pill-masB. 
Venice  turpentine  (from  JLarix  Eurupaa),  called  also  turpentine  of 
Brionvon,  requires  a  quantity  equal  to  its  own  weight  of  oorbouate  of 
magnesia  to  form  a  pUi-maBs.  But  the  quantity  of  magnesia  must 
vary  with  the  age  of  the  turpentine,  more  being  required  when  it  is 
very  fresh  than  when  the  turpentine  is  old  and  more  solid.  The  dura- 
bility of  the  mass  also  varies  with  tbe  proportion  of  magnesia  used. 

One  ounce  of  Venice  turpentine  united  with  one  ounce  <^  hydrated 
carbonate  of  magnesia  formed  s  mass  which  waa  slow  of  consolidating, 
and  the  pills  soon  lost  their  globular  form :  but  three  ounces  of  tiie 
magnesia  formed  a  persi^iteDt  mass.  One  ounce  of  turpentine  and. 
uDO  ounce  of  Bordeaux  tiu-pentine,  with  six  drachma  one  scruple  of 
carbonate  of  magnesia,  f  uruuihed  a  slowly  hardening  mass,  which  at 
last  resolved  itself  into  powder;  while  one  ounce  of  Uie  same  turpen- 
tine with  eight  grains  oi  ""g"™'*  formed  a  loft  mass,  which,  after 
thirty-six  hours,  waa  suffideoUy  consistent  to  form  pills.  Some  days 
afterwards  it  b^pamo  harder,  and  did  not  for  a  long  space  become 
friable.    )i7ith  a  yet  smaller  quantity  of  magnesia  tl^  changes  tak« 


pUoe  more  slow^,  ao  that  it  ii  nauiaite  in  magistral  iormults  never  to 
wder  lees  magnesia  than  the  ww-flftieth  part  of  the  turpentine.  Hus 
proportion  forms  in  a  few  num^es  a  transi»r(mt  i^li-innsi  with  a 
vitreous  fracture.  Bui  the  finer  sorts  of  turpentine  may  be  adminii- 
tered  in  the  liquid  form;  the  coarser  must  be  in  pills. 

Oleum  Terebinthinse,  Oil  or  Spirits  of  Turpentine,  ss  it  ocoura  in 
commerce  is  never  pure,  but  contaioa  more  or  leaa  rasin  formed  by  the 
action  of  the  air;  and  to  obtun  it  pure,  U  ia  ordered  to  be  distilled  a 
second  time,  and  then  ualled  Oleum  Terebenthinee  purificatum,  and 
sometimes  Oleum  Pini  puriasimum.  The  commercial  oil  of  turpentiae 
has  an  acid  reaction,  tiie  purified  has  not. 

Oil  of  turpentine  is  one  of  the  most  anergetlo  of  tbe  vfdatile  oils : 
the  vapour  ia  quickly  destructive  to  plants,  and  is  large  dosaa  it  acts 
as  a  poison  to  both  vertebrate  and  invertebrate  vnimalB.  Like  all 
volatile  oils  it  acta  powerfully  on  insects  whi<^  reenare  bgr  the  whole 
surface,  hence  it  instantly  kills  wasps,  Uce,  Seas,  andworms.  It  has 
a  more  potent  action  oo  the  lower  animals  than  on  mm,  both  exter- 
nally and  internally.  Amlied  to  the  skin  of  horses,  it  blisters  it  more 
rapidly  than  the  skin  of  man ;  and  two  drachms  administered  to  a 
dog  (iSchubart,  in  Christison)  caused  death  in  three  minutes,  while 
human  beings  have  taken  three  ounces  without  any  serious  con- 
sequences. Indeed  Dr.  CSiristison  atates  that  he  ia  not  aware  that 
it  nas  ever  proved  fataL  Horses  also  have  taken  tac  aome  days  as 
much  as  ten  or  twelve  ounces. 

In  moderate  doses  it  oets  aa  a  stimulant  to  the  stomach  and  wluJe 
intestinal  canal;  manifested  by  a  grateful  feeling  of  warmtii,  with 
greater  activity  in  the  mucous  membrane  of  the  inteatiora,  and  of  the 
liver.  Tbe  increasing  secretions  of  these  oi^pns,  particulariy  of  the 
bile,  causes  more  frequent  eracuatioovj  further,  it  promotes  the 
secretioD  of  tiie  kidneys,  and  likewise,  but  lees  evidently,  of  the  sldn. 
the  pulmonary  surface,  and  also  of  the  utenn*  It  communicatee  tibe 
terebiothaceous  odour  to  the  cutianeout  jien^inttion,  and  aometimee 
even  causes  an  eruption  on  the  skin. 

Its  effect  on  tiie  vascular  system  is  equally  atimulant :  Dr.  Copland 
piade  many  experiments  on  himself  when  in  health,  and  found  that 
his^nilae  became  more  frequent,  smfkU,  and  contracted;  with  feelings 
of  mtoxioation,  anxiety,  shiverings,  a  sensation  as  if  the  intestines 
were  drawn  towards  the  vertebm  column,  unpleasant  eructations, 
thirst,  and  a  sharp  hunger ;  sensations  which  food  caused  padually  to 
subside,  without  vomiting  or  diarriuna.  Vary  lat:ge  doees  often  pro- 
duce temporary  intoxication,  and  sometimes  a  kind  of  traooe,  lasting 
twtnty-four  hours,  without  any  subsequent  bad  effect. 

Implicit  reliance  ia  placed  on  oil  of  turpentine  against  the  tape- worm. 
It  is  in  general  recommended  to  be  g^veii  in  large  frequently-repeated 
doses,  mixed  with  mucilage,  syrup,  and  cimiamon-H'td«r,  and  is  thought 
to  directiy  kill  the  worm,  rather  than  destroy  it  by  removing  the 
means  of  it«  further  nourishment.  But  this  mode  of  administration 
is  by  no  means  so  eligible  as  that  of  small  doses  (5j  to  3ij)  pcr  diem 
for  a  contiouance, «  plan  recommended  by  Vogt  ('  Phamucodyn.,'  voL 
IL,  p.  163),  and  laoved  by  hi.  Graves  to  be  efEectuaL  "  Turpentine 
is  of  value  in  loadbg  to  the  expulaion  of  flukes  (didximahqiatioum 
[WoBMB ;  also  BoTBYLLiD*,  in  Nat.  Hist.  Div.]  of  she^  or  the  rot), 
and  is  one  of  our  most  valuable  anthelmintics."  Professor  Simmdl^ 
Report  to  the  Royal  Veterinary  Coll^,  Deo.  14. 1860. 

In  chronic  afiections  of  the  liver,  ol»tructions  from  gall-stones,  fto., 
if  no  inflammatory  state  be  present  or  ^proaching,  oil  (x[  iurpMttiue 
with  twice  its  weight  of  spirit,  other,  sulidior.  in  the  dose  from 
10  to  20  drops,  in  yolk  of  egg,  is  often  very  useful;  in  mdocna  and 
ohatmotions  of  the  liver,  and  vena  porta,  ftc  It  is  most  likely,  from 
its  action  on  the  liver,  that  it  proves  serviceable  in  ohronio  liietuoatisnL 
In  sciatica.  Dr.  Cheyne  recommends  it  in  sioall  doses.  It  is  useful  in 
atony  of  the  intestinefl,  lacteals,  particularly  of  old  and  phlegmatic 
people,  e^>eoiBlly  of  the  lower  ordera.  Kven  typhus  fever,  u  there  be 
a  tympamtac  state  of  the  abdomen,  is  benefited  by  it,  and  Dr.  C^p* 
man  has  found  it  valuable  in  the  yellow  fever  of  Fbiladel[^ia.  Doee 
from  1  to  S  drachms  per  diem.  In  cholera  aaiatica,  with  spirits  of 
ammonia.  lu  obstinate  constipation,  in  large  doses.  In  scariet  fever, 
when  the  eruption  does  not  come  freely  out,  10  to  60  drops  in  one  to 
three  tea-spounsful  of  oastor-oil.  (Dr.  DeUny,  of  Qeorgia,  U.B.)  In 
chronic  cramps,oonvuisions,aod  epilepsy  (with  only  temporaiy  benefit). 
In  atony  of  the  kidneys  and  bladder.  In  oatwrrbus  veoioes,  ^eet, 
gonorriusa,  and  leuooimna,  it  may  often  be  Bdvantaraoualy  substituted 
for  copaiha.  In  atooio  hnmorrhages  it  is  very  useful.  In  puerperal 
peritonitis,  ap^died  externally,  it  is  of  great  utility.  Externally  in 
bums,  the  linunentum  terBbinthirue,  or  hot  dressing,  is  useful.  In 
peritonUis  with  a  tymfianitio  condition  of  the  abdomen  it  is  very 
excellent  llie  vapour  of  oil  of  turpentine  can  be  used  as  an  muds- 
thetio,  and  as  a  substitute  for  chloroform. 

Ohian  or  Cyprtu  Tarpetuiae,  called  also  true  turpentine,  is  obtained 
from  the  Piitadtia  terebint&ut,  a  native  of  Barbery,  Syria,  the  south  of 
Fiaaao,  and,  above  all,  of  the  Grecian  Arohipelago.  Eight  or  ten 
ounces  are  the  utmost  <A>tained  from  one  tree ;  hence  it  is  very  dear. 
It  La  of  the  consistence  of  new  honey,  tenacious,  pellucid,  of  a  light 
yellowish-green  colour.  The  odour  is  pentnting  and  peculiar.  It  nas 
a  slightly  Intter  taste ;  but  when  adultnated  with  any  of  tiheeonifnoua 
kinds,  ita  odour  ia  stiwng,  ita  taste  acrid,  and  of  a  sensible  degree  of 
bitteniesB.  It  oonsists  m  a,  vdatUe  oil  and  reeiii,  and  when  by  time 
the  formw  is  dissipated  or  oxidised^  it  becomsa  bard  and  teanuiioent 
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TbiB  aitiide  is  aoiiM  In  a  pan  Blate^  it  babg  mixed  largely  with 
y«iiiee  torpentiiie,  and  indeed  in  many  Instanoes  altogether  Buwlanted 
by  that  arade.  It  was  greatly  esteemed  by  Hippocrates ;  and  in  the 
preaent  day  is  chewed  %  the  inhabitants  of  Turk^,  Persia,  Ac.,  as 
maatio  is,  to  sweeten  the  breath.  But  it  likewise  improves  the 
digeation,  having  a  -verj  benefidal  influence  on  the  setTetions  of 
ruazed  mucoua  membnutee.  Hence  it  is  useful  in  ohrooio  catarrhj 
both  of  the  lungs  and  genito-uriuuy  organa.  For  the  latter  it  is 
adnntageoosh  oombined  with  sulphate  of  sine. 
TURPETir  MINERAL.  [Mbbotjbt.  Bitulphata  ofmerettiy.} 
TUSCAN  ORDER.  [CoLiiinT ;  Roman  AB0HiTBCTt7BB.] 
TUSCAN  SCHOOL  OF  PAINTING.  [Paibtiko.] 
TUSSILAQO  FARFARA  (Coltafoot),  a  perennial  plant  belonging  to 
the  order  of  oompound  plants^  oommoa^  in  damp,  clayey  fields,  road- 
sides, and  the  bai^  of  rivers,  the  yellow  flowers  of  vbldi  are  seen  in 
spring  preceding  the  nearly  heart-shsped,  smooth-toothedleaTeB,  which, 
m>m  their  reeemblonce  to  a  young  horse's  hoof,  have  received  the 
popular  name  of  coltsfoot,  The  whole  plant  ia  nearly  devoid  of  odour. 
The  root  has  a  styptic  bitter  taste ;  the  leaves  and  flowers  are  bitter 
and  mudlaginous.  The  ohief  oonstituents  are  mu<u]age,  bitter  extrac- 
tive, tannic  acid,  colouring-matter,  salts,  snd  woody  flbre^  The  watery 
infu^on  becomes  of  a  dark  green  uxl  turUd  ^ipearanoa  on  the  additi«i 
of  a  solution  of  seequichlraide  of  inm.  Its  properties  may  easily  be 
inferred  from  tite  above  statement ;  they  are  demulcent,  slightly 
astringent,  tonic,  and  expectorant  Its  name  both  in  Oreek  ($i}xiow) 
and  in  Latin  proves  the  estimation  in  which  it  was  held  as  a  means  of 
rdtering  ctnffi — a  reputation  which  it  does  not  maintain  in  modem 
timee  among  professional  observers,  except  a  very  few;  but  with  the 
Tulgsr  it  ia  still  in  great  esteem.  The  young  leaves  make  a  wholesome 
snlad  in  early  spring.  The  andents  smoked  it  rather  than  used  it  in 
Kny  other  form ;  and  in  the  ncwth  of  Europe,  and  even  with  our  own 
vulgar,  this  mode  ia  emjAoyei,  what  is  sold  under  the  name  of  British 
Herb  Tobacoo  being  ohiefly  coltsfoot.  This  at  least  is  harmless ;  not 
so  the  nostrum  called  Essence  of  Coltafoot,  which  is  a  combiiution  of 
balsam  of  tola,  compound  tincture  of  bensoin,  with  a  large  quanti^  of 
reotlfled  s^rit  of  wine,  and  not  a  particle  of  the  substance  from  vbidi 
it  tekea  its  name.  In  cbnmio  coughs  aooompanied  by  much  load  or 
general  initation,  stiU  more  in  genuine  tubercular  consumption,  such 
heating  iugredienta  must  be  Terr  hurtful ;  though  a  plain  ^cootion  of 
real  coltsfoot  would  be  nnobjeebonabl^  and  mi^t  be  beneficial.  The 
leaves  of  coltsfoot  form,  when  moisteoed  with  warm  witn,  an  ezoellent 
onollient  poultice, 
TUTANIA.  [BBiTAiraiA  Mital.] 
TUTELA.  [TuTOE.] 

TUTENAO,  an  alloy  used  in  China  in  the  monufactme  of  the  ffong. 
It  ia  white,  resembling  silver  in  am>earance,  and  is  very  stmorous  when 
struck.  Ita  specific  gravity  was  foimd  by  Dr.  Fyfe  to  be  8-4S2 ;  it  ia 
sosoqitible  <fi  a  fine  poUsh,  and  does  not  readily  tarnish ;  at  common 
temperatures,  and  even  at  a  red  beat,  it  is  malleable,  but  when  luated 
to  wbitenssB  it  is  rsoidered  brittle. 

Ithssbeenualysedl^Dr.  E>ls,  who  fonnd  it  to  ooosist  of — 
Copper  40.« 
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It  mw  therefore  be  regarded  as  a  kind  of  German  ulver. 

TUTOR  By  the  Roman  law  a  mala  under  Uie  age  of  fourteen,  and 
a  female  under  the  age  of  twelve,  were  called  Impuberes.  A  male  who 
was  impubes  was  incapable  ci  doing  uy  legal  act  by  which  he  might 
be  injured;  Us  propwty  was  under  the  care  of  a  tutor,  who  was  so 
called  from  his  office  of  defending  or  protecting  (tuendo)  the  impubos 
in  the  transactions  which  were  necessary  for  the  administration  of  his 
proper^.  Tb«  of&oe  of  the  tutor  was  tntela;  and  the  impubes,  who 
with  respect  to  his  tutor  was  called  pupillus,  was  said  to  be  in  tutela, 
in  tutelage.  The  tutor's  business  waa  to  manage  the  property  of  his 
pujallua,  and  to  add  to  his  sots  the  legal  sanction  (anctoritaa).  The 
tutor's  office  as  tutor  was  oonfined  to  the  propwly  of  bis  pupillus,  who, 
M  to  his  person,  was  under  the  care  (custodia)  of  his  mother,  if  he 
had  one ;  if  not,  we  must  suppose  that  the  tutor  would  sometimes 
have  the  care  of  his  person  also.  When  the  puirillus  stttdned  the  age 
of  puberty,  he  had  the  oapadty  of  oemtraoting  marriage,  and  of  doing 
c4herle»l  acts,  and  was  freed  from  the  control  of  liis  tutor.  But 
thou^  the  law  gave  full  le^  opacity  to  the  pupillus  on  his  attaining 
puber^,  it  still  gave  him  some  farther  inoteatum  until  he  was  twenty- 
fire  yeaiB  of  age.  [Curatoe.] 

A  father  could  appomt  by  testamoit  a  tutor  for  his  male  children 
who  were  impuberes  and  in  his  power;  he  could  also  appoint  a  tutor 
tor  females  who  were  in  his  power,  even  if  they  had  attained  puberty. 
He  could  also  appomt  a  tutor  for  the  wife  of  a  son,  who  was  in  his 
power,  and  for  his  gnndohildren,  anless  by  his  death  Uiey  should 
come  mto  the  power  of  thor  father.  A  man  could  ako  appoint  a  tutor 
for  his  wife,  who  was  in  manu,  for  she  stood  to  him  in  the  legal 
relation  of  a  daughter;  and  he  oould  also  give  her  the  power  of 
cboosmgatutor.  The  wigin  of  this  testamentary  power  was  probably 
immemorial  custom,  whidi  wis  confirmed  by  the  Twelve  Tablai 


Tutors  thus  appointed  were  called  dativi :  those  who  were  chosen  by  a 
wife  under  a  power  given  by  the  husband  were  tutores  optivi  If  a 
testator  appointed  no  tutor,  the  tutela  was  given  to  the  nearest  agnati 
by  the  Twdve  Tables :  such  tutores  were  le^timi.  If  thero  were  no 
agnati,  the  tutela  belonged  to  the  Gentiles  so  long  as  that  part  of  the 
law  (Jus  Gentilitium)  remained  in  force.  When  there  was  no  person 
appointed  tutor,  and  no  Icgitimus  tutor  existed,  a  tutor  waa  appointed 
for  persons  at  Rome  uit&r  the  provisions  of  a  Lex  Alili^  and  for 
j^srsoits  in  the  provinces  under  the  provisions  of  a  Lex  Julia  eft 

Though  a  pupillus  could  not  do  any  legal  act  which  should  be  to  his 
injury,  he  could  enter  into  contracts  which  were  for  his  benefit.  The 
tutor  s  office  was  defined  to  consist  in  doing  the  necessary  acts  for  the 
pupillus,  and  interposing  or  adding  the  Ic^  authority  to  his  proper 
acts  (negotia  gerere  et  auctoritatem  interponere :  Ulpiani,  '  Fiag.,*  tit. 
xi.,  a  25).    The  doing  of  the  necessary  acts  apfdied  to  the  case  of  the 

fiupilluB  being  infons,  that  is,  under  seven  years  of  age,  absent,  or 
unatio  (furiosus).  When  the  pupillus  ceased  to  be  inWs,  he  could 
do  many  acts  himself,  and  the  auotoritas  of  the  tutor  was  only  neces- 
sary to  make  them  acts. 

A  hitor  might  be  removed  from  his  office  if  he  misconducted  him- 
self in  it.  The  pufMllus  had  also  an  actiom^jainst  him  for  mismanage- 
ment  of  his  property.  The  tutor  was  sUowed  all  proper  costs  and 
expenses  incurred  by  him  in  the  management  of  the  affiurs  of  the 
pupillus ;  and  he  comd  recover  them  by  action.  Security  was  required 
by  the  praetor  from  a  tutor  for  the  due  management  of  t^e  a&irs  of  a 
pupillus.  unless  he  was  a  teetamentaiy  tutor,  for  such  tutor  was 
chosen  by  the  testator,  and,  generally,  unless  he '  was  appointed  by 
a  magistratus,  for  in  such  case  he  had  been  selected  as  a  proper 
person. 

The  tutela  of  women  who  were  puberes  was  a  peculiar  Roman 
institution,  founded  on  the  maxim  that  a  woman  could  do  nothing 
without  the  auctoritas  of  a  tutor.  But  Uiere  was  this  difTerence 
between  the  tutela  of  pupilli  and  of  women  who  were  puberes :  in  the 
case  of  pu|Hlli  the  tutor  both  ^Id  the  necessary  acts,  puticularly  when 
the  pupillus  waa  infaus,  and  gave  his  auotoritw ;  in  xm  case  of  women 
who  were  puberes,  the  tutor  only  gave  his  auctoritas. 

The  Vestal  virgins,  in  virtue  of  their  office,  were  exempted  from 
tutela.  Both  libertinee  and  in^enuoi  were  exempted  from  it  by 
acquiring  the  Jus  Liberorum,  which  was  conferred  by  the  Lex  Julia  et 
Fapla  Poppeea  on  women  who  had  a  certain  number  of  childrerL  The 
tutela  of  a  woman  was  terminated  on  her  marriage,  by  which  ahe  oame 
in  mannm  viri ;  and  also  by  other  means. 

A  woman  had  no  rig^t  <»  action  agrUnst  her  tutoras  aochi  for  h«  did 
not  do  any  act  in  the  administration  of  her  property;  ha  imly  gave  to 
her  acts  tiieir  legal  validi^  by  his  anotoritas. 

TUTTY.  [Znta] 

TWELVE  TABLES.  The  Roman  writers  speak  of  the  Twelve 
Tables  under  various  names:  tii^  call  them  L<«es  Cecemvirales, 
Ls^  XII.  Tabularum,  aometimea  simply  Lex,  the  Law,  as  being  pre- 
eminently  the  foundation  of  Roman  Law ;  and  by  other  names.  After 
some  stnig|gle  between  the  patricians  and  the  plebs,  the  story  runs 
that  a  plebiscitum  was  passed  (b.c.  454)  with  the  assent  of  the  senate, 
in  pursuance  of  which  three  commlssionerB  were  sent  to  Atiiens  and 
other  Greek  states  to  inquire  about  their  lq;islation,  that  the  oommia- 
nonras  returned  in  B.a  462,and  that  in  the  following  year  ten  patrioiaas 
(Deoemviri)  ware  ^mdnted  to  draw  up  a  code  of  bwa,  wSenoe  ^ 
name  Leges  Decemvualee.  The  Decemviri,  at  the  head  of  whom  waa 
AppiuB  ^udiuB,  formed  a  code  of  Ten  Tablea,  wliich  were  approved 
by  the  senate,  and  received  the  final  sanction  of  the  Comitia  Curiata. 
The  code  being  considered  defective.  Decemviri  were  again  elected 
(B.a  450),  and  two  more  tables  were  added,  whence  tiia  tume  Twelve 
Tables.  The  laws  were  cut  on  taUets  of  bronze  and  set  up  in  a  public 
place :  thqr  were  not  promulgated  till  B,a  449,  after  the  overthrow  of 
tiie  Decemviri,  who  had  attempted  (o  perpetoate  their  power  against 
the  terms  of  their  appointment. 

It  is  impossible  to  ascertain  from  the  scanty  history  of  the  Decern- 
viral  legis^tion  how  far  the  story  of  this  mission  to  Greece  is  true. 
It  is  very  doubtiul  whether  the  codes  of  the  Greeks  at  all  affected  ihim 
the  first  Roman  attempt  to  form  a  (fystem  of  law,  but  it  may  safely 
be  assumed  that  the  basis  of  tiie  Decemviral  code  rested  on  ute  cus- 
tomary law  of  the  Romans,  and  that  except  in  those  few  general 
features  in  which  all  early  codes  of  law  bear  resemblance  to  one 
another,  the  Roman  Decemviral  code  is  one  and  distinct  It  ia  said 
that  the  Twelve  Tables  perished  in  the  destruction  of  the  city  by  the 
Gauls,  but  then  appears  to  have  been  no  difficulty  in  reconstruct- 
ing the  tables.  No  Roman  writw  suggests  any  doubt  of  their 
granineness. 

The  Twelve  Tables  are  called  Livr  (iiL  841,  "Fons  pablid 
privatique  juris  " — the  source  of  Public  and  Private  Law,— according 
to  a  division  of  the  matter  of  law  which  was  familiar  to  the  Romans. 
That  part  which  concerned  the  Jus  Publicum,  which  beats  some 
analogy  to  our  term  constitutional  law,  was  changed  in  the  course  of 
time;  but  the  Jus  Privatum,  which  determined  the  rights  and  duties 
of  the  citizens,  was  never  fwmally  repealed,  and  only  so  &r  modified  as 
it  was  aflected  by  the  changes  in  circumstances  hy  which  some  of  tho 
laws  of  t^e  Twelve  Tables  fell  into  desuetude,  and  by  the  gradual 
growdi  of  the  Jos  Pnoteriuni.   In  oooise  of  time  the  languid  <^  tbt 
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tables  beeune  obeoure,  and  this,  with  the  great  oh&iige  of  rarcumstances, 
must  have  rendered  many  of  their  provimoiu  iaappllcablo.  In  the 
later  times  of  the  republic,  Cioero  obaerVflB  that  aiiioe  his  boyhood  the 
practice  of  learning  the  Twelve  TablflB  had  been  sapenedod  hj  the 
growing  importance  of  the  Kdiot. 

The  Roman  juiista  made  commentaries  on  the  Twelve  Tabloa.  Six 
books  of  a  oommentary  by  Qaioa  are  mentioned,  whidi  shows  that  at 
least  as  late  as  the  time  of  Antoninus  Pius  the  decemviral  law  was  in 
Bubstanoe  stall  in  force,  that  is,  that  the  fundamental  principles  of 
Roman  law  (the  Jus  Privatum)  were  still  to  be  sought  in  the  tixm 
antiquated  language  of  the  Decemviri. 

Much  has  been  written  on  the  subjsct  of  the  Twelve  Tables.  The 
last  and  most  etmiplete  history  of  the  laboun  of  modem  oritics  on  the 
Twelve  l^blea  is  by  Dirksen,  in  his  'Uebernoht  der  Insherigeo  Ver- 
Buche  BUT  Kritik  und  HenUdltmg  des  Textes  der  Zwolf-tafel  Frag- 
mente,'  Leipzig,  1824.  Tbo  fragments  of  the  Twelve  Tables  appear  in 
the  several  parts  of  the  work,  and  are  also  ooUected  at  Uie  end. 

For  an  excellent  dissertation  upon  the  Twelve  Tables  as  illustrative 
of  the  archaic  form  of  the  LatJn  language,  the  reader  is  referred  to  an 
able  artdde  in  the  late  Dr.  Donaldaon's '  Tairoi^aDus.' 

TWILIOHT,  the  name  given  to  the  li^t  which  remains  after  the 
sun  has  set,  or  wUch  is  seen  immediately  before  it  rises.  The  reason 
of  this  appearance  is  explained  in  Sdn  (coL  915),  being  the  effect  of  the 
light  wfa^  is  reflected  from  the  higher  stnt»  of  the  atanonihOTe,  in  a 
manner  which  will  be  nndeistood  from  the  diagram  in  we  oolumn 
cited. 

In  our  latUudea,  at  the  sommer  scdstioa,  a  portion  of  the  twilight 
continues  from  the  setting  <^  the  snn  to  its  timng,  drding,  as  the 
hours  of  night  and  morning  proceed,  from  the  western  hwiion  through 
the  north,  to  the  east ;  which  is  Uie  cause  (rf  there  being  scarcely  any 
true  night  at  that  period  of  the  year. 

J.  H.  Ijambert  endeavoured  to  distinguish,  besides  the  primary 
twilight,  a  secondary  and  even  a  teniaiy  twilight,  both  the  latter  being 
caused  by  the  suoeessive  refleoUon,  by  the  oloudu  and  the  air,  of  light 
already  reflected  from  other  regions  of  the  stoiosphere,  their  douds, 
Ac  in  conformity  with  these  views,  Sir  John  F,  W.  Herschel  has 
attributed  to  such  a  cause  the  phenomenon,  seen  in  the  clear  atmo- 
sphere of  the  Nubian  deserts,  which  has  been  described  by  travellers 
under  the  name  of  the  "  after-glow."  To  a  corresponding  cause  must 
be  ascribed  Uie  ro«e-ooloured  illumination  of  the  summite  of  high 
mountaioB  after  sunset  (often  witnessed  of  thoae  of  VLoat  Blanc  and 
Monte  Rosa),  but  in  these  oases  the  reflected  lij^t  is  coloured  by  its 
traversing  tracts  of  the  ur  of  which  the  vapour  is  in  an  opalescent 
■tate,  imparting  to  it  various  hues  of  red  and  orange.  [Vapoob.] 

The  astronomer  last  named,  always  careful  to  expluu  the  physical 
processes  which  are  operative  in  the  production  of  astrcmomical  pheno. 
mena,  in  addition  to  the  mathematical  prittct{de8  on  which  th^  depend, 
has  pointed  out  that  a  portion  of  the  hg^tof  the  sun  and  moon  reaches 
na  after  thqr  an  set,  means  M  the  atmosphere,  "  by  r^^eetion  upon 
[and  £rom]  the  vapours  and  minute  solid  particles  whioh  0oat  in  it, 
and,  perhaps,  also  on  the  actual  material  atoms  of  the  air  itsalL"  (See 
*  Outlines  of  Astronomy.'  ed.  1868,  par.  44,  45.) 

The  observations  which  have  been  made  during  the  last  two  or  three 
total  solar  eclipsee  are  very  instnictive,  in  two  respects,  concerning  the 
light  ordinarily  recaved  1^  the  earth,  iDcladiag  that  of  twilight.  The 
character  of  the  darkness,  while  the  totally  oontinnes,  so  much  more 
intense  than  that  of  night  caused  b^  the  mere  aversion  of  the  hemi- 
sphere from  the  sun,  evinces  how  intrinsically  dependent  upon  that 
luminary  for  light  the  earth  really  is ;  while  the  amount  and  pecu- 
liarity of  the  illumination  actually  existing  at  tiie  same  time,  ahows  in 
how  great  a  d^ree  we  are  indebted  to  the  refiecUve  and  refraoUve 
poweiB  of  the  atmosphere,  and  to  the  reflection  bf  the  floatmg  partides 
alluded  to,  by  aqueous  vapour  becoming  visible  but  not  yet  doud,  by 
the  clouds  themselves,  and  by  the  earUi,  redprooslly  and  unitedly,  for 
the  light  we  enjoy  after  the  oonunencement  and  daring  the  progress  of 
t^t  aversion. 

But  all  this  is,  of  course,  affected  by  the  degree  of  transparency  of 
the  atmosphere  and  its  difierenoe  at  different  altitudes,  the  lees  trans- 
parent, in  the  mast,  bo  fin-  as  we  know,  being  those  nearest  tho  earth ; 
while  there  are  foots  vdiiob  indicate  that  air  perfectiy  free  from  aqueous 
vapour,  such  as  we  must  conclude  it  to  be  above  a  certun  height,  is 
lees  transparent,  or  more  absorptive  of  light,  than  the  mingled  atmo- 
sphere of  air  and  aqueous  vapour  incumbent  on  the  earth's  surface, 
when  the  temperature  is  aaotx  as  to  sustain  the  latter  in  a  perfectly 
gaseous  condition,  Whoi  the  sl^  is  thus  free  from  visible  vapour 
and  doad,  however,  the  transpareni^  of  the  atnuHphare  is  almost 
invariable,  as  l^irfessor  Seidel  has  shown. 

Another  consideration  affecting  tids  subjeot  relates  to  the  probable 
nature  of  the  highest  regions  of  the  atmosphare,  on  which  the  amount 
of  reflected  light  causative  of  twilight  must  be  greatly  dependent.  If, 
as  inferred  by  Graham  and  Foisson  [ScRrACE  07  THE  Earth,  col.  982], 
the  terminal  stratum  be  solid— air-ioe — the  reflection  from  its  inferior 
surface,  and  £rem  the  inferior  surfaoes  of  the  oomparativdy  dense 
strata  iromediatdy  below  it,  must  be  more  powerful  than  tlut  from 
the  rare,  purely  oSriform  strata  (of  which  alone  the  highest  regions  ore 
commonly  supposed  to  consist),  and  henoe  may  exert  a  marked  eflect 
in  prolonging  tiie  twilight,  as  well  as  in  lessening  the  dai-kDess  during 
the  entire  time  when  the  sun  is  below  the  horizon.   It  may  be  that 


Uiis  reflection  is  the  prinoipal  agent  in  producing  the  remarkable 
amount  of  light  still  remaimng  during  a  total  eclipse  of  the  sun,  as 
noticed  above.  What  may  be  the  bearing  upon  this  subject  of  the 
observed  polarising  power  of  tiie  sky  during  such  eclipses  has  not 
been  investigated,  tiiough  the  materials  for  such  an  inquiry,  we  believe, 
have  been  obtained,  especially  from  the  edlipae  of  July  IStii,  1890.  It 
seems  probable  that  the  polariaoope  would  faraish  the  means  of 
determining  whether  Buoh  r^eotion  does  in  reali^  b^e  plac^  and  also, 
if  token  in  conjunctitm  with  the  atmoapheiio  refrection  of  the  heavenly 
bodies,  of  determining  what  the  structure  and  oonstitution  of  the 
upper  regions  of  the  atmosphere  really  are. 

Intimately  connected  with  this  particular  subject  is  the  application 
of  the  phenomena  of  twilight,  or  rathw  of  the  amount  of  depresuon  of 
tite  sun  at  the  close  of  twilight,  to  determine  the  hel^t  of  the  atmo* 
sphere,  first  proposed  by  Kepler,  and  which,  in  &ct,  gives  a  height 
nearly  agreeing  with  that  inferred  from  the  law  of  elasticity  of  the 
air,  of  between  forty  and  forty-five  miles.  But  the  argument  from  the 
observed  depresuon  of  tiie  sun  is  inconclusive,  because  we  do  not 
know  when  twilight  has  ceased,  nor,  indeed,  whether  it  ever  ceases. 
Aooording  to  Leslie,  admitting,  from  thq  &ot  that  in  clear  weather  in 
no  climate  is  there  total  darkness,  even  at  midnight,  "  ^t  the  body  of 
air  extends  to  such  an  altitude,  as  to  receive  the  most  dilute  glimmo*, 
after  the  sun  has  attained  his  utmoat  obliquity,  and  sunk  ninety 
degrees  below  the  horizon,"  the  elevation  of  the  atmosphere  must  be 
equal  at  least  to  1688  miles.  In  this  reasoning,  however,  no  account  is 
ti^en  of  the  necessary  limitetion  of  the  atmosphere  by  the  cold  of 
inteiplanetarr  space,  which  must  have  effect  at  a  point  greatly  nearer 
the  earth.  On  the  other  hand,  the  actual  demonstration  of  the  ex- 
istence of  a  sdid  or  liquid  stratum  at  the  summit  of  the  atmosphere, 
by  tiie  means  suggested  above,  would  probably  invplve  also,  the  deter- 
mination of  ito  altitude,  and,  conversely  would  enable  us  to  fix, 
definitively,  the  extent  of  twilight  upon  uie  earth's  sur&oe,  [Atmo- 

SFHBBE;  MSTEOBOLOaT.] 

A  question  here  arises  as  to  the  ijiotoaaphio  intend^  and  proper- 
ties of  the  reflected  light  from  whidi  uie  phenomenon  of  twilight 
proceeds,  as  compared  with  those  of  the  direct  sim-light  itself,  but 
this  ctHnparism  doea  not  ai^iear  to  have  been  made  in  any  expron 
manner.  According  to  the  photo-chemical  researches  of  Bunsen  and 
RoBcoe  ('PhiL  Trans.'  1859,  p.  898),  the  diemical  illumination,  that  is, 
the  affection  1^  the  chemical  rays,  of  the  earth's  surface,  is  merely  a 
function  of  the  aun^  senith-distanoe ;  all  th«  denunto  of  the  sun's 
radiation  (so  to  call  them),  light,  heot,  and  chemiod  action,  «l™i»iiihing 
equally  with  his  altitude.  As  the  diffused  light  of  day  is  all,  in  ita 
immediate  origin,  reflected,  and  as  it,  in  common  with  that  reflected 
from  the  clouds,  possesees  normal  chemical  action,  differing  oo!^  in  ita 
intensity  from  tl^t  of  the  direct  light  of  the  sun,  we  may  infer  that 
a  similar  difference  only  existo  in  the  case  of  twilight. 

TWINKLIira  OF  STARS,  or  SCINTILLATION  (teintiUa,  "b 
spark  of  fire").  This  term  is  ^ijdied  to  a  ^hanomenon  v4iich  has 
attracted  the  alttention  of  asfaronomers  and  aoientifio  mm  in  all  ages. 
It  oonsiste  in  rapid  variatioaa  in  the  bri^ttness  M  a  fixed  star  when 
observed  with  the  naked  eye,  and  is  often  accompanied  by  changes  in 
the  colour,  and  alterations  in  the  apparent  diameter  of  tiie  star  or  in 
the  length  of  the  divwging  r^  which  wpear  to  dart  from  its  centre 
in  diffosrat  directions.  It  is  oommcm^  stated  that  tJiie  twinkling 
disappears  when  the  star  is  viewed  through  ateleacope ;  such,  however, 
is  not  the  case,  althou^  under  such  oinumstances  the  phenomena  are 
modified. 

This  subject  occupied  but  a  very  small  spcuw  in  scientific  works,  if 
indeed  it  was  to  be  found  at  all  in  them,  until  H.  Arago  devoted  one 
of  his  saarchine  soiMitifio  notices  to  the  subject  in  the  <  Annuaire  pour 
I'An  18S2,  publid  perle  Bureau  des  Longitudes;'  nevertheless  the 
importance  (tt  the  subject  has  never  been  forgotten,  and  Kepler  even 
invited  scientifla  men  to  a  conference  on  the  subject,  and  appointed 
Frankfort  aa  the  place  of  rendeavous. 

The  changes  in  colour  which  accompany  scintillation,  and  form  one 
of  ita  most  important  features,  were  noticed  by  early  observers.  Indeed 
the  name  given  by  the  Arabs  to  Sirlus  refers  to  tius  fact ;  th^  call  it 
barakeaeh,  or  "  the  tiiousand-ooloured  star."  I^dio,  writbtg  la  1572, 
respecting  the  new  star  of  that  year,  oompwes  it  to  the  reflections  of  a 
cut  diamond  moving  in  the  presence  of  lights  Kepler  also  refers  to 
the  Dog  Star  as  presenting  by  turns  all  the  colours  of  the  rainbow. 
Hooke,  in  his  '  Uicrographia,'  refers  to  the  various  colours  which 
accompany  the  smntillatiou  of  stars,  appearing  i<ed  at  one  moment, 
yellow  at  another,  and  blue  at  a  third.  Forstor  ('  Phil.  Mag.,'  1824) 
remarks  that  aometimea  the  intensely  red  light  appears  after  two 
dilatations  <^  the  Btar,  under  other  eircumstancea  mu  tiiree,  but 
often  without  any  apparently  regular  law.  Several  observers  notice 
the  BointiUation  of  the  planets;  but  no  astronomer  ^fers  to  their 
change  of  colour.  ScintiUation  in  their  case  is  a  simple  change  in  the 
intensity  of  the  light. 

The  sointiUation  of  a  star,  when  viewed  through  a  telescope,  was 
first  described  I:^  Simon  Huius,  who  rooommends  that  the  eyeineoe 
be  removed  from  tiie  telescope,  and  the  eye  be  substituted  for  it,  at  a 
time  when  the  sky  is  very  clear  and  the  Mr  trasquiL  The  sdntillaUon 
will  then  (q>pear  like  a  fulminatioa  or  ebullition  of  the  substance  of 
the  star,  and  certain  "detenninato  and  distinct  colours  will  i^pear  in 
greatOT  or  leas  a>bnndaaee  aooording  to  the  Btan  observed.  Thus 
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Siriue  presents  green,  yellow,  red,  and  blue  repeatedly  following  in  the 
same  order.  Nichulaon  aleo  iu  1813  remarks  that  the  circular  disc  <^ 
a  star  vacillates  in  such  a  manner  as  to  give  the  idea  of  a  number  of 
discs  passing  in  succesuon  before  each  other.  These  discs  are  of 
diBerent  colours  :  the  light  oppeored  to  come  from  diffbrent  aides,  and 
the  most  frequent  colours  were  blue,  steel-blue,  peo^green,  brilliant 
copper,  red,  and  white.  The  same  observer  viewing  Sirius  through 
an  achromatic  by  Bamedeu,  mognif^'ing  tweoty-four  times,  and  t^e 
eye-piece  adjusted  for  dietinct  vision,  the  observer  struck  lightly 
on  the  tube  a  series  of  rapid  blows  with  his  fiageE^,  so  as  to  make 
the  image  of  the  star  describe  a  luminous  line,  every  part  of  which 
displayed  the  most  lively  colours,  and  it  was  calculated  that  the  light 
of  Sinus  changed  in  colour  before  arriving  at  the  eye  at  least  wrty 
times  in  a  second. 

Scintillation  presents  phenomena  too  remarkable  to  have  been  allowed 
to  remain  wiUiout  attempts,  at  least,  at  explanation.  Aristotle,  who 
noticed  the  ecintilloUon  of  the  fixed  stars,  and  the  steady  light  of 
the  planets,  speaks  of  a  want  oi  fixity  in  our  sight  for  such  distant 
objects,  while  the  planets  being  comiraratively  near  can  be  viewed 
with  a  steadier  gaze.  Ftulemy  also  refers  to  the  trepidation  of  the 
organs  of  sight,  and  the  consequent  trembling  of  the  heavenly  body. 
Alhazen  and  Vitellion  refer  the  twinkling  of  Btora  to  the  effects  of 
refraction  which  the  stellar  Riys  expmence  in  our  atmosphere.  Aguil- 
louius  explains  it  by  the  rapid  movemeot  of  rotation  of  the  stars. 
Tycho  adopts  such  an  explanation  as  when  a  diamond  cut  into  facets 
rotates,  but  the  planets  do  not  scintillate  because  he  imagined  them 
not  to  rotate.  Cardan  adopts  Aristotle's  explanation.  Scaliger, 
among  other  attempts  at  explanation,  refers  to  the  iotermittent  light 
of  an  incond&icent  body,  and  to  the  changes  in  the  intensities  of  the 
stellar  li^t  produced  by  vapours  floating  in  the  atmosphere.  Galileo's 
exploDatioo  assumes  a  vibration  which  stars  impress  upon  their  own 
light.  Kepler  compares  the  stars  to  diamonds  out  into  facets  so  ttuit 
the  least  movement  produces  iridescent  coloyrs,  or  in  other  wordv 
he  supposed  a  star  to  contain  angular  surfaces  unequally  luminous. 
Scheiuer  imagines  sciutillation  to  be  an  optical  illusion.  Descartes 
explains  the  phenomenon  by  means  of  his  favourite  vortices  or  tour- 
biilons,  which  he  supposed  to  surround  all  celestial  bodies.  Huyghens 
explains  scintillation  hy  means  of  the  vapours  ,of  the  earUi ;  and 
Gassendi  attributes  it  to  a  vibratory  moUon  in  the  eye.  Biccioli  calls 
in  the  aid  of  atuioupberic  vapours,  and  inia^in«B  also  that  particles  of 
dust  and  opaque  filaments  floating  in  the  air  lufluence  the  phenomenon. 
Hookfl  expliuiis  it  by  the  ifregiilar  refractions  of  the  stellar  rayff  iu  our 
atmosphere,  arising  from  the  unequal  distribution  of  heat.  iSir  Isaac 
K ewton  refers  to  the  refractive  power  of  the  humours  of  the  eye,  and 
also  of  the  atmosphere^  and  Bpe«ks  of  a  trembling  movement  in  the 
latter.  Jurin  endeavours  to  ext^ain  scintiUation  by  means  of  jETewtoo's 
theory  of  fits  of  easy  transmisuon  and  r^ectioo.  Caasini  explains  it 
by  supposiog  a  sort  of  luminous  coma  to  siuround  the  stars,  and  to 
undergo  refraction  and  reflection  in  our  atmosphere,  but  that  these 
scattered  rays  being  united  through  the  intervention  of  a  teleficope  the 
twinkling  is  less  apparent.  Long  explains  twinkling  aa  the  momentary 
disappearance  of  uie  stars,  in  consequence  of  the  interposition  of 
motes  floating  in  the  air.  Mairan  refers  it  to  on  undulatory  move- 
ment like  that  of  the  horizon  seen  over  a  vast  plaun  illuminated  by 
the  aun.  iUichell's  explanation  is  based  on  the  corpuscular  theory  of 
light.  Lalande  refers  to  the  agitation  of  the  air,  and  to  motes  float- 
ing in  it,  forgetting,  as  Loug  had  done,  that  these  motes  must  be  at 
least  equal  to  the  diameter  of  the  pupil  of  the  eye,  Muscheobroeck 
refers  to  the  vivacity  of  light  and  to  the  activity  witii  which  it  acts 
on  our  oigan  of  sight.  Darwin  explains  twinkling  by  means  of  the 
theory  of  accidental  colours  which  was  much  discussed  in  his  day,  and 
oxplams  it  by  the  law  of  contrast.  Saussure  speaks  of  the  oscillation 
of  the  luminous  rays  produced  by  the  altern^  condensations  and 
dikitaUons  of  certain  parte  of  the  atmosphere.  Dr.  Thomas  Young 
says, — 'I  The  cause  of  ^e  twinkUng  of  the  stars  is  not  fully  ascertained, 
but  it  is  referred,  with  some  probability,  to  changes  which  are  per- 
petually taking  place  in  the  atmos^^iere,  and  which  alTect  its  refractive 
density.  It  is  said  that  in  some  climates,  where  the  air  is  remarkably 
serene,  the  stare  have  scarcely  any  appearance  of  twinkling."  Arago 
rem.irks  on  the  singularity  of  the  itect,  that  the  author  of  the  doctrine 
of  interference  of  light,  and  indeed  "  of  the  only  realiy  new  ey^ieri- 
ment  which  has  beau  made  on  scintiUation  from  the  timt.  of  Aristotle 
to  our  own  day,  should  not  hesitate  iu  facing  the  difficulties  of  the 
problem  to  say,  *  I  do  not  know.'  There  is  more  true  merit  in  this 
candour  than  in  the  former  unsatisfactory  attempts  at  explanation." 
^Nicholson,  however,  was  equally  candid,  fur  he  professed  his  inabihty 
to  find  in  any  of  the  known  properties  of  light  the  cause  of  the  phe- 
nomena of  twuikliug.  Biot  in  his  '  Astrosomie '  bases  his  exphuialion 
on  the  unequal  refraction  of  Uie  rays  by  our  atmosphere.  Forster 
imagines  that  the  ch.'uigea  in  colour  which  accompany  twinkling  must 
be  due  to  some  cbange  in  the  star  itself,  or  that  our  atmosphere  acts 
like  a  prjam  on  tie  rays  of  light.  Capocci  refers  the  phenomena  to 
oiu-  eye  nnd  not  to  any  changes  in  the  star,  while  Kiimtz,  in  his 
*  Meteorologic,'  reftra  to  a  supposed  oscillation  of  the  star  as  a  mere 
pomt  of  lightaboutitsmeanpositiou,  whiles  planet  having  an  i^porant 
diameter  of  from  30  to  40  seconds,  it  is  more  diflicult  to  aiqtreciate  its 
apparent  change  in  volume. 

Ltetiy  we  come  to  the  exphmafjon  of  Arago  himself.   That  ^een 


observer  was  very  touch  struck  with  the  experiment  of  fTicholaon,  who 
observed  Sinus  through  a  teieacope,  and  caused  the  image  Ut  vibrate 
by  tapping  on  tJie  tube,  when  it  appeared  like  »  coloured  lutninoui 
ribbon,  Ou  a{>plyuig  this  experiment  to  other  stars  the  coloured 
ribbon  was  otwerred  with  stare  up  to  the  sixth  magnitude,  but  no 
tntce  of  cok)ur  wss  oteerved  with  a  star  of  the  seventh.  Another 
method  of  studying  scintilUition  is  to  direct  an  acbromotio  telescope 
towards  a  brilliant  star  sod  then  to  move  the  ey^eoe  out  of  focus. 
The  image  then  becomes  an  irregular  disc  i^iproaching  a  circular  form, 
and  of  a  diameter  greater  or  lev  according  to  the  poution  of  the  eye- 
piece. The  disc  (ucillates  aa  though  »  numher  of  disoa  id  difTereni 
colours  were  in  moticm.  A  third  mi^hod  of  obMrring  scintillation 
through  a  telescope  is  to  contraot  the  aperture  by  means  of  an 
opaque  screen  with  a  hole  in  the  centre  i4aced  before  the  object-glass. 
On  viewing  the  image  of  a  star  out  of  the  focus,  and  ooneequently 
enlarged,  its  centre  will  af^ear  to  be  pierced  with  a  dark  but  regular 
hole.  Tko  opaque  screen  used  by  K.  An^  had  a  oentral  opening  of 
only  three  or  four  centimetres  in  diameter ;  the  itnsge  of  a  star  at  the 
focvs  waa  round  and  precise,  but  surrounded  with  a  series  of  li^ife 
and  dark  rings  perfectly  well  defined.  The  lustie  of  these  rings  con- 
stantly varied  in  diflferent  parts  of  t^eor  contour,  often  disappearing,  at 
certain  points  entirdy.  Under  tiiese  circumstances,  if  the  eye-|Heoe 
were  i^mduoUy  pushed  inwards,  the  image  of  the  star  would  gradiuUly 
dilate,  and  a  weU-definod  blook  spot  would  appeal  in  the  centre.  A 
further  motiop  of  the  eye-piece  inwards  caused  the  dark  spot  to 
dilate  into  a  small  luminous  disc,  occupying  the  centre,  surrounded  by 
a  dark  ring,  and  this  by  a  larger  luminous  ring.  Or  in  a  third  position 
of  the  eye-piece,  etill  nearer  to  the  object-glass,  the  centre  of  the 
image  is  obscure,  but  surrounded  by  a  large  brilliant  ring,  succeeded 
by  a  dark  ring,  uid  this  again  surrounded  by  a  luminous  ring. 

All  these  phenomena  plainly  refer  the  phenomena  of  scintillation  to 
the  interference  of  light.  riariBr^AEVCU.]  Luminous  rays  proceed- 
ing from  a  point,  such  as  a  fixed  star,  and  passing  through  our  atmo- 
s{^ere,  subject  as  it  is  to  great  variations  in  he«t,  moisture,  and 
density,  must  have  very  unequal  velocities ;  if  such  rays  be  brought 
to  a  focua  by  means  of  a  lens,  as  they  are  by  the  lens  of  the  eye,  the 
eSect  of  their  reacliing  us  w'ltii  differont  velocities  will  be  seen  by  the 
alternate  brightening  and  darkening  of  the  image  in  such  focus,  by  the 
known  laws  of  iiriwrfneDce.  If,  however,  the  rays  proceed  not  from  a 
point,  but  from  a  diao,  fuich  aa  a  planet,  the  efleots  would  so  for  dia- 
turb  each  other  as  to  {advent  their  being  observed,  or  if  observed,  but 
imperfectly.  U.  Arago  hag  contrived  three  methods,  or  instruments 
(tdntiUometers,  as  he  calls  them),  based  upon  the  change  of  the  central 
spot  from  dork  to  light,  which  occurs  the  more  frequently  in  propor- 
ti<Ht  as  the  sciBtiUation  is  strong ;  for  example,  in  pre[»ring  a  telc- 
acope  as  •  santillometer  aa  above  directed,  with  a  [uerond  screen 
before  the  objeot-gloii,  on  direotiog  it  to  the  stare  natned  in  the  first 
column  of  the  following  table,  at  t^e  heights  shove  the  horizon 
indicated  in  the  secoud  column,  the  central  point-became  luminous,  in 
the  oounse  of  five  minutes,  the  number  of  times  mentioned  in  the 
tiiiid  colunm 

JanuBry  14,  ISSl. 

Sirlus  30°  40 

Blget  11°  IT 

Aldsbann  I* 

LaCUvre  il'  8 

By  obBervalioni  of  this  )dnd  M,  Arago  thinks  it  possitde  to  dedde 
vrhot  are  the  climates,  the  seasons,  the  elevations,  and  other  carcum* 

stances,  under  which  sciotillation  entirely  disappears. 

While  writing  this  ^uticle,  we  have  received  from  M.  Andr^  Poeyi 
Director  of  the  Physico-Meteorologicol  Observatory  of  Havannah,  a 
Memoir  entitled  '  hoi  de  la  Coloration  et  de  la  D&oloration  des 
Etoiles,  du  Soleil,  etdca  Pkmdtes,' reprinted  from  the  '  Aunuaire '  of  the 
Meteorological  Society  of  France,  voL  viii.,  1861.  Our  space  will  not 
allow  us  to  do  more  tiian  point  out  one  remarkable  result  obtained  by 
M-  Foey,  namely,  that  when,  in  viewing  a  fixed  star  throug^  a  telescope, 
the  eye-piece  is  drawn  out  the  series  of  rings  obtuned  are  comple- 
mentary in  colour  to  those  seen  when  the  eye-piece  is  pushed  in 
towards  the  object-glass. 

TYCUB,  in  the  Greek  mythology,  one  of  the  goddesses  of  Destiny : 
with  the  Bomona  Fobtdsa  was  nearly  the  correspondent  deity,  but 
uniting  in  herself  the  attributes  of  the  Greek  goddesses  of  destjuy  was 
on  the  whole  of  »  somewhat  sterner  character,  Tyche  was  the 
daughter  of  Zeus  the  liberator.  She  was  the  guider  of  the  atlairs  of 
the  world,  the  bestower  of  good  fortune,  the  impersonation  of  cbnnce, 
uncertainty,  and  transitoriness.  In  o-i-t,  on  gems,  coins,  &c.,  she  is 
frequenUy  reprinted  with  attributes  indicative  of  one  or  oth.er  of 
those  qualities ;  v^ith  the  rt^der  aa  proA'idence ;  Uie  wheel  or  ball  aa 
chance  and  uncertainty ;  with  the  horn  of  plenty,  or  with  a  patera  in 
the  right  baud,  and  ears  of  wheat  and  po^iea  in  the  left,  aa  the 
bestower  of  gifts;  as  the  good-fortuue  M  cities  she  is  figured  as  a 
richly  draped  female  with  a  crown  of  toweis,  a  cornucopia  and  other 
attributes  of  prosperity.  Tyche  had  temples  devoted  to  her  worship 
at  Smyrna,  at  Pbaise  in  Messania,  at  ^iria  in  Achoia,  at  Thebes,  and 
elsewhere.  (Zoega,  'Tyche  und  Nemesia;'  Miiller,  'Arohiiol.  dor 
Kunst;  and  '  Denkmiilcr  der  AUen  Runst') 
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TYPE  METAL.  The  alloy  formerly  iiaed  for  printers'  *ypai  con- 
BBted  of  lead  and  antimony  in  about  the  faUowing  proportions  ; — 

Lead  73 

Antlmonr  Si 

100 

lUcently,  howerar,  a  harder  deasriptiini  of  metal  hu  been  found  neoee- 
■ory,  eapecUlly  for  the  nnaller  letters,  and  the  necessary  quality  has 
been  attained  by  the  partial  or  even  total  substitution  of  tin  for  lead 
in  the  above  compound.  The  alloy  of  this  description  most  commonly 
used  is  the  foUoning : — 

Lntd    .      .      .      .    ' .      .      .  .to 

Tin  19 

Antimony  S9 

100 

Another  alloy  known  m  Didot's  metal  oonsista  of — 

Xetd   80 

TtB   10 

Antiffloay  10 

Copper  10 

100 

The  latter  alky,  although  very  hard,  appears  to  be  too  brittle  for 
the  putroaes  of  the  printer. 
TYPES.   [OBaAKIO  CHEUnTRT,  C&MtiUition  oj  arganie  ampoundt-l 
TYPHOON.  [WrHD.J 
TYPHUS.   [Fbvbr,  Contisbkd.] 

TYRANT.  The  words  tyrant  and  tyranny  come  respectively  from 
the  Greek  tyrarmo$,  tyrmnU  {ripofnt,  rvpofvU),  through  the  Latin. 
The  earliest  instance  of  the  word  tynmnua  is  perhaps  in  the  Homeric 
hnan  to  Area  (Mara).  It  is  used  the  earliest  extant  Greek  historiaus, 
Herodotus  and  Thuoydides,  to  rigpity  a  person  who  possessed  soTereign 
power  and  owed  it  to  usuipation,  or  who  derived  it  from  a  person  who 
lud  obtained  such  power  by  usurpation,  and  who  maint^ned  it  by 
force.  A  familiar  example  of  a  tyrant  is  Pinatratus,  who  usurped  the 
supreme  power  at  Athens  b.c.  660,  and  was  succeeded  In  it  by  his 
ddest  son  Hipjrias;  A  Greek  tyrant  who  obtained  sovereign  power 
■wm  a  monarch  in  the  proper  sense  of  that  term.  [MoiTARca.}  If  he 
acquired  a  power  whleh  was  somswhat  less  than  sovereign,  be  was  not 
a  monarch ;  but  in  rither  ease  he  would  perhaps  be  called  tyranntis ; 
and  accordingly  the  word  does  not  express  with  accuraey  the  degree  of 
political  power  which  an  individual  acquired,  but  it  rather  espresses 
the  mode  of  acquisition,  or  refers  to  its  originally  illegal  origin.  Still 
the  term  tyrant,  as  used  among  the  Greeks^  always  indicates  that  the 
person  so  called  was  at  the  baud  of  the  state,  and  posssMod  at  leaitt 
more  power  than  any  other  individual  or  any  number  of  IndlvidtuOs  in 
it.  Tne  word,  as  used  by  the  older  Greek  writers,  did  not  carry  with 
it  any  notion  of  blame  ;  it  simply  denoted  a  person  possessed  of  such 
political  power  as  above  mentioned,  whether  he  used  it  well  or  ill. 
Many  so-called  tyrants  were  popular  with  the  mass  of  the  community, 
and  were  men  of  letters,  and  patrons  of  literature  and  art.  They  might 
Hipnqiriately  be  called  kings  or  prinoes  in  the  modem  aooeptaUon  of 
dose  terms,  except  pertiaps  that  the  uncertainty  of  iheSt  tenure  of 
power  and  the  want  of  a  recognised  hereditary  soooesBioA  in  the 
tyranny,  or  a  regular  mode  of  snoceeding  to  it,  would  render  the 
application  of  any  modem  name  inappropriate. 

In  some  passages  is  Herodotus  (iii.  80,  ftc  ;  vL  2S,  Ac. ;  vii.  186) 
the  words  monarch  and  tyrant  are  used  as  synonymes  to  express  an 
individual  tAo  possesses  sovereign  power;  and  in  one  instance  at  least 
(vi  28,  Si)  he  calls  the  same  person  king  {fhffihtit)  and  monarch 
iiio&mpxoi).  Aristotle  (' Polit.',  ilL  7),  after  stating  that  a  polity  or 
government  must  either  be  in  tiie  bands  of  one  or  of  a  few,  or  of  the 
many,  adds  that  we  are  accustomed  to  call  a  monarchy  which  hu 
rt^ard  to  the  interests  of  all  members  of  the  state  a  kingship  (PariXtieii ; 
and  that  a  monarchy  which  has  regard  only  to  the  intoreata  ol  the 


monarch  is  a  tyranny.  In  the  case  of  Miltiodes,  who  became  tyrant  o{ 
the  Thracian  Chersoneaus,  Nepoa  ('  Miltiad.')  remarks  that  "  all  penicHU 
are  considered  and  called  tyranni  who  enjoy  lasting  power  in  a  state 
which  has  onoe  been  free."  Tliis  definition  seems  to  express  pretty 
dlearly  the  old  Ore^  notion  of  a  tyrant,  but  it  leaves  out  of  oon- 
ddenudon  the  mode  in  which  the  power  was  acquired.  Nepoa  remarks 
that  Hilitiades  was  called  "  T]rrannu3  sed  Justus,"  "  tyrant,  but  tyrant 
in  constitutional  form"  (not  jiitt),  for  he  had  been  elected  by  the 
people.  Accordingly,  he  says  in  another  place,  he  had  the  dignity  or 
rank  of  king  without  the  name.  This  is  oonsiatcnt  with  Herodotus 
(vi.  36),  who  aaya  that  the  people  made  Miltiadea  tyrant  (Titpayyov 

KOTtiTT^irairra). 

Among  the  Soman  writers  tynmnus  is  often  used  as  simply  equiva- 
lent to  king,  especially  by  the  poets.  Cicero  couples  dominus  and 
tyrannus,  thereby  intending  to  use  tyranuua  in  n  bad  sense,  which  was 
perhaps  the  more  common  acceptation  of  the  word  among  the  Romans 
m  his  time  and  subsequently.  Seneca  seems  to  refer  to  the  original 
sense  of  tyrannus  wtien  he  says,  "  A  tyrant  is  to  be  distinguished  from 
a  king  (nx)  by  his  conduct,  and  not  1^  the  name :  for  Dionysius  the 
elder  (who  was  called  a  tyrant)  was  a  better  man  ttun  many  kings ; 
and  Lucius  Sutla  may  be  appropriately  called  a  tyrant,  for  he  only 
ceased  from  slaughter  when  he  hnd  no  more  enemies  to  Ull."  (Facciol., 
'  Lex— Tyrannus.')  According  to  this,  a  man  might  be  called  tyrtmt 
without  being  a  cruel  governor,  for  there  were  instances  of  persons  so 
colled  who  had  used  their  power  wil^  moderation ;  and  yet  a  mas  who 
had  not  the  title  of  tyrant  might  be  called  tyrant  on  aeeonnt  of  bis 
cruelty.  It  seems  as  if  Seneca  was  trying  to  distingnish  the  popular 
use  of  tyrant  in  his  time  from  its  earlier  hi^rical  ngnioontion. 
Tribellius  Pollio  fans  written  the  '  History  of  the  Thirty  Tyrants'  who 
sprung  up  in  the  Roman  empire  in  the  time  of  Qallienus  and  Valerian. 
These  so-called  tyrants  were  not  more  tyrannical,  in  the  modem  sense 
of  the  term,  than  many  Human  emperors. 

The  use  of  the  modem  words  tyrant,  tyranny,  tyrannical,  has  been 
as  vague  as  that  of  most  other  poHtie^  terms.  The  term  tyrant  is 
properly  limited  to  the  government  of  one  man  who  Is  sovereign,  and 
the  popular  application  of  the  term  expresses  disapprobation  of  his 
conduct.  Aristotle's  definition  of  tyranny  would  apply  well  enough  to 
a  modem  tyrant :  he  is  a  sovereign  who  looks  only  to  his  own  interest, 
or  wliat  he  connders  his  own  interest,  and  cares  not  what  he  does  in 
order  to  aocomnlish  his  objects.  But  if  he  were  a  wise  someign,  and 
admiidstered  the  state  soldy  with  a  view  to  hie  real  interest,  thai 
would  be  found  in  the  main  to  coincide  with  the  interest  of  the 
people,  and  he  would  not  be  called  a  tyrant,  though  perhaps  he  would 
come  within  Aristotle's  definition.  But  Aristotle's  bnguage,  though 
apparently  precise,  is  not  so,  and  he  means  by  a  tyrant  administering 
the  state  for  liis  own  interest,  that  ha  also  administers  it  to  the  detn- 
^nt  of  the  people.  The  word  tyratmioal  is  now  often  applied  to  acta 
of  governments  vriiich  are  not  monarchiee ;  but  this  is  an  improper  use 
of  the  word.  We  may  say  that  the  laws  enacted  by  the  sovereign 
power  in  Great  Britain  are  sometimes  impolitic,  unwise,  or  injurious 
to  the  State  generally ;  ihey  may  also  be  sometimes  called  oppressive ; 
bat  they  cannot  with  propriety  be  called  tyrannical,  though  such  an 
expression  may  be  and  often  is  used  In  tiie  vulgar  sense  of  dioracter. 
ising  a  law  whidi  for  some  reason  tiM  person  who  uses  the  term  does 
not  like. 

Confusion  in  the  nse  of  political  terms,  which  is  an  index  of  eon- 
fusion  of  thought,  leads  to  absurdity  in  conduct.  It  is  therefore  a 
matter  of  some  moment  to  clear  up  such  confusion,  which  all  people 
should  try  to  do  who  presume  to  speak  or  write  on  matters  political. 
A  careful  perusal  of  Uie  following  ortides  in  this  work,  even  if  they 
should  not  be  quite  free  from  error,  will  put  a  man  in  the  way  of 
coming  to  ri^t  notions  as  to  the  meudng  tk  Aristocract,  Constitd- 
TiON,  Demooraot,  Kiso,  Law,  Monarch,  Bepoblic,  Sotkreiostt. 

TYROSIN  {CigH,,NO,).  A  colourless  crystalline  organic  substance 
obtained  along -with  Leuoin,  by  the  action  of  potash  upon  albumen, 
fibrin,  ossein,  hom,  hair,  feathers,  &c.  It  also  exists  ready  formed  Id 
oodiiiieaL   It  poaaesses  neitiior  add  nor  alkaline  properties^ 
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Uis  At  one  eztremity  of  the  series  of  vowel  Bounds,  l^ing  next  to  the 
Towd  0.  In  the  Hebrew  alphabet  it  do<is  not  ^ipear,  and  waa 
probably  origiaally  wanting  in  that  of  the  Oraak  tongue.  For  the 
different  fbmu  of  tiie  letter  see  Alphabet. 

1.  The  dow  oamection  between  thii  vowel  and  the  vowd.  o  midit 
be  inferred  bom  their  relstiTe  positdon  In  tiie  vooal  gMnat,  and  ou 
been  already  the  subject  of  remark  under  the  article  0. 

2.  N  is  interchangeable  with  the  diphthongs  oe  or  oi  in  Latin.  Thus 
cura,  Qtor,  Onus,  mQnio,  mflrua,  often  appear  in  the  older  dialects  of 
that  language  aa  coira  or  coera,  oitor  or  oetor,  oenuB  (obserre  the  w 
sound  at  the  beginning  of  the  English  word  one),  moinio  or  moenio, 
moeruB.  Hence  the  verb  Qro  ia  probablj  connected  with  oestram,  and 
also  wiUi  aestuB,  aesUs,  aa  well  aa  Vasto,  Veaerua.  In  the  same  way 
foetuB,  foecundus,  are  formed  from  the  old  verb  fuo,  by  the  addiUon 
of  the  common  suffixes  tut  and  cundut,  which  are  so  often  attached  to 
verbs.  Again  the  variation  in  the  formu  of  Poeni  and  Puuicua  is  an 
example  of  the  same  principle.  It  may  be  added,  that  all  the  words 
munus,  munire,  communis,  immunis,  munia,  murua,  are  connected^ 
both  in  form  and  meaning  with  the  Greek  words,  such  as  fioipa, 
denoting  dimrioa. 

3.  u  %vith  au/as  in  the  Latin  forms  claudo  and  cludo,  and  the  Latin 
mus  compared  with  the  Qenofin  maus,  a  mouse. 

4.  A  short  u  with  a.  Thus  those  who  represent  the  Arabic  article 
in  English  characters  are  divided  between  al  and  uL 

5.  A  short  u  with  e.  Thus  the  Greek  tongue,  or  ratiier  pen,  prefers 
the  pliable  d  where  the  Latin  writes  «f,  particularly  In  the  penult 
ayllable ;  aa  SiitfAor,  Sioulus  :  compare  also  the  cry  (AiXtXfv  with  the 
Latin  ululare.  The  Qermana  again  prefer  eL  Hence  the  I^atin  tabula, 
fabula,  appear  in  German  as  tafel,  fabel.  The  vowel  u  is  also  preferred 
by  the  Romans  before  n,  if  a  d  or  <  follow.  Heneeredienshaaagoiitive 
redeuntis,  and  faciundua  is  as  common  as  faciendus. 

6.  A  short  u  with  t.   See  L,  B.  2. 

7.  For  the  interchange  of  da  witiii  6  and  v,  aae  B,  D. 

8.  For  the  interchange  of  t  with  «,  see  L. 

9.  Ou  not  unfrequentiy  results  from  on,  parUeular^  in  the  Greek 
language,  as  otous  for  oioys ;  Tinrrouci  for  rvtrmTt ;  and  the  aoooaative 
pltmtl  of  tiie  second  declension,  oucotis,  is  a  corruption  of  oucen,  heaag 
formed  from  the  singular  oxoy  by  the  addition  of  the  affix  for 
plurality.  Mr.  Payne  Knight  appears  to  be  wrong  in  inserting  a 
"tewTiPi^  I"  thii  fftmii 

10.  For  the  leas  of  an  initial  e  before  u,  see  C.  In  confirmation  of 
what  is  there  stated,  it  may  be  observed  that  uter  appears  in  an 
inscription  which  is  determined  by  its  contents  to  belong  to  Uie 
Augustan  lera,  in  the  form  eater,  at  least  neuter  is  written  necuter. 
The  copyists,  scandalised  at  such  a  form,  altered  it  into  nee  vero,  to  the 
utter  annihilation  of  the  Bcatse^  until  Marini  again  restored  the  true 
readingof  the  stonei. 

11.  The  insertion  of  a  y  sound  before  u  is  not  limited  to  an  tnitial 
u,  aa  in  union,  university;  but  occurs  in  the  middle  of  words.  Thus, 
in  Norfolk  "troe  "  is  sometimes  pronounced  "tryoo."  It  is  probably 
in  this  way  that  the  English  have  adopted  the  ortiiography  «»  in  so 
many  words,  as  new,  few. 

12.  For  the  intimate  connecti<m  of  «  with  V  and  W,  see  those  letters. 
17DAL  TENURE.  The  Norwegian  term  "  Udal."  or  "odd,"  i^peara 

to  be  the  same  as  the  German  "adel,"  or  "nobto."  Tennre  fa  an 
improper  name  as  applied  to  tTdal  bad,  for  the  land  m  called  In 
Norway  is  not  held  by  any  tenure,  but  is  free  from  all  services. 
There  is  neither  superior  nor  vassal,  nor  any  of  the  conaeqneiioes  of 
such  feudal  relation  as  eziats  in  many  oountries  in  Europe.  (Laing'a 
Norway,) 

ULCER.  l^irLAintATioir.] 

ULEHA  ('Ulemd),  the  edleotive  name  of  the  bo^  of  leanied  men 
in  Turkey,  is  the  plural  of  the  Arabic  '"Alim,"  "  wise,"  end  signifies 
originally  "  the  wise  men."  The  learned  men  in  Turkey  form  a  cor- 
pontion  which  received  its  organisation  from  Mahmud-Pael^,  grand- 
Tizu-  of  Mohammed  II.,  the  conqueror  of  Constantinople.  la  the 
larger  nwaning,  the  ulema  consists  of  three  cla^iea,  the  moUahs 
mukreji,  the  mudaris,  and  the  moulttaims.  From  the  6a,t  two  classes 
ore  taken  the  interpreters  of  the  laws,  the  principal  molldbs,  cadia, 
nasibe,  muftis,  and  sheikhs;  from  liie  third,  the  lower  cadis  and 
khatitffl.  The  imams  and  the  inferior  ministers  of  wordiip  are  not 
members  of  the  ulema.  The  mufti,  or  Sheikh-ul- Islam,  is  the  president 
of  the  ulema,  and  formerly  had  great  political  infiuence.  No  one  can 
become  a  "muderri  "  (professor)  or  "  kadi "  (judge)  except  a  member 
of_  the  ulema,  nor  can  any  one  be  aj^tointed  chirf  judge  or  mufti 
without  having  previously  occupied  a  subordinate  place  as  judge  or 
professcff.  An  iudividual  belonging  to  the  ulema  is  called  by  the 
general  name  "  mollah,"  or  "  a  man  of  the  law."  In  important  cases, 
the  mufti  asaemblea  the  ulema,  or  aa  many  of  them  as  he  judges  oon- 
Tsnieat,  and  takes  their  opinion  on  the  subjeob 


ULLAGE,  a  name  given  by  gaugars  to  the  part  of  a  cask  which 
is  not  filled  with  liquor :  thus,  if  a  cask,  capable  of  holding  90  gallons, 
have  only  80  gallons  of  spirits  in  it,  there  are  10  gallons  of  ullage. 

ULMIC  ACID.  Uimin.  Some  trees,  and  more  especially  the  elm 
when  it  is  old,  secrete  a  liquid  which  dries  as  it  exudes  ;  the  dry  residue 
consists  prindpally  of  mudlaginous  tnatto*,  with  some  carbonate  or 
acetate  of  potash,  and  eventually  the  mucilaginous  matter  undergoes  a 
change,  and,  combining  with  the  potash,  forms  a  substance  which  was 
first  examined  by  Yauquelln  and  Klaproth,  and  to  which  Dr.  Thomson 
gave  the  name  of  u/mtn.  This  name  was  changed  by  Berzelius  to  that 
of  geie  acid,  because  on  treating  soils  with  alkaUea  a  considerable 
quantity  of  a  similar  compound  is  obtwned. 

Ulmin,  or  nlmio  add,  may  be  artifidall^  obtdned,  aooording  to 
Braconnot,  by  the  following  process  : — heat  ma  silver  crucible  equal 
weights  of  potash  and  sawdust,  with  a  little  water;  the  mixture  is  to 
be  continually  stirred :  the  mass  softens  and  swells  rapidly,  and  is 
then  to  be  removed  from  the  heat  and  stirred  till  cold  :  during  the 
operation  oxygen  is  absorbed  from  the  air,  owing  to  which  the  ulmio 
add  is  formed.  Whoi  cold,  the  product,  which  ctHitaina  nlmate  of 
potash,  is  dissolved  in  water,  filtiared,  and  treated  with  dilute  sul- 
phuric acid,  which  comlnnes  wJtii  the  potash,  and  predpitates  the 
ulmic  add  from  combination  with  it :  the  acid  thus  obtained  is  to  be 
washed  and  dried.  The  properties  of  this  ulmic  acid  are,  that  it  is  of 
a  deep  brown  colour,  very  brittle,  and  breaks  in  angular  fragments, 
and  is  almost  insoluble  in  water.  When  predpitated  from  its  solution 
in  an  alkali,  it  ia  in  the  state  of  hydntta,  and  it  then  diasolvas  in 
1 500  times  its  wdght  of  boiling  water,  in  2600  times  between  60"  and 
70°  Fahr.,  and  in  <tOOO  times  at  S2°.  The  solution  in  oold  water  is 
brownish-yellow ;  that  in  hot  is  deep  brown.  Mom  woler  owes  its  daik 
brown  colour  to  the  presence  of  ulmic  add. 

It  is  insoluble  in  acidulated  water  or  in  saline  solutions :  sulphuric 
add  dissdves  it  witiiout  apparent  alteration,  and  becomes  blackish  : 
water  preraitttateB  it  from  uus  solution.  Ulmio  add  reddens  tincture 
of  litmus.  It  is  dissolved  1^  dcohol,  from  vhidi  it  s^Mntee  in 
ayatoUine  scales  by  apontaneona  evapontion. 

It  has  been  already  mentioned  that  ulmic  ad4  may  be  obtuned 
from  soils :  it  may  fuso  be  procured  from  rotten  leaves,  bog-earth, 
wood-soot,  or  turf,  oy  digesting  them  in  a  weak  solution  of  potash: 
hy  this  a  brown-coloured  solution  of  ulmota  of  potash  is  tormed,  from 
whidi  adds  throw  down  ulmic  acid. 

Accnding  to  Boullay,  ulmin  conrists  of — 

Hydrogen  4*70 

Carbon  97'64 

Ozjten  ST-66 

100< 

Molaguti  and  BouUay,  by  treating  sugar  with  dilute  sulphuric  acid, 
obtained  two  substances,  which  they  supposed  to  be  identical  with 
ulmin  and  uhuio  add ;  but,  according  to  Liebtg,  they  are  of  a  differrat 
nature,  and  he  has  given  them  the  names  of  foechalmin  and  aacchtUnic 
acid. 

ULHIN.  [UuuoAaa] 

ULMUa  CAMPESTRIS,  Medtad  Propertiet  of.  The  bai^  of  thu 
apedes  is  officinal :  it  should  be  collected  in  spring  from  branches  not 
too  old  :  the  outer  bark  is  removed,  and  the  intoior,  or  lifter,  retdnetl 
for  use.  When  recent  it  Ib  of  a  whltiah-yellow  cobnr,  but  when  dried 
it  is  externally  of  a  cinnamon  hue,  and  curled  up ;  the  inner  surface 
smooth ;  it  is  from  a  quarter  to  half  a  line  in  tbidi:nesB,  tough,  fibrous, 
not  easily  powdered,  devdd  of  smell,  vrith  a  mucilaginous,  bitterish, 
astringent  taste. 

The  oold  watery  infudon  becomes  green  on  the  addition  of  a  sdntion 
of  sesquiobloride  of  iron,  and  a  predpitate  is  thrown  down  hy  a 
solution  of  gelatine.  It  possesses  demulcent,  tonic.aod  astiingent  pro- 
perties ;  and  taken  in  fiHl  doses  it  accelerates  the  pulse,  acting  ulti- 
matdy  as  a  dit^horetic  and  diuretic.  Though  known  from  an  early 
period  as  an  nstx-ingent,  it  is  littie  used  at  the  present  dnr,  notwith- 
standing the  testimony  of  Lettsom  and  others  in  &vonr  of  its  utility 
in  cutaneous  dieeasea  of  a  scaly  kind.  To  do  good  it  must  be  per^ 
severed  in  for  many  months,  and  the  greater  its  action  on  the  kidneys 
the  greater  the  probability  of  oltinuAe  benefit.  Its  sgree^Ie  taste 
reconciles  man^  to  the  prolonged  use  of  it,  who  would  reject  less 

?leasant  medicmes.  It  is  one  of  tiie  best  substitutes  for  sareaporilla. 
t  is  commonly  administered  in  the  form  of  d^pocti<m,  but  as  the  bark 
contains  mndi  stardi,  this  is  objectionable.  An  infusion  made  with 
cold  water  is  far  preferable.  A  pint  or  more  of  this  is  to  be  taken 
di^. 

The  Jjltntu  fulva,  tawny-budded  or  slippery  elm  bark  of  America,  is 
a  very  valuable  demulcent,  tonic,  and  astringent,  and  of  great  ut^itj 
in  the  diHtboBM  md  dyaentniea  o(  the  Knthom  part*  of  the  Umtad 
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States.  As  an  emollient  this  bu-k  is  of  great  aerrioe  aa  an  sxteoml 
application  to  wounds,  In-uifles,  cbilblainii,  and  cutaneous  eruptions ; 
for  diese  it  is  generally  made  into  a  poultice.  The  bark  of  this  tree 
is  probably  that  which  is  tenned  cortex  unguentarw,  wbielt  is  ia  high 
repute  with  the  aborigines  for  the  core  of  wounds. 

ULTRAUABiyE.  This  beautiful  blue  pigment  was  originally 
made  from  the  stone  called  lapit  latuUj  and  as  the  process  was  a 
tedious  one,  the  price  was  entomously  high.  The  la^  lazuli  was 
analysed  by  Clement  and  Desoimes ;  and  Uieir  analysu  led  Guimet 
to  the  conception  of  produdng  artificial  ultramariue.  Other  chemists, 
including  Omelin  and  Bobiquet,  devised  other  modes  of  attaoning  the 
same  end;  and  now  artificial  ultramarine  is  a  regular  manufacture. 
The  Bubstanoe  is  made  largely  in  Qermany,  but  not  muob  in  Kaglmd. 
One  of  the  processes  oonsists  in  tt^ing  equal  parts  of  silica,  su^hur, 
and  carbonate  of  soda,  grinding  them  up  into  a  bluish-green  mass, 
igniting  tiiem  in  the  open  air,  and  applnng  various  finiahing  processes 
to  the  bluish  powder  which  results.  The  artificial  ultramarine  thus 
produced  is  saleable  at  so  low  a  price  as  If.  &d.  per  lb.  It  is  very 
much  cheaper  than  real  ultramarine,  and  though  inferior  to  that  as  a 
pigment,  is  more  beautiful  than  smalt ;  hence  it  has  come  largely  into 
use.  The  Mdentific  journals  have  lately  {;^ven  a  description  of  the 
nltamarine  factory  of  Messrs.  Zeltner  and  Heyne  at  Niirnberg, 
the  chief  makers  <n  this  pigment  The  buildings  are  said  to  cover 
eevcii  acres.  The  central  building  is  a  polygon  of  24  sides ;  it  has 
12  compartments,  96  furnaces,  12  high  chimneys,  and  12  linee  of  tram- 
ways. The  polygon  is  136  feet  in  diameter.  In  various  parts  of  the 
area  are  mills,  stMrn-engines,  washing  apparatus,  lon^  ranges  of  drying 
rooms,  and  store  rooms  for  6000  or  6000  cwta.  of  artificial  ultramarine. 
Two  hundred  parsons  are  employed  in  this  single  manufacture.  The 
best  kinds  of  artificial  ultramarine,  used  cmly  by  artists,  pass  through 
no  less  than  eighty  separate  processes ;  but  the  commoner  kinds, 
which  are  commercially  more  maportan^  are  coming  largely'into  use 
in  paper  staining,  seding-wax  making,  calico  printing,  colour  printing, 
anddydng. 

Aeoording  to  the  rapertments  of  Dr.  Eisner,  ultmnarine  must  con- 
tain sulphuret  of  iron  as  well  as  sulphuret  of  sodium,  and  he  has  nven 
the  mean  of  several  analyses  of  artificial  ultramuine,  of  nibtundl^if 
lazuli,  and  of  an  artificial  product  by  Yarentrapp : — 


LapU 

Aitificial, 

Lazuli. 

ftoia  ICalasen. 

Zlsner 

Fotuh 

1.7S 

S1'4T 

4Jh 

Alnmina     •  ■ 

.  Sl-67 

28-80 

SB'S 

4d-00 

<o-o 

Bnlphu     .  • 

1-68  , 

4*Q 

0-OS 
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1^ 

Chlorine  • 

.    .  0-43 

Bolpburlc  add  • 

.  «-8» 

in 

TIMBER.   [Colouring  Matters.] 

UMBILICUS.  This  word  has  sometutue  been  implied  to  the  focus 
of  an  ellipse  ;  bat  in  modem  woiks,  it  stands  for  a  point  of  a  surface 
through  which  tXL  Its  lines  of  curvature  pass.  At  such  a  point  the 
two  principal  curvatures  are  equal ;  but  point  qf  ^thmeal  eurvaltm  it 
a  beUer  name.  C  IMKrential  CalouluB/  'Library  of  Univoaal  Know- 
ledge,' p.  440.) 

UMBRA.  The  Latin  word  has  been  used  to  signify  the  shadow  of 
the  earth,  or  moon  in  an  eclipse :  the  word  penambra  is  still  retained 
[Ecufsb]  to  dgniiy  that  portion  of  the  heavens  which  is  partially 
diaded. 

UMBRELLA,  a  shade  carried  over  the  head  as  a  shelter  from  the 
rays  of  the  sun,  or  from  rain  and  snow.  Although  the  name  is  appli- 
cable in  either  case,  and  perhaps  most  atrictiy  in  the  former,  the  term 
umireUa  is  usually  applied  in  this  country  onl^  to  such  of  tiieee 
articles  as  are  used  as  a  pn^ection  against  ram^  while  the  name 
pamaol  is  given  to  the  Uxht  kind  of  umbrelU  earned  by  ladies  as  a 
defence  from  the  heat  M  the  sun.  The  IVenoh  have  a  better  dis- 
tinction between  the  two  kinds  of  umbrella ;  using  the  name  paratol 
for  those  used  to  ward  gR  the  rays  of  the  sun,  and  parapluie  (from 
phne,  rain)  for  those  und  as  a  defence  against  inclement  weather. 
Umbrellas  were  introduced  Into  Europe,  in  comparatively  recent  times, 
frc»n  the  East,  where  they  have  been  used  for  shelter  o^inst  the  sim 
from  time  inmiemoriaL  Althou^  pretty  well  known  in  London  mare 
than  a  centu^  since,  they  did  not  come  into  general  use  for  many 
yean  later,  ^nas  Hanway  is  said  to  have  been  one  of  the  first  men 
who  commonly  used  an  umbrella  in  En^and.  At  fint  they  were  kept 
in  the  halls  of  genteel  houses,  for  holding  over  persons  as  uiey  stepped 
to  their  carriages ;  and  even  long  after  they  began  to  be  used  by 
pedestrians,  they  were  considered  signa  of  effemJnacy  if  carried 
males.  Increased  attention  to  comfort,  and  the  reduced  price  at 
umbrellas,  owing  to  improvement  in  Viuir  manufacture,  have  now 
rendered  them  aJmost  as  awinitfial  as  articles  of  dress,  even  to  the 
homUest  classes. 

The  construction  of  common  umbrellas,  and  the  contrivances  by 
which  Vkey  are  nude  to  expand  or  collapse  at  pleasure,  are  too 
familiaily  known  to  need  deecription ;  and  it  is  unnecessary  to  do  more 
than  mention  aome  oi  the  ingenious  improvements  which  have  been 
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devised.  In  umbrellas  of  the  ordinary  construction  the  enda  of  the 
ribs  are  connected  with  tiie  fixed  ring  upon  tiie  end  of  the  stick,  and 
the  ends  of  the  metallic  rods  called  stretchers  are  attached  to  the 
aliding-tube,  )yy  rin^  of  vrire;  so  that  the  axes  upon  which  they  turn 
when  the  umbrella  is  opened  and  closed  form  aroa  of  a  oirde,  instead 
of  stnught  lines,  by  whioh  excesnve  friction  and  destructive  wear  are 
occasioned.  The  outer  ends  of  the  streti^en,  also,  are  oonnected  vrith 
the  ribs  by  means  of  axes  or  pins  passed  through  tiie  latter,  which 
they  are  so  weakened  that  they  frequentiy  break.  These  defects  are 
remedied  in  some  modem  umbrellas,  by  the  adoption  of  ingenious 
thougji  umple  joints.  Another  new  kind  has  a  joint  for  connecting 
the  stretchers  witii  the  ribs,  allowing  the  framework  to  collapse  into 
less  spaoe  than  usual,  and  preventing  the  fretting  or  wear  the  cover 
at  the  ends  of  the  stretchen.  Vety  li^t  and  compact  nmbreUaa  an 
made  with  ribs  of  steel  instead  of  wWebone  or  cane,  which  latter 
material,  stained  to  resemble  whalebone,  is  iiaed  in  tiioso  of  the  com- 
moner sort ;  and  some  irf  the  best  umlmlW  and  parasols  are  made 
wtUi  hollow  (»  tubular  metallic  atiokay  wbidi  oomfauie  IfghtiMW  with 
strength. 

In  some  of  the  umbrellas  of  recent  invention,  the  ribs,  sticks,  strips 
and  fillets  are  made  of  vulcaoised  india^mbbn,  a  very  tough  yet 
elastic  material  In  Fox's  patent  umbreJlas  the  ribs  and  stretchers  are 
made  of  thin  steel  bent  into  the  form  of  a  hollow  trough,  by  passing 
strips  of  metal  between  suitably  shaped  rollers,  and  annealing  them 
frequent^ ;  the  ribs  and  stretchers  are  thus  made  very  strong  altlwugh 
light,  and  their  ends  are  properly  shaped  between  steel  diee.  By 
Holland's  patent,  the  ribe  are  made  <rf  elliptical  h(dlow  tubes.  Mr. 
Pitton  nudces  tdescopic  handles,  and  ateel  rtbi  with  a  folding  hinge 
or  joint.  Many  firms  at  Birmingham  cany  on  the  manufacture  of 
umbrella  furniture  on  a  large  scale,  employing  machines  for  every 
part  of  the  work ;  even  the  litUe  hinges  which  allow  the  handles  (rf 
parasols  to  be  folded  are  made  to  the  extent  of  severals  lont  yearly. 

UMBRIAN  SCHOOL  OP  PADTTINa.  [Paistiho.] 

UMPIRE.  AWARD.  The  word  umpire  is  sometimes  used  to 
denote  the  person  who  in  the  first  instance  decides  a  contivversy ;  but 
in  its  legal  sense  it  means  a  person  named  in  the  Submission,  or  under 
its  authority,  by  the  arbitrators  [Abbitbatioh]  to  decide  the  matters 
referred,  whkh  the  arbitratoia  either  cumot  or  will  not  decide. 

The  rules  which  govern  an  arbitrator  regulate  the  conduct  of  the 
umpire  also.  If  arbitrators  sgree  upon  certain  matters  referred  to 
them^  but  are  unable  to  agree  upon  oUier8,.the  umpire  may  adopt  and 
iocomotate  in  his  umpirage  the  former,  and  may  hmu^fdeoide  upon 
the  latter.  If  ^ain  arbiteitors  are  \mable  to  decide  upon  matteri 
concerning  which  they  have  heard  the  evidence,  they  may  report  that 
evidence  to  the  umpire,  and  his  award  thereon  will  be  good,  provided 
that  before  it  was  deUvsred  neither  party  reqnired  of  hun  to  near  the 
evidence  afresh. 

UNCIA,  the  twelfth  part  of  the  Am.  The  mathematicians  of  the 
1 7th  century  frequentiy  used  1^  word  to  signify  the  numerical  co- 
ef&dent  of  an  algebraical  letter.  Thus  Hallw  ('  PhiL  Trans.,'  No.  216) 
talks  of  "  that  admirable  invention  of  Mr.  Newton,  whereby  he  deter* 
mines  tiie  Vncux,  or  numbers  prefixed  to  the  members  omposing 
powers,"  meaoing  to  speak  of  what  we  should  now  call  the  numerical 
ooeffldenta,  whioh  enter  in  any  particular  case  of  the  binomial 
theorem. 

UNDECAQON,  a  figure  of  eleven  sides. 

UNDETERMINED  (Mathematics),  not  known,  as  distinguished 
from  indeterminate,  which  cannot  be  known.  Thus,  "  What  numbers 
are  those  whose  sum  is  100  I"  is  indeterminate:  many  numbers  will 
satisfv  the  conditi<m,  but  the  [o-oblem  contains  no  mode  of  distinguish- 
ing the  answer  whidi  is  wanted,  nor  of  giving  a  preference  to  one 
answer  over  another.  But  an  undetermined  quantity  may  be  deter- 
minate, or  capable  of  being  determined.    There  is,  however,  fre- 

?uenUy  a  want  of  proper  distinction  in  the  use  of  these  words. 

UNDULATORT  THEORY  OF  UQHT,  a  theory  in  which  it  is 
attonpted  to  o^lun  tiia  ■pbaaommA  of  lij^t  1^  tlie  su^oaed  vilsa- 
tiou  of  au  ethereal  medium. 

Descartes  is  conridered  as  the  first  who  entertained  the  opinion  that 
vidon  might  be  so  explained ;  but  that  philosopher  only  states  that 
light  may  be  a  certun  movement  or  action  of  the  molecules  of  ur  and 
other  pellucid  substances.  He  supposes  that  the  efiecta  may  be 
instantaneously  transmitted  to  the  ^e ;  and  he  compares  the  appre- 
hension of  external  objeota  byvi^on  to  that  which  a  Idind  man  obtains 
when,  holding  a  staff  one  of  its  extremities  in  the  hand,  the  opposite 
extremity  comes  in  contact  with  an  obstacle.  ('  Dioptricee,'  cap.  1.) 
Mallebranche  appears  to  have  conceived  that  there  existed  on  analogy 
between  the  phenomena  of  sound  and  those  of  light ;  ascribing  the 
former  to  vibratory  movements  of  the  particles  of  air,  and  the 
iatter  to  the  like  movements  of  the  particles  of  an  ethereal  medium 
between  the  hmdnoua  bo^  and  the  ^  But  Huysau  ('Traetatus 
do  Lumfaw ")  both  advanced  the  undnlafaMT  hypotheus  and  explained 
by  it  the  laws  of  reflection  and  refraction  of  light,  not  only  for  (odinary 
media,  but  ahra  for  lodaod  qiar,  irtiich  possessee  a  powerful  douUe 
refraction.  Newton,  hovrever,  adopted  tiie  ooipuscular  theory,  having 
been  influenced  it  would  seem  chiefly  by  the  difficiilty  of  accounting 
for  tlie  reotilinesr  pnmgation  of  a  poioil  of  Usliti  and  the  existenee 
of  ahadowi,  on  the  nodnltttoiy  hypotiMds,   Toe  great  reputation  of 
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NewtoQ,  die  sim[dioity  with  wfaidi  the  existMioe  of  rajn  fell  in  with 
th«  corpuocular  eompared  nith  the  undulatory  theory,  w&nt  of 
sufficient  familiarity  with  ihe  conceptioa  of  undulations,  and  the 
matiiematioBl  diffleiutiea  inherent  in  th^  inveetigation,  couBpired  to 
retard  the  progreee  of  the  undulatory  tikeory,  and  caused  toe  cor- 
ptuonlar  iheny  to  be  lliafc  diieflj  in  vogue  up  to  tlie  commencement 
M  the  present  oentory.  About  (bat  time  the  undulatoiy  theory  was 
mired  by  Dr.  Toung,  who,  guided  by  the  an&lc^  of  sound,  was  led 
to  the  discorary  of  the  important  principle  of  mterference  [[nter- 
nAKSGK],  and  applied  it  successfully  to  the  expluiation  of  the  colours 
ef  thin  plates,  ana  of  the  binges  seen  in  the  middle  of  the  shadow  of  a 
■lender  opat^ue  body,  whldt  latter  were  proved  to  be  ineoKtatahty  due  to 
interference,  BincAth^dtappeared  when  the  light  which  passed,  or  was 
about  to  paai  by  one  dde  of  the  opaque  body  was  intercepted  by  a 
screen,  tiiough  the  U|^t  which  passed  by  the  other  ^de  remtdned  the 
same  as  before.  The  same  principle,  in  the  hands  of  Dr.  Toung,  led  to 
an  explanation  far  more  complete  than  any  that  had  hitherto  been  given 
of  various  others  of  the  curious  phenomena  of  difFhtction  [DiFrRAcnoN 
OP  Light],  and  at  bis  suggestion  Dr.  Wollaston  undertook  ao  experi- 
mental invaBtin^m  of  thsbwB  of  ta^amiSsars  re&aetion  in  Icelaitd 
«pBr,  which  o^ed  in  a  complete  veriflcatioa  of  the  oonirtrnction  which 
Hujni^ens  had  given  under  the  guidance  ol  the  theory  of  nndolations, 
a  constmction  which  was  further  verified  by  Malus  in  Fnnce,  by 
observations  made  in  a  totally  dlfibrent  manner. 

Later  sttU,  Freenel,  in  his  celebrated  memoir  on  difEnction,  t«duced 
the  explanation  of  the  phenomena  of  diffinction  to  two  principles, 
Boyg^wiurs  prinai[de,  and  the  princhAe  of  intetference^  iriifdi  are  neces- 
Miy  consequenoes  of  the  most  fundamental  assumptiona  of  the  undu- 
latory tiieory,  and  proved  by  exact  measures  the  accordance  of  theory 
■ad  observation  ;  and  Fhiunbofer,  b^  observations  on  pure  diffinction 
spectra,  admitting  of  almost  astronomical  predsion,  verified  the  f  ormuUe 
which  result  for  that  case  from  the  principle  of  interference.  Mean- 
while a  new  and  splendid  dass  iA.  phenomena  those  relating  to 
polarisaticai  and  Ihe  ooloon  of  oryituUne  plates,  ftc.,  ragaged  the 
attention  ol  the  most  celebrated  experimentalists ;  and  thourii  these 
fx  a  time  teemed  difficult  of  explanation  on  any  theory,  ti^y  fell 
tiaturally  into  tiidr  plaoes  when  the  hypothesis  of  transverse  vibrations 
[POLABiBATiOK  OP  LiaHTj,  which  occurred  independently  to  Young 
and  Fresnel,  was  introdncod  into  the  undulatory  theory.  Guided  by 
this  hypotheus,  and  by  dynamical  constderations,  fVesnel  constmoted 
his  celebrated  theory  of  double  refraction,  ^toh,  without  being,  or 
professing  to  be,  a  perfectly  rigorous  meduoilcal  thecoy,  Is  one  m^t£e 
tnost  wonderful  scientific  generalisations  which  the  human  mind  has 
achieved ;  and  while  it  explained  tiie  previously  known  laws  of  double 
refraction,  and  the  polarisation  of  each  of  the  refracted  rays,  corrected 
in  some  respeeta  the  laws  previously  assumed  by  esperiment&liste,  and 
led  to  the  disoovoy  of  new  and  unexpected  phenomena.  Hius  while 
in  the  progrsss  of  optical  science  the  corpuflcukr  theory  mnained 
almost  entirely  barren  of  reeulta,  beyond  the  explanation  of  the  hiwa 
of  reflection  and  refraction  and  of  the  aberration  of  light,  and  even 
appeared  to  be  contradicted  by  certain  phenomena,  the  theory  of 
nniiulationa  has  continually  been  acquiring  fresh  strength,  by  bringing 
complicated  phenomena  into  harmony  witii  one  another,  and  with  the 
fandunental  hypotheses  of  the  theory.  And  within  the  last  few  years 
M.  Fouoaultt  proving,  (jf  dkrt^  expaitaaU,  that  lij^t  tntveds  uster 
in  air  than  in  water,  has  girsD  the  wvp  de  grdee  to  the  ocnpiuoular 
itlieny. 

!  The  fundamental  assumptions  of  the  undulatory  theory  are  these : 
1.  Thai  an  spaoe  to  the  remotest  visible  star  is  filled  with  a  rare  and 
elastic  medium,  or  ether,  which alsopenetratee  the  substance  of  air,  water, 
fl^,  and  bodies  in  general.  2.  That  light  coudsts  in  a  succession  of 
tremors  or  undulations  [mj[t^^ted  in  llitt  ether.  S.  That  self-luminous 
I  bodies,  or  rather  Ui^  ultimate  molecules,  are  In  n  state  of  vibratory 
j  agitation,  v^di  they  are  oapaUe  of  communicating  to  the  ether,  in  which 
I  they  are  propagated  onwaids  by  virtue  of  its  eUsticify,  just  as  sonorous 
Jbomee  are  !n  a  state  of  vibratiott,  and  communicate  tiieir  vibrations  to 
.the  surronndii^  air,  by  whidi  they  are  popagated  onwards  in  waves 
of  sound.  4.  That  these  ethereal  vibrations  are  c^iable  affecting 
the  nerves  of  the  retina  so  as  to  produce  Ute  aens^ton  of  Ught,  in  a 
tnanner  bearing  a  more  or  lees  dose  audogy  to  tint  In  whk^  the  vibra- 
jtions  of  the  air  affect  the  auditory  nerves  so  as  to  produce  the  sensation 
of  sound,  fi.  That,  OB  in  sound,  fnfc&  depends  upon  the  frequency  of 
jthe  afiriri  vibrationa,  while  for  a  note  of  given  pitdi  Umdnm  depends 
lon  the  amidittKle  of  the  excursions  to  and  fro  of  the  particles  of  air, 
«o  fa  light  eobmr  depends  on  the  frequency  <^  the  othoreo!  vibrations, 
Iwhile  for  light  of  a  given  kind  brtgkhuu  droends  on  the  am^Utude  of 
the  excuimons  of  the  particles  of  other.  6.  That  t^  ethereal  vibra- 
tions within  refracting  media  ore  affected  by  the  twesence  of  the 
material  partidee  in  such  a  way  as  to  be  propagated  with  less  velocity 
Hian  in  vacuo,  whether  it  be  from  an  increase  of  density  of  the  ether, 
or  a  dindnntion  ot  Its  elasticity,  or  from  the  ether  having  to  tlu-ead  its 
%Mr  aaaoDg  the  material  partidee,  or  trom  some  rimSar  cause. 

To  a  reader  aoquainted  with  the  thoOTy  of  sonnd  the  conception  of 
anuadmattoiiBdnadTfamiliar;  but  for  tiie  sake  of  othera  it  may  be 
weH  to  nse  one  or  two  mustzations.  Conceive  then  a  long  rope  to  be 
■tifltched  horizontally  between  a  fixed  support  at  one  tod,  and  the  hand 
of  a  pmm  holding  It  at  tiw  other.  If  tiie  person  now  ratadly  move 
Us  hand  lateaDyHid  hack  agihi,  the  rope  BSBT  the  opemtor  W  be 


thrown  into  the  form  of  a  ourvei,  and  this  curve  will  be  seen  to  trwd 
along  the  rope  towards  the  fixed  end.  Yet  it  is  evident  that  what  so 
travels  is  not  matter,  but  an  affection  of  matter.  The  different  portifflas 
of  the  rope  merely  move  laterally  to  and  fro :  what  progresses  is  a 
certain  ttate  of  thitm,  a  state  of  diapbcanent  and  motl(»i  which  the 
different  portaons  of  tlw  rops  awasie  «t  sMOBtiwii.  Agaii^  If  a  stme  be 
droj^ed  into  still  water,  a  saiea  of  drcolar  waves  travel  outwards  from 
the  point  of  disturbance,  but  the  particles  of  water  do  not  BO  progress, 
as  may  be  seen  by  watching  the  motion  of  a  floating  ctnk,  but  merely 
move  a  htUe  backwards  tuod  forwards,  and  up  and  down,  oscillating 
about  a  mean  position.  Lastly,  take  the  case  of  a  gun  fired  in  air. 
Here  the  air  oompreased  by  tite  exjdosifm  preaeee  upon  the  quiesoeut 
air  surrounding  it,  eompresnng  It  and  at  the  asme  time  movbig  U  a 
little  forwards ;  this  radl  of  afr  acts  in  a  similar  manner  upon  the 
shell  immediately  outdde  it,  and  so  on.  Thus  a  wave  of  oondensation 
(immediately  foUowed,  in  point  of  fact,  by  a  wave  of  rarefaeticHi)  is 
propagated  outwards  from  the  place  of  disdiu^,  while  the  ^iwtides  ol 
air  themselves  merely  move  a  little  to  and  fro  in  the  direct* on  of  pro- 
pagation. In  the  flrat  example  undulations  are  propagated  oltHtg  a  tine, 
in  the  Beomd  almg  a  wfm,  in  the  third  in  qmcc,  <se  in  Unee  dlmsn- 
Bions ;  and  in  tUs  revpe^  ths  third  nample  best  iUastnleB  tike  unda- 
lations  which  we  contemplate  in  the  theory  of  liriit. 

In  all  cases  of  tmdulatioti  we  must  carefully  dbtinguish  between  IIm 
vdodtyof  propOffalioH,  or  the  rate  at  which  a  certain /om  or  stole 
thmgi  is  propagated,  and  the  vdoeity^  iht  partidee  of  the  medium  in 
which  tiie  undulations  take  place.  The  former  depends  only  on  the 
dsnaity  and  daatldty  of  the  madiam.  DsBBily  we  muafc  ooneeive  to 
be  measured  by  the  inertia  of  the  portion  of  the  medium  contained  In 
a  given  volume,  and  therefora  we  must  attribute  ^uiHa  to  our  sup- 
posed ether ;  but  whether  it  posseases  wei^,  whether  It  Is  subject  to 
the  influence  of  gravitation,  is  a  question  tAaeh  we  need  not  speculate 
about.  By  elasticity  is  merely  meant  the  force  whereby  the  medium 
tends  to  regain  its  primitive  state,  iriietiier  by  redstmg  ohange  vf 
vdume,  as  in  the  case  of  air,  or  change  of  figure,  as  in  the  oMs  of  in^a- 
mbbw.  We  know  that  the  velod^  of  propagation  of  Bound  in  air  is 
about  1100  feet  per  second,  that  of  ught  in  vacuo  about  198,000  miles 
per  neoond.  The  vdocity  of  the  partidee  mav,  howevw,  be  as  mall  as 
we  please ;  and  in  the  theories  of  sound  and  ligh^  (with  the  exception, 
at  least,  of  the  exfdaaation  of  certain  phenomena  relating  to  veiy  vio- 
lent sounds),  it  (s  suffioient  to  treat  the  motions  of  the  particlee  as 
ind^nitdlT  small,  bo  that  we  may  apply  the  geneial  dynaininal  jain- 
dple  of  the  superpontion  of  Bmul  motionB.  In  other  words,  if  the 
medium  (air  or  ether)  would  be  disturbed  in  one  way  by  tme  cause 
acting  alone,  and  in  another  way  by  another,  the  actual  disturbance  at 
any  point  whet>the  two  causea  act  together  will  be  got  by  oompound- 
ing  the  disturbances  (expressed  by  dii^lacements  or  velocttiee,  as  the 
case  may  be)  due  to  the  two  causes  taken  eeinxately.  The  actual 
direction  of  moti<Mi  of  the  partides  of  the  medium  may  be  left  a  per- 
fectly open  questitm  so  far  at  relates  to  the  otmception  of  an  undula- 
tion and  the  expluiation  of  phsuomena  tiieroby,  and  by  the  application 
of  the  principle  of  the  co-existence  of  small  motions.  Thus,  in  the 
example  of  the  rope,  the  motion  is  rectilinear,  and  perpendicular  to  the 
direction  of  propagation ;  and  if  the  operator,  instead  of  moving  his 
hand  badiwards  and  forwards  moved  it  round  and  round,  the  path  <rf 
any  psrtide  would  be  a  curve  lying  in  a  pbne  perpendicular  to  tite 
direction  of  ^ropaffition.  la  the  example  of  waves  cm  water,  each  par- 
tide  moves  m  a  curve  lying  in  a  vertical  plans  paming  throngh  the 
directiim  of  propagation ;  while  in  tbe  third  eiample  the  mtnon  is 
umply  to  and  fro  in  the  direction  of  propagation. 

A  single  pulsation  of  air  is  audible  as  a  not«e,  thou^  it  does  not 
convey  the  idea  of  pitch ;  but  even  in  the  most  tnositoiy  li^t,  sudt 
as  that  of  the  eleotrio  spark,  the  phmomena  of  diiiperdon  Mid  Inter- 
ferenoe  indicate  that  we  nave  to  deal  with  a  sueoeeaion  of  a  great  num- 
ber of  similar  undulations.  Returning,  for  rimpUdty  of  ooneeptioo,  to 
tbe  niustrataon  of  tiie  rope,  let  us  therefore  suppose  tlutt  the  operator 
moves  his  hood  backwardi  and  forwards  in  a  regular  periodic  manner. 
The  rope  will  be  thft>wn  into  the  form  of  a  sinuous  curve,  which  travels 
along  it.  nie  distance  from  any  particle  to  the  next  befbre  or  behind 
whidi  ia  in  tiie  same  state  of  motion,  is  called  the  length  ef  a  wave.  It 
is  evident  that  a  shig^  wave-length  comprises  two  bow-diaped  poriions 
of  the  curve,  the  displacements  in  whidi  are  on  oppoeite  sides  <4  the 
mean  position,  ond  which  maybe  distanguished  sB  positive  and  negative; 
and  also  that  any  two  points  distant  by  half  a  wave's  length  are  in 
oxactiy  opposito  states  of  displacement  and  motion,  at  least  if  we  sop- 
pose  tiie  positive  and  negative  portions  of  the  ciure  exactiy  alike.  If 
we  reflect  on  tbe  motion  ot  any  partioolar  oattide,  we  shall  readily  see 
that  it  goes  through  its  dianges  once  whue  the  wave-form  pragionos 
by  one  wave's  length.  Hence,  if  v  be  the  vdodt^  of  prt^»gation,  K 
the  length  of  a  wave,  and  r  the  periodic  time  of  vibration  of  a  single 
particle,  we  have  the  fundamental  relatitm  X  =  rr,  whidt  apjdiee  to 
undulations  in  general,  since  what  was  said  in  lAie  case  of  the  rope  holds 
good  gunerally.  In  the  case  of  light,  the  absanoe  of  prismatic  coloma 
when  a  star  is  displaced  abensuim  from  ita  mean  potaHtm,  the 
abaenco  of  changes  of  colour  when  one  of  Jupiter's  satdhtes  enten  or 
emerges  from  bis  shadow,  and  the  existence  of  periodic  star*,  sndi  as 
Algol,  which  rapidly  change  in  bri^tneM  without  changing  hi  odour, 
inuctfte  that  the  velodty  uf  ^poration  of  light  in  vacuo  u  the 
for  1^  odoun.  Th«  phenomena  dTinterieTemoe  fimdoh  tui  wMi : 
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of  mamiiBg  tit*  Ingtb  of  a  wvf  of  hf^i,  wbiclt  is  found  to  vary  from 
kbout  S66  to  107  t«n-niiUiontb»  of  an  inch,  in  pudng  from  the  exirame 
red  to  ths  estmiw  violet.  Wa  infer,  therefore,  from  the  known 
ralodty  of  proptgation,  that  jrom  about  4(8  to  727  milUonB  of  milUou 
ol  Tibrsiioiu  maiA  take  place  ia  one  aeoond, 

Tha  looua  of  title  particlea,  which  at  a  given  inatant  are  in  the  same 
atate  or  piam  of  Homi  motion,  ia  called  the  front  <if  a  wave.  When 
lig^t  dira^es  in  the  Sxat  instance  in  vacutim,  or  any  nngly  refototing 
medium,  from  an  element  of  a  BeU-luminona  body,  the  frntt  of  a  wave 
k  of  oomM  qherieal,  or,  at  a  inffloien^  djatanoe  from  the  bo^,  when 
we  ksra  to  flonwder  a  ■nail  portim  only  ol  the  front,  aeDmbly  [dane^ 
but  after  raflection  or  lefraction  it  may  be  of  any  other  lonn. 

We  now  oome  to  a  jainciple  ol  oonttant  Kp[dioaUon  in  the  theory  of 
undolationa,  wbiok  is  called  Hu^ena'a  principle.  It  may  be  thua 
stated : — The  fnmt  of  a  vav«  <^  l^t,  either  at  a  givan  instant,  or  as 
the  parte  ol  H  arrive  in  ■noaoaiioD  at  a  given  aurface,  m^  be  divided 
into  damantr^  of  wUidi  aaoh  ia  ooaoeivad  to  be  the  centre  of  an  ale- 
mnkaiy  dtatiulianoa  whidi  simada  in  all  dhraotiona  with  the  velocity 
appropriate  to  the  medium  in  whidi  it  ia  propagated.  The  disturbantw 
in  front  of  the  primary  wave  may  be  regarded  as  the  aggrefnte  of  the 
demantary  disturbaooea  doe  to  theae  aeoondary  wavea ;  and  aa  these 
are  inaeadMe  when  token  sepaiately,  the  aggregate  disturbance  wUt 
«et  be  Biaidlilii  «soepi  in  the  immediate  neigobouthood  of  the  enve- 
lope or  inrfaM  ol  lutimato  intaneotion,  of  uia  seoondaiy  wavea.  If 
v«  oouIm  ew  attentioD  to  »  null  portion  of  the  primaiy  wave,  we 
aball  hava  a  oorreeponding  amall  portion  of  the  envelope,  or  general 
mf9,  in  ita  advanced  poaiticHi,  in  the  neighbourhood  of  which  alone 
the  diatorbaaoe  due  to  the  small  element  oi  the  first  wave  is  sensible. 
Hnea  the  course  nf  a  my  from  any  point  of  the  first  wave  la  the  line 
akag  irtiieh  Ae  i>oint  ol  ultimate  intersection  oi  the  secondaiy  waves 
whiA  i*Mifwin  tha  nsif^bouihood  of  that  point  of  the  first  wave  is 
dis^aoad.  TUa  is  avidiiotW  the  stnic^t  line  joining  the  point  last 
Bsntioiwd  with  the  point  u  ultimate  intersection  at  a  given  instuit ; 
or,  again,  the  itiaight  line  joining  the  point  in  questi^  of  the  first 
wave  witii  the  point  in  whi<di  the  seoondary  wave  theooe  diverging  is 
touched  by  the  general  envelope. 

The  lejptimacy  of  thus  oonoeiving  a  wave  to  be  broken  up  is  a  direct 
aOBisaqiMnaa  of  the  ganaial  dynamiaal  prindide  ci  the  oo-oziatenoa  <i 
small  motiona.  The  eeoondary  waves  will  have  an  envelope  behind  as 
well  aa  in  front  ol  the  primaiT  wave;  yet  we  must  not  infer  that  the 
latter  ia  propagated  backwards  as  well  as  forwards.  The  expbmataon 
of  the  noa-iwopagatum  in  a  backward  direction,  notwithstanding  the 
legitimate  of  thus  auppoaiog  a  wave  broken  np,  belongs  to  the  Sjnt- 
m^cal  ttMOry  of  difhastion,  and  ia  much  too  aifioult  a  anbjeot  to  be 
•Btarad  vpott  km  {Utt  a  paper  in  the  'Cambridge  PbilinKqphieal 
TrmamMem;  vd.  fx.,  p.  1.) 

The  oomidete  explanation  of  the  existence  of  rays  requires  this 
prineti^  to  ba  oombinod  with  the  prinoi^  of  intorferenoe,  bat  fo^ 
the  preaent  we  shall  confine  ouiaelvea  to  its  application  to  the  demon- 
■tsation,  aooording  to  the  nndulatoiy  theory,  of  the  laws  of  reflection 
and  vafaaotkn.  We  may  notioe,  however,  in  the  mean  time  aome 
ftwluisi  of  fhe  pnrnngitlon  ftf  Hgfat  fa  a  imifiirm  »rH*"™ 

Conaaiva^  thoa,  a  swrlaoa  of  a«r  fwm  to  ba  at  a  ^voa  instant  the 
front  of  a  warn  propagated  in  a  nnlfann  madiom,  and  flnt  auppoaa  tiie 
velod^  of  propagation  the  same  in  aS  diraotitMia.  If  we  otmoaive 
Uie  wava  broken  up  aa  above  explained,  the  saeoBdaiy  ^vea,  which 
will  be  all  of  the  aame  magnitude,  will  \tj  our  auppoaition  be  spherio^; 
and  vary  simple  gapmrtvy  m  anive  at  tiie  n^wing  oonstntotion 
for  dstcnunhig  the  form  of  the  ware  in  ita  onward  oouraa.  At  all 
poiBtB  of  the  front  of  the  wave  at  the  time  I  draw  nomals,  at  the  aide 
towasda  irtiieh  the  wave  ia  tnveUing,  equalinlmgtiitovt';  the  locos 
of  the  extnmHka  of  tiieaa  normals  will  be  the  front  of  the  wave  at  the 
time  1+  If,  and  the  noimala  themselvea  will  be  the  courses  of  the  rays. 
We  learn  also  that  it  is  not  any  arbitrarily  ohosea  system  of  straight 
lines,  the  aquations  of  which  eontain  two  arbitrwy  parameters,  that 
sBB  wpreesnt  a  poasiUe  system  ol  xtm;  the  lines  most  admit  of  being 
out  orthogonally  by  a  system  of  ■urbeaa.  This  geometiical  property, 
BO  readily  snggasted  by  the  theory  of  undulatiOTis,  may  of  aourse  be 
denumetrate  a  aa  a  eoosequaaoe  of  the  geometiical  laws  of  reflection 
and  refrsotioo  independently  ol  say  theory,  the  system  being  supposed 
to  eonaiat  ot  rays  which,  having  originally  emanated  from  a  point,  have 
nndsrgme  any  number  of  rafieotions  and  Tefraottons.  If  titemadium 
ia  wUeh  the  wava  i»  propagated  ba  nnifeann,  but  difforsntly  oonsti- 
tvted  in  diflfareat  direewna,  as  in  the  oasa  of  leeland  qw,  fiw  examtAe^ 
the  vdoc^  of  propagation  wiU  vary  with  the  direction,  the  secondaiy 
wavM  will  no  longer  be  spherical,  sad  the  course  of  a  r^,  while  stiU 
leetilittaar,  will  no  longer  be  perpendioular  to  the  front  of  tiia  wave. 

We  emne  now  to  the  explanation  of  ardinary  reflection  and  refraction 
on  the  undidatory  titeory,  acoording  to  the  principles  laid  down  by 
HvygsDS.  We  huH  1b  As  flnt  instanea^  for  tlw  take  ol  idmplioi^, 
Bappoae  the  rsfleetiag  smlBoe  to  ha  plan^  uid  the  inndent  waves  to  be 
]dane  Hkewiae.  Let  the  plans  td  tne  p^per  be  the  plane  of  inddenea, 
and  therefore  perpandicuLtr  at  the  same  time  to  the  reflecting  surface 
and  to  the  planes  td  the  waves.  Let  it  out  the  reflecting  suinoe  along 
A  B ;  sad  let  k  a,  ;  q,  b  b,  lying  in  the  plane  of  the  peapet,  be  three 
noiinala  to  the  inoidsnt  mirtM,  repreaanting  therefore  the  courses  of 
inflsdent  saga.  If  these  ware  no  obstaolsilSe  wava  at  one  instant  at  ir 
«oal4  allar  On  hpH  ol  time  rsqtiiiad  to  daaoribe  the  perpend  krnlar 


distance  of  ta  plane  from  8,  oome  into  the  position  represented  in 
section  by  sgB,  perpendicular  to  ks,  p<j  j,  mu]  usn,  Ixl  or^  to 


examine  the  effect  <d  the  Interruptton,  Imagine  each  portion  of  tlM 
wave  aa  it  arrives  at  vs  to  beoome  a  oentre  of  disturbance,  from 
whenoe  diverge  hemispherieal  waves  into  the  two  media  isapaotively, 
with  the  velocity  awro^te  to  ea^.  Conddar  for  the  preaent  the 
first  mediom  only.  The  tdmaa  whioh  have  d^psed  rinaa  the  ware,  now 
sui^wsed  to  be  at  s,  was  at  the  pofaita  a,  q,-..,  anthoaa  reqnued  to 
describe  sn,<tq,--;  and  therefore  the  radii  a  a',  4  of  Um  hend- 

spharioal  waves  which  diverged  from  r,  q  -  -  -,  are  equal  to  aa,  Q^---- 
Through  B  draw  a  pUne  perpendiouhu' to  the  plane  of  the  paper,  tovA< 
ing  in  n'  tiie  hemisphere  whose  oentre  ia  at  a.  It  is  rrident  that  the 
point  will  lie  fai  the  plane  of  the  p^ar,  and  that  ttie  plana  s  n'  will 
touch  all  the  secondary  wasao,  and  therefme  viU  ba  the  front  of  tha 
redeotedwave.  UoreGvaraa^,irtuAls|MarpSBdknilsrtothisplaae,wiB 
represent  the  reflected  ray  ootrespon^ig  to  the  Incident  ray  of  M  x. 
Hence  the  reflected  ray  Ues  in  the  plane  of  incddoioe ;  and  on  acoonnt 
of  tiie  equtdity  of  the  triangles  airn,  sxa',  the  aoglea  saa,  saa', 
which  are  the  oomplemanta  of  the  angle*  of  inoidenoe  sad  rafleotioB, 
are  equal,  and  therefore  the  angles  of  incidence  and  reflectioB  are 
themselvea  eqnaL 

Consider  BOW  the  second  medium.  BvflBythimc  iriD  bs  the  sstne  as 
b^ore,  exoopt  that  the  ladti  >a^,  qq',  of  As  seeondBsy  wavas 


diverging  from  N,  q,  instead  of  beong  equal,  willontrbei 
to  N  a,  q  9,  bearing  to  them  the  ratio  of  v' to  v,  where  r  la  thevc 
dty  of  propagatitHi  in  the  aactMid  medium.   He  snnicirclea  in  wlii<dt 
the  hemispheres  diver^na  from  tiie  various  pcunia  of  k  s  are  out 
the  plane  of  the  paper  wiU  form  a  system  of  curves  for  which  |  is  a 
centre  of  similitude ;  and  it  will  be  readily  seen  that  if  through  s  be 
drawn  a  plane  perpendicular  to  the  plane  of  the  pww,  and  touching 
%'  the  hami^lisre  diverging  from  K,  it  will  be  the  envelopa  of  the 
saoasidaEy  wavea  in  the  seoond  medium,  tlw  pomt  nf  will  lie  in  the 
plane  of  the  P»pw,  and  B    will  be  the  course  <»  the      refracted  at », 
which  srill  thorefore  lie  in  the  plane  of  inadenosb   Also  the  angles 
K  a  Nt  n  B  a',  which  ars  the  oomplements  of  the  angles  B  a  a,  8  V  a',  are 
equal  to  the  angles  of  incidence  and  refraction  respective^,  and 
of  incidence  isine  <^  refraction  ::  aa-rKS :  aa'-^as  : :  aw  :Ha'  -.iviif, 
a  ratio  which  is  eoiiBtaut,thatia,indep«ident  of  tlw  an^  of  jnoidsnoe; 
which  gives  the  law  of  reftaotira. 

These  laws  may  be  ea«ly  extended  to  the  general  case  in  which  the 
incident  waves  and  tiie  refiecting  or  refracting  sur£>oe  are  of  any  lorai. 
For  let  F  q  in  either  of  the  above  figures  represent  a  ray  incident  at  q, 
utd  therefore  normal  to  the  incident  wave,  and  through  q  imagine  two 
tangent  plsnmi  drawn,  one  to  the  incident  wave,  and  the  other  to  the 
teflaotins  or  refracting  surface.  Confining  oiu- attention  to  the  saoODdsiT 
waves  wbidi  start  in  either  medium  tnsa  the  Immediate  nei^^iboariiooa 
ot  the  point  q,  if  we  suppose  them  to  start  when  a  wave  ooinddiag 
with  the  tangent  plane  to  the  wave,  instead  of  the  actual  wave  itse^ 
arrives  at  the  surface,  and  again,  if  we  replaoe  the  actual  surface  by  the 
tangent  plane  to  it  d»wn  through  Q,  we  shall  only  commit  an  error  on 
the  poaUon  of  the  centre  and  magnitude  of  the  radius  of  a  seconduy 
wave  wliieh  is  a  imsll  quantity  of  the  seoond  ordar,  the  distanoe  of  im 
centre  from  the  point  q  being  deemed  a  small  qusnti^  cS  the  flrat 
order.  Hence  the  line  of  intersection  of  any  two  such  aeoondary  waves 
will  only  be  rendered  erroneous  by  a  small  quantity  ol  the  firn  order, 
which  vanishes  in  the  limit,  and  therefore  the  point  of  ultimate  inter- 
section of  the  secondary  wavea  will  not  be  affected.  Henoe  the  laws  ot 
reflection  and  refraction  will  remain  the  same  as  before,  the  normal  to 
the  aorfaoe  at  the  point  of  incidenes  taking  the  plaoo  of  theperpes* 
^Tfflilwr  to  tlie  ylw^^s 
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This  mode  of  conoeiving  of  reflection  uid  refraotioD  hIiowb  ai  once 
tluit  if  the  point  of  incidence  be  Blightly  varied,  and  &  ny  itortii^  from 
a  point  in  uu  incident,  and  readhing  a  point  in  the  reflected  or  refracted 
raj>  mppoeed  to  foUow  the  varied  mstead  of  the  actual  course,  ira- 
Tflmng  in  each  medium  witii  the  velod^  appropriate  to  it^  the  time  of 
traoait  will  be  ultimately  unchanged.  This  law  may  be  readily  extended 
to  any  number  of  reSectioiu  and  refractions.  In  a  great  many  caaea 
the  time  of  passage  is  less  along  the  actual  than  along  the  varied  course, 
in  which  case  the  proposition  becomes  equivalent  to  Fermat'e  law  of 
awifteit  propagation.  The  time  may,  however,  be  a  maximum  in 
place  (A  a  mmbnum,  or  neither  a  maximum  nor  a  minimum.  Thus,  if 
8  ray  emanate  from  a  point  a,  and  after  reflection  at  tlie  point  F  reach 
the  point  b,  the  plane  a  p  b  will  be  perpendicular  to  ttie  tangent  plane  at 
B,  to  which  A  F,  B  p,  will  be  equally  indined ;  and  if  a,  b,  be  made  the 
foci  of  a  pxilate  spheroid  of  revolution,  the  magnitude  of  which  is 
increased  until  it  passes  through  the  point  p,  it  will  there  touch  the 
rtfaoting  surface.  If  now  this  surface  touch  tiie  spheroid  externally 
at  point  f,  the  sum  ap  +  FB  vrill  be  a  minimum  when  the  point 
ot  incidence  is  slightly  varied  along  tiie  reflecting  surface ;  but  if  it 
touch  the  spheroid  internally,  the  sum  will  be  a  maximum ;  and  if  it 
botb  touch  and  cut  the  sjuieroid,  so  as  to  be  extnnal  to  it  in  some 
directions'  from  f  and  internal  in  otiierBj  the  sum  vrill  ba  neither  a 
maximum  nor  a  minimum. 

When  concentric  wavas  fall  on  the  aur&ce  of  a  concave  mirror,  the 
points  on  the  latter  which  are  successively  reached  b^  the  waves 
become  the  centres  of  spherical  reflected  waves,  tlie  direcbons  of  whose 
motions  tend  towards  the  axis  of  tlie  mirror ;  and  the  sur&ces  which 
touch  all  the  secondary  vraves  of  Ulce  phaae  become  those  of  as  many 
general  reflected  waves  of  spherical  or  approximately  spherical  forms, 
having  their  oonvexitiea  towwrds  the  mirror.  These  gennnl  waves  go  on 
eoDtraoting  till  they  paas  lucoeosively  through  some  poii'.t  in  the  axis,  tbo 
form  of  the  minor  bong  such  as  to  permit  the  directions  of  the  motions 
ot  the  reflected  wavea  to  concur  in  a  point ;  from  tikis  point,  which  is  the 
focus  of  the  mirror,  they  afterwards  diverge  as  from  a  radiant  point. 
It  is  eaa^  to  conceive  that  the  general  front  of  a  wave  formed  by  a  sur- 
face which  touches  the  secondary  waves  of  like  phase  refracted 
in  a  tranqiarent  medium  (at  a  convex  sur&ce,  for  example)  may  be 
■pherical,  and  have  its  convexity  towards  the  refntctmg  BUI%u^e. 
Theee  waves  will  go  on  oontracung,  and  pass  successively  through 
some  point  in  the  axis,  provided  the  form  of  the  surface  of  t£e 
medium  be  such  aa  to  permit  the  directions  to  concur  in  one  point, 
^niia  point  is  the  focus,  and  from  it,  as  from  a  mdiant  point,  the  con- 
centric waves  idterwards  diverge. 

In  order  that  the  relation  between  the  sines  of  incidence  and  refrac- 
tum  vuiY  be  conformable  to  Uie  results  of  experiment,  it  is  necessary 
to  assume  that  the  velocity  of  the  waves  is  diminiBhed  when  they  enter 
a  medium  mtve  dense  than  that  in  which  they  previously  moved ;  and 
In  this  circumstance  the  undulatory  theory  is  opposed  to  ihe  theory  of 
emisBon;  for  in  the  latter  the  velocity  of  light  is  supposed  to  be 
increased  wbea  it  posses  from  any  medium  into  one  more  dense.  This 
led  Arago  to  an  apparently  crucial  experiment,  to  decide  between  the 
two  tiieoriea.  If  a  thin  plate  of  mica  be  interposed  in  the  path  of  one 
of  two  streams  of  light  proceeding  to  interfere,  the  effect,  according  to 
the  theory  of  emissions,  vrill  be  to  accelerate,  aocording  to  that  of 
undulations  to  retard,  the  stream  passing  Uirough  it.  Tne  direction 
in  which  the  fringes  axe  shifted,  shows  that  the  of  the  plate  is 
^tbe  same  as  that  of  inertadRg  the  length  <rf  path  of  tiie  stream  passing 
through  it,  in  accordance  wiu  the  theory  of  nndidationa,  and  in  direct 
oontradiotion,  aa  it  would  ai^ar,  to  tiie  uieory  of  aniadons.  However, 
as  the  deciBion  is  only  arrived  at  by  referring  to  another  optical  effect, 
depending  for  its  explanation  4m  the  view  we  take  of  the  nature  of 
lignt,  it  18  aatis&ctoiy  to  be  able  to  refer  to  Foucault's  celebrated 
experiment,  mentioned  at  tiie  commencement  of  this  article,  in  which 
the  same  result  is  obtained  W  direct  experlmeub  (See  *  An'^^^  de 
Chimle/ torn.  41, 1864,  p.  129.) 

From  the  demonstration  of  the  law  of  refraction  ooeording  to  the 
undulatory  tlieoiy,  it  follows  that  if  /i  be  the  refractive  index  o1  a  sub- 
stance,« :v':  :^  :1.  Now,fora  given  substance  ^depends  upon  the 
kind  of  light,  increasing,  tlioug^  by  no  great  fraction  of  the  whole,  in 
passing  from  the  red  to  the  violet,  Aoocnding  to  one  of  our  f unda- 
mmtii  supposition^  ooloiir  depends  on  the  peiiodio  time  of  the  vibra- 
tions, and  therefore  we  am  obliged  to  suppose  that  one  at  least  of  the 
two  velocities  of  propagation  v,  v',  changes  vrith  the  periodic  Umo. 
This  has  to  some  appeared  a  formidable  Hifflmilty,  inasmudt  as  theory 
and  experiment  combine  in  showing  that  musical  notes  of  all  degrees 
of  pitMi  are  propaMted,  in  air  with  the  same  velocity,  and  calculatiwi 
shows  thi^  this  independence  of  velocity  of  propagation  and  periodic 
time  must  hold  good  in  any  homogeoeous  elastic  medium  in  which 
undulations  are  propagated  by  virtue  of  the  pressores  or  tendons  called 
into  play  1^  the  relative  displacements  wnhin  an  indefinitely  small 
dement  of  the  medium  surroimding  the  pdnt  at  which  the  pressure  is 
estimated.  To  ub  the  objection,  even  prior  to  tiie  consideration  of  the 
mode  in  which  the  result  may  be  accoimted  for,  doee  not  appear  to  be 
at  all  of  this  formidable  character ;  for  all  the  phenomena  which  bear 
on  the  subject  conspire,  as  we  hxn  seen,  to  shov  that  the  Telodty  of 

rpagabon  tp  in  vacuo  is  the  same  for  all  coloun.  and  thsrafon  »  is 
snriationint^that  we  an  to  look  to  ooooont  for  the  obscmd 
Titlitioai  of  /t,  JXaw,  according  to  oar  suppodtion,  li^t  is  j^opsgated 


within  water,  glass,  by  the  vibration  of  ^e  etbw  vrithin  them. 
But  the  motion  of  one  of  two  mutually  interpenetrating  media  is  so 
utterly  different  from  anything  we  have  to  deal  with  in  the  theory  of 
sound  that  we  cannot  reason  from  the  one  cose  to  the  other. 

But  further,  a  plausible  mode  of  aocounting  for  dispersion  on  the 
undulatory  theory  has  been  suggested,  which  not  only  removes  the 
objection  arising  nom  the  existence  of  a  phenomenon  which  to  some 
might  appear  inexjdicable,  but  has  led  to  tiie  discoveir  of  the  a^roxi- 
mate  law  of  dispersioii.  I^esnel,  in  his  memoir  on  double  refniction, 
refere  to  a  note,  to  q;ipear  at  the  nd  of  the  memoir,  in  whidt  he  ex- 
plains diqmnm  hj  supporing  that  the  farces  by  which  the  ethereal 
particles  act  on  one  another  are  sensible  to  a  distance  which  is  not  infi- 
nitely small  compared  with  the  length  of  a  wave.  This  appears  to  be 
by  no  means  a  violent  supposition  to  m^e,  when  we  consider  the 
extreme  smoUnesB  of  A.  The  note  appears  to  have  been  lost,  at  least 
it  does  not  accompany  the  memoir,  but  the  subject  was  taken  up  by 
Cauchy,  who  has  thus  been  led  to  express  the  square  of  the  refractivo 
index  1^  a  rones  according  to  inverse  even  powers  of  A,  the  wave- 
length in  vacua  Restricting  ourselves  to  the  most  impOTtant  term, 
we  thus  get,  by  ordinary  algebraic  expanrioDj  fi=  a.  +  BX~*,  a  and  B 
being  constants  depending  on  the  nature  of  the  medium,  according  to 
wliich  expression  A  i*.  oug^t  to  vary  as  A  X~ And  that  this  expression 
is  no  mere  formula  of  interpolation,  but  contains  a  law  of  nature,  any 
one  may  readily  convince  himself  by  taking  Fraunhofet's  mdices  for 
some  kind  of  glass,  and  the  wave-lengths  of  the  fixed  lines  o,d,e,f,o,B, 
as  determined  by  him  by  a  diamcmd-ruled  grating,  and  subtracting  the 
logarithms  of  AA~'  from  those  of  A/i,  A  denoting  the  increments 
belonging  to  intervals  such  as  otoD,  DtoB,  otos,  Ac,  and  ttien 
comparing  the  results  with  those  obtained  from  a  fcmnula  of  interpola- 
tion taken  at  random,  Buch  as  =  a  +  BA~',  or  ^  =  A  +  3A~>  similarly 
treated.  The  constancy  of  Uie  differences  <A  tiie  logarithms  in  all  the 
less  refnu^Ue  part  of  the  spectrum  when  the  formula  resulting  from 
Cauchy's  theory  Is  used,  carmot  leave  a  moment's  hesitation  that  th« 
formula  expresses  a  natural  law.  But  if,  accepting  the  formula  as  a 
true  first  approximation,  we  endeavour  to  ascend  from  it  to  the  physical 
circumstances  giving  rise  to  it,  we  see  that  it  merely  indicates  the 
existence,  in  the  pai^al  differential  equatitm  <rf  motion,  of  a  differential 
coefficient  of  tiie  fourth  ordw,  vrithont  even  oomj^ete^  speciMog  the 
variable  or  varioUee  with  respect  to  which  the  duforentiation  u  taken. 
A  result  of  such  generality  might  well  be  obtained  from  a  variety  of 
physical  hypotheses,  so  t^t  we  must  not  Ixg  imdue  stress  on  the 
experimental  verification  of  Cauchy's  law  in  considering  the  evidence 
in  fovour  of  the  physical  theory  from  which  he  deduced  it  Indeed, 
the  fact,  as  it  iqipears  to  be,  of  the  abeeoce  of  a  chromatic  variatiw  of 
the  velocity  of  propagation  la  vaono,  would  sesm  to  indicate  that  the 
molecules  of  ponderable  matter  play  a  vevy  direct  part  In  the  phe- 
nomenon of  dispersion. 

Hitherto  we  have  confined  ourselves  to  tiie  laws  ot  refiectitm  and 
refraction,  which  were  in  &ct  demonstrated  by  Huygens  long  before 
tiie  principle  of  interference  was  known.  Our  subject  naturally  leads 
us.  In  tiie  next  place,  to  interference,  to  which  a  special  article  has 
already  been  devoted.  [iHTiBFBREiraE.]  In  that  article  the  sdbiject 
has  been  generally  expuined,  and  two  fundamental  a^terimeote,  chie 
to  Fresnel,  have  been  mentioned,  which  show  that  interference  is  an 
essential  proper^  of  liriiL  We  shall  here,  therefore,  proceed  to  the 
formula  which  gives  ^e  intensity  of  the  light  resulting  from  the 
mixture  of  two  interfering  streams. 

It  will  be  neceasatr,  in  the  first  place,  to  ttonesa  analytically  the 
disturbance  in  a  mngia  stream  of  light.  We  shall  sonxiss^  for  the 
sake  of  simplicity,  that  the  waves  are  plane,  and  that  we  maximnm 
accession  of  the  particles  of  ether  is  the  same  at  one  point  of  space  as 
another.  This  will  be  sufficient  in  any  case,  provided  we  ccmfine  odr 
attention  to  a  small  portion  only  of  uie  fronts  of  the  waves,  and  to 
variations  of  distance  in  a  direction  perpendicular  to  the  front,  snch 
that  the  change  of  intensity  due  to  convergence  or  divergence  need  not 
be  taken  into  account  Let  the  ether  be  referred  to  the  rectangular 
axes  ota,y,ZtX  being  measured  in  the  direction  of  pn^wgotton ;  let  < 
be  the  time,  and  v  the  velocity  of  propagatioiL  Since  the  waves  are 
supposed  pboe,  the  disturbance  mil  be  independent  of  y  and  s,  and 
therefore  will  depend  only  on  x  and  t.  Moreover,  according  to  the 
fundamental  notion  of  an  undulation,  whatever  disturbaoce  erists  at 
the  tiiae  t  at  the  distance  x  from  the  origin  will,  after  the  Iwse  of  the 
time  be  found  at  a  plane  further  in  advance  by  tie,  tii  being  con- 
nected with  S <  by  the  relation  tx-^vZU  H«iee  uie  disturbance 
remunB  the  same,  provided  the  difference  between  vt  and  x  remidns 
unchanged,  and  therefore  for  one  value  atvt~x  the  disturbanoa  will 
have  one  value,  for  another  value  another,  and  so  on.  In  other  words, 
the  disturbance  will  be  some  function  ^  {vt  —  x)otvt  —  x,  the  direc- 
tion of  the  motion  of  the  particles  being  left  a  perfectiy  open  question. 
The  character  of  the  undulations  will  d^>end  on  the  form  of  the  funo* 
tion  ^  Kow  we  have  seen  reason  to  believe  that  in  li^t  we  always 
have  to  deal  vrith  a  Bucoession  of  a  great  number  of  Bimilar  periodic 
disturbances,  and,  further,  that  tiie  colour  depends  upon  the  periodic 
time.  But  in  all  optical  phenomena  the  effieotB  of  lights  of  different 
oolouts  are  tinnily  saporposod,  and  therefore  as  regards  the  form  of  ^ 
we  are  justiflea  in  restricting  ounelves  to  the  oonsideratioa  of  a  single 
re^ulstfy  periodic  fonetion.  Among  sndi  funotionsthwe  is  one  which 
domis  our  spaoiBl  attoitioii,  nsmdy,  that  wbldi  is  expi  eased  by  a  mat 
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or  conne,  or  a  mixture  of  the  tiro,  that  ia,  o  aio  m  w  +  o*  cos  m  v>, 
(u  being  written  for  v  (  —  x),  which  again  may  be  put  under  the  form 
a  ain  (n  te  +  1^.  F<a-  in  the  first  place,  any  dynamical  Byatem  in  a 
positioit  of  itaUe  equilibrium,  and  therefore  capable,  on  being  dia- 
turbed,  of  perfwming  nnall  vibrations,  has  for  its  most  general  small 
motion  a  motion  compounded  of  a  finite  or  infinite  number  of  motiona, 
exfffeiwd,  80  &r  as  the  time  ia  conoemed,  by  a  sine  or  corine.  If, 
(hraefore,  we  suppoae  the  vibratioD  of  the  moleculea  of  the  self- 
Imninoiu  body  in  uie  first  ioBtaooe  to  have  beeo  of  this  character,  the 
■am*  would  have  been  impreased  on  the  ether  to  which  these  vibra- 
tiona  were  commnnicated.  In  the  seoond  pUoe,  by  a  known  theorem 
any  peoiodio  function  of  w,  gmng  through  us  period  when  w  ia  altered 
by  2«m-*>,  maybe  expreaaed  by  an  infinite  aeiiea  of  iha  t(amA^  + 

COS  mx-f  A,ooe  2m«  +  —  +  ainnix  +  sin  2 m a;  4-  — ,  where 
the  firat  term  nmishes  if  the  mean  value  of  the  function  be  zero.  By 
virtue  of  thia  theorem,  and  of  Urn  principle  of  the  auperpoaition  of 
■mail  motiona,  we  should  have  a  ri^t  to  resolve  the  function  ^,  aup- 
podng  it  merely  to  be  periodic,  into  snoh  a  aerifli  of  circular  functions, 
and  ocnuMer  separately  the  dlstorbanoe  due  to  each.  Whether  this  be 
mjudicioM  as  well  as  a  UgitimaU  conne  to  pursue,  depoida  partly  on 
whether  any  such  reaolution  takes  place  phydealfy,  or  whether,  on  the 
other  hand,  there  are  physical  phenomena  which  we  can  refer  to  the 
farm  of  the  periodic  funmon  expreaaing  the  disturbance.  In  sound 
we  have  a  senaiblo  phenomenon,  quaUtff,  which  is  referable  to  the  form 
of  the  function  ^neniiie  the  disturbanea,  while  vibrations  of  difforent 
periods  are  not,  uniaer  oramaiy  drenmirtaTiowi,  physieal^  separated.  But 
m  light  we  have  nothii^  answering  to  qut^ty,  and  disturbances  of 
diffwent  periods  ore  plqrBically  separated,  as  in  ihe  phenomena  of  inter- 
fercooe  and  diSHotfon  as  well  as  in  ^persion.  That  disturbances 
expressed  by  a  sine  or  cosine,  rather  than  by  aome  other  periodic  func- 
tion, should  be  those  which  are  propagated  witiiin  a  refracting  medium 
with  a  nniqae  valodfy,  and  should  not  oooaequentiy  be  separated  by 
prismatie  refraction,  follows  from  the  general  lawa  regulating  the 
small  motiona  of  a  syston  slightly  disturbed  from  a  position  of  stable 
eqnflibrium.  We  ore  led,  therefore,  by  the  phenomena  with  which 
we  have  to  deal,  to  expreaa  the  function  if'  by  meana  of  a  ^mple  sine 

cosine.  If  X  be  the  length  of  «  wave,  mfcmuat  change  by  2  v  when 
X  chaogep  by  A,  ao  that  m  =  2a-X~>.  Uenoe  we  may  take  as  the 
slattdam  expremm  for  the  disturbance — 


tin        (rt  -a)  +  A  I 


Suppose,  now,  that  the  ether  at  the  aame  part  of  space  is  simulta- 
neoouy  agitated  by  a  aeccoid  series  of  \mdulations,  which  came 
originally  from  tiie  same  source.  Suppose  the  directions  of  propaga- 
tion to  be  so  nearly  the  same  that  in  conaideting,  as  above,  a  anuU 
portion  <HiIy  of  the  ether,  we  may  treat  them  as  the  same,  or  the  vrave- 
mmts  as  parallel  In  the  two  series;  and  suppose  the  directions  of 
Tibntion  to  be  likewise  the  sams  in  ttia  two  swies,  except  as  to  a  small 
aitc^  depending  upon  and  oomjparaUe  with  the  small  angle  between 
the  dii«otioo8  of  propagation.  Suppoae,  however,  tiiat  the  am|ditude 
<rf  excursion  of  the  partioleB  Is  different  in  the  second  series  from  what 
it  is  in  the  flnt,  and  furUier,  that  from  having  had  to  describe  a  longer 
or  ahorter  path,  or  from  any  other  cauae,  the  undulations  in  the  second 
■nies  are  aheod  of  or  behind  thon  in  tiie  fint.  Then  we  may  r^r»- 
■sot  tiw  distnrbanoe  in  the  second  iuies  by 

f2»  1 

6  un  i     (vt—x)  +  B> 

And  ocanpouoding  the  disturbances  belonging  to  Ui«  two  ssries,  we 
shall  have  for  the  result 

2a-  2* 
(«  eos  A  +  ft  ooa  b)  itB -    -I- (a  rin  A -f  i  sin  b)  ocs     (i4  —  fc), 

wliiidi  mi^  be  transformed  into 

esin  {^(rt  — a:)  +  oJ> 

0  and  0  bdOf^g^Tsn  by  the  squataons 

a      A+i  ion  b 

(l.)c!i=«»+ft».^a«6oo.(A-B)i  (g-)t»ao-.„^^^ft--- 

We  l«am,  therefore,  that  the  reaultant  of  the  two  aeries  is  an  undu- 
lation of  ths  same  character  as  the  component  nndulationa,  differiiuF 
from  them  only  in  the  magnitude  of  the  coefficient  of  vibration,  e,  and 
in  the  state  or  pJiate  of  vibration  at  a  given  pdnt  of  apace  and  at  a 
given  instant,  as  determined  by  the  value  of  o  compared  with  those  of 
Aand  B. 

It  is  vrith  c  that  we  are  chiefly  concerned ;  the  value  of  o  does  not 
enter  into  account  unless  whan  we  have  a  third  stream  interfering  wit)i 
the  two  former.  Now  we  see  from  the  formula  (1),  that  according  to 
the  value  of  a—b,  c  varies  between  two  extreme  Ihnits,  which  are  the 
sum  and  the  difference  of  a  and  b.  Theee  are,  the  one  greater,  tiie 
other  less,  than  the  greater  of  the  two  a,  b.  Hence  we  see  that 
two  stresBos  of  light  from  the  same  source  reinfinve  each  other,  or  else 
lin  an  effect  leas  than  that  of  the  stronger  stream  alone>  aeoordiug  to 
wuir  difibrance  of  phase. 


The  question  now  arises,  what  precise  function  of  the  coefSdent  of 
vibration  ought  we  to  take  as  a  measure  of  the  intensity  1  Various 
oonsideraUons  tend  independently  of  each  other  to  the  same  conclusion, 
— that  we  must  take  uie  tnutre  ci  ths  eoeffidiant  of  vibration  as  a 
measure  of  the  intenm^.  It  will  be  sufficient  ben  to  mention  one 
or  two. 

Suppose  that  we  have  two  streams  of  li^t  just  as  before,  only  that 
in  this  cose  they  come  from  indtpendmt  sources.  The  theoreticd 
dififea«nce  betwem  the  present  case  uid  the  former  consiata  in  this, 
that  in  the  former,  whatever  may  aSect  the  constant  a  equally  atTcctd 
B,  and  therefore  loaves  the  difbrenoe  a— B  unchuiged ;  aud  whatever 
affects  a  aflbcts  b  in  the  same  proportion,  which  is  not  the  case  when 
the  streams  are  independent.  In  the  caae  of  streams  from  the  aamo 
source,  we  ma^,  for  example,  suppoae  that  the  actual  disturbance 
ooneistB  of  a  series  of  regular  periodic  disturbances  followed  by  a  dis- 
tinct series,  and  that  by  another,  and  so  on,  there  being  a  great  number 
of  such  changes  in  <me  second.  The  ouxie  of  intwference  will  not 
thus  be  affected.  Bat  in  the  case  of  indepandent  atrssms,  a— B,thou^ 
constant,  it  may  be,  during  a  great  number  of  suoeeaaire  undulations, 
will  go  through  aU  sorts  of  values  a  great  number  of  times  in  (Oie 
seoond,  and  uie  mean  value  of  the  term  +  2a&  coe.  (a— b)  in  the 
expression  for  will  be  zero.  If  now  we  take  the  square  of  the 
ooeffident  of  vibration  for  the  measure  of  the  intensity,  we  shall  have 
for  the  intensity  of  the  mixture  of  independent  sbeams  the  mean 
valoeof  <t*  +  i*-i-Sa&oos(A— b),  +  or  the  intensity  will  be  the 
sum  of  the  intensities  of  the  scfiarate  streams,  as  it  ought  to  be; 
wheress  if  we  were  to  take  some  different  function  as  a  measure  of  the 
intensity  tiiat  would  not  be  the  case.  Again,  all  mathematical  investi- 
gations relative  to  tiie  propagation  of  small  vibrations  in  a  medium 
disturbed  at  one  place  show  that  at  a  great  distance  from  the  centre  of 
disturbance  the  coefficient  of  vibration  varies  inversely  as  the  distance. 
But  eqtaiimait  shows  tiiat  the  intensity  of  li^rt  varies  inversely  as 
the  square  <d  the  distanoe,  and  we  are  thus  ud  in  a  perfectly  inde- 
peod^t  manner  to  the  same  conolusion. 

If  the  interfering  streams  are  of  equal  brig^tneaa,  b=a,  and  the 
limits  of  the  coefScient  of  vibration  c  of  the  resultant  stream  are  o 
and  2a,  and  thoaa  of  the  brig^tiiesB  o  and  ia',  that  is  absolute  daik- 
neas,  and  four  times  the  brighteees  o£  either  s^eam  alone. 

We  shall  these  formubB  to  egress  the  intensity  at  anypoint 
of  the  fieild  view  in  the  case  ci  the  mixture  of  two  streams  of  li^t 
coming  raiginally  from  a  luminous  point,  and  afterwards  reflected  from 
two  slightiy  ioclined  mirrors.  ^Iktbbvxrinob.]  Supposing,  for  sim- 
plidty,  the  light  to  be  reflected  m  a  plane  perpendicular  to  the  line  of 
intenection  of  the  planes  of  the  mirrors,  let  a  be  the  distance  of  the 
luminous  point,  and  therefore  that  of  dther  virtual  image,  from  that 
line,  b  the  distanoe  from  the  same  line  to  the  focus  of  the  lens  with 
wfaloii  ths  friiages  are  viewed,  d  tiie  distance  of  the  two  images.  Since 
the  length  of  path  of  eitiiar  stream  Is  the  aame  as  if  it  had  started  from 
the  virtual  instead  of  the  actual  image,  if  we  denote  these  images  by  i, 
I*,  and  the  pi^t  of  the  focal  plane  at  which  the  brightness  is  sought  by 

and  if  we  take  c  ^  —  {vt -x)  to  denote  the  disturbance  ooming 
A 

from  ij  titat  onaing  from  f  most  be  dmoted  l^eaiu  vt~x— 

(fH— IK)].  Let  o  be  the  middle  pdnt  of  thelinsii'.  Itwillbe 

readily  seen  that  the  plana  drawn  through  o  and  through  the  line  ot 
intersection  of  the  phmes  of  the  mirrors  will  be  perpendicular  to  1 1', 
Let  p,q  \»  the  co-ordinates  of  H,  measured  in  the  focal  plane  of  the 
eye-lens,  the  first  perpendicular,  the  second  parallel,  to  the  plane 
through  o  just  mentioiud,  the  origin  being  at  the  intersection  of  tiiat 
plane  with  a  plane  throuj^  i  o  f  perpemuoalar  to  the  mirron.  We 
shall  suppose,  in  conformity  with  tiie  expwimsntal  drcumstances  of 
the  case,  that  d,  p,  o  are  small  compared  with  a  and  b.  Let 
a'  =  \/(a*-~i<P)  be  uie  dirtance  of  o  from  the  intersection  of  the 
mirrors.  Then  1 11*=  («' + 6)«  +  (p -4  d)« + fl*,  I- It's  (a' +  6)»  +  0>  +  4d)' + 

8»,  and  ^'M-IK  =  (I'lI<-IM^)-^-(^lI+Ill)-2^«^.^(fll+IlI)- 

neoriy.   We  have  thttefoie  for  ths  intensitiy  (l)  of  the  mizttira— 

2wpd  wpd 
L=2<?+a<^  DOS  =  4^  00^  T^ffb)- 

Since  l  does  not  involve  q,  the  illumination  will  be  arranged  in  bora 
parallel  to  the  axia  of  q,  and  it  will  be  sufficient  to  diseusa  its  variation 
along  the  axis  of  p.   At  a  aeries  of  equidistant  points,  for  whidi  p  =  o 

or  a  multiple  of  M^Jt^,  l  ia  a  Tn^Timnmj  and  equal  to  4  A   At  points 
d 

midway  between  these,  where  therefore  j>  is  an  odd  multiple  of  half 
that  quantity,  L  vanishes  altogether.  Hence  we  have  a  series  of 
altematdy  bright  and  dork  bars,  extending  on  each  side  of  the  central 

Sne,  or  that  bisecting  1 at  ri^t  an^ea,  which  is  in  the  middle  of  a 
g^t  bar.  The  a«ue  of  the  aystem  is  found  to  depend  upon  the 
colour,  decreasing  from  the  red  to  the  violet,  from  whence  we  infer 
that  tiie  wave  length  also  dbereasM  from  tha  red  to  the  vi<^  The 
oUiteration  of  the  baia  at  a  moderate  distance  from  the  oeotn  when 
mrtiite  light  is  used  has  already  ben  expliuned.  pamnEKrcx.] 
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Fnm  the  ezpNanon  for  L  w*  ■••  ihaH  the  meen  llhiiniHtion,  or  the 
T»lu»ol(j»'+p">'"y^i'dj»  f or  a  iarge  TftkM  of  p'+p",ii»  2^,wUioh 

would  be  tbe  uniform  illuntiiMtioti,  U  the  streaqu  nuzad  without 
interfering.  Thia  is  a  portictUar  example  of  a  geoOTal  principle  from 
which  inferences  have  alrsa^  been  dnwn  [Abmbptiom],  that  when 
two  or  more  distinct  atrouui  of  light  interfere,  no.li^t  ia  dntrcjf«i  ^yj 
interferenoe,  whic^  nerelj  oaiiMB  a  difitvnit  diatributitHi  oE  toe 
illnminatiftn. 

If  ^  be  t^e  breadth  o£  a  fringe,  wliMt  0*7  be  meaBured  by  a  micro- 
meter, 3  ='li^tl^,whenoe  A  The  distances  a,  ft,  to  the 

fomer  of  which  a'  may  be  damDcd  eqoa^  Bot  sfiaaU,  and  oan  b« 
meanirad  without  dlfficml^.  The  dielviea  d  was  meamired  by  Fremel 
by  plaoiBg  a  flcrean  with  a  tmaU  ronnd  hole  at  a  Intown  cUatwoe  from 
the  miiTort,  ao  that  a  ilender  beam  of  irau  aaoh  of  the  imana 
paMad  tiuoi^  the  hida,  aad  maamring  bp  a  miapamatar  &• 
diatawa  brtvwn  ttw  oentraa  oi  ihe  beanw  at  a  known  diatliwe  on  tha 
other  tide  of  the  hole  wfaanoa  d  ia  obtainad  tram  Oa  meanmd 
distance  by  dmilar  trlanglM.  This  ia  one  method  erf  maaauring  the 
length  of  a  wave  of  light. 

The  exoeasive  amalliieaa  of  A,  indioated  by  tkia  or  say  similar  phano- 
meiHm  of  intarfMvDoa^  laada  to  a  eomplata  enkiMitioB  of  one  of  tiie 
(ddeat  dHBcuttieB  balnic^  tA  flu  nadtdatoty  tkeory,  ttia  esigtenee  W 
taya  and  ahadowa.  C<»orfva  a  broad  baam  ol  UgU  to  Ml  pM-pan- 
dioulaily  on  a  awoon  ooatainii^  a  moderately  amall  aperture,  and  let 
HB  ezaimne  tiw  diaturbanoe  praduoed  at  a  p^nt  H,  situated  at  a  eon- 
siderable  distanoa  on  tbe  other  aide  ol  the  soraen.  For  greatar 
simpUct^  we  diall  aappoae  the  ineideBt  beam  to  coma  trom  a  very 
distutt  pcdnt,  so  that  the  Inoidant  wavea  may  be  r»idad  aa  plaM 
3y  Huygnu^  prfawiple  eadi  elesMot  <A  the  front  tn  a  wbts,  aa  it 
anfraa  at  tte  ^ane  tA  the  aperture,  may  be  ooBald««d  as  the  eentee  of 
an  elementary  diaturbanoe  whitA  divetgaa  into  the  space  behind  the 
aoreon,  and  in  doe  time  teaohea  u.  Bat  the  diaturbMoa  at  h  will  be 
by  no  means  proportional  to  the  die  of  the  aperture,  uioe  the  nrious 
secondai^  waves  which  at  a  given  inatant  readi  H,  and  whitdk  aiiaa 
from  incident  waves  which  reaoh  in  sueceanoM  the  pUae  of  the  apertara, 
an  in  a  oondititm  to  interftaei.  Vint,  aappoae  m  iHaaied  at  aome 
diatanoe  ovtride  the  geometrical  projaotkn  of  Ae  anwtura.  Hake  M 
the  oentretrf  annmberol  ^uraa  with  wkHl  iaoiearing  by  ^,  and  ett 
wbich  aa  many  are  drawn  aa  cut  the  aperture.  These  spheraa  will  e«t 
the  aperture  mto  numsfona  narrow  sdjm^  trf  the  loam  of  portiona  of 
-  oiraular  annnU,  having  for  their  common  esntre  the  proiootbm  ■  of 
the  point  h  on  the  plue  of  the  mrtore.  It  will  be  -nm^  seen  that 
the  aggregrte  eOtet  of  tiie  aeotadary  waves  alarting  from  the  variooa 
damenta  of  one  aBp  will  be  aa  naarly  as  poariUe  neutnUaed  by  that  tA 
ihe  w«na  ooming  from  the  next  shp.  Per  the  aqnsfva  ol  ^  radii  of 
the  annoU  inoreaae  in  arithmetical  progreaaian,  anid  Uiavelrae  tbe  areas 
of  oonaeoutive  alipa  are  equal,  ezoqit  aa  to  the  tvUHng  diSnenoa  due  to 
the  chaiura  in  tbe  angle  subtended  at  n.  N^lecting  for  the  moment 
this  small  change,  we  readily  see  that  to  each  dement  of  the  first  slip 
oorreaponda  an  equal  element  of  the  aecood,  at  a  diatanoe  frxnn  k 
different  from  that  tA  tlie  former  dement  by  (A,  aoid  therefim  the 
secondary  waves  belonging  to  these  two  demoita  will,  as  nearly  as 
possible,  neutralise  each  other's  eflbot.  Hanoa  the  jmnt  effect  of  two 
consecutive  slips  as  compared  with  that  of  dther  of  them  is  a  sumU 
quantity  of  the  order  A,  that  is  the  ratio  of  A  to  the  other  quantities 
involved,  such  as  the  difference  of  distance  from  M  of  opposite  sldee  of 
the  aperture.  But  as  the  numbq-  of  sUjib  is  a  lai^  quantify  of  the 
order  A-',  It  mi^t  be  supposed  that  tbe  total  e^ot  was  oomparable 
with  that  of  one  slip.  This  however  is  not  the  case.  For  ^e  effect  tA 
any  slip  taken  along  with  half  tbe  effects  of  the  two  adjacent  slips  Is  B 
SDmll  quantity  of  the  order  A^,  and  the  sum  of  all  such,  when  we  group 
the  shps  so  as  to  take  every  alternate  slip  along  with  hidf  the  effect  of 
ito  two  neighbours,  is  only  a  small  quantity  of  the  order  A,  unless  it 
be  in  consequence  tA  the  want  of  compensation  at  the  beginning  and^ 
end  ol  the  aariea.  But  at  tbe  two  ends,  that  is  at  the  paita  <rf  the 
aperture  nearest  to  and  farthest  from  the  point  v,  the  length  of  the 
slips  dwindleadown  to  eero.  The  peooliar  case  fa  whuA  a  part  of  the 
boundary  of  the  aperture  ia  exactly  circular,  having  its  centre  in  s, 
which  attaches  itself  to  the  theoiy  of  the  l»i^t  point  in  the  centre  of 
the  shsdow  of  a  circular  disc,  is  supposed  to  be  excluded  from  con- 
sideration. We  infer  thereftse  that  the  diatiuhanoe  at  a  praat  n, 
situated  as  above  deamibed,  b  fnaeuBlble. 

Next  suppose  H  to  lie  at  some  distance  inddt  the  geometrical  pro- 
jection of  the  boundary  of  the  aperture.  Imagine  a  series  of  spheres 
drawn  as  before  around  h,  bepnning  with  uat  whitdi  touches  the 
plane  of  the  aperture  in  the  point  s.  The  aperture  will  now  be  cut 
upas  before,  only  that  now  for  sonw  diatanoe  round  H  ttie  annoli  will 
be  complete,  after  which  theywill  beoome  ioonnplete,  and  will  finUfy 
dwindle  away  to  Dothfaig.  The  neoMHsatlaB  will  in  Ala  eaaa  take 
place  just  as  before,  except  aa  regards  half  the  efibot  of  the  first 
aanulus,  or  central  oirole  of  the  wv^um,  and  the  diaturbanoe  will 
therefore  be  ansibly  tiie  same  aa  if  Uie  screen  wei«  removed. 

If  the  point  H  be  ritnated  near  the  f/bometrioal  tmfeotion  of  the 
bonndaqr  oi  tbe  aperture,  whether  iadde  or  outaiA,  er  U  theapar- 
tare  be  so  maU  that  a  law  eoly  oC  the  inli<M  aboro  Mwttonod  oat 


it,  the  determination  of  the  diaburbMiea  at  K  beeoiaa^  a  mmre  dittcult 
problem,  and  beknga  to  diffiaotion.  Tbe  erolanation  of  the  exist- 
enoe  of  iv>  vaA  ahadowa  whw  the  lidkt  Is  diTWgentK  or  the  inter* 
eepting  aorem  ia  not  pcipaikBenlar  to  ne  teaim,  ia  vrn^  the  Hma 
aa  iNKHre. 

We  oorae  now  to  the  oelours  of  thin  phtaa,  one  of  the  first  phe- 
nomena to  the  explanation  of  which  the  principle  of  interf  erenoe  waa 
applied.  Aa,  however,  the  whole  aabieot  baa  been  referred  to  the 
present  artiele,  we  ahall  oommeDoe  with  a  deaoription  of  the  pheno- 
manaa  itaelf ,  and  of  its  laws,  as  diaoovand  Newton.  The  «(4oui« 
of  thin  tnnqiarent  lamina  bad  preriondf  baaa  etB4ie4  to  aovtaia 
extent, Beyle  and  byHooke^and  tbe  lattev  e<  thaaa  vUIoaopban 
produeed  the  idunomena  in  the  ina^cttve-ioMa  in  whitn  thsir  laws 
have  ainee  been  studied,  name^,  by  placing  two  object  glawos  In 
etmtaot.  It  main  thiaiamkohkAythitttwr  m^itudiad  far  Ifewtoa, 
and  frcoQ  him  the  oolonred  rings  formed  suoh  gl^a^  save  besQ 
eallad  Mewtim's  rings. 

In  ndar  to  ohaerve  titeae  rind  «CB|TNii«|itly«  Nevton  phoad  two 
oonvaxlanaae  oflongfoeia*  andfOfMII)  in  eoatMt  with  eeoh  other 
at  their  vertleaa,  keeping  ^um  togetbet  mmm  tA  three  olampa  at 
intervals  on  their  oiroumfareocea,  so  that  there  was  between  them  a 
veiy  tbin  pkte  of  air,  oooaave  en  ita  upper  and  loww  aides.  On  bring- 
'  the  pair  of  lensaa  to  an  tvfm  window,  and  reouving  the  rm  of 
bmn  the  algr  rsAeeticHi  from  them,  thwe  were  obaenred,  the 
baiBg  W'OMj  preaaad  tegather.  aevan  aariea  tA  eolouied  linga  or 
about  a  Ua«  spot  in  toeotntM:  hmadtb*  aavan^  band  the 
ooloura  oould  aoaroely  be  diatingniahed.  The  diameten  of  the  bandfl 
being  measured,  where  ^e  eokw  in  each  wae  the  bru^taat,  Kewtos 
found  that  those  diametaae  were  proportional  to  tbe  aqusre  roots  tA 
the  seviae  of  odd  nnnbers  1,  8,  S,  7,  ^  i  at  the  plaoe^  where  the 
eckufs  were  the  least  bri^t,  tlM  diametsif  were  fouitd  to  be  saoptw 
thNMl  to  tbe  aquare  rot^  of  the  aniaa  o|  even  numbara  3,  ^  0, 8,  ftp. 
The  ladil  of  curvature  tA  the  luisa  being  known,  Newton  amr 
puted  the  thinknaniiia  of  the  i^te  ol  air  tita  oircumfvanoaa 
lAioh  the  ooloura  tA  the  banda  bad  the  ipatest  and  least  degrese  of 
brightnsM ;  and  he  found  ('  Opticea/  lib.  U.)  tbatj  at  the  most  luminoua 
part  of  the  ring  neareat  to  the  oantve,  Uie  thiuknesq  was  e<iual  to 
if^inoh;  the  thinknaw  at  the  moat  obaoure  part  of  that  ring  waa 
equal  to  ^,^1^,  i"^*  Henea,  frm  the  law  Move  mantioaej^  the 
tuekneaaea  Stvba  ur  at  the  moat  and  least  hmdnoua^tarta  of  the  suc- 
ceeding lings  may  be  obtained ;  those  tbickneaaeH  bung  oonaidered  aa 
proportionid  to  the  squares  of  the  eemidiameters  of  the  rings. 

If  lenaee  wboee  surfaces  have  dififorent  curvattu«6  are  employed,  it  ia 
always  found  that  like  tints  are  produced  In  the  circumfereaoes  of 
circles  at  plaoea  where  the  intervals  between  the  surfaces  are  equal, 
the  eye  bemg  similarly  situated,  or  a  line  supposed  to  be  drawn  to  it 
from  the  oentre  making  equal  angles  with  a  plane  pai^ng  through  all 
the  rings ;  uid  this  drcumatance  serves  to  snow  that  the  tints  depend 
wholly  on  ^  distances  between  the  lenses.  If  the  anide  made  by  the 
line  drawn  to  the  eye  be  diminished,  the  lUameters  of  the  rings  wSl 
be  increased,  the  tints  remuning  the  sa^ne  Newton  found  that  for 
moderate  obliquities  the  same  riqg  wm  (onned  where  the  distuioe 
between  the  Ibises,  or  the  thickness  of  the  intaiposed  phrte  of  afr, 
varied  as  tbe  secant  of  the  angle  of  Incidence  on  the  first  snifcoe  tA 
the  lens,  which  in  estimating  this  angle  may  be  deemed  a  plate  bounded 
by  parallel  surfaces.  To  include  great  obliquities  he  naa  given  an 
empirical  rule  not  sensibly  differing  from  the  simple  rule  of  the  secant 
except  at  great  obliquities.  It  has  rince,  however,  been  found  by 
careful  measures  of  the  diameters  of  tiie  rings  at  greet  oUiquities,  that 
the  thickness  where  a  givm  ring  is  formed  ia  regnlated  by  the  simple 
law  of  the  aeosnt,  and  not  by  ^e  more  oooqiUaatod  fnmimla  gteea 
Newton. 

When  the  rings  are  formed  by  homogeneoua  lifl^  ih^  are  found  to 
be  more  numeroos  than  whm  the  light  u  mixed,  tedeed  tksy  wr«  almost 
countless  when  the  homogeneity  is  sufficiently  perfect ;  they  are  also 
of  tiie  same  colour  as  the  li^ht,  and  are  aaperiited  front  ewi  aaothw  by 
narrow  apacee  which  are  qmte  black.  The  diametcn  tA  the  lings  in 
the  conaepondlng  bands,  at  the  pUoee  iriure  the  colooie  are  the 
brightest,  are  different  when  the  bands  are  formed  by  homoeeoeoua 
l^hte  of  different  coloute,  being  Ie«at  when  the  lij^t  js  viMBt^  and 
greateat  when  red;  and  Newton  computed,  from  the  measured 
diameters  of  the  rings  ol  ditbieat  ooloura,  the  intamla  between 
the  lensea  at  the  plaoea  where  tbe  bri^teet  peita  of  the  fint  rings 
from  the  osntae  are  lormad ;  thaw  diataneaa  an  loaad  to  be  eqiial 
to  ftbo  li"^  ^  eztreBW  red  n^e,  and  ff^^m^fat  estiMM vtiila^ 
rays,  which  it  nuw  be  obasrrad  are  half  the  ungtba  ol  aa  nnddhtfaa 
for  those  Unds  of 

The  order  and  tbe  dlmsBsiona  tA  the  oobmred  itegi  «n  the  aaiM, 
whether  air  occupy  the  space  between  Qxa  lensea  or  whether  the  latter 
be  in  the  exhanated  raodvar  of  an  air^ai^ ;  but  irkM  *  traavannt 
medium,  aa  water,  tA  gvaatar  nfnwtlee  power  than  air,  is  interpose^ 
betweso  them,  Oe  tints  an  fainter  and  the  dfamatsfaol  the  ring*  an 
len  j  or  amaller  ^ataneea  between  the  lanaes  an  raqvlaite  \n  dffder  t» 
pcoduoa  the  asms  tints :  it  asoertained  that,  with  diffbrvnt  bm^ 
these  distsaoes,  ia  the  case  of  a  perpendioular  iaddant  ray,  are  ipTsaealy 
proportiaial  to  the  refractive  indices. 

Oorranukding  riBos  tA  edonr  ware  efaasmd  by  Newton  ia  thia 
platMBunwmded by  madia lesBdsnsa  than  the ilataii:  IhMftlwbhii 
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of  soap-water  exhibits,  bjr  the  Atadiud  suboideDce  of  the  Itnid,  itege  of 
colour  exactly  cooform&ue  to  thoM  between  glaa  iensea ;  mi,  brfore 
the  bubble  buntt,  «.  dark  Bpol,  about  hall  an  Incb  in  diameter,  ia 
formed  «t  its  upper  pftrt  T&e  tike  phenomena  havo  been  olmmd  In 
thin  pUtee  of  mica  and  ta  bubbles  of  riaM  blown  »  thin  m  to  burtt 

Ifewton  iJso  examined  aod  deflbribed  tlia  phenomena  of  the  ooloured 
rings  or  liandB  between  Unsea  when  the  light  is  tranemitted  through 
the  latter.  These  rings  ara  lesB  bright  than  thoee  whidi  are  formed  by 
r»flectu>D ;  but  when  the  obliquity  of  the  tnuumittad  ran  to  tiie 
plane  of  Uw  ring!  Is  oonrfdemble  thqr  are  auftdoit^  diiUnet :  in  the 
ontM  ia  a  white  spot,  and  the  ooloors  of  all  the  Hngs  are  oxaetly  oom- 
plementar;  to  those  of  the  corresponding  rings  which  are  seen  by  tiie 
rsAected  rays.  Kewton>  arrangement  of  the  coloured  tante  in  the  first 
and  aeocAid  ring*  or  bands,  recxoning  from  the  centre,  is  given  in  the 
following  table,  with  the  thieknoses  of  the  pUtes  of  air,  water,  and 

rias,  at  the  placea  where  the  tints  are  produced.  The  unit  of  measure 
one  uilUonth  part  of  aftliu^ 
NHikeroC    X«i«0ted  TraMMDUled 


II. 


Tints. 

nati. 

Air. 

Wslor. 

TarrUesk 

* 

t 

H 

1 

1 

« 

HcariyHalft 

■ 

Btan 

H 

itt 

wut* 

filMk 

H 

H 

TeUow 

molet 

H 

H 

H 

< 

6 

H 

Bad 

mm 

ft 

H 

Violet 

White 

n 

ladlgo 

H 

"A 

B)IM 

Tdlow 

14 

« 

OrodB 

Bad 

»H 

Hi 
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This  table,  extended  eo  as  to  iudude  the  eeroth  band  of  reflected 
tint*,  aoHMtotM  that  wbkh  b  oaUed  Kewton^  aoale  of  Coloun. 

It  «H  to  «pUn  the  t^nooHDa  of  thoee  coloured  rings  that  Newton 
propoaed  tiie  ^fpotfaeeis  ol '  Fk»  «f  easy  Refleotton  and  TranamimiMi,' 
which  in  many  rapeeta  et|rfaiai  ttte  Uwa  of  the  pheaiomenon.  But 
beeidsa  ginaa  no  indiaation  befbrebaod  ol  what  ought  to  be  the 
nriatien  of  me  diameter  •  ring  with  the  re&active  index  oi  the 
interpaaed  modinB,  or  with  the  oUbiuitr  of  iaaidaBee,  it  tends  to  at 
Isasfc  ona  rsenlt  at  rariaaee  with  ebeervatloa.  Aoeording  to  the  hypo- 
Oeafa  of  fll>,tho  antral  falMk  q>ot,M  weU  m  the  daric  parts  of  the 
iBtgiasMi  wiAhfMiMganeoua  light,  ought  to  be  of  half  the  tvightoess 
of  til*  briglitait  parts;  secerding  to  t£«  theory  of  nadulationa,  they 
eu^  to  b*  perfaotly  bkok.  Obawralion  ahowi^  that  at  least  the 
central  spot  (inieh  ia  moat  aacily  obairwd,  and  doe*  not  require  homo 
pMous  Ugfat)  k  perfectly  blade 

AMtaral  exphaatiMi  of  the  rings  aooordiiig  to  the  itriw^deB  of  the 
iDkdtuatoiy  theory  m^nadi^  be  giTan.   Let  if  B  r  <)  m  two  platea  or 


jq)hmcal  lenses,  which  we  may  suppose  plano-convex  (though  all  that 
is  eaeential  is,  that  tho  more  curved  of  the  adiaoent  surfaoes  should  be 
convex),  in  contact  with  eai^  oUier  at  s ;  and  let^  B  be  the  direction  of 
a  peucU,  OT  of  a  wave  of  light  incident  upon  tke  first  or  upper  jiate  : 
this  will  be  refracted  in  some  direction  as  B  o,  and  at  the  point  e  part 
of  the  |>en<nl  will  emerge  and  bll  Cm  the  other  plate  in  some  point  E, 
where  it  will  be  partly  transmitted  through  that  plate  in  the  directton 
KB,  and  pvt^  reflected  in  the  direction  kf.  Another  part  of  the 
refracted  pencu  b  o  will  be  reflected  at  c  in  the  direction  o  d,  some  of  it 
emagjng  at  D,  and  the  reet  being  reflected  back  into  the  plate.  The 
reflected  pencil  E  t  will  also  be.  In  part,  tnuun^tted  through  the  upper 
plate  in  some  direction  as  V  o,  and,  in  part,  reflected  in  uie  direcnon 
r  H  :  at  the  point  H  a  portion  will  be  tranamitted  in  the  direction  bb, 
while  another  ia  reflected  in  the  direction  h  k,  and  so  on.  ^e  two 
prindpal  reflected  pencils  are  those  of  whidi  the  coutsee  are  ab  o  d  and 
ABOBva;  mi  these  beingeachoncerelkctedwillbeofneariy equal 
intouitr*  The  other  pendls  in  the  general  reflected  beam,  having  been 
rde<ft8d8,l[j7,&e.1unMfWfll1>e  comparatiTcdy  wmJl,  exoept  at  yeej 


great  Incidence*.  The  two  i«inolp*l  traosmitted  puioila,  ABOBBaod 
ABOBBHS  win  be  of  T6>y  UDoqual bstoiail^, th*  latter havfaig  been 
twice  reflected,  and  the  ftHtnir  sot  nOoatad  at  *a  Th***  will  be 
accompanied  by  pendia  refleoted  4,  0,  8,  tto,  ^aam,  yrUxsk  iriU  be  eoitt- 
paratively  tnsigBSBeant. 

Suppoinng,  thefefore,  for  the  soke  of  simplieity,  that  the  Hght  1* 
iu^dmtt  perpendieulariy,  reetrteting  ounelvea  to  the  two  moet  im- 
portant pendls,  and  conaidcritw  first  the  reflected  light,  we  see  that 
the  light  reflected  from  the  undet  aurface  of  tite  thin  plate  <rf  air  has 
had  to  tnvd  a  dtstanoe  9d  in  ur  more  than  the  other  stream,  D  being 
the  distance  between  the  lenses  the  point  under  oonsidetatloD,  or 
the  thickneea  of  the  plate  of  tit.  We  might,  therefore^  periiape, 
expect  that  the  vibrationa  in  the  two  RtreMns  wouH  be  in  perfect 
accordanoe  when  D  waa  equal  to  aero,  ol-  a  multt[4e  of  ^k,  and  in 
o[^>ositiQn  when  d  was  an  odd  multiple  of  iK  This  would  give  cor- 
rectly the  law  of  the  variation  of  the  radii  of  the  rings,  since  n  varies 
as  the  square  of  the  radius  drawn  from  the  point  of  oqntaot  of  tiie 
lenses,  with  the  single  but  important  exception,  that  the  places  <tf  the 
bright  and  daik  rings  are  interdumged.  But  we  must  remark,  that  the 
two  reflections  take  place  under  opposite  drcumstancea,  one,  at  the 
Bur&ce  of  a  rarer,  Uie  other  at  the  aurfaoe  i4  a  denser  medium.  Various 
dynamical  analc^ea,  such  as  the  reflection  of  Bound  from  the  end  of  a 
tube,  according  as  it  is  closed  or  open,  the  reflection  of  soimd  at 
the  common  aorfaoe  of  two  gaaea  which  are  supposed  not  to  mix, 
would  make  it  more  [»«baM«  wan  the  oontnry  uupporition  that  to  one 
of  theae  two  refleotiona  there  riiould  be  a  change  of  sign,  hi  the  other 
not.  A  change  of  sign  is  equiv^ent  to  a  ebuige  In  the  length  of  the 
path  of  one  of  the  etreantt  amounting  to  half  an  undulation.  'Hiis 
diange  bting  admitted,  theory  aaeigBfl  eoiteotly  the  law  of  ^e  variation 
of  tite  radii  of  the  bright  and  dm  ringe.  And  not  only  the  law  of 
variaHtm,  but  the  omohiie  magmUude  of  the  tiage  may  be  aarigned 
A  prufi,  ainoe  the  length  of  a  wave  of  tight  is  known  by  other  obeenra- 
tlons ;  md  the  tnagnitode  eo  aaaigned  is  in  confMmity  with  experiment. 
Hie  explanation  of  the  vwiation  of  the  eeale  of  the  rings  with  the 
colour,  and  of  the  oMiteration  of  Ae  rings  beyond  the  seventh  or 
thereabouts  by  overiapping,  wtien  the  incident  U^t  is  white,  is  the  aame 
aa  in  other  eaae*  of  interfnenoe.  Honomr,  if  a  liquid  such  as  water 
be  interpoeed  between  the  kama  iu  pktoe  4^  air,  frinoe  light  travds 
more  rtowly  in  water  than  In  ailr,  in  the  proportion  of  1  to  ^,  the  same 
kind  ring  which  witli  air  fa  found  at  a  spot  whM«  the  distance 
between  the  lensea  ia  D,  is  found  with  water  where  it  is  only  D^"*, 
which  explains  the  law  of  variation  of  the  radU  of  the  ringe  witii  the 
refractive  iadex  of  the  interpoeed  medium. 

l^e  explanatiim  <tf  the  transmitted  ringi  (s  perftoetiy  shnilar,  the 
chief  differences  being,  firet,  that  as  the  ftttorlMiw  itreams  have  been 
nlkaeted  aUhe,  and  one  vt  thetn  in  adAUon  twiee  reflected,  there  is 
no  change  of  sign,  or  the  fnteiferslMe  ii  determined  rimply  by  the 
diflbronce  of  path,  without  the  addition  of  the  half  undulation  ;  and 
secondly,  that  the  loterfering  atmama  are  very  uneqiiaJ  fn  int««uity, 
and  therefore  witji  homogeneous  U^t  the  minima  are  very  Car  &om 
bang  absc^utely  black.  Thus  when  U^t  is  incftdmt  perp«idicufa»1y, 
whether  externally  or  internal^,  at  tiie  oommon  aurlaoe  of  erown 
glasB  and  sir,  only  about  Hie  ^th  part  of  the  incident  li^  is  reflected, 
t&e  remaining  Uth»  behig  transmitted.  Hence  by  two  such  reftectlonB 
the  intensity  is  reduoed  in  the  proportion  of  625  to  1 ;  and  ff  wo 
repeeent  by_  unity  ttie  intensity  of  ue  li^t  transmitted  acroea  the 
Uun  plate  without  reflection,  the  intensity  of  the  twice  reflected  light 
must  be  repreeeoted  by  The  queetion  may  natunUly  be  aaked, 
How  can  such  feet^Hratii^intBrfMng  with  tae  former  give  rise  to 
any  semdhle  rfngsT  l%e  eK{4aaaUon  M  Uifa  paiadoz  is  dmved  from 
the  consideration  that  In  interference  we  must  compound  not  iftten- 
lUia  but  vifirotioii*,  and  thence  deduce  the  intensity  by  taking  the 
square  of  the  coefficient  <4  vi1»ation.  Thus,  taking  the  above  numbers 
as  correct,  we  learn  that  the  coefficient  of  vibration  will  be  reduced 
by  one  reflection  in  the  proportion  of  S  to  1  only,  and  by  two  in  the 
proportfon  of  S6  to  1.  Hmce  if  we  take  the  coefficient  ot  vibrati^ 
»  me  rimply  trauniitted  atream  as  unity,  that  in  the  twice  reflected 
abeam  will  be  ^,  and  therefore  that  in  the  reaultant  stream  wilt  vary 
between  the  limits  I  +  A.  ond  the  intensity  will  vary  between  the 
limits  <1  +  or  1  +  ^,  nearly ;  eo  that  tiie  diflerence  between  the 
limits  is  S8  much  as  ^ths,  or  nearly  Jth  of  the  mean  intensity. 

Next,  suppose  the  light  incident  obliquely.  If  /I  be  the  angle  <A 
incidence  on  the  first  surface  of  the  upper  lens,  or  which  is  the  aame 
(the  lens  for  tiiis  purpcee  being  treated  as  a  plate  bounded  by  parallel 
Borflices),  the  angle  of  refraction  into  the  thin  plate  of  air,  it  may  be 
Aown,  as  in  A&y's  '  Tracts '  ('  Undnlatory  Theoiy,'  art  64),  or  rtill 
more  simply  by  referring  everything  to  scions  of  the  fronts  of  the 
waves  by  the  plane  of  incidence  instead  of  to  rays,  that  the  retardation 
due  to  the  double  transit  acroaa  the  plate  is  2  D  cos  0,  in  place  of  2  D, 
as  at  a'perpendicular  Inddence.  This  expiaina  the  law  of  tiie  variation 
of  the  ringa  with  the  obliquity. 

From  the  explanaticm  hitherto  given  it  might  seem  that  in  the  case 
of  the  reflected  ringa  the  minima,  though  nearly,  ought  not  to  be 
perfectiy  black.  For  the  atream  reflected  at  the  second  surtace  of  the 
thin  plate  haa  to  und«go  two  more  retractions  than  that  reflected  at 
tiie  first  surface,  and  at  each  refraction  a  small  portion  of  tiie  incident 
lig^  4roald  be  lost  to  it  Iqr  reflection.  FVeniel  flrst  thowed  (*  Annala* 
de  Cfliiinie/  Um.  it,  p.  189)^  by  (alcfng  eoooimt  ot  the  infinite  nnmbar 
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of  reflections,  aa  Fouwm  haA  ^vloiialy  done  in  the  cam  of  a  perpen- 
dicular incid^ce,  that  the  minims  in  Uie  reflected  rings  ought  at  any 
incidence  to  be  perfectly  black,  and  that,  irithout  asBuming  anything 
relative  to  the  law  of  intenait;  in  reflection  beyond  a  law  diBCovered 
experimentidly  bv  Arago,  that  at  any  obliquity  light  is  zefiected  in 
Uie  same  proportion  at  the  first  and  Hoond  ninBOM  of  a  Inininarent 
plate.  For  a  very  simple  demonatcataon  at  the  same  time  of  .uago's 
law,  and  of  the  loas  of  a  half  undulation,  on  tiie  aasumptdon  meray 
that  the  forces  acting  depend  only  on  the  positions  of  the  particlefi,  the 
Trader  is  referred  to  a  paper  in  the  '  Cambridge  and  DuUin  Mathe- 
matioal  Journal '  (vol.  iv.  p.  1).  A  complete  inveetigation  of  the 
intensitifls  of  the  reflected  and  tauumitted  rings,  in  whuh  account  is 
taken  ot  the  infinite  number  of  redeotaoni,  will  bs  found  in  Aii7*s 
'  Tiaot;  arts.  64-S7.   The  result  is— 


For  the  reflected  ^itnn 


4oV«in«3;T 


o3 


For  the  transmitted  system 

(l_^i+4e'Bin«^T 

where  a  denotes  the  coefEcient  of  vibration  for  the  incident  light, 
T  the  retardation,  2  dcos^,  and  \  le  the  ratio  in  whioh  the  coefficient 
of  vibratioQ  is  altered  by  one  reflection.  The  sum  of  tiie  two  expres- 
dons  is  always  equ^d  to  a*,  which  shows  that  the  reflected  and  rabMied 
ayBtems  are  oomplementaiy  to  each  other,  conformably  to  obMTvatioD. 

Sir  Isaac  Kewton  also  discovered  that  when  the  lun'll  light  is 
reflected  into  a  darkened  room,  and  allowed  to  hH  on  a  screen  with  a 
moderately  small  hole,  and  the  beam  so  passing  a  received  perpendicu- 
larly on  a  coDcave  mirror,  made  of  {^aas  quitisilvered  at  the  back, 
-whidi  is  nUoed  at  such  a  dirtanee  tpm.  tfu  Mnan  that  the  hole  oalit- 
odea  with  the  centre  of  curvature  of  its  aurboea,  so  that  the  reeularlT 
r^Gcted  light  goes  back  through  the  same  snudl  hole  by  which  it 
entered,  a  system  of  coloured  rings  is  seen  depicted  oa  the  screen,  on 
the  face  towards  the  mirnn*,  surrounding  the  bole.  The  order  of 
colours,  and  the  law  of  the  diameters  of  the  rings,  agree  with  the 
franamitted  system  of  the  rings  fwmed  between  two  object-^aasea. 
A  metallic  apscnlum  eshibitB  no  such  rings.  If  the  amalgam  be 
removed  from  a  mirror  of  quioksihrered  glass,  the  rings  are  seen  aa 
before,  but  much  fainter.  With  difTerent  mirrors  the  diamatar  of  a 
given  ring  varies  directly  as  tiie  radius  of  curvature  of  the  surfaeea, 
and  inversely  as  the  square  root  of  the  thickness  of  the  glass. 

Although  Newton  expressly  refers  to  the  defect  of  pousfa  of  the  first 
surface  in  relation  to  these  rings,  he  does  not  seem  to  have  purposely 
tamishad  his  mirnoB.  In  repemng  Newton^  e^>eriment0,  the  Di^e 
de  Cbaulnes  obserred  that  the  IniDiut^  of  the  rings  was  very  fneativ 
increased  by  tamiahing  the  surface,  for  which  milk  much  diluted  with 
water  is  very  convenient.  It  is  advantageous  to  form  a  diverging  beam 
by  transmitting  a  beam  of  sunlight  throu{^  a  pretty  large  lens,  at  the 
focus  of  which  is  to  be  placed  the  small  hole  of  the  screen.  In  this 
way  of  operating  the  experiment  is  one  of  remarkable  beauty.  On 
eli^tly  inclining  the  the  jdienomenon  changes  in  a  very 

rema»able  way,  a  set  of  coloured  rings  oontinu&lly  opening  out  from  a 
voint  midway  between  the  luminous  point,  or  imnge  of  the  son  in  the 
xoens  of  the  lens,  and  its  Image  formed  by  reguhur  reflection.  The 
experiment  ma^  be  varied  in  a  very  beautiful  way  by  dispensing  with 
Bcreen  and  sunlight,  and  sunply  placing  a  small  taper-flame  in  hoat  of 
the  tarnished  mirror,  in  such  a  position  as  to  coincide  with  its  inverted 
image.  On  viewing  the  onnodent  flame  and  im^,  they  are  seen 
surrounded  1^  a  splendid  aNies  of  coloured  rings,  which  appear  to 
have  a  detenmnate  position  in  the  air  like  an  actual  obieot. 

These  phenomena  are  known  aa  the  eoUmrt  of  tJUac  plates.  The? 
have  be«i  shown  to  arise  from  the  interference  of  two  streams  <^ 
light,  whereof  one  is  scattered  on  entering  the  glass,  and  then  regu- 
larly reflected  at  the  back  and  refracted  out;  and  tiw  oUur  enters  Uie 
glass  by  regular  refraction,  and  after  regular  reflection  at  the  back  is 
scattered^  in  emerging.  At  a  point  coim^ding  with  the  limunous  point 
and  it«  image,  the  two  scattered  atnams  follow  the  course  of  tiie 
rt^ular  light,  and  therefore  their  difference  ot  path  is  nothing,  and  the 
difference  of  path  of  the  two  scattered  streams,  which  reach  a  point  at 
uo  great  distance  from  the  former,  will  accordingly  be  sufficiently 
amiw  to  allow  the  streams  to  manifest  the  ordinary  i^ienomeoa  of 
interference,  ^nie  theory  of  the  rioga  for  the  most  in^ortant  case, 
that  in  whioh  the  luminous  pcont  is  in  the  centre  of  curvature  of  the 
mirror,  is  given  in  Sir  John  Hersohel's  'Treatise  on  lAAt,'  arts. 
670,  Ac. 

lir.  Whewell  and  M.  Quetelet  observed  a  system  of  coloured  bands, 
which  are  seen  when  the  flame  of  a  candle  held  near  the  eye  is  viewed 
b^  reflection  in  a  common  lodcin^-^aaa,  several  feet  ofi",  with  a  tar> 
nished  suifaoe.  To  see  them  distuutlyi  the  image  ot  the  flame  must 
be  seen  distincUy,  so  that  an  ^y»^a8B  must  be  used  if  required.  They 
change  witii  evety  change  of  poidtion  of  the  candle  or  of  the  eye,  and 
with  botii  eyae  a  double  i^stem  is  seen,  one  with  each  eye.  Their 
e^lanati<ni  depends  on  the  same  [nnnoi|deB  aa  that  of  the  rtogs  fomned 
by  ocaioave  mirrors  of  qui^aUvered  glawi,  and  the  theory  of  both  kinds 


win  be  found  treated  with  great  detail  in  a  paper  publiriied  in  the 
'  Cambridge  Philoeophioal  Transactions,'  vol.  ix.,  part  2,  p.  147. 

The  subject  of  difliaotion  has  been  already  Iniefly  considered  in  a 
special  article.  [Diftbaotioh  or  Lioht.I  The  full  oomparison  of 
theory  and  experiment  with  reference  to  uiis  curious  and  interesting 
class  of  phenomena,  requires  far  too  much  mathwnatical  calculation 
to  be  here  Introduoed,  and  reference  moat  be  made  to  Ally's  Tiaet 
on  the  UndulatOTy  Theory,  or  other  works  In  which  the  questitm  fa 
treated.  Suffice  it  to  remark,  that  the  nndulatory  theory  has  led  to  » 
most  complete  explanation  of  the  phenomena,  qualitatively  and  quan- 
titatively, in  their  minutest  details. 

There  is  one  phenomenon,  the  astronomical  phenomenon  of  abecrap 
tlou,  the  eqdanation  of  whiidi  on  the  oorpuacular  theory  is  so  rimple  as 
to  attract  Iwtie  notice,  but  which  presMita  a  serious  £ffioulfy  on  the 
theory  of  undulations.  To  account  for  it,  it  has  been  sumcaed  bj 
Dr.  Young  and  others,  that  the  earth  in  ite  motion  round  the  sun 
passes  through  the  ether  without  disturbing  it,  allowing  it  to  pass 
between  its  own  particles  like  the  wind  through  a  grove  of  treec 
Startling  as  this  hypothesis  is,  we  ouj^t  not  to  reject  it  on  the  strength 
merely  of  previons  notions  re^ieotang  inoh  a  mysterioody  moUa 
medium  aa  the  luodnifennu  ether,  If  we  were  &irly  led  to  it.  But 
we  are  not  obliged  to  have  recourse  to  it,  for  the  phenomenon  admite 
of  exfJanation  by  attributing  to  the  ether  a  motion,  due  to  bodiea 
passing  throu^  it,  which  is  of  a  kind  with  whioh  we  have  a  great  deal 
to  do  in  hydrodynamics,  (See  '  Philosophical  Magaaine^'  voL  xcriL 
(1845),  p.  9,  and  sevehd  subsequoit  articles.^ 

In  the  explanation  of  the  [manomena  which  we  have  hitherto  con- 
sidered, nothing  depends  upon  the  direction  irf  vibration  of  the  partiolea 
of  etiier  which  transmit  the  waves,  but  the  phenomena  of  polaruation 
lead  us  to  suppose  that  the  TibtationB  are  transverse  to  the  direction  of 
propagation,  [PoLARlSATloir  or  LlOHT.]  This  sup^oation  bdog 
admitted,  the  curious  snd  complioated  phenomena  of  the  interference  of 
pdarised  lig^t  are  enlained  with  beautiful  aimplicitf .  We  have  in 
this  article  to  consider  how  far  the  same  Inrp(d,hesiB  of  tranavana 
vibratdona  helps  us  towards  aa  ei^tlanation  of  &uble  refraction. 

We  shall  commence  by  briefly  adverting  to  the  facte  of  double 
refraction,  and  to  its  laws  so  ur  as  they  were  ascertained  before 
Fresnd's  researches  on  the  subject  It  was  in  Iceland  spar  that  tiie 
phenomenon  was  first  discovered,  and  this  crystal,  from  the  great  nower 
of  ite  double  refraction  was  well  suited  for  a  atu^of  the  suojeot^ 
espedally  at  a  time  when  the  instruments!  means  of  examination  were 
far  infraior  to  what  we  at  present  poessK  Of  tiw  two  into 
which  Iceland  spar  divides  In  general  a  aiiule  ray  incident  upon  it,  the 
more  refracted  was  found  to  obey  Um  ordinaty  law  of  refraction,  bnt 
the  less  refracted  was  found  to  obey  a  more  complicated  law,  not  even 
lying  in  the  plane  of  incidence,  exo^t  in  {urticular  cases.  On 
measuring  the  refractive  index  of  the  spar  with  reqieot  to  the  latter  or 
extnordinaiy  ny  by  methods  applicaUe  to  ordirtaiT  nwdia^  difierent 
'nines  were  obtuned,  varying  from  a  mmnmm  equal  to  the  lefrwrtzre 
index  for  the  ordinary  ray,  and  obtuned  when  the  course  <d  the  ray 
within  the  crystal  was  pandlal  to  the  axis,  to  a  minimum,  which  was 
obtained  in  any  direction  perpendicular  to  the  axis,  around  which 
everything  relating  to  the  optical  properties  was  symmetrical.  Since 
there  are  here  two  rays,  we  must,  if  we  adopt  the  undulatwy  theoiy 
at  all,  osBuma  that  a  disturbance  excited  at  ai^  pohit  of  the  crysU 
would  give  rise  not  to  me  wave,  but  to  two  waves,  diverging  mm 
that  point,  or  what  comes  to  the  same,  to  a  ways  represontad  1^  a 
surface  of  two  dieete  As  the  more  refracted  ray  in  Iceland  spar  ohm 
the  ordinary  law  of  refraction,  the  inner  sheet  of  tiiis  surfitce  must  Be 
supposed  to  be  a  sphere.  The  facte  which  have  been  mentioned 
reepeding  ^  refraction  of  the  extraordinary  my,  ahow  that  the  outer 
aheet  must  be  a  smltee  of  ravbhitaon  around  tbe  axis  of  the  crystal, 
along  whidi  it  touches  the  inner  aheet,  and  must  be  most  protubwaat 
at  the  equator,  Apparentiyaa  bebg  next  in  simplicity  to  a  aphere, 
Euygens  assumed  uds  surface  or  ueet  to  be  an  oblato  spheroid  of 
revolution,  and  found  the  oalculations  thence  resulting  as  to  tlM 
course  of  the  exteacvdinary  r^  otnifirmed  hy  the  reault  ot  his 
eroeriments. 

The  demonstration  of  the  laws  of  reflection  and  refraction  in  tin  caie 
of  ordinary  media,  require  but  a  slight  modificatim  to  adapt  them  to 
the  case  of  a  crystal  for  which  we  are  supposed  to  know  the  form  of 
the  wave  surface.  In  fact,  if  we  suppose,  for  dmplicity,  the  incident 
waves  and  the  surface  of  the  crystal  to  be  both  pluie,  we  have  only  to 
replace  the  hemispheres  witiiin  the  media  by  the  corresponding  wave 
surfaces,  which  wUl  form  a  system  of  dmilar  and  similarly  situated 
curved  surfaces  with  two  plane  envelopes,  one  for  each  dieeL  Hanca 
reeulte  tiie  fdlowing  construction.  Draw  a  line  perpendicular  to  the 
incident  waves  in  afr,  and  therefore  representing  the  course  ot  an  inci- 
dent ray.  With  the  point  of  incidence  fw  centre,  describe  a  sphere 
representing  the  velocity  of  propagation  in  tdr,  and  likewise  within  the 
refracting  medium  draw  the  wave  surface  on  a  corresponding  scale,  so 
that  ite  radius  in  any  direction  represente  the  vdocdty  of  a  ray  propa- 
gated in  thai  direction.  FMduce  the  incident  ny  to  meet  the  rahera 
within  the  refracting  medium  whidi  Is  a  owtinnaUoi  of  the  fienu- 

r'  ire  described  in  air,  and  at  the  pi^t  of  meeting  draw  a  tangent 
e  to  the  ^ere,  or,  in  other  w<ndB,  a  riaue  perpendicular  to  the 
fay.  Througji  the  line  of  intersection  of  this  tai^enfe  idane  with  tha 
pUne  of  ^  Rfirboe,  4n(w  tangent  phuM  to  the  two  aheetorsapertiTdj 
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of  the  mm  surfoce,  and  joia  the  point  of  lucid ence  with  the  pointa  ol 
Mntact.  The  two  tuigent  pUnes  will  give  the  direotiotu  of  the  fronts 
of  the  two  refnoted  waves,  while  the  two  joiuii^-lioeB  will  g^Te  in 
dinatum  the  oonzBea,  and  in  magnitade  the  nloeitieB,  of  pn^Mi^tuHi, 
of  the  two  rsfra«bed  raji ;  and  if  from  the  point  of  inoiaenoe  wa  let 
fiaU  perpendieularB  on  the  (wo  taaoent  planes,  they  will  represent  in 
znagnitade  and  direction  ttw  velooiaee  of  propagation  of  the  refracted 
mves,  estimated  in  direc^ons  perpendicular  to  their  planes.  If  the 
incid^t  waves  and  the  surface  of  ibe  medium  be  curved,  ihe  same 
construction  will  hold  good  on  subetitulang  tangent  planes  for  those 
enrred  raifBoes,  jnit  m  in  the  cue  of  ordinary  media,  but  the  front  of 
Mther  refracted  wave  will  oi  eonrse  no  longer  be  plane  bnb  ourred.  A 
conatrucfion  based  on  the  same  [oinciples  gives  the  courses  of  inter- 
nally r^ected  rays ;  and  it  may  be  remaned  that  a  siiij^  incident 
ny  in  general  gives  rise  to  two  Internally  reflected  rays. 

Ills  accuracy  of  Huygen^s  coDstructtoo^  as  has  been  dready 
«baerr«d,  was  oonfirmed  liy  the  obserratiffliB  of  Wollaston  and  Mai  us, 
aiod  it  was  for  some  time  supposed  that  other  doubly  refracting  om- 
tab  resembled  ledand  spar,  except  as  to  the  energy  of  their  double 
refraction.  But  Biot  disoovered  that  in  quarfcE  and  sereral  other 
doubly  refracting  crystals  it  is  the  leu  refracted  instead  of  the  nore 
reftacted  of  the  two  rays  which  obeys  the  ordinary  law  of  refraction, 
so  that  in  the  application  of  Huyguia's  construction  the  oblate  must 
be  replaced  \sy  a  prolate  s^Aieroid.  This  difference  does  net  entail  any 
difibrenoB  in  the  state  of  polarisation  :  it  is  still  the  ordinary  ray  that 
is  polarised  in  a  prindpal  plane.  Crystals  in  which,  as  in  Ic^ano  spar, 
the  ordinary  ray  is  the  more  refraoted,  have  been  called  native,  and 
those  of  Uie  other  class  podtive;  tranii  derived  fnan  certain  views 
relating  to  l^e  corpuscular  theory. 

If  a  plate  of  Iceland  spar  cut  in  a  direction  perpendicular  to  the  axis 
be  interposed  between  the  pcdariaer  and  the  analyser  of  a  polariaing 
apfiantus,  a  most  splendid  series  of  coloured  rings  mska  tbar  wpear- 
•nee.  If  the  analyser  had  been  turned  till  the  field  was  dsrlc,  the 
tin^  are  seen  to  be  interrupted  by  a  black  cross,  the  araAs  of  which  are 
panJlel  and  pOTpendicular  to  the  plane  of  primitive  polarisation,  and 
the  order  of  the  tints,  be^nning  firom  the  centre,  agrees  with  that  of 
the  reflected  system  of  Kewton's  rings.  If  the  analyser  be  turned 
through  W,  the  black  cross  is  replaced  hj  a  white  one  in  the  same 
position,  and  the  tints  now  «gree  with  we  transmitted  system  of 
Newton's  rings,  but  are  much  more  vivid.  In  intennedlate  portions 
of  the  analyser,  the  rings  are  less  vivid,  and  are  interrupted  by  a 
double  cross  containing  white  light  of  mean  intensity,  or,  in  otSier 
worda,  by  eight  radii,  of  which  every  alternate  pair  are  at  right  angles. 
The  arms  of  the  croseea  are  parallel  and  perpendicular  to  the  [Janes  of 
polarisation  of  tite  polariser  and  the  analyser.  Similar  ringa  are  sera 
in  the  case  trf  other  doubhr  refracting  crystals  of  the  cla»  now  known 
aanniual;  but  sometimes,  m  otauequenoe  of  a  great  chromatic  variation 
in  the  doubly  refraotiog  power  of  the  crystal,  the  succession  of  tints 
deviates  materially  ^om  that  of  Kewton's  rings. 

In  quarts,  the  phenomena  manifested  by  polsriBed  light  passing 
nearly  sloog  the  axis  appeared  peculiar,  resembling  a  combmation 
those  belonging  to  an  ordinary  uniazal  crystal  with  thoae  belonging  to 
^yrup  of  sngar;  but  Uu  Mune  have  recently  been  dtaoorered  in  sane 
other  uniaxal  crystals. 

In  investigating  the  ooloun  exhilnted  1^  oryttalline  plates,  Sir  David 
BrewstM-  was  led  to  the  discovery  tiiat  in  many— in  fact,  in  Uie  greater 
number — of  aystaU,  there  exist  not  one,  but  ftw,  directions  about 
whidi  coloured  rings  are  seen  In  polarised  li^t.  Such  tayatals  are 
called  Uaacal,  and  the  two  directions  in  question  are  called  the  opHe 
axes.  Sometimes,  as  in  sulphate  of  lime,  sugar,  Ac.,  the  optic  axes  are 
widdy  separated ;  and  in  this  case,  if  a  crystal  cut  pwpendicolariy  to 
either  axis  be  intioduced  into  the  previously  dark  field  of  a  pokiising 
apparatua,  a  aeries  of  nearly  circular  coloured  rings  ia  seen  interrupted 
by  a  nngie  dark  hraah,  in  place  of  the  pair  of  brushes  forming  a  cross 
which  are  seen  in  uniucal  crystals.  If  the  crystal  be  turned  round  an 
uis  coinciding  with  the  oj^ic  axis,  the  black  brush  turns  round  in  a 
ecmfraiT  direction  at  an  equal  rate  relatively  to  qiace,  or  a  douUe  rate 
relativeqr  to  the  ci^tal,  whereea  ia  a  xmiaxal  crystal  similarly  treated 
the  black  cross  remains  atationaty.   The  rings  sre  ordinarily  nearly 

Sutdistant,  whereas  in  a  uniaxal  ciyHtal  they  obey  the  law  of  increase 
Kewton's  rings,  the  aqusres  of  their  radii  increasing  in  arithmetical 
progression.  In  other  cryi^l^  like  nitre,  the  optic  axes  are  near  each 
other,  and  may  be  seen  togetiker,  en>e<»aUy  if  the  plate  be  cat  in  a 
directi<m  perpMi^ouhr  to  uieir  midole  lin&  b  this  oaeo,  on  inbo- 
dodng  the  crystal  into  the  dark  field  a  eet  of  cdonted  curves  are  seen 
reeembling  lemniacates,  having  the  optic  axes  for  poles;  and  each 
optic  axis  is  traveraed  by  a  dark  hyperbolic  brush;  and  at  certain 
azimuths  of  ihe  crystal,  90°  apart,  tiie  two  brushes  unite  and  form  a 
cross,  one  arm  of  which  passes  through  the  optic  axes.  ' 

Sr  David  Brewster  also  discovered  the  relation  betwem  the  optical 
flhuaoten  of  oryatals  and  their  aryBtBllagnphia  forms.  It  was  found 
that  the  system  of  rectangular  axes  formed  by  lines  bisecting  the  acute 
and  obtuse  angle  between  the  optic  axes,  and  a  line  petpendicular  to 
their  plaacv  were  intimately  connected  with  the  crystalune  form,  so 
that  whenever  there  existed  a  jdane  of  crystalline  symmetry,  two  of 
these  axes  lay  in  it.  It  la  foimd  that  crystals  of  the  oubio  i^'steia 
are  Bfldly  ^ef[aetil^[,  those  of  tiw  thimkbohedral  and  [^ranudal  qpstems 
and  those  <d  the  prUmatlo,  oblique,  and  anorthlo  systems 
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InaxaL  No  account  ia  here  taken  of  properties  like  those  of  syrup  ol 
sumf  ,  nor  of  what  Biot  has  termed  lamellar  polarisation. 

The  explanation  of  these  beautiful  coloured  rings  and  curves  follows 
at  once  from  oomlnniog  the  observed  laws  of  double  refraction, 
including  therein  the  polaristticm  of  tiie  refracted  rays,  with  the  laws 
of  the  interference  of  ptduised  lig^t.  The  httter,  as  vre  have  seen, 
admit  of  a  ^ecUy  simple  exf^anation  on  the  hypothesis  of  trsnsvose 
vibrations ;  it  remains  to  be  seen  what  account  that  hypothesis  can  give 
of  the  former. 

Por  some  time  after  the  discovery  of  biaxal  ctyatals,  it  was  supposed 
that  one  of  the  refracted  lays  followed  the  law  of  ordiiutry  refraction, 
whUe  the  other  followed  some  unknown  law  more  comj^ioated  than 
the  Huygenian.  It  was  theory  which  fiMt  pointed  out  te  f^«inel,  that 
neither  ray  followed  the  ordinary  lav,  an  anUoipation  whidi  he  found 
to  be  confirmed  by  experiment. 

Our  limits  would  not  permit  us  to  enter  into  the  theory  of  double 
refraction  as  given  by  Freenel;  we  shsll  content  ourselves  witii  a  brief 
notice  of  the  prinoi^  of  the  investigation,  and  a  statsment  of  the 
resulte  to  whieh  it  conducted  him. 

In  any  theory  of  double  refraction,  there  are  two  kinds  of  laws 
which  have  to  be  accounted  for ;  those  which  regulate  the  velocity  of 
propagation,  and  those  which  r^ulate  the  stete  of  poluisatiuL  For 
iha  two  are  evidently  so  bound  up  together,  that  any  true  theory 
ou^t  to  explain  both  at  the  same  time. 

With  rcord  to  the  fanner,  if  we  only  knew  the  form  of  the  wave- 
surface,  all  the  rest  would  follow  from  Huygena's  oonsta-uotion.  To 
determine,  however,  the  propagation  of  a  diaturbaace  spreading  out 
on  all  aides,  is  a  problem  ra-esenting  many  diffioultiea,  some  of  which 
may  be  evaded  by  the  following  oonsideiation.  Imagine  an  infinite 
number  of  plane  waves,  the  effect  of  which,  severally,  is  mfinitel;  small, 
to  pass  initially  through  the  point  from  which  the  disturbance  is 
supposed  to  enuaata  These  will  serve  to  represent  initially  the 
disturbaooe  in  the  neighbourhood  of  that  point,  and  their  effect  will 
elsewhere  be  insennble.  Aa  the  time  progresses,  they  will  travel 
along  with  the  velodtiee  belonging  to  phme  waves  in  tiieir  re^tective 
directions,  and  their  effect  will  be  insensible  except  along  the  surface 
of  their  ultimate  intersections,  which,  therefore,  will  be  the  wave- 
surface  required.  Hence,  everything  is  reduced  to  the  determination 
of  the  mode  of  propagrtion  of  a  plane  wave  in  an  arL>itraiy  (Urection. 

This  problem  Frasnel  endeavoured  to  solve  by  rcgaidmg  ^e  ether 
witiiin  a  crystal  as  made  up  of  distinct  partiales  scting  on  one  another 
with  forces  which  are  functions  of  the  distances,  and  considering  in 
the  first  instance  the  motion  of  a  single  particje  supposed  to  be  alone 
disturbed.  The  result  is,  however,  meant  to  be  ap|died  to  a  whole 
plane  of  particles  constituting  a  wave,  and  this  appUcation  is  kept  in 
view  throu^iout  the  inveetigathnL  The  force  of  restitution  <»lled 
into  play  by  the  displacement  is  accordingly  resolved  in  a  direction 
parallel  and  perpandicolar  to  the  front  of  the  wave,  and  it  is  assumed 
that  the  latter  component  produces  no  effect,  because  although  a  sib^ 
particle  would  be  as  free  to  move  in  that  as  in  an^  other  direction  if 
unpelled,  a  plane  of  particles  could  not  so  move  without  compression, 
wheresa  vibrati<ms  which  are  striotiy  transvetaal  take  jSaoe  without 
oomprosiinn,  to  whioh  TneaH  supposea  the  ether  would  oppose  an 
immense  resistance.  Aeoordin^y  account  is  taken  raly  ot  that  com- 
ponent of  the  force  of  restitution  which  lies  in  the  plane  of  iha  wave, 
and  which  therefore  the  particle,  considered  as  one  of  a  i^ane  of 
particles,  would  be  free  to  obey.  It  is  shown  that  tor  either  of  two 
rectangular  displaoements  |»rtdlel  to  the  front  of  the  wave,  the  com- 
ponent of  the  force  of  restitution  which  is  parallel  to  the  front  is  also 
u  the  direction  of  dliplaoMnflnt,  but  for  a  given  displacement  the 
force  of  restitution  is  '<ufieremt  in  these  two  directions.  If  now  the 
initial  displacement  be  parallel  to  tiie  front  ot  the  wave,  but  otherwise 
arbitrary,  and  if  it  be  resolved  in  these  two  directions,  the  componente 
will  be  propB^ted  independenUy  of  each  other,  but  with  different 
velocities.  This  acoounte  both  for  the  double  velodty  of  propagation 
and  for  the  pcdarisation,  in  rectangular  [danes,  ai  the  disturbooce  pro- 
pw^sd  with  the  two  velocities  respsotivdy. 

These  resuHs  were  mainly  deduced  from  a  owDdaration  ot  the  foroe 
of  restitution  called  into  play  by  an  abtoluU  diaphwwmenti,  whereas  it 
belongs  to  the  fundamental  ctmcmticn  of  the  mechaniam  of  an  undu- 
lation that  it  is  propagated  by  forces  called  into  play  hj  relative  dis- 
placements. This  difficult  by  no  means  esctqped  Freenel,  who 
endeavoured  to  show,  by  probable  reaaoning,  that  the  general  resulto 
would  still  be  the  nmei, 

The  actual  resolte  which  follow  from  Fresnd's  theory  may  be 
enunciated  in  the  following  laws : — 

(1.)  In  every  crystal  there  exists  a  sj^stem  of  three  rectangular  axes 
(axes  of  elasticity),  with  respect  to  which  tiie  optical  phenomena  are 
^mmetricaL  (2.)  Let  a,  b,  e,  be  three  parameters  belonging  to  these 
axes  respectirely,  and  rrorosenting  certain  velocities  of  propagatim ; 
construct  the  uUpedd  d^a?+i>y*-he'^=l,  andeut  it  by  a  diametral 
plane  paralld  to  the  front  of  a  wave,  the  reciprocals  of  the  aeUi-ans  id 
the  elliptio  section  will  represent  the  two  normsl  velocities  of  the 
waves  wUch  can  travel  independenUy  in  the  given  direotion,  tai 
planes  perpendicular  to  the  wave  front  and  to  the  respective  semi^xee 
will  be  the  oorreaponding  planes  of  polarisation. 

These  laws  are  of  a  nature  to  admit  of  comparison  with  experiment^ 
either  direetjy  or  by  the  eoneeqnaneee  irtudi  nwthwnatiodly  flow  from 
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them.  The  direotion  of  vibration  in  poUrised  light  l»  not  Itaelf 
sognisable  by  the  Mnse*.  la  tho  ibeor^  from  whieh  Frenitl  deduo«d 
the  ftbove  laws,  it  a  supposed  that  the  direction  of  Tibnttion  is  perpm- 
dkvJar  to  the  plane  of  polulaation. 

Th«  deduction  of  tiw  form  oi  tho  mTs^irbo*  beounea  now  a  toen 
KMmetrkal  (voblem  of  enrelopes.  Fresnel  did  not  moeeed  in  solving 
the  problem  directly  on  aooount  of  the  diflBooltj  of  the  elimiiuttloii, 
but  he  gave  a  very  elegant  eonstrueUon  by  points  of  a  surfaoe  which 
he  afterwards  proved  to  be  the  wave-surface  required,  by  showing  that 
it  satisfied  the  requisite  condition  as  to  tangent  planee,  and  he  thus 
obtained  its  equation.  The  constructicHi  is  as  follows.  Construct  the 
ellipeoid  a~'i^*ir*f/*+v-^^=l,  out  it  by  a  diametnl  ^ane,  and 
fnni  the  oantn  perpmdinnlar  to  thii  ^ane  draw  lines  eqtiid  TMpflotively 
to  the  flsmi^aes  of  the  elliptic  section :  the  locus  of  tiidr  exti<emities 
win  be  the  WAve-sur&ce.  In  the  'Cambridge  Pbiloeophioal  Tnms- 
aotions,'  vol.  vi.,  p.  86,  Ur.  A.  Smith  hoe  very  simply  obtained  the 

S nation  the  surface,  rcf|;arded  as  an  envelope,  1^  direct  eluninatlon. 
Leequati(m  Is — 

^  +        +  ?r^-o. 

where  i^3xaf+j/*  +  A  It  is  readily  saen  that  when  two  of  the  para- 
meters, a,  b,  e,  become  equal,  the  wave-surfsce  of  FVesnel  becomes 
the  sphere  and  spheroid  of  Huygens.  For  an  admirable  dynamical 
uiTestigatitm  of  the  problem  of  double  refmction,  the  reader  fa  refened 
jtoa^pi^flrby^  Oreeo,  in  the  7fch  voL  of  the  '  Cunlnidge  Philosophiad 

The  length  tojrhieh  this  article  has  already  run,  compels  us  to 
omit  the  subjeote  of  conical  refraction,  the  application  of  tiie  undulatory 
tiieoiy  to  the  determination  of  the  intenutiea  of  r^ected  and  refracted 
polarued  light,  and  of  the  change  of  phase  which  accompanies  total 
internal  reflection,  the  properties  of  metals  in  relation  to  the  reflection 
of  light,  the  optical  properties  of  syrup  of  sugar  and  other  active 
liquids,  and  those  of  transparent  unciystallised  media  subject  to  the 
action  of  a  powerful  magnet.  Foe  these,  reference  must  be  made 
dther  to  the  original  memoin  of  those  irbo  ham  hnreitigaled  these 
nibjects,  or  to  some  of  the  extennve  treatiaes  which  hsTe  baen  written 
on  the  undulatory  theory. 

UNQUENTS,  or  ointments,  are  unctuous  substances,  tor  eztenial 
application,  and  intended  to  answer  a  variety  of  purposes,  according  to 
their  craoposititm.  They  are  variously  doognated  according  to  ^eir 
nature  and  consisitence.  At  one  stage  of  sutgerr  the^  were  of  a  very 
oomplicated  kind,  as  may  still  be  seen  in  the  so-called  baLiBins{8rtiftoiaI) 
of  the  oontinental  pharmacopociae ;  but  the  progress  of  modem  scienoe 
leading  to  greater  simplici^,  their  numbers  are  much  reduced,  and 
thdr  ingredients  fewer.  If  they  are  composed  chiefly  of  wax,  without 
resin,  and  of  oil,  with  or  without  other  more  active  materials,  and  have 
a  oonatstmioe  nearly  as  great  as  that  of  plasters,  tiiey  ore  termed 
etratet;  when  htm  or  resin  are  used,  so  tliat  the  consistence  is  scarcely 
mstsr  than  that  of  butter,  they  are  termed  otnMwRtt/  if  distaU^ 
fragrant  waters  or  essratjal  oils  are  used,  they  are  termed  wmatumt, 
or  pomada;  and  occasionally,  if  the  appearance  correspond,  some  are 
termed  buttert,  or  paila,  such  as  aJmmdptute,  which,  being  bland  and 
emollient,  must  be  carefully  distinguished  from  some  other  compounds 
also  called  butters  [Bittters,  in  Pharmacy],  which  are  acrid  and  corro- 
siTe,  such  as  butter  of  antimony,  or  violent  pdsons,  audi  as  butter  of 
ananle.  Most  ointments  are  formed  by  mdting  togetiur  the  ingre- 
diMite,  and  in  dohig  this  the  heat  should  never  exceed  that  of  the 
boiling-point  of  water.  To  ensure  unlfonnity  and  smoothness,  the  in- 
gredients should  be  carefully  stirred  while  on  the  fire,  and  strained 
throuj^  a  doth  while  yet  in  the  Hquid  state :  if  essential  oils  are  used, 
^eae  must  be  added  afterwards.  Some  are  made  by  merely  triturating 
the  matmab  together,  as  tn  the  case  of  mercurial  omtment  Vfo  great 
quantity  ti  any  ointment  should  be  prepared  at  one  time,  as  they  an 
apt  to  undergo  changes,  stanetimes  very  detrimental,  either  by  the 
mgredienta  acting  aa.  each  other,  or  by  absorUi^  oxygen  from  the  air. 
Many  should  be  prepared  only  tihea  wanted,  such  as  the  ohttment  of 
the  mttate  of  silver. 

The  diief  use  of  omtraents  is  either  \n  thcdr  emollient  qualities  to 
soften  tense  or  hardened  parts,  or  to  sheaUi  excoriated  parte  from  acrid 
secretions  or  the  irritation  of  the  air.  Applied  to  idoen,  they  mw 
acoordmg  to  ttieir  nature,  besides  excluding  the  air,  promote  the  hral- 
mg.  If  judiciously  used,  or  hinder  it  If  improperly  used.  For  chapped 
lunda  or  rou^^sUns,  one  of  tho  mildast  and  safnt  HmUeati<msii 
•Imoid-Mste. 

.  UNQUL^  The  hoof  of  ft  horaehwka  like  the  part  of  a  cone  which 
n  separated  frMB  tile  part  containu^  the  vertex  by  an  oblique  plane. 
H«ice  such  a  solid  is  called  an  unguk,  and  rules  for  the  deteimiu^on 
of  Its  oontent  are  givmi  in  books  of  mensuration. 
UNIAXAL  CRYSTALS.   [Optw  Axis.] 

UNICOBN.  «  Conoeniing  the  Unicom,  different  opinions  pT«vail 
Bnrag  authws,"  says  tiu  autiior  of  '  Thaumatofnuihia  Katuralia' 
(MW>,  and  ha  adds  that  msaa  donbt,  others  deny,  and  a  tfaiid  dass 
•nnn  Its  existenee. 

Tp^^^^  probably  whom  Aristotle  followed,  dewalbeB  the 

1      _  "^.."^  i"?*^  »  "l"**  *o  *1»  J»<™»  in  8i»,  and  even 

ftlS-T^  J^J*  tyes.  and  ft  horn  on  the 

forehead  a  ouUt  in  length.   For  the  space  of  tWo  pahns  from  the  fore- 


head  this  horn  b  entirety  white,  the  middle  part  is  blaok,  and  the 
extremity  is  red  and  pouted.  Drinking-vesBels  are  made  of  it^  and 
those  who  use  them  are  subject  nether  to  e(mvulnons,  epilepsy,  nor 
poison,  provided  that  before  taking  the  pcHson,  or  aftiar,  thc^  drink 
from  these  cups  water,  wine,  or  any  other  Uqutn*.  After  some  other 
particulars,  Cteidas  describes  these  animala  ss  vary  swift  and  very 
strone.   (OteaiaB,  ed.  B&hr,  pp.  265,  829,  86S.) 

Aristotle  notices  the  Indiui  Ass  as  a  solipede  which  has  a  horn,  and 
the  only  one  of  the  soli  pedes  t)OBse«ng  an  sstragalus.  ('  Hist  Anim.,' 
ii.  1.)  He  adds,  in  the  third  book,  on  the  parts  of  aoinialB,  that  those 
beasts  which  have  only  a  single  horn  have  it  in  the  middle  of  thnr 
head ;  and  evidentiy  speaks  of  tiie  Indiui  Ass  from  the  accounts  of 
others. 

Herodotus  (iv.  191)  mentions  asses  (Siw)  having  home;  and  Strabo 

(zv.,  p.  1009,  Oxford,  folio)  refers  to  UnioHn  horses  with  the  heads  of 

deer. 

Oppian  ('  Cyneget.,'  il,  line  96)  notices  the  Aonian  bulls  with  undi^ 
Tided  hoofs  and  a  single  median  hank  between  their  tnuiAss,  iHiereaa 
the  Armenian  bulla  luve  two. 

Ctesar  ('  De  Bello  Oallico,'  vi.  26),  when  referring  to  the  multitude  of 
animals  bred  in  the  great  Hercynian  forest,  speaks,  probably  from 
luarssy,  of  an  ox  with  the  figure  of  a  deer,  friun  the  middle  of  whose 
forehead  a  nn^e  horn  stands  out  higher  and  more  direct  than  ai^ 
homs  known  to  him.  He  adds,  tliat  from  the  top  of  this  horn  branches 
like  palms  are  dififiised,  that  the  nature  of  the  male  and  fismale  is  the 
same,  and  that  the  form  and  nze  of  their  homs  are  similsr.  He  then 
notices  the  Elk. 

Pliny,  who,  to  be  sure,  plaoee  it  in  the  oompany  of  the  MaatuAora, 
the  CaioU^M,  and  the  BatUMf  notices  it  sa  a  very  ferocious  beast 
(aspetTimam  feram),  similar  in  tiie  reet  of  its  boc^  to  a  horse,  with  the 
head  of  a  deer,  the  feet  of  an  elephant,  the  tail  of  a  boar,  a  deep  bd- 
lowing  voice  (mugitu  gravi),  and  a  single  black  hom,  two  cubits  in 
length,  standing  out  in  the  middle  of  its  forehead.  He  adds,  "  Hanc 
feram  vivam  negant  capi,"  "  that  it  cannot  be  taken  alive "  {'  Nat. 
Hist,'  viii.  21) ;  and  some  such  excuse  may  have  been  necessary  in 
those  days  for  not  producing  the  living  animal  npon  the  arena  d  the 
amphitheati^ 

Out  of  this  passage  most  of  the  modem  Unicorns  have  been  desoribed 
and  figured.  But  let  us  pause  to  scan  it  The  body  of  the  horae  and 
the  head  of  the  deer  appear  to  be  but  vague  sketches.  The  feet  of  the 
elendiant  and  the  tail  of  a  boar  point  at  once  to  a  pachydermatous 
animal ;  and  the  sin^e  black  hom,  allowing  for  a  littie  exaggeration  as 
to  its  length,  well  fits  the  two  lost-mentioned  o(»iditions«  and  will 
apply  to  one  of  (he  q>eciM  of  Rhinoceros.  [RmHOonuM,  in  NaT. 
Hist.  Div.] 

Our  Umits  will  not  permit  us  to  follow  out  in  detul  the  deseriptionB 
of  the  numerous  writers  who  have  treated  of  this  subject,  among  whom 
are  ^lisn,  Philostratus,  and  Solinus,  Mataa  Sylvius,  Karoo  Polo, 
Qeaner,  Ciu'dan,  Qazzias  ab  Horto,  Andreas  Marinus,  Andreas  Baocias^ 
BarthdinuB,  Aldrovandui,  Jonston,  &o.  Borne,  however,  ttf  the  modem 
descripfionB  of  the  Uidcora  may  be  excepted.  Gardaa  noted  down  a 
description  of  tUs  morvdloua  creature  from  one  who  aUeged  that  he 
had  seen  it  The  sear  affirmed  that  it  was  endowed  with  a  wonderful 
hom,  which  it  would  sometimes  turn  to  the  left  and  right,  at  others 
raise,  and  then  again  depress.  Ludovicns  Vartomanus  writes  that  he 
saw  two  sent  to  the  Sultan  from  fithio[^  and  kept  in  a  repository  at 
Mahomet's  tomb  in  Heooa,  and  he  desciibM  them  as  "  oanoiillia  ooasp' 
tus,  minimi  ferocea."  Cardan  describea  the  Uniocwn  as  a  tare  animal, 
of  the  doe  of  a  horse,  with  hair  very  like  unto  that  of  a  weasd,  with 
the  head  of  a  deer,  on  wUdi  one  hom  grows,  three  culnts  in  length  (a 
story  seldom  loses  anything  in  its  progress)  fr«m  the  fordiead,  ample 
at  its  lowest  part  and  t£^>ering  to  a  point ;  vrith  a  short  neck,  a  very 
thin  mane,  leuiing  to  one  side  only,  and  1^  thin  as  those  of  a  yoni^ 
Roe  (capredus).  But,  not  to  weaiy  the  reader,  if  he  wisbsa  to  sea 
what  our  ancestors  thou^t  Unicorns  like,  l9b  him  torn  to  JoistOD's 
'  Hifltoria  Naturalis '  (1657).  There  he  will  behold  the  mooth-homed 
Solipede  ("  W&ld  Bad  "),  and  the  dictated  and  clawed  smooth-homed 
"  Keer  Wolff,"  the  latter  with  his  single  hom  erect  in  the  foreground, 
Init  with  it  depressed  in  the  baekground,  where  he  is  rqtreeented 
regaling  on  serpents.  Then  there  an  the  omooth-horoed  "  Monoceroi^ 
Unieamu,  Einhom,"  with  the  bead,  mane,  and  tail  of  a  horae^  sod 
bisnloate  feet;  and  snothw  smooth-ho^Ml  "Uonoosros,  Uniomia* 
Einhcm,"  vrith  a  hone's  head  and  mane,  a  tag's  tsU,  and  oamd-lika 
feet ;  tiie  "  Meer  Steinbock,  Caprioomus  marinus,"  with  anterior  tasul- 
oate  feet,  posterior  webbed  feet,  and  a  kind  of  graduated  hom  like  a 
modem  fiat  tdescope  opera-gloss  pulled  out,  in  the  foreground,  snd 
diargiog  the  fish  most  valiantly  i^  the  water  in  the  distoncc ;  then 
there  is  t}ie  digitated  "  Wold  Esd,  Onagsr  Aldravandi,'' with  a  mnlsfli 
head  and  two  rhinoeeros-like  hmis,  one  on  his  fordwad  and  the  other 
on  hie  noee,  and  a  horse^s  tail,  with  a  collar  round  his  neck ;  bensath 
we  find  the  "  Honoceros,  sen  UtUeonm  jubatut — Einhom  mit  mshnesi,*' 
with  a  neck  entirely  shaggy,  a  twisted  hwn,  anterior  biauloate  feet, 
the  posterior  being  webbed,  and  a  deer's  tsU ;  and  at  the  bottom  of  thm 
plate,  "Monoeeros,  ssu  Uaicomu  allud— Sinhom  mit  mallnsn,  aha 
ondr*  art"  with  a  twisted  htan,  nume,  and  sbsggy  gcrgat,  ooriy  tail, 
and  camd-Uke  feet 

Hie  Unicom  ssems  to  have  ben  a  ood  poide  to  1^  hnnt«%  vriw 
hardly  knew  how  to  aome  at  wa  valuaUe  a  pbea  ol  gomo.  It  waa  hoir* 
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aver  ftt  laat  discorered  that  it  ww  fcmd  <A  rariiiw,  and  pftrtioubrly 
attached  to  chaste  peraonu ;  wo  tJwy  took  the  field  with  a  virgii),  who 
was  placed  in  the  uimupeBtiiig  amoirar'i  waj.  Whok  tfae  IJmooni 
spied  her,  he  awroM^ud  with  m  reverence,  coached  beiride  her,  and, 
laying  hia  head  In  her  1^,  fell  aileep.  The  treacharouB  virgin  than 
gave  a  fliga^,  and  tiie  hunten  made  in  and  captured  the  nmp]«  beaat. 

Hodeni  ssool<^i«ta,  diaguated,  aa  they  well  may  be,  with  Caldea  of 
which  we  have  only  g^ren  a  apeoimea  or  two,  disbelieve  genenJly  the 
eziBtuioe  of  th«  XJmaom,  awdi  at  laaat  aa  we  hsra  above  refoiTed  to ; 
bat  fha  nanlt  of  U.  Ghuttarfi  dsttartatlon  ia  an  i^union  that  gcnna 
teneatrlal  aofanal  bearing  a  bom  on  the  anterior  part  of  iti  head  exiita 
bemdea  the  Rhinooeroa.  The  nearest  approach  to  a  horn  in  the  middle 
of  the  fordiead  of  any  terreatiial  mamuiiferoua  animal  known  to  ub  ia 
the  bony  protuberance  on  the  forehead  of  the  GiraSfo  [OiaaFrB,  in 
K&T.  Hist.  Div.]  ;  and,  though  it  would  be  preaumptuoua  to  deny  Uie 
exiatenoe  ot  a  one-homed  quadruped  other  than  the  Uhinoceroe,  it  may 
bo  obIbIt  stated  that  the  iniwrtion  at  a  liHig  and  acdid  hcmi  in  tiie 
forehead  of  a  horae-Uke  or  deer-Uke  cnuium  ia  aa  near  an  impoeaibility 
BB  aaytiiiag  can  be. 

The  "  Monooeroa  home "  in  Tradeacant'a  collection  waa  probably 
Uiat  which  ordinarily  haa  paaaed  for  the  horn  of  the  Unicom,  namely, 
the  tooth  a  Narwhal,  Old  l^;eaida  aaaert  that  the  Unicom,  when  he 
goea  to  drink,  first  dlpa  his  horn  in  the  water  to  purify  it,  and  that 
other  beasts  delay  to  quBDch  their  thirst  till  the  Unioora  has  thus 
sweetened  the  utibet.  Tita  Nanriul'k  tooth  makss  a  oatatal  twisted 
Unicorn's  hom,  as  re^«aented  In  the  old  figuiea.  That  in  the  repoai- 
tory  of  St.  Denis,  at  PuiB,  was  presented  by  Thervet,  and  was  declared 
to  have  been  given  to  him  by  the  king  ot  Htmomotapa,  who  took  him 
ont  to  hunt  uniooms,  which  are  frequent  in  that  ooontiy.  Some  have 
thought  that  this  hom  is  a  carved  eleidiaDt'a  tooth.  There  ia  oaa  at 
Sfcraabaig  snna  tana  at  eight  iaet  in  lat^th,  and  there  are  BBTeral  in 
Venice.  * 

Great  medical  vbtuea  were  attributed  to  the  wHialled  hom,  and  tiie 
price  it  once  bore  outdoes  everything  ezoqit  the  TuUpomanio.  A  Floren- 
tine physidaD  haa  recorded  tfaiat  a  pound  of  it  (dzteen  ounces)  was  sold 
in  the  ahopa  for  fifteen  hundred  and  thirty-six  crowns,  when  the  same 
weight  in  gold  would  only  have  brougjtt  one  hundred  and  forty-eight 
crowna. 

The  Unicom  ia  a  national  mnbol  with  ue,  for  it  ia  one  of  the  sup- 
porters  ot  the  ronl  arms  of  Great  Britain,  in  Uiat  posture  termed  "bj 
beiukia  "  saUlant/*  It  waa  introdaoed  as  one  of  the  aupporters  of  the 
•Riylinh  arms  1^  James  L,  who  having  aa  king  ot  SootUnd  btniM  two 
unicorns,  coupled  one  of  them  with  the  En^sh  lion  an.  hii  aooeBrim 
to  the  throne  of  England. 

UNIFORM.  Tbiugh  this  word  mean  nothing  more  than  "  of  one 
form,"  it  has  a  mgnifloation  in  mathematics  which  might  be  better 
rendered  by  "of  one  value"  or  "  of  one  degree,"  when  we  qteak  to  the 
mathematical  proficient.  But  it  is  a  convenienoe,  tiiongh  tmly  an 
accidental  one,  that  the  word  does  not  imply  the  idea  of  value  abao- 
lutdy ;  a  drcinnatance  which  may  serve  us  to  elucidate  a  point  of  great 
unp(Mrtaace  in  the  difibrential  calculua.  The  commencement  ia  made 
in  the  |a«sent  article :  the  continuation  will  follow  in  Velocitt. 

In  order  to  undersUod  any  application  of  matliematics,  whethw  to 
KMoe  or  matter,  it  is  necessary  that  a  perfect  mathematioal  conoepticm 
mould  be  formed  of  the  quauty  of  apace  or  matter  whldi  is  to  come 
under  consideration.  By  a  perfect  mathematical  conception,  we  mean 
that  it  muat  be  distinetly  aeen,  first,  that  the  object  under  considera- 
tion is  of  the  nature  of  ma^tude ;  seoondly,  that  it  is  of  a  measurable 
kind,  that  in,  is  capable  of  being  measured,  and  can  actually  have  a 
mode  of  measuring  it  assigned.  Why  do  ao  many  persons  talk  and 
write  vaguely  about  force,  velooity,  dennty,  aooeleration,  fto.f  Simi^y 
because  tbc^  are  onljr  oonversant  witii  the  first  comideration,  and  have 
no  precision  in  their  ideas  of  the  second :  they  feel  that  they  are 
speaking  of  magnitudes,  of  tiiinga  which  they  know  may  be  more  or 
less,  but  they  have  not  that  fanuiiarity  with  the  predae  wa^  (tf  ascer- 
taining the  Aovf  mvci  more  or  the  Aow  tnA  Im,  without  whioh  dedoo- 
tion  cannot  be  made  intelligible. 

Now  we  aw  diat  in  every  instance  in  wbuA  measuremeat  ia  shown 
to  be  attainuile,  tiiere  is  a  notion  of  unitorad^  which  {neoedes  or 
ott^t  to  precede  that  of  mensurabili^ ;  and  that  empIuAic  mention 
of  this  circumstance  and  full  development  of  its  truth  and  meaning, 
ou^t  to  be  the  preliminary  step  to  actual  measurement.  Moreover, 
vro  say  tiiat,  inaamuch  as  this  idea  of  uniformity  is  to  be  gained  pre- 
viouafy  to  tikat  of  measurement,  we  must  forego  the  notion  of  "  uni- 
form'^ and  "  of  one  value  "  betng  convertible  terms,  tiA  ilhutnte  the 
word  by  Qonsidarstions  independent  of  value ;  for  UbiB  laat  term  impliee 
measurement,  as  is  easily  seen. 

If  we  were  to  take  vdocUy  as  our  iiutance,  most  readers  would  be 
able  to  appeal  to  ideas  of  meaaureonent  and  value  establidied  in  tiieir 
minda,  whether  vaguelv  or  precisely :  we  therefoie  prefer  to  idioose 
curvaturt,  a  term  which  will  be  ^te  new  as  meaning  a  measuiaUe 
magnitude  to  all  except  those  who  have  more  than  aa  elementary 
knowledge  of  raafhematics.  Curvature  is,  aa  the  name  imports,  the 
bending,  the  nadual  bending,  which  distinguishes  a  curve  from  a 
straight  line.  It  ia  a  magnitude,  that  is,  it  allows  of  the  appdtoation  of 
the  idea  of  more  and  lees  ;  one  curve  may  bend  more  tiian  another,  or 
more  in  one  plnce  than  in  another.  So  much  every  one  can  be  sure 
of  at  the  fir>>t  announcement :  the  next  step  would  be  to  imagine  ii 


possible,  that  one  curve  might,  aay  at  and  about  a  point  a.,  bend 
exactly  twice  as  much  as  another  at  and  about  a  point  B,  But  here 
the  ordinary  reader  can  only  imagine  a  poambility ;  no  dlstinot  toiterion 
will  at  once  present  itaelf  for  detemiiniDg  what  proportion  tiu  bondings 
or  curvatures  of  two  corves  ara  to  be  stated  as  having  to  one  another 
at  two  given  points.  If  two  tangents  be  drawn  at  the  two  given  points, 
it  is  obvious  tiiat,  aocordicg  aa  the  curve  bends  more  or  less,  there  will 
be  more  or  less  deflection  &om  the  tangenL  Thus  the  curve  a  f,  at 
the  point  a,  has  as  much  curvature  as  a  q,  or  more ;  certainly  not  less. 
Now  as  in  other  oases,  if  we  measure  curvature  it  muat  be  by  curva- 
ture, as  lengUi  by  Imgth,  weight  weight,  &a :  and  aa  a  prehminary. 
it  will  be  dariiaUa  to  uTe  tbit  curve  which  haa  everyw^we  the  sanu 


curvature.  This  curve  ia  obvioualy  a  drde,  whidi  is  throu^ut  its 
circumference  bent  in  exactly  the  sami  moaner.  Those  who  oannot 
imagine  how  curvatures  are  to  be  measured  can  i^ways  see  this  much, 
that  a  true  mode  of  measurement  vrill  give  the  same  reeult  to  what- 
ever point  of  a  given  drole  it  may  be  applied.  A  method  of  deter- 
mining value  muat  be  £slsa  whudi  ^vea  at  one  point  of  the  same  circle 
a  greater  ourvabire  than  at  another.  Here  we  say  that  any  <me  may 
see  that  a  notion  of  uniformity  has  a  useful  existenoe  previously  to 
that  of  any  mode  of  comparing  tiie  values  of  different  cases  of  this 
unitormi'^.  The  circle  a  may  have  a  radius  twice  aa  large  as  tiiat  of 
B :  are  we  then  to  say  that  the  curvature  ot  B  is  double  that  of  a  1 
That  the  smaller  cinue  liends  most  is  certain ;  whence  it  is  equally 
certain  that  curvature  or  bending  Is  a  msgnitude :  it  has  ita  more  and 
lass.  Again,  it  is  obvious  that  the  circle  b  has  the  same  curvature  in 
all  its  parts,  and  that  the  drcle  A  has  the  same ;  though  the  parts  of  a 
have  a  curvature  which  is  not  the  same  as  tiiat  fA.  the  parta  of  b. 
Hence  it  is  oertain  that  uniformify  of  curvature  is  perfectly  omceivable. 
Now  what  we  have  to  enforoe  is,  that  all  this  takes  place  in  the  mind, 
before  any  mode  can  be  given  of  answering  tiie  question  how  much 
the  curvature  of  B  exceeds  that  of  a.  The  greater  the  radiua  the  leaa 
the  curvature,  and  a  has  twice  aa  great  a  radius  as  B,  If  it  be  proper 
to  say  [Variation]  that  the  curvature  varies  inyeraaly  as  the  radiua, 
then  B  Ib  twice  aa  much  curved  as  a  ;  but  if  it  be  proper  to  say  tliat 
the  ourvature  varies  inversely  aa  the  aqwtre  of  the  radius,  then  that  of 
B  is  four  times  as  great  as  t^t  of  a.  Here  the  object  of  this  article 
ends,  and  we  have  referred  to  Yblooitt  the  manner  of  mating  the  next 
step.  At  the  risk  ot  undue  repetition,  we  state  again,  that  a  perfect 
idea  of  a  magnitude,  as  a  magnitude,  and  of  its  uniformity,  or  total 
absenoe  of  obaoge  of  value,  may  exist  in  oases  in  which  the  accurate 
comparison  <^  viiues,  or  measurement,  is  not  attained,  and  may  evm 
exist  in  a  mind  which  has  not  the  means  of  conceiving  tiie  poaubility 
of  such  comparison  or  measurement  being  accumtely  made. 
UNIQENITUa,  BULL.   [Bulls,  Papal-I 

U'NISON,  in  Music,  is  a  sound  which  is  exactiy  the  same  as  anoUier, 
in  remd  to  ^tch-— tiiat  ia,  to  acutenesa  or  gravity. 

UNIT  or  UMITT,  the  name  given  to  that  magnitude  which  is  to 
be  considered  or  ledunted  as  one,  whm  other  magnitudes  of  tiie  same 
kind  are  to  be  measured.  It  is  not  itself  one,  but  ia  the  magnitude 
whioh  one  or  1  shall  stand  for  in  calculation :  it  ia  a  length,  or  a  weight, 
or  a  time,  as  the  case  may  be,  wliile  1  is  only  a  numericaJ  symboL  This 
symbol  1  represents  tiie  abstract  conception  of  ain^eness,  aa  distin- 
guished from  multitude,  and  is  the  unit  il  abstract  arithmetic ;  but  all 
concrete  quantities  must  have  units  of  their  own  kind. 

Unity,  Bays  Euclid  (bo(A  vii.,  del  1),  ia  that  according  to  which  each 
ot  exiating  things  la  called  one :  Mocvlr  i^t,  Koff  %v  tKoaroy  rint  tft^wv 
&  A.^rcti.  And,  allowing  somewhat  for  idiom,  it  would  not  be  easy 
to  mend  this  definition.  Anything  may  be  unity,  for  things  of  its 
own  kind. 

The  common  diviaion  of  units  into  abstract  and  concrete  is  merely 
the  distinction  between  the  unit  of  nnmeiation  and  that  of  measure- 
ment :  the  former  implying  that  reckoning  or  computation  is  to  be 
perfwmed,  without  spec^  reference  to  any  particular  object  of 
reckoning;  the  latter,  that  some  oertain  unit  of  lengtii,  ot  capacity,  or 
whatever  it  may  be,  is  to  be  signified  by  1.  On  this  point  the 
learner  must  take  pains  to  see,  that  of  all  tiie  fundamental  operations 
of  arithmetic,  three  are  wholly  ind^>endent  of  this  distinction,  which 
cannot  be  said  of  the  fourth.  Addition,  subtraction,  and  diviriw  can 
be  physiodly  peKonned,  and  without  referenoa  to  units ;  two  lines 
may  be  put  together  into  one  line,  a  line  may  be  cut  off  from  another, 
or  a  line  may  be  carried  along  another  time  after  time,  until  it  is  seen 
how  many  times  tiie  greater  contains  the  leas.  But  multiplioation 
requires  uiat  number  or  magnitude  should  be  taken  a  number  of  ftmet, 
and  tiie  idea  of  multiplying  a  magnitude  by  a  magnitude  involves  an 
absurdity.  {HDtffiPLUU.l!«w;  RiaTAXCH:iB.1  Neverthdess  S(nne  enter- 
prisiBg  writers  on  arithmetic  pro<esB  to  mmtiply  magnitude  by  magni- 
tude ;  and,  to  make  t^eir  dtdngs  more  striking,  tiney  often  choose 
for  t^eir  instance  to  multiply  99^  19«.  llld.  991.  19s.  U^d.  To 
take  a  humUer  case,  let  ua  examine  the  product  of  5  shiUmga  and 
8  shillingB ;  b^j^rmera  educated  in  the  common  s^tem  of  arithmetic  are 
genendly  loth  to  part  with  the  idea  tiiat  this  must  be  1 5  shOIings. 
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The  common  rule  of  three,  as  generall;  stated,  and  riren  witlioat 
proof,  ia  the  cause  of  much  of  the  habit  which  leads  to  this  unwilling- 
uesB ;  and  for  thoae  who  cannot  see  any  difi^renoe  between  5  BbilUngs 
taken  3  times,  and  5  ahillinp  multiplied  \fj  S  shillings,  the  examination 
td.  a  question  In  thia  role  will  be  worth  wlule.  Let  it  be  as  follows : — 
If  10  apples  cost  7  pence,  how  much  will  80  apples  ooitf  The 
computer  proceeds  in  this  manner : — As  10  ^plea  are  to  7  pence,  so  are 
30  apples  to  the  answer  required.  According  to  the  rule,  he  mijtipliee 
together  7  pence  and  30  apples,  and  produces  210— of  what  he  does 
not  say.  Th«y  can  hardly  be  simple  am)les,  or  pence :  probably  th^ 
are  210  diemioU  compounos  of  an  apple  and  a  penny.  The  rrault  is 
to  be  divided  by  the  first  tenn,  10  apples:  here  210  divided  by  10 
pivea  21,  and  the  apples  in  the  divisor  decompose  this  compound,  free 
it  of  all  its  fruit,  and  leave  for  the  final  answer  21  penoe.  The  ocnfonon 
which  is  caused  by  the  improper  use  of  the  ooncrete  unit  can  hardly 
be  conceived  by  any  but  one  who  has  been  used  to  teaching. 

UNIT  JAB,   [Klectricitt,  Cohxoh,  col.  801.1 

UNIT  OP  WORK.   [Work,  Umt  op.] 

UKrFABIAN.  This  term,  in  its  strict  and  literal  interpretation, 
denotes  simply  a  believer  in  one  Qod ;  and,  when  thus  understood,  is 
a  generic  term,  applicable  to  all  Chnstians,  for  they  all  profess  to 
reoove  the  unity  of  Uie  divine  nature ;  and  not  only  so,  but  to  Jews 
and  HtduunmeduiB  also,  and  even  to  those  unbelievers  common^  called 
Driste,  who,  on  the  grounds  supplied  by  natural  reason  sione,  admit 
the  existence,  providence,  and  moral  government  of  one  Supreme 
Being.  But  it  is  more  commonly  understood  as  opposed  to  Trinitarian, 
and  is  accordingly  the  received  denomination  of  uxose  Christians  who 
acknowledge  one  Ood  in  tme  person,  as  distinguished  from  tiiose  who 
conceive  of  him  in  three  persons,  characters,  or  relations,  each  of  which 
Uiey  regard  as  the  proper  object  of  a  distinct  and  sf^arate  religious 
worship.  The  Uniterian  OhnsUan  Ijctlieves  the  Father  to  be  the  only 
true  God,  and  Jeana  his  mesnnger  to  be  the  Christ  (John  zvii  S.) 
This  is  the  leading  fundamental  prinoiple,  whidi  oonstitateB  the  true 
and  complete  demiition  of  the  term ;  under  which  are  conaequently 
included  aU  thoee  who,  receiving  the  divine  authority  or  commisaon  of 
Jesus  Christ,  believe  him  to  be  a  dependent  creature,  deriving  his 
ezisteooe  from  the  Father,  and  therefore  as  the  fit  oinect  of  all  the 
veneration,  submission,  and  obedience  which  can  be  offered  to  a  crea- 
ture, but  not  of  religious  worship  properW  so  called.  Agreeing  in  tb'" 
great  and  leading  principle,  Unitarians  i^mst  in  their  opinitHu  as  to  the 
ori^,  nature,  and  dimity  of  the  author  of  their  rdi^on.  Some 
beheve  him  to  have  been  a  celestial  spirit  of  great  power  and  dignity, 
existing  b^ore  all  worlds,  uid  employed  by  the  i^thcr  as  his  instru- 
ment or  agent  in  the  creation  of  the  universe,  or  at  least  of  this  portion 
'  of  it  in  wmch  we  dwell  These  are  usually  (ailed,  and  call  themselves, 
Arians ;  though  diffmng  in  varioos  portioulars  from  the  distinguishing 
tenets  of  that  celebrated  faeresiarch.  Of  this  class  was  thelate  Dr. 
Price,  and  many  of  the  principal  English  Unitarians  in  ttie  earlier  part 
of  tlie  last  century.  Others  believe  Jesus  to  have  had  no  existence 
previous  to  his  birtii,  and  to  have  been  simply  "  a  man,  approved  of 
Ood  b^  miracles  and  wfmders  and  signs  wblch  Ood  did  by  him." 
(Acta  u.  22.)  Tbeee  are  not  unfrequentiy  styled  Sodniana :  but  they 
themselTes,  almost  universally,  reject  this  appellation ;  botii  because  it 
is  uaua%  given  as  a  term  of  reproach  {thougli  in  fact  there  is  no  more 
reascm  why  it  should  be  so  conaidered  than  LuUieran,  Calviaist,  or 
Arminian),  and  also  because  Socinus  held  certain  minions  which  they 
disapprove,  particularly  the  duty  of  praying  to  Clrist,  contrary,  as 
many  of  thnn  think,  to  his  own  express  injunction.  (John  xvL  23.) 
Unitarians  believe  that  in  Christ  dwelt  all  the  fulnen  of  the  Godhead, 
inannuehasthesfttritwas  not  given  by  measure  unto  him,  and  as  he 
was  invested  with  full  power  to  make  known  to  the  children  of  men 
the  will  and  intentions  of  Ood  concemii^  them ;  and  Uiot  requite  no 
other  evidence  than  his  authority  for  receiving  all  which  he  delivered 
as  conung  from  God.  On  this  authority  they  believe  that  there  will 
be  a  resurrection  frvm  tile  dead,  both  of  the  just  and  of  the  unjust, 
whca  all  shall  be  rewarded  aoondiiig  to  their  woAs,  and  when  Christ 
hinuelf  shall  oome  in  the  of  bis  Father  to  judge  the  living  and 
the  dead.  They  believe  that  the  trutii  of  this  declaration  was  asoer. 
twned  and  exemplified  his  own  resurrection  from  the  grave.  They 
beUeve  that  he  was  sent  to  include  both  Jew  and  Gentile  in  tiie  terms 
of  a  new  and  better  covenant :  and  to  admit  the  whole  race  of  mankind 
to  a  participation  in  the  imvileges  the  bmily  of  Ood.  For  this 
reasoiiit  u  that  tiie  death  of  GianA  isdeKaibed  by  himself  as  the 
W(»d  of  the  new  oovanant,  ahed  foe  many  for  the  remisaion  of  ains: 
and  hence  Unitarians  receive  him  not  as  God  hbtaaeUj  but  as  thajsHm 
of  God  (2  Cor.  iv.  i),  and  a  ray  of  his  PVdher's  doiy— m  the  one 
mediator  between  Ood  and  man. 

Unitarians  believe  in  the  Atonement ;  understanding  that  term  in 
Uie  SMue  in  which  it  is  used  in  the  only  place  where  it  oooura  m  the 
New  Testament,  namely,  reoonoiliatloD.  Men  were  enemies  to  God  by 
wicked  works ;  they  were  reconciled  l^the  death  of  Christ,  that  is, 
by  tiie  new  covenant  of  grace  and  mercy  ratified  by  his  death,  in  as  far 
M  thqr  have  been  reclaimed  from  sin  to  a  life  of  righteousnees.  In 
thia  smse  they  thmk  that  Christ  died  forva;  not  in  our  stead,  but  on 
**•  P"**^""  »8  benefit  of  a  new  and  better  dispen- 
sation. Thus  the  tmus  or  conditions  of  salvation  are  "  repentance 
towds  Ood  and  faith  in  the  Lord  Jesua  Christ."  And  tWdeny 
that  tbew  views  are  Uable  to  the  oha^  wfaioh  is  sometimes  brou^ 


af^nst  them,  of  undenatang  the  evil  of  ain ;  considering  that  by 
repentance  is  nuant  not  merely  iorrow  for  past  nn,  but  a  ehaage  of 
mind  and  heart,  leading  to  future  amendment,  and,  whan  praoticable, 

to  restitution. 

Unitarians  are  sometimes  charged  with  relying  upon  their  own 
merits,  but  erroneously.  They  profess  to  look  for  everything  the^ 
have  or  can  expect  Bold.y  to  the  free  grace  and  mercy  of  Qod,  maoi- 
feated  in  the  goepel  of  Jeaua  Christ.  This,  and  ttuB  alone,  is  the 
procuring  eauie  of  salvation,  of  which  conversion  where  necessary,  and 
repentance  and  better  obedience  in  all  cases,  are  only  the  prescribed 
but  indispensable  condition ;  a  condition,  which  they  believe  that  all 
men  are  competent  to  tidfit,  by  a  diligent  and  consdentioua  exercise  of 
their  natural  powers.  These  powers,  and  the  entire  oonstibution  which 
man  inherits  at  his  birth,  they  believe  to  be  such  aa  his  Maker 
intended  them  to  be,  not  leas  capable  in  their  own  nature  of 
religious  and  moral  improvement  tium  those  of  his  first  progenitor, 
when  cultivated  with  due  care,  exercised  under  an  influential  sense  of 
the  Divine  presence,  and  an  habitual  apfJication  for  the  Divine  pro- 
tection and  blearing  pnunised  in  the  GNMpel  of  Jesus  Christ 

Unitarians  for  the  most  pert  beUeve  m  the  doctrine  of  Unlvoml 
Restitution ;  conadoiag  punishment,  both  here  and  hereafter,  not  as 
the  expression  of  what  is  called  vin^tive  justice,  but  as  the  instru- 
ment of  a  remedial  discipline,  destined  ultimately  to  bring  back  the 
sinner  &t>m  the  error  of  his  ways.  But  it  should  be  observed  that  on 
this,  as  on  all  other  points,  it  is  difficult  to  give  any  precise  statement; 
beoanse  in  fact  there  does  not  exist  any  Unitarian  creed  or  standard, 
which  Hba  general  body  have  evor  fwmally  recognised  aa  of  authority. 
No  Unitarian  will  allow  himself  to  ba  held  responsible  for  the  c^inioiiB 
maintained  by  any  other,  let  his  talents,  enutsnoe,  or  reputation  be 
what  they  may. 

Without  touching  on  the  oontrover^es  which  hare  arisen  respecting 
the  history  of  Unitarianism  in  the  nimitive  church,  it  may  he 
suffitdent  for  our  puiposo  to  obsem  that  it  quiokfy  made  its  i^pear- 
aooe  among  ^e  lea^Ung  reformers  ol  the  16tii  century.  The  u,to  of 
Servetus,  who  was  burnt  at  Geneva  for  the  profession  of  thia  obnox- 
ious sentiment,  is  the  foulest  blot  on  the  character  of  CalviiL  Several 
of  the  most  eminent  of  tite  Italian  reformere  of  that  period  were  anti- 
Trinitarians  of  different  d^reee,  some  of  whom  became  distinguished 
lights  and  founders  of  Unitarian  churches  in  distant  landa.  In  this 
oountn',  during  the  reigns  of  Edward  YL,  Elizabeth,  and  Jamea  L, 
several  penoos  expiated  the  offenoe  of  this  form  of  hereby  at  the 
stake ;  but  the  first  reli^ous  society  established  in  En^and  avowedly 
on  this  principle  was  gathered  in  tiie  time  of  the  Comm<»iwealth 
Biddle,  who  may  therefore  be  styled  the  father  of  English  Unitariamsm. 
The  UnitariauB  of  the  present  day  in  this  countiy  are  chiefly  tiie 
descendants  and  representatives  of  that  branch  of  the  early  Non-oon- 
fomdsts  who  zeodved  the  denomination  ot  Presbyterians;  and  th^ 
are  still  known  by  that  name,  though  no  Fresbyteriaa  form  of  ofanrch- 
govemm^t,  properly  so  called,  has  ever  exirted  either  among  them  or 
their  predecessors.  A  smaller  body  are  Baptists ;  and  a  few  Bocieties 
now  Unitarian  originally  belonged  wholly  or  partially  to  the  Inde- 
pendent denomination.  In  the  proper  sense  of  the  w<nd  they  are  all 
Congregationalista ;  inasmuch  as  every  society  is  a  distinct  religious 
community,  acknowledging  no  axtemu  control  upon  earth  in  qnritual 
ooDcema.  Tin  census  of  18S1  gave  229  congregations  in  England  and 
Wales,  and  50,061  attendances  on  Sunday,  Mai^  30. 

In  the  United  States  of  America  there  are  at  least  four  distinct 
religious  bodies  who  profess  anti-Trinitarian  opinions: — 1.  A  large 
portion  of  tiie  Coogr^tionalist  churches  in  Hasnchuaetts,  vrith  a  few 
m  the  adjoining  eta  tee  of  New  Eo^and,  to  which  may  be  added 
churches  of  the  same  dsDomination  in  several  of  the  principal  towns  in 
other  parts  of  the  UnimL  2.  The  Universalista,  whose  leadmg  tenet 
is  the  doctrine  of  Universal  Restitution ;  but  who  have  in  general 
adopted  some  modification  of  Unitarianimi.  8.  A  considerable  mai<nil7 
of  the  American  Quakers,  from  whom  tiieir  orthodox  brethren  seceded 
and  formed  a  distinct  community.  4,  A  numerous  denomination  who 
call  themselves  ChriOiaHt  by  way  of  distinction,  refusing  to  be  ca- 
ndled aa  the  foUowen  of  any  other  body. 

At  Ooievn,  once  the  fountain-head  and  sbrong^iold  of  Galviniam, 
Unitarianism  prevails;  and  in  Transylvania  the  deseendants  of  tha 
followers  of  Socinus,  Davides,  and  others,  in  the  16th  cantoiy,  still 
form  a  numerous  community. 

In  this  article  no  attempt  has  been  made  to  exhibit  the  scriptural 
proofs  on  which  Unitarians  are  accustomed  to  rdy ;  still  less  to  give 
any  minute  oritioal  examination  of  the  texta  usually  cited  in  opposi* 
tion  to  their  dootiines;  but  merely  to  stote  aa  concisely  and  distinctly 
aa  posaible  what  those  doctrines  are.  Thoee  who  wish  to  obtain 
furuier  information  on  the  views  of  Unitarians  are  referred  (among 
other  sources)  to  Lindsey's  Apology  and  Seqvd  j  Lardner's  Letttr  \m 
the  Logoi ;  Belsham'a  Calm  Inqmry ;  Carpenter's  f/mtorioinMi 
Doctrine  o/  the  Ootptl ;  Yates's  Bqdia  to  WardJaw  ;  and  the  Doctrinal 
Discourses  of  the  Uto  Dr.  Channing, 

UNITED  BRETHREN,  [UoR&TUirB.] 

UNITED  PRESBYTERIAN  CHURCH  (OF  SCOTLAND).  The 
United  Seoession  Church  and  the  Rehef  Church,  which  had  existed  as 
separate  oiganisations  for  a  considerable  period,  formed  a  junctim  in 
1847,  under  the  designation  of  the  Unit^  i*reafiyfarta»  Cfrnrdi.  The 
original  seoeseion  from  the  Scottish  esteUishment,  wbieh  toc^  plaea 


Digitized  by 


Google 


UNIVERSAL. 


UNIVERaAL. 


in  the  year  1738,'waa  oooudoned  by  two  acta  of  the  General  Aj»embly; 
the  first,  pasaed  in  1780,  for  putting  an  end  to  the  practice  of  record- 
ing the  prcrtMta,  or  reaaons  <ndiaBent,g^ven  m  ^  members 
i^ainit  the  dednona  of  ohiuvli  iudioatnies;  tbe  other,  passed  in  1782, 
prori^g  tli&t  ID  cases  in  which  what  is  called  the  jtu  devdultm,  or 
xb|ht  of  tite  presbytery  to  nominate  to  vacant  livings  in  consequence 
ofno  quidified  person  being  pres^ted  by  the  patron  within  six 
months,  came  into  opnatloQ,  we  presbytery  should  always  appoint 
the  person  chosen  by  the  heritors  and  elders.  The  act  of  1782  was 
not  latiafaato^  to  some  members  of  the  church  becanw  it  did  not 
nstwa  (in  the  casea  in  which  the  appointment  fell  to  firesbyteries)  the 
more  democratic  practice  which  had  been  established  in  1649,  placing 
the  eleotira  wiUi  tiie  elders,  or  members  of  the  kirk  sessioQ,  alone. 

The  olcvgyman  who  took  the  lead  in  the  movement  against  tiie  acts 
of  17S0  and  17S2  was  Ebeneser  Erskine,  then  one  of  the  ministers  of 
Stirling,  who  had  the  co-operation  of  his  brother,  Balph  Erskine, 
minister  of  the  pariah  ol  Dqnfermlin&  [EuKUti,  Ebbsbzbs,  in  Btoo. 
Dir.]  Fifteen  memben  ttf  Assembly  protested  against  the  pawring  of 
the  act  of  17S2.  As  the  Assembly  refused  to  record  this  protest, 
Ebeoexer  Erskine,  in  a  sermon  which  he  preached  a  few  monUis  later, 
as  moderator  of  the  synod  of  Perth  and  Stirling,  denounced  the  pro- 
needing  as  arbitrary  and  tyrannical.  Upon  this  aennon  the  synod 
passed  a  resolution  of  censure,  from  which  Erskine  appealed  to  the 
Gfloaral  Asacmbly;  but  the  sentuioe  was  emfltined  l^that  supreme 
court  in  1788,  and  he  was  lebulxd  and  admonished  at  the  bar  of  the 
house.  He  protested,  three  other  dergymen  adhering  to  him,  agunst 
this  decision,  and  declared  he  would  continue  tbe  conduct  for  which  he 
had  been  censured ;  upon  which  the  Commission  of  Assembly  was 
authorised  to  proceed  against  the  four  protesters,  and  th^  were  sus- 
pended in  August,  173S,  and  deposed  on  the  16th  of  November 
following.  This  sentraoeof  the  Ocnuniiidon  however  WM  removed  by 
the  Assnnbly  of  1784,  which  at  the  aame  time  rqiuled  both  the  act 
of  1780  and  that  <^  1782.  But  in  the  meantime  the  deposed 
brethren,  having  been  joined  by  four  other  clergymen,  had  constituted 
tiiemaelves  into  a  separate  presbytery,  under  the  name  of  The  Ameiaie 
Prabytery ;  the  eight  clergymen  continuing  to  officiate  in  their  sereral 
churdiea  as  usual,  till  the  affiur  was  once  more  brought  befcnre  the 
AsMmbly  of  17S9.  Even  fn  that  house  the  motion  for  proceeding 
to  a  sentence  tA  depotititm  wu  lost;  but  thsy  were  finally  deposed, 
and  their  parishes  declared  vacant  by  an  act  of  the  next  Assembly, 
passed  15th  May,  1740,  by  a  majority  of  140  to  80. 

The  Seceders,  or  AsBooiate  Synod,  as  they  called  themselves, 
remuned  a  united  body  till  the  9th  of  April,  1747,  when  they  smlit 
into  two  on  a  quarrel  about  a  clause  in  the  oath  required  to  be  taken 
tiy  the  bni;gaasaa  oe  freeman  of  some  of  the  buigha  in  Sootland, 
declaratory  of  thdr  profession  and  hearty  allowance  of  "the  true 
religion  at  present  professed  within  the  realm,  and  authorised  by  the 
hkwa  thereol"  The  larger  diviu<m,  who  held  that  the  oath  might  con- 
BcimitiouBly  be  taken  by  Seceders,  kept  the  name  of  the  Associate 
Synod,  but  were  popularly  desigoated  Burghers ;  while  those  who  held 
that  it  would  be  wrong  to  take  the  oath  took  the  name  of  the  General 
AsBodata  ^mod,  and  were  known  as  Anti-burghera.  bi  1820  the 
Bnrghen  and  Anti-burghers  coalesced  again  into  tiu  United  Aisociate 
Synod  <A  the  Secession  Church.  In  1847,  this  body,  when  it  united 
with  tiie  Relief  Chiirch,  ocHuisted  of  S4  presbyteries,  rqmaenting 
about  400  congregations. 

The  practice  of  subscribing  the  Solemn  League  and  Covenant  was 
made  ttnpeiative  upon  all  members  of  the  Secession  by  the  Associate 
Oynod  in  1744;  but  fell  into  desuetude  after  a  few  yean.  One  chief 
cauBs  of  this  was  the  growfli  among  the  Seceders  U  ojuniona  adverse 
to  the  prindple  of  national  religious  eetabliahmenta  altogether,  a 
principle  strongly  maintained,  and  placed  on  very  high  ground,  in  tbe 
Covenant.  But  this  chan^  of  sentiment  subsequentlV  gave  rise  to 
tiie  separation  of  small  sections  from  botii  divisions  of  we  body  who, 
adhering  to  the  principle  of  an  established  church,  called  theinselves 
Oii^uu  Seoedera,  on  the  ground  that  the  first  Seoedeza  from  the 
Sstdilished  Church  hdd  that  principle.  The  memben  of  theae 
sections  were  known  as  Old  Light  Buzghen,  and  Old  Li{^t  AnU- 
burghera,  [Seokdkbs,] 

The  JUUtf  Church  originated  in  the  secession  of  a  clergyman,  Ur. 
Gillen>ie,  from  the  Established  Church  in  1752,  on  a  question  of 
dinrefa  patronage.  Mr.  Qillespie  dkl  not,  fw  a  c<Hisiderable  time, 
attempt  to  form  any  separate  ecdenaatlcal  oiganiaation,  but  kept  on 
fideadly  tmna  with  mai^  ministen  and  memben  of  the  eetaUishment 
who  sympathised  with  his  views.  Others  who  left  tbe  establishment 
for  mmilar  reasons  erected  places  of  worship,  which  were  known  as 
Belief  Churches,  because  affording  relief  from  the  grievanoea  of  lay 
patronage  in  the  Established  Church.  Frcon  these  scattered  congre^ 
tione  at  length  arose  several  Presbyteries,  constituting  the  Kehef 
Qvnod.  TUa  body,  in  1847,  at  the  time  of  its  junction  with  the 
United  Beoeasimi  Synod,  comprised  nine  preabyteoiee,  representing 
114  oongr^iationa. 

The  United  Presl^terian  Church  now  connsts  of  about  fifiO  con- 
gr^^ons,  oonstitating  Ul  presbyteries.  The  Synod  meets  annually  in 
nm,  usually  at  Edinburgh 

UNIVERSAL;  UNIVERSAL  AND  PARTICULAR  (Logic).  By 
■  iiiisesm^inoldlogi<^iBmeant»  term  whioh  stands  for  more  things 
dun  cmo :  that  fa^  ai^  mid  wUdi  niMDi  more  than  an  Individnd, 


which  applies  to  a  claaa  of  objects.  In  this  manner  it  was  uplied  to 
the  five  Pbedicableb,  whioh  were  also  called  univeinla.  Jror  the 
dispute  about  the  chameter  of  univwsals,  see  NoHQUum;  hot  thb 
di^te  belongs  to  metaphyBka,  not  to  lone. 

The  distinction  of  universal  and  particdar,  as  applied  to  proposttioni, 
uses  the  word  unlvaisal  id  a  diSerent  sense.  A  proposition  is  wnxenal 
when  it  makes  its  assertion  or  denial  about  every  one  of  the  tliingr 
spoken  of;  kdA.  ^particular  when  it  makessuch  an  assertion  or  denial  of 
some  as  implies  that  others  are,  or  may  be,left  un^ofcenoL  Thua'^all 
menarem<»tal"isunivenaI,andalso''noniMiiipa>lact*  Bofaome 
meo  are  b(vn  in  England"  and  ''some  aoimalB  cannot  live  in  this 
oUmate*  are  particular.  These  are  the  direct  logical  forms,  but  it 
happens  commonly  tiiat  the  univenal  and  particular  characten  are  ex- 
pressed by  a  ^reat  variety  of  idiomatic  turns,  and  even  titat  forms  of 
expression  whidi,  literally  speaking,  imply  universality,  are  used  in  a 
puticular  sense.  Thus  "  men  do  not  willingly  abandon  life"  sttiotiy 
means  that  all  men  are  unwilling  to  quit  life :  severthaless  it  muu 
be  generally  understood  to  qwah  of  most  men— all  but » tew.  Bjceept 
when  spealung  of  laws  of  nature  or  neoenary  ocmditioni  of  the  miiw, 
few  writers  have  much  occasion  for  universal  propodtionB,  and  con- 
sequently the  forms  of  apee^  whioh  b^ng  to  aU,  peas  into  use  when 
the  proposition  is  intended  to  be  predicated  only  of  neef. 

The  particular  pro|K)eiti<m,  in  its  pure  logical  no  very  oom- 

mon  occurronoe.  Tia  naaac  mart  undwstaod  that  all  which  is  not 
mentioned  is,  in  the  soieQoe  of  logic,  otasidered  as  tmspoken  <A :  now  the 
prticular  proposition  of  oommon  me  generally  deiuea  of  the  r^t  what 
it  af&rms  of  some,  or  afBrms  of  the  rest  what  it  dmiee  of  some.  Thus 
he  who  should  say  "some  men  are  mortal"  woiild  be  held  to  utter  an 
untruth,  because  he  would  be  thought  to  imply  that  the  rest  are  not ; 
and  a  naturalist,  wishing  to  state  that  some  ^eoies  of  a  certain  animal 
have  fur,  in  order  to  atato  just  what  Ua  aigununt  raquira,  wonld 
think  it  necessary  to  my  "imne  at  Isaat,"  or  to  naa  some  other  fom  of 
speech  which  would  signify  that,  for  anything  he  sidd  to  the  OMtrary, 
all  the  other  species  might  have  fur  also.  But  the  logical  proposition 
is  always  understood  to  make  all  possible  admission  or  allowance  as  to 
every  matter  which  is  not  direcuy  spoken  of ;  and  "  some  men  are 
mortal "  meana  that  nothing  whatever  is  either  aaid  or  imjdied  about 
thereat, 

^nie  moot  common  form  of  apeech  perhapa  is  the  one  compounded 
of  the  two  particular  propontioos,  tbe  affirmative  and  the  negative,  of 
which  the  emphatic  part  ia  expressed,  and  the  rest  implied  Thus, 
two  men  going  into  a  company,  the  firrt  expecting  to  see  all  dressed  in 
mourning,  and  the  second  thinking  none  would  be  so,  wouM  come 
away  expreeein^  the  same  fact  in  aentences  of  very  diSbrent  """{'y, 
The  first  would  say  "aome  were  not  in  mourning,"  the  Moood  woiwt 
say  "some wweinnioutning,''botii  »'"e  to  ■ay"aomeware  and 
aome  were  not,"  but  each  giving  only  that  pui  of  the  asaertitHt  which 
contained  the  (to  him)  unexpected  fact.  It  would  be  desirable  that 
writen  on  lo^  should  make  a  closer  ana^fsiB  of  the  common  foniu  td 
speech,  and  a  oompariaon  them  with  the  atriot  and  true  log^ 
forms. 

The  universal  proposition  iodudea  all  cases  ia  which  there  ia  nothiz^ 
left  unspok^  of,  and  therefore  contains  all  propoeitims  hi  irtudi  the 
subject  is  an  individual,  or  cannot  be  divided  into  parts.  Thus, 
"  Milton  was  an  Englishman  "  is  aa  muoh  a  univeraol  propostion  as 
"  all  men  are  mort^L"  It  was  at  one  time  a  matter  of  discussion 
whether  |>ropoeitiona  aasertdng  matter  of  individuals  oould  be  properly 
called  umveraal ;  but  whether  tiiis  term  ware  applioaUe  or  not,  it  was 
always  seen  that  the  rules  ul  deduction  applying  to  loeh  pR^Ksitiona 
were  precisely  tiiose  which  obtain  in  propositioos  about  the  ajqpella- 
tion  01  which  no  doubt  oould  exist.  "Bat  the  preceding  proposition  is 
not  universal  because  it  indudes  sM  Hilton,  but  because  it  inoludee  sU 
Miiimu :  that  is,  all  Hiltons  who  can  answer  to  a  description  which  is 
implied  in  the  word  as  there  iieed.  And  if,  by  the  closeness  of  the 
im^ed  definition,  and  tiie  numbw  of  oonditions  which  are  to  be 
fomlled,  tiiere  be  left  but  (me  of  men  aUve  or  dead  whom  itia  poBiUe 
to  mean,  the  pn^xMiUon  ii  not  the  leas  true^  ^lua,  when  every  a  ia 
shown  to  be  B,  and  every  B  to  be  o,  it  follows  tiiat  ewerj  a  is  0^  even 
thou^  the  deaoription  given  iAa  be  so  dose  that  there  can  he  found 
but  one  object  answering  to  it  in  the  world. 

And  just  in  the  same  manner  as  ali  may,  logically  speaking,  be  only 
one,  BO  mme,  or  those  which  are  ntokea  of  as  aimie,  may  be  one  only, 
or  eev«nl,  or  near^  aU,  or  erea  alL  Some  as  are  Ba  ia  logioally  true 
(such  is  the  convention  <^  the  fmmsl  part  of  that  acoenoe)  wlien  therv 
is  only  one  a  whioh  is  8 ;  and  also  when  every  a  is  B. 

If  we  look  at  the  specific  elements  of  propositions,  we  find  that, 
while  the  subject  is  defined,  as  to  whetbm*  it  be  universal  or  particular, 
by  the  express  addition  of  words,  or  by  an  implioation  which  haa  the 
same  effect,  the  character  of  the  predicate  follows  the  nature  of  the 
propoflititm,  and  dmnda  sole^  ■apm  whether  it  be  jiOlnnative  or 
negative.  In  all  arannative  propoeiUons  the  predicate  is  spoken  of 
particularly ;  in  all  negative  prtmodtions,  nnivensmy.  Thus,  **  as  are 
Bs"initseU  does  not  describe  the  manner  in  vriiidi  a  is  used :  it  may 
be  some  as  or  all  as  ;  but  it  does  ^Moticutarise  the  predicate,  b.  Here 
AS  (so  many  as  are  spoken  ol^  be  it  some  or  all)  are  Bs ;  each  one  <^ 
these  AS  is  a  B,  but  other  bs  mi^  or  nu^  not  exist,  about  wiiioh  oon* 
seqnentiy  nothing  is  affirmed.  "AU  hones  are  animals;"  all  the 
hnsea  mka  ap  as  many  of  tha  adnula  aa  than  an  honn ;  nndar 
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this  fonn  tiie  partioulu-  charftoter  of  the  ^vdieate  is  azpreawd.  But 
if  fre  my  "  u  are  not  bb,"  even  though  only  one  a  ahoold  be  here 
■poken  of,  yet  every  b  ia  compared  with  it  ud  rejected.  What  ia 
meant  is,  tuit "  this  one  A  ia  not  any  one  whatsoever  of  all  poaribid  Ba." 

Formal  lo^o,  though  an  ezoelleoit  extfdse,  ia  in  aome  reapeota  a 
dead  letter  unless  the  student  take  pains  to  trace  the  numeroiia 
idioms  of  language  in  which  the  affirmative  or  negative  proposition  Is 
Donveyed.  So  very  nice  are  the  oiroumatauoes,  frequently  of  mere 
poei^n  or  <rf  context,  by  which  the  universal  form  is  distinguished 
from  the  particular,  that  it  would  be  easy  to  la^  down  an  isolated 
sentence,  of  which  no  one  should  be  able  to  say  which  of  the  two  it  is. 
For  example,  "homicides  are  justiiiable  which  are  committed  in  self- 
defence,"  and  "  homicides  which  are  committed  in  self-defence  are 
josiifiabla"  Though  probably  the  leaning  of  a  grammatical  oritic 
would  be  to  the  auppositaon  tiiat  the  mrst  ahouJd  stand  for  "  All 
justifiable  homicideB  are  Uiose  which  are  committed  in  aelf-defenoe," 
and  tiM  second  for  "  Among  the  justifiable  homiddeii  axo,"  Ao.,  yet  no 
person  would  be  sure  of  an  author's  meaning,  whiohevar  ^  the  pre- 
ceding fonns  he  might  use,  until  he  had  ezMOinod  the  oontext. 

UNIVERSAL  DISOHABOER.    [ELMnsiOAi.  Banny}  Euo- 

rEIOITT,  COHUOH.] 

UNIVERSAL  JOINT.   [Hookb'b  Jonre.l 

UNIVERSE.  This  name  is  generally  used,  aa  the  woid  vorld  once 
was,  to  Hgni{y  the  oolleotion  of  all  created  thlnsa.  In  modem 
language,  "iito  world"  generally  refers  to  the  estw  only,  and  the 
universe  to  all  stars  and  planets.  Before  the  reoeption  of  the  Copeml* 
can  theory,  "  the  world,"  which  aignifles  what  we  <  now  call  the 
universe,  was  naturally  a  synonyme  for  "  the  earth,"  which  was  sup- 
posed to  be  the  prfaioipal  part  of  the  universe,  all  the  other  oeleetial 
Dodiea  being  only  sateSlitflB.  But  dnoe  Hm  time  when  other  planets 
luiTS  been  advanoad  to  the  dfgldtj  ot  being  Mpatate  "wm-Ida,"  the 
term  univevee  has  been  gradoaOy  introduoed  into  ccsnmon  languAge. 

Bj  the  technical  term  3%eorg  of  <&«  tMmem  ia  alwEya  understood 
what  ia  known  of  the  genraal  arrangemoit  ol  jdaneta,  Btan,  fto.,  and  of 
their  connection  wit^  one  another. 

UNIVERSITIES,  lay  corpotmtioos  to  which,  since  the  12th 
oentoiy,  the  charge  of  educating  the  members  of  what  are  called  the 
leanied  profesaionB  has  in  a  great  measure  been  confided  throughout 
Europe  and  the  ooloniee  founded  by  European  statea.  [UinvBBairr.] 

The  three  oldest  learned  institutions  to  Tdiich  tiie  name  University 
oan  with  propriety  be  apj^ed  are  those  of  Paris,  Bologna  and  Salerno. 

It  is  impOBsible  to  fix  a  precise  data  at  whidt  the  educational 
iuatitutioni  of  Paria  oan  be  said  to  have  assumed  tite  form  and  name  of 
a  univcndty.  As  for  the  name  (uKtMrnfM),  it  was  not  oonflned  hi  the 
middle  aBasio  Hientifia  bodiea;  it  was  naedin  a  hum  equtvalait  to 
our  word  eofyonUvm.  Then  were  "unlversitiea  of  taIlon"lB  those 
days.  It  was  long  before  the  name  settled  down  int&  ita  present 
aooeptation.  The  school  of  Bologna  was  a  "  nnirartdtas  ac^olarinm,** 
that  of  Paria  a  "  univerntaa  magiatrorum,"  beoauee  tlu  former  was  a 
oorporation  of  students,  the  latter  of  teachers.  The  oldest  printed 
statutes  of  the  imivOTsity  of  Bcdcgna  are  called  "  Statuta  et  pnvikgia 
afanae  UniveiaiUUa  Jniiatarum  Oynmasii  BouonienBia  j "  azd^in  not  a 
Caw  univerBitieB  we  find  tin  "untverritaa  juristarnm'*  and  an  " uni- 
vendtas  artastarum"  side  by  ride:  from  this  it  appears  that  "uni- 
versitaa  "  at  one  time  ^proBched  nearly  to  the  meaning  of  our  word 
"facnlty."  What  we  now  tmn  a  university  was  long  designated 
tndiSerently  "  schola,"  "  studium  genende,"  or  "  gymnaaiunL"  The 
MKMsion  of  thia  vacillating  nomsndi^tve  is  «]^alned  the  history  of 
onivarsities. 

The  oldest  doeument  in  ^rinch  the  dedgnatiai  "unlvenitaB"  hi 

S plied  to  the  univerai^  of  Pkris,  is  a  deeret^of  Innocent  III.,  aboot 
e  beginning  of  the  13th  cOTtory.  Bat  as  early  aa  1180  two  deoretals 
had  been  iasued  by  Alexander  IIL,  tiie  first  of  which  ordained  tlut  in 
Fiance  no  person  should  receive  money  for  permission  to  teach.  The 
glossa  of  Vioentisus  says  expreaaly,  Uiat  thia  pr^ibition  was  directed 
against  the  ohanoellcv  of  the  nnivenitf  of  fariaj  and  the  aeoond 
decretal  alluded  to  exempts  the  then  rector,  Fetms  Oomestor,  from  the 
(maration  of  the  first ;  and  much  earlier  than  any  legislative  proviaiona 
tn  popes  or  kin^  we  find  the  foundationa  of  the  nnivetaity  laid. 

To  almost  every  cathedral  and  monastery  of  Europe  there  had  been, 
from  a  very  early  period,  attached  a  school,  in  whi^  all  aspirants  to 
priestiy  ordination,  and  such  laymen  as  wished  and  oould  afibrd  it, 
were  isatraoted  hi  the  2Vteiiim  and  QiuKfrmHin.  It  spears  from  the 
letters  of  Abelsrd  (died  114S),  and  from  other  OMitMnpotaiy  sooroea, 
that  the  poorer  establishments  intnuted  the  conduct  of  this  school  to 
one  of  their  number  called  the  SchoUatious;  snd  tiiat  the  wealthier 
bodies  maintained  a  Soholaaticua  to  instruct  the  junior  pupils  in 
grammar  and  philosophy,  and  a  Theokigua  to  instruct  tite  more 
advanced  in  theology.  About  the  time  of  Abdard  the  great  oonoourse 
ol  students  who  flowed  to  the  e^soopd  Mhool  of  Paria  appears  to  have 
mdered  it  neoessary  to  aaaemble  the  two  olasses  of  pupils  in  difftewt 
localities ;  the  juniora  were  sent  to  tke  church  of  St.  Julian,  while  the 
theologians  remained  in  that  <A  Notre  Dame.  All  who  had  studied  a 
certain  tame,  and  undergone  certain  trials  were  entitied  to  be  nused  by 
the  rector  of  the  aohods  to  the  grade  of  teachers.  This  was  done  }sf 
three  suooeaaive  ateps.  The  oandidate  was  first  nused  to  the  tank  of 
inaster,inwliiehlMaated  for  ayaaraaaariitantto  adootor  (or  teacher) ; 
then  to  the  nmk  of  bsooalaareus,  in  which  be  taught  for  a  year,  under 


the  snperintendenoe  tA  his  dootor*  pupils  of  Us  own ;  lasUy,  to  the 
grade  independent  doctor.  The  number  of  stodents  rendered  the 
profeerion  <tf  a  teacher  at  Paris  lucrative,  and  many  from  all  nations 
embraoed  it  Aocording  to  the  custom  of  those  unsettled  times,  they 
gradually  formed  themselves  into  a  oorporation  for  mutual  support. 
The  corporation  consisted  of  the  teachers  of  all  the  three  grades,  and 
stood  under  a  rector  elected  by  themselves.  According  to  an  i^ree- 
ment  entered  into  in  1206,  the  rector  waa  dected  by  the  residents  o£ 
the  four  nations — French,  Snf^ish  or  German,  Picards,  and  Normans. 
Before  this  time,  in  1200,  Philip  Augustus  hod  confirmed  the  exclurivo 
control  of  the  rect<H-  over  all  studente  and  teachers.  The  local  separa- 
tion of  the  artisis  from  the  theologians  would  have  been  of  little  con- 
sequence, but  for  the  rapid  progress  which  the  Aristotelian  philosophy 
made  during  and  immediately  after  the  life  of  Abelard.  The  specula- 
tiona  into  which  studious  men  were  led  by  the  writings  of  Aristotle 
neoessarily  brought  them  to  deal  with  topics  whichhad  hitherto  been  ctm- 
cetved  to  Ue  within  the  exclusive  domain  of  theology.  .  1^  oonsequences 
were  frequent  and  bold  attempts  by  individuals  to  modify  the  received 
doctrines  of  the  ohuroh,  olunours  about  heresy,  persecutiona,  and 
oonnter-pOTBeoutions.  AJl  these  contributed  to  bring  about  a  tacit 
oompromise  between  the  professional  tiieologiaos  and  tJie  admirers  of 
qteculative  pliiloeo|^y:  tiie  former  were  left  in  poaseasion  of  the 
pulpit  ood  ohaira  of  theolc^ ;  thelatter  o(mfined  themselves  ostensibly 
to  literature  and  philosopfaj,  and  WNij^t  to  avoid  oooasioning  scandid 
by  tarely  overstepping  the  bounds  of  abstnwit  ittt^uiiy.  The  progress 
of  this  tadt  agreement  may  be  tnced  In  the  wntinga  of  the  learned 
from  the  time  of  Abelard  down  to  that  of  Erasmua ;  under  it  grew  up 
a  blaas  of  literati,  who  may  be  called,  although  many  of  them  took 
orders,  secular  acholara.  It  was  the  same  inoompatibility  of  the  free 
B{nrit  of  speouUtiTe  inquiry  with  the  stability  of  a  dogni«tic  theology 
whiehled  totUs  that  embittered  tiu  dinnite  about  tu 

daim  of  the  mendioant  orders  to  estaUish  chairs  of  tnaolon  in  the 
Univeru^  dL  Paris  about  the  middle  of  the  13th  oentuiy.  This  con- 
tiroversy  ended  in  the  seoession  of  the  doctors  of  theology  from  the 
nnivend^,  as  it  had  for  some  time  been  called,  and  their  incorporating 
thmnselves  into  a  eeparate  college  or  faculty.  Their  example  was 
followed  not  long  after  by  tiie  doctors  <A.  canon  law  and  medicine,  who 
formed  tiumselveB  into  separate  fooultiea.  These  faonlties  oonristed 
exdnaively  of  the  sotuaUy  teaching  doctors  (dootoree  regentes)  of  these 
three  branches  of  knowledge.  The  masters  and  baohelors  remuned 
members  of  the  uuiventty  proper,  which,  from  the  secession  of  the 
theologians,  cauonistB,  and  doctOTs  of  medicine,  oame  in  time  to  be 
called  the  Faculty  of  the  Artists.  From  this  period  the  universitgr 
eonriated  of  seven  bodies  or  Bub-incorporati<HUi — the  four  nations  undw 
their  proouratora,  and  the  three  fihoultiea  under  their  deans.  The 
rector  waa  the  head  of  the  nniverai^;  he  was  elected  by  the  proco- 
raton  of  the  old  univerd^;  no  doctor  of  theolosr*  oenon  law,  or 
medioine  oonld  be  elected  or  take  part  in  the  election.  At  first  the 
rector  was  choaen  by  the  procurators,  but  latterly  by  four  electors, 
specially  elected  by  each  nalaon  for  that  purpoee.  The  F»v6t  of  Paria 
(so  long  as  that  officer  retted  any  authnity)  was  the  conservator  of 
the  royal  privileges  in  tiie  univeisil^  ;  the  bidiots  of  Meaux,  Beanni^ 
and  Bmis,  of  the  papal  privil^ies.  In  reiqteot  of  criminal  juiis^otion, 
tiie  university  stood  immediately  under  the  king,  till  a.d.  1200,  when 
its  members  were  tranaferred  to  tlw  episcopal  oourt  of  Paris :  about 
the  middle  of  the  15th  century  they  were  tranaferred  to  the  Parlia- 
ment of  Paris.  In  regard  to  dvil  jurisdiction  the  University  iras 
originally  under  the  biwop;  in  1840  it  was  transferred  to  the  oourt  oE 
the  FzevAt  of  Paris;  whra  the  Ghatelet  suooeedad  to  the  judioial 
fonotions  of  the  prevdt,  the  university  wss  tmnsfetrad  to  that  oourU 
The  rector,  with  the  procurators  and  deans,  formed  a  court,  which  had 
jurisdiction  in  all  complaints  against  teachers  for  incompeten^  or 
n^eot  of  duty ;  and  against  students  for  disobedience  to  their  teachen^ 
the  rector,  or  the  disdpline  of  the  university,  and  in  all  mses  between 
students,  lodging-keepos,  bookseUoa,  stamoners,  &a  From  the 
dedsions  of  the  rectorial  oourt  there  was  an  wpeal  to  the  universitf  , 
and  frtnu  it  to  the  Parliament  of  Paria.  Eacft  fkculty  (that  of  the 
artists  included),  had  ita  own  common  achooL  In  ue  £aoul^  ol 
canonists,  there  were  six  profeesots  (or  doctores  regentee) ;  the  number 
in  the  other  faculties  varied.  At  an  early  period  ooUegea  were 
established  within  the  University  of  Paris  by  private  families  or 
religious  coders.  Orifdnaily  they  were  Intended  exclusively  f(»  poor 
adiolara,  who  were  to  live  in  them  aubjeot  to  oertain  rules  of  dismpline. 
By  degrees,  however,  as  more  nnmarona  and  able  teadurs  wen 
employed  in  these  colleges,  th^  aBsumed  the  oharsoter  of  boarding- 
houses  for  ail  classes  of  studente.  In  the  16th  century  the  studmta 
who  did  not  redde  in  any  college  had  oome  to  be  r^jarded  as  excep- 
tions from  the  general  custom,  and  Wtte  nicknamed  "martineta.'* 
The  ooUege  of  the  Sorbcmne  (founded  In  1250)  was  eommonly  regarded 
ss  idantioal  with  tiie  theologloal  iMml^,  baoauae  the  ram&tm  of  the 
ute  wsra  meet  freauentiy  meuAieta  ftf  the  other  also.  The  promotions 
however  continued  to  be  made  the  officers  of  the  university, 
althou^^  the  charge  of  ednoation  had  been  in  a  great  measore 
engrossed  by  the  oollegee.  Degrees  were  conferred  in  the  Cutties  of 
theology,  oanon  law,  and  medicme,  by  the  deans,  with  the  ocnourrenee 
of  the  ohancellor  of  the  Cathedral  Notre  Dame ;  in  the  foculty  of 
artists,  by  t^  rector,  with  the  oonourrence  either  of  the  ohanonllor  of 
Notn  Dame  or  the  chancellor     St.  Gmevi^Te. 
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The  oldest  authentic  documtnt  bMiing  upon  tha  UnlTendtr  of 
Bologna  ia  the  priTilege  granted  hj  the  emperor  Fredeiio  L,  at  Ron- 
cagUa,  in  Norember,  1158,  to  all  irho  travel  m  punniit  of  leamiox,  in 
vnjch  tiie  prof  MBors  of  law  are  mentioned  in  terms  of  hi^  enoomium. 
Bologna  is  not  named  in  this  instrument,  but  history  mentions  no 
other  law-school  as  existing  at  that  oarly  period.   The  contents  of  this 
privilege  are  twofold ;  foreiga  schdait  are  declared  to  stand  under  Ota 
emperors  immediate  {nYvtecUon,  ind  a  speoial  jozisdiotioii  (tfaeir 
teachers,  or  the  bbhop  of  the  cit^  Is  oonsfcitutod  to  Judge  in  edl  com- 
pitdnts  against  them.   It  seems  uidveiBally  admitted  that  the  earliest 
teacher  of  civil  law  at  Bologna  was  Imerius :  he  is  said  to  have  been 
originally  a  teaoher  of  philosophy,  but  to  have  acquired  such  a  know- 
ledge ef  Justiniao's  compilations  that  he  was  invited  by  Uie  Countess 
Ifatilda  to  expound  Its  doobrines  from  the  professcoial  chair.  Matilda 
died  fat  1116:  between  1113  and  1116  the  name  of  Imerius  appears 
in  a  legal  document  as  "oaumdicus"  for  the  countess.   From  1116  to 
1118  he  ^Dpears  to  have  been  employed  in  weighty  miasioos  by  the 
emperor  Hemy  T.   Under  the  emperor  FVederic  "  the  four  doctors" 
of  Bologna  were  selected  to  investigate  the  rights  of  the  crown,  in 
order  to  determine  how  tar  those  claimed  by  the  Lombard  towns  were 
usurpations.   These  circumstances  show  that  the  reputation  for  legal 
knowledge  acquired  by  the  law-teachers  of  Bologna  hod  proved  an 
introduction  to  state  employments,  honours,  and  emoluments ;  and 
this  attracted  to  the  city  in  which  they  taught  a  large  concourse  of  the 
meet  intelligent  and  aspiring  minds  of  Europe.   The  reputation  of 
having  studied  at  Bologna  was  a  passport  to  office  throughout  Christen- 
dom.  The  earliest  statutes  and  charters  of  tiie  University  of  Bologna 
are  compacts  entered  Into  by  the  students  for  mutual  support  and 
aauatance,  and  immunities  granted  them  by  the  po^  and  emperors. 
The  University  of  Paris  was  originally  an  association  of  teachers :  it 
was  a  corporation  of  graduates.   The  University  of  Bologna  was 
originally  an  association  of  students  who  had  repaired  from  distant 
lands  to  avail  themfielves  of  the  instruction  of  a  few  celebrated 
teachers :  it  was  a  corporation  of  students.    Disputes  between  the 
magistrates  of  the  city,  and  between  the  students  and  profesaora, 
which  occurred  about  1214,  are  the  first  occasions  on  whi(ui  we  hear 
of  a  rector.   From  the  history  «f  these  controversies  it  amieais  that 
the  ■tudents  had  ineviously  been  in  the  habit  of  eleetang  %oa  rector, 
and  tliat  the         was  confirmed  to  them  for  the  future.   At  first 
there  was  merely  a  school  of  lav  in  Bologna,  and  the  jurists  consti- 
tuted the  university,  or  rather  the  two  umveisities  of  the  Oitramon- 
tani  and  UltramontanL   In  course  of  time  teachers  of  phlloeophy  and 
medicine  settled  in  Bologna,  and  the  scholars  of  each  claas  attempted 
to  form  a  univernty :  weir  right  to  do  so  was  successfully  contested 
1^  tiie  jurists  in  1296,  but  in  1816  they  were  allowed  to  elect  a  rector 
at  their  own.   They  called  themaelvea  "  philosophi  eb  medid/'  or 
"aiUrtse."  In  1362  Innocent  VI.  founded  a  school  of  theolt^  at 
Bologna.   Fnaa  this  time  therefore  there  were  four  univeraitieB  in 
Bologna :  two  of  law  (which,  however,  were  so  intimately  connected, 
that  they  are  generally  spoken  of  as  one),  one  of  medicine  and  philo- 
sophy, and  one  of  theology.   Each  <d  these  had  its  own  indepoodenb 
eonstitntiou.   That  of  the  law  univerriW  is  best  known,  and  agrees  bk 
its  leading  featores  with  tlie  others.   The  "  univemties"  consisted  of 
the  foreign  studoits,  who  were  admitted  upon  the  payment  of  twelve 
soldi  entry-money,  and  obliged  to  renew  annually  uieir  oath  af  obedi- 
ence to  the  rector  and  the  statutes  of  Hie  university.   The  Bolognese 
students  could  neither  hold  offices  in  the  university  nor  vote  its 
assembliea.   The  forei^  students  were  divided  into  Citramontoni 
and  UltnunoDtani :  the  former  were  divided  into  seventeen  nations, 
the  bttflr  faito  dg^iteen.  The  rector  was  chosen  annually  from  among 
the  students  by  his  predecessor  in  office,  the  recttn^s  coundl,  and  a 
number  of  electors  chosen  hy  the  -nations,   A  rector  was  taken  from 
each  nation  in  rotation.   The  council  consisted  of  at  least  one  repre- 
sentative of  each  nation  :  some  had  two.   The  university  also  elected 
annually  a  syndic,  to  not  for  them  in  courts  of  law ;  a  notary ;  a  mas- 
aarius,  or  treasurer  (chosen  from  amon^  the  town  bankers) :  and  two 
bidelli.   The  rector  claimed  ezoluslve  juriscHoUon  In  all  dvu  oases  in 
which  one  or  botii  of  Hie  parties  were  students,  and  in  criminal  cases 
in  whidi  both  were  stud^te.   The  professors  were  elected  by  the 
students,  to  whose  body  they  were  reckoned,  and  all  whose  prinlegee 
they  enjoyed,  except  a  vote  at  elections.   Tliey  stood  under  the  juris- 
dictitm  of  the  rector,  who  could  fine  or  suspend  them.    The  Aegne  of 
Doctor  was  omferred  hv  those  who  had  previously  obtained  it :  it  vras 
held  to  confer  lite  ^vilege  of  teaching  everywhere,  the  power  of 
'^'■r^r^j*"  over  the  doctor's  own  pnpUs,  the  li^t  to  tsjce  part  in  the 
oonf^rring  of  all  Iht  decrees.   At  first  there  were  only  doc  torn  of  civil 
law :  the  doctors  of  canon  law  appear  later,  and  were  long  lees 
respected.   In  the  13th  century  the  iiniveraity  b^;an  to  create  doctors 
of  medicine,      grammar,  of  philosophy  and  arts,  and  even  of  the 
notarial  azt.   A^  studsnt  who  had  studied  five  yeom  might  be 
licensed  hf  tlw  reotor  to  ezponnd  a  single  title,  or,  if  he  had  studied 
alzyaan,  to  expound  a  wh<ue  book  of  utepandecta.   He  was  termed 
alicentlite;  and  after  he  had  performed  his  task,  he  was  declared  a 
bocealaoreuB.   Salaried  profeeson  apoeor  In  Bologna  tot  the  first  time 
ftbont  1279.   The  doctors  taught  in  tneir  ovm  houses  or  in  haUs  hired 
for  the  porpoee :  their  method  of  tuition  was  by  lectures,  examina- 
tions, and  raipntationst 
The  idstcoy  of  1^  Unirenify  of  EMemo  ia  ntoeh  mora  ohemre  thui 


tha  historisB  of  the  Uidverrities  (rf  Paris  and  Bologna,  Ordericus 
Yitalis,  whose  annals  close  with  Ute  year  1141,  speaks  of  Salerno  as  a 
plaoe  lo^  eminent  for  its  medieaJ  schools.  lbs  most  celebrated 
teaoho-,  Oonstantine  of  Carthage  (died  1087),  was  a  privy  oooncillor  of 
Louli  Quiscard.  This  school  ma  still  flourishing  tn  1224,  when  the 
University  of  Naples  was  established.  All  that  can  be  inferred  from 
these  eoaiity  notices  of  the  school  of  Salerno  is,  that  the  scientific 
study  of  medicine  was  making  rapid  strides  about  the  same  time  that 
law  began  to  be  more  syBtematieaUy  studied,  and  philcmophioal  and 
literary  pursuita  to  be  ngarded  as  tite  profession  of  a  daw  whoae 
members  might  or  might  not  bo  priests.  (SAUnufiTAVA  Sohola,  in 
BiOG.  Drv.] 

A  sense  of  the  advantages  of  general  knowledge  had  led  to  the 
foundation  of  cathedral  and  cloister  schools;  a  senne  of  the  use  of 
accomplished  professional  men  led  to  the  encouragement  of  the  philo- 
sophicnl  and  weological  schools  of  Paris,  the  law  school  of  Bologna, 
and  the  medical  school  of  Salerno.  The  peculiar  ocmstitntitu  trf  sods^ 
and  government  at  the  period  led  to  the  peculiar  form  <si  inctnporatim 
adopted  by  the  schools  of  Paris  and  Bologna.  The  same  social  neces- 
sities were  woi^ing  under  the  influence  of  similar  social  organisation 
in  many  difierent  places,  and  must  necessarily  have  led,  even  without 
communication,  to  similar  results.  But  quarrels  which  broke  out 
repeatedly  between  the  universities  of  Paris  aiul  Bologna  and  the  dvil 
autiiorities  of  these  dties,  induced  the  teadkos  and  stodeats  at 
difTerent  times  to  emigrate  in  a  body  and  settle  in  other  towns.  After 
the  breach  was  healed,  they  returned;  but  in  some  instances  celebrated 
teachers  preferred  remaining  in  their  new  place  of  settlement,  and  in 
others  the  government  created  a  new  university  after  their  temporary 
visitors  had  left  them.  Other  universities  owed  their  foundation  to 
tiie  desire  of  prlnoes,  ecdeeiastics^  or  municipal  authinitiea  to  dissemi- 
nate learning ;  and  others  to  a  deeire  on  Uie  part  these  autitnitie* 
to  procure  for  their  territories  a  diarc  In  the  wealUt  dlfRised  by  the 
resort  of  numerous  foreigners  to  any  celelnated  schooL  Undw  the 
influrace  of  motives  so  various,  the  growth  of  universities  throughout 
Europe  was  rapid.  Before  the  Reformation  th^  were  established  in 
many  of  the  principal  cities  of  Italy,  France,  the  Qermanic  Empire, 
the  Peninsula,  Great  Britain,  and  even  among  tha  Slavonic  nations 
east  of  the  Gemtaus.  In  Great  Britain  the  dates  ot  foundation 
were: — Oxford,  b^re  1149;  Cambridge,  uncertain;  St.  AndrevrL 
1412 ;  Glasgow,  14S4  ;  Aberdeen,  1494 ;  Edinburgh,  1682 ;  and  Dublin, 
1691,  are  of  subsequent  foundation. 

In  all  of  these  institutions  we  recc^fnise  the  leading  features  of 
Paris  or  Bologna.  All  of  them,  apart  from  the  conuderation  of 
their  academic  character,  were  privileged  ooiporations,  witit  an 
independent  iuiisdiotion  more  or  less  limitedj  ud  the  power  of 
making  bye- laws.  In  most  of  them  the  dividon  of  the  members  of 
the  corporation  into  nations  prevailed.  In  all  of  them  the  faculties  of 
philosophy  (or  arts),  theology,  law  (civil  and  canon),  and  medicine  were 
more  or  less  fully  developed.  Some  contained  within  them  ail  the 
faculties ;  some  only  two  or  more.  Almost  all  had  a  faculty  of  arts, 
which,  even  where  it  was  politically  the  moat  powerful  (as  in  the  uni- 
Tsnity  at  Puis),  was  regarded  aa  in  a  great  measure  prepaiatoiy  to, 
and  therefore  in  its  sdentifio  character  inferior  to  the  otho^  In  the 
tmiverdtiee  of  spontaneous  growth  the  privilege  of  conferring  degrees 
appears  to  have  been  claimed  only  in  those  bonlties  which  were  com- 
pletely organised;  in  the  factitious  univeraitiee  created  by  govern- 
ments the  right  of  bestowing  d^rees  in  all  faculties  appears  to  have 
been  claimed,  even  where  some  of  them  only  were  oompletdy 
cffganised.  In  some  of  these  bodies  the  students  constituted  tb» 
corporation ;  in  others,  the  masters  or  teachers :  tile  former  ajqiear  to 
have  assimilated  themselves  to  the  model-univerdty  of  Bologna ;  tha 
latter,  to  that  of  Paris.  The  Italian  universities,  and  tiie  greater  part, 
if  not  all,  of  the  French  universities,  except  Puis,  were  corporations  of 
students.  The  Parisian  institutions  were  adopted  hi  England,  the 
Qermanic  Empire,  and  the  states  on  the  Baltic.  Spanish  univeruties 
havetiie  ^ipeusnce  of  being  s  compromise  between  the  two  iwindples: 
in  Balamanoa  the  rector  was  elected  the  seholastions  of  the  cathe- 
dral from  among  the  students,  and  the  rector  appointed  tiie  professors 
and  fixed  their  salariea.  This  division  of  the  old  universities  into  two 
clMBcn  appears,  like  eveiytiiing  about  Uiose  institutions,  to  have  had 
its  origin  in  tiie  social  necesaitiea  of  the  time  and  countries.  The 
legal  faculty  predominated  in  the  Italian  universitieiL  and  the  FrsDoh 
univarntiea  were  osUed  "  nntvendt^  dee  lolz."  The  unlvcnitifls  o( 
this  type  will  be  found  to  predominate  In  those  countries  in  which  tits 
Roman  law  prevdled,  as  contradistinguished  from  Teutonic  Germany 
and  England,  and  the  '  pays  ooutumiers  "  of  France — ^in  the  countries 
in  which  the  old  Ronton  dvilisation  had  never  been  entirely  extirpated, 
as  contradistinguished  from  those  in  which  the  Teutonic  invaders 
formed  the  majority  of  the  popnIati(»i.  In  the  former  there  was  a 
dvHisatbm  ipsrt  from  the  ehurah ;  in  the  latter  thne  was  no  dviU^ 
sation  but  iriiat  came  throuali  the  ehurdh.  In  the  former  » 
secular  and  ind^endent  sjnrtt  prevailed:  the  univerdto  were 
inowporations  of  grown  men  seeking  secular  learning.  In  tite  latter 
a  spirit  of  clerical  dominition  frevailed:  the  universities  wen 
corporations  of  teschen  aei^ng  to  enrdse  lite  fanettoia  of 
missionaries* 

The  unrnntf  ties  fotnided  after  the  begfambig  o£  thy  BeCdmatioii 
adopted  the  great  oatlines  of  tits  otganlntiQa  of  titdr  predeoetsgw : 
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thfl  poUticd  inwxwwUbm,  the  piinleged  junidiotioti  and  power  of 
inaktDg  br»-laws,  tbo  ftoaWm  and  modw  nt  eMifarriiig  Aefsnea  which 
cusUmi  hiul  entablishod.  But  the  altered  drcumaUnoee  of  Kciety 
modified  ooosiderably  their  external  relations.  The  territorial  diTisions 
of  Europe  had  oome  to  be  more  ahsrply  defined,  and  the  authority  of 
the  aoTereign  to  be  more  enargeticalff  enforced  bv  more  perfect  ciTil 
and  military  organisation.  The  day  «(  feudal  lorou,  of  munidpalities 
and  other  privileged  corporations,  each  irtanding  npcn  his  or  ita  deftnioe^ 
and  acknowledging  a  limited  and  preoarioua  lufageetion  to  tiie  nomnul 
liege,  was  past ;  the  da^  of  great  etatee,  of  territorial  gorenuneDts,  had 
come.  The  same  pcditical  power  oould  not  and  would  not  be  ooDoeded 
to  univeiBitiea  that  had  formeiiy  been  given  to  them.  The  old  were 
reatrioted  in  their  fviTilegas ;  the  new  never  received  tbem.  The  pro- 
tracted strife  between  the  Romish  and  Ftoteetant  ohnrohea  also  had  its 
effiset:  univerritiea>  thon^  no  longer  allowed  to  In  down  tiie  law,  were 
dieriahed  as  adrooatea  of  «  party.  Rnnan  Cawolio  and  Proteatant 
nnirerritisa  were  erected  to  do  battle  for  their  respective  oreeda. 
lastly,  other  Boienoes  had  had  th^  practical  utility  rect^ised,  in  the 
same  way  as  the  sciences  of  law  and  medicine  hod  had  theirs  at  an 
earlier  period.  The  application  of  mathematical  science  to  the  pur- 
poses of  war  and  navi^ition  had  given  an  impetus  to  their  cultivation : 
tbsM  new  practical  pursuits  never  prodoeed  a  new  facul^,  but  they 
lent  greater  importance  to  the  miaoellaneona  faoulty  known  as  the 
^Boul^of  arts. 

;  The  number  of  unWenities  founded  in  Enrope  from  the  time  of  the 
Steformation  down  to  the  French  Revolution  was  considerable.  But 
bumf  events  occurred  during  tbia  period  to  lower  universities  in  the 
pubho  oBtimation.  The  extmaion  of  elementary  and  secondaiy  schools 
had  zaiBed  the  atandard  <rf  education  amoig  the  classes  which  did  not 
recnve  a  nnivetn^  eduestioD.  The  invention  of  printing,  increasing 
the  facilities  of  private  study,  had  optnlteA  in  the  same  direction. 
The  diminished  privileges  and  restricted  jorisdiotion  of  miiversitieB 
bad  towight  them  to  be  regarded  merely  as  schools  of  a  higher  order. 
The  increaeing  number  of  learned  societies  raised  up  a  body  of  non- 
academical  literali,  hosUle  in  many  inatancea  to  the  academical;  and 
the  puUie,  lotting  tmly  to  the  traiuaetitma  of  thaea  eooietiea,  foi^t 
that  Quar  members  were  indebted  for  their  taining  to  theunivernties. 
Amateur  dnbblera  in  sdmce  undervalued  these  institutions ;  and,  in 
the  feverish  spirit  of  innovation  which  oocssiooed  or  accompanied  the 
fVench  Revolution,  they  too  were  denounced.  In  France  the  old 
univer^Ues  have  entirely  di8af^>eared.  Is  the  rest  of  Europe,  aa  soon 
as  the  storma  of  the  Revolution  were  passed  over,  they  revived ;  and 
ad^riing  themaelrea  more  to  the  aooialneoeaaitiefl  of  the  age^  have  in 
many  ifutaneea  started  with  increased  energy  on  a  fredi  career  of 
utili^.  In  England  two  new  universitiea,  London  and  Durham,  have 
been  oonatituted,  great  improvements  have  been  made  in  those  of 
Oxford  and  Cambridge,  and  further  reforms  are  about  to  be  introduced, 
as  well  as  into  the  universities  of  Scotland. 

In  the  United  States  of  North  America  the  medical  and  legal  pro- 
feariona  are  educated  prinoipaUy  in  diatinot  sdtoobj  and  this  is  in  the 
briiter  iioonby  the  case  also  in  a  great  measure  wiUi  the  students  of 
iheoLogy.  The  oolites  or  umvenitieB  contain  therefore  in  general 
only  a  &culty  of  arts. 

UNIVERSITY.  TMa  word  is  the  En^ish  form  of  the  Latin 
UHtvenitoM,  which  is  often  used  by  the  bent  Latin  writers.  The 
adjective  "universus  "  dgnifies  the  whole  of  anything,  aa  oontrasted 
with  its  parts ;  the  plural  "  univerri  "  also  is  often  naed  to  ezpieas  an 
entire  number  of  pwaona  or  things,  aa  opposed  to  individual  persons 
or  things.  The  uses  of  the  word  univeraitas  may  be  derived  from  the 
meaning  of  universus.  The  word  imivereitas  appues  either  to  a  number 
of  thinga,  or  tA  persons,  or  of  rights,  viewed  as  a  whole.  The  Roman 
jurists  expressed  by  the  term  "  univeratas  bonomm  "  the  whole  of  a 

which  composed  it. 
uruvneal  suoceesion,  a 
.  i  bom  one  person  to 
another  of  all  that  could  be  oomj^ehended  under  audi  a  univenitas  of 
property.  The  Roman  hereditaa  h  an  instance  of  sodi  unlveraal 
suooeseion. 

Rights  and  duties  are  properly  attached  to  individuals  as  their  sub- 


the  Romans,  and  univendtas  was  a  genraal  name  for  various  associa. 
tions  of  individuals,  who  were  also  indicated  by  the  names  of  oollc^ 
and  corpora.  The  essential  ohsracter  of  tliGseunivetaitatea  of  persons, 
viewed  aa  juristical  persona,  was  the  capacity  of  having  and  acquiring 
property.  The  prc^ny,  what  had  or  acquired,  mi^t  be  ap^ied  to 
any  purposes  whkh  the  nature  of  the  assocoation  required:  but  it  was 
the  capadfy  of  the  assodation  to  have  and  acquire,  like  an  individual, 
t^  was  the  essential  characteristic  of  the  body  as  a  univeraitas ;  uid 
the  purposes  for  whidi  the  prt^terty  mij^t  be  had  or  acquired  were  no 
nune  a  part  of  the  notion  of  a  unhrarntas,  than  the  purposes  for  which 
an  individual  has  o^  aoqulree  property  are  part  of  ms  eapadty  to  have 
cracqmre.  *  ' 

The  univerntiea  or  ootporate  bodies  at  Borne  were  very  numerous. 
There  were  oorpmatiais  at  bakers,  publicani  or  ftrmera  oi  the  revalue, 
ot^o^  imlotiun.  The  name  was  also  smlied  in  the  sense  above 
*"P""»"  to  mntataa,  munlcqiia,  and  respuUicie;  and  also  to  the 


component  parts  of  them,  aa  ourlsa,  vid,  font,  eondllabula,  and 
castella. 

From  the  Ronum  words  universitaa,  ooll^um,  corpus,  are  derived 
the  trams  university,  college,  and  corporation  of  modem  lan^;uageB ; 
and  though  theae  words  have  obtained  modified  dgnifications  in 
modom  times,  so  as  not  to  be  indifiraently  applicable  to  the  same 
things,  they  all  agree  in  retuning  the  fundamental  Bigmficatioa  of  the 
terms,  whatever  may  have  be«i  siqwradded  to  them.  There  Is  now  no 
uidTcnity,  college,  or  corporation  which  is  not  a  jnrlatioal  persim  in 
tiie  sense  above  explained  :  wherever  theee  words  are  applied  to  any 
association  of  penons  not  stamped  with  this  mark,  it  is  an  abuse  of 
terms  which  requires  oo  further  comment. 

The  word  umveraity,  in  its  modem  acceptation,  has  often  been  mis- 
undentood.  Its  proper  meaning  is  explained  in  this  article ;  and  the 
application  of  tlw  term  to  assocumons  of  teadwrs  or  pupils  is  .explained 
in  the  artide  UMimsiTiEB. 

UNLAWFUL  ASSEMBLY.  [Rtor.] 

UNLIMITED.  This  term  is  frequently  used  by  mathematical 
writers,  in  the  same  manner  as  Indepihite,  to  avoid  the  entrance  of 
the  word  iNFmiTE.  It  is  also  UKed  to  describe  a  problem  which  may 
have  an  infinite  nambcr  of  anawos,  and  which  is  called  an  unlimited 

UNSTABLE  EQUILTBRIUH.  [Stabli  Aim  Uxsuble  ;Stabiutt.] 

UPAS  POISON.  [Ahtiarih.] 
URAMIL.   [Uric  Gbodp.] 
URAMILIC  ACID.   [Qbio  Gbodp.] 
DRANIC  ACID.   [Uranicu.]  * 

URANIUM  (U),  a  metal  discovered  by  Elwroth,  in  178d,  who 
named  it  after  the  ^anet  Uranus,  the  disooiray  ta  which  had  oocunred 
in  1781 :  the  mineral  from  wiiidi  it  was  first  obtained  is  called 
pee/iUendf,  which  contains  about  80  -per  cent  of  the  black  oxide  of 
uranium  (2U0,U,0,).  This  and  other  minerals  from  which  uranium 
is  extracted  are  described  in  the  Natural  Histobt  Division  of  this 
Cyclopaedia. 

M.  P^got  obtuns  this  metal  hj  decomporing  its  chloride  by  means 
of  potassium  or  sodium,  a  process  whidi  has  been  suoceasfully  adopted 
for  procuring  aluminum  and  magnesium  :  the  metal  so  separated  is 
pMtiy  in  the  state  of  a  block  powder,  and  partly  agglomerated ;  by 
cuefully  detaching  the  portitms  whidi  adhere  to  the  sides  of  the 
cmdble,  plates  of  a  metallic  lustre  comparable  to  that  of  silver,  are 
obt^ned ;  tJiese  are  suBoeptible  of  bdng  filed,  but  possess  a  certain 
degree  of  malleabiiify,  and  have  evidently  undargone  incipient  fusion. 
Unmium  is  very  combustible ;  at  a  moderate  degree  of  heat,  in  contact 
with  the  ab,  itoums  witii  a  remarkably  white  and  shining  light ;  the 
combustion  occura  at  bo  low  a  temperature,  that  it  may  take  place  on 
paper  without  causing  it  to  bum.  If  small  particles  be  sh^en  from 
tiie  filter  on  which  the  metal  in  powder  has  been  collected,  portions  go 
minute  aa  to  be  scarcely  visible  bum  with  brilliant  sparks  on  coming 
near  Uie  flame  of  a  candle.  When  heated  in  a  xa^mile,  uranium  bums 
brillianUy,  aiid  is  converted  into  a  deep  green-ooloured  oxide,  the  bulk 
of  whidt  Is  ooruiderably  greater  than  that  of  the  metal  employed. 

Uranium  does  not  appear  to  Buffer  any  alteration  1^  exposure  to  the 
air,  nor  does  it  decompose  water  at  oonmion  temperatures,  but  when 
put  into  diluted  ooids  it  dissolves  in  them  witii  the  evolutioa  of 
hydrt^n  gas.  It  somewhat  resembles  iron  and  manganese  in  tta 
chemical  character.   Its  equivalent  number  is  60. 

Havfa^  now  described  the  properties  of  uranium  we  proceed  to  oon- 
sider  the  compounds  which  it  forms  with  other  bodies. 

Oxygen  and  Uranivm. — According  to  M.  P^ligot,  tbwe  enst,  oe  may 
be  formed,  three  oxides  of  uranium :  the  protoxide,  formmy  con- 
sidered as  metallic  uranium ;  that  prepared  by  caldning  the  nitrate, 
known  by  the  name  of  deutoxide  of  \iranium,  or  uronoua  acid;  lastly, 
the  praoxide,  uranio  add,  vdiich  entera  into  the  composition  of  the 
yellow  salta.  Beddes  these  oxides,  it  is  stated,  by  the  ohemisfe  above 
named,  that  there  are  two  soboxideB  trf  uranium  produced  1^  the 
decompontion  of  the  subchloride  by  ammonia,  and  an  oxide  inter- 
mediate between  protoxide  and  peroxide  of  uranium,  which  is  f<HTned 
when  the  oxide  obtained  by  calcmiog  the  nitrate  is  submitted  to  the 
action  of  oxygen. 

8idnKcide  q/'  C^rmtitn  (U^O,).  When  ammonia  is  added  to  a  solution 
of  Bubchlonde  of  uranium  a  brown  predpitate  is  formed,  whidi 
undergoes  various  duuoges  of  colour  and  composition  \iy  absorbing 
ozygm.  Its  extreme  instability  renders  its  analysts  very  diffloilt.  It 
decomposes  water,  to  combine  with  its  oxygen  to  form  the  qiplfrgrean 
suboxide,  the  analysis  of  which  is  equally  difficult. 

Protoxide  of  Vranium  (U  0),  formerly  regarded  as  metallic  uranium. 
This  may  be  prepared  by  several  processes ;  one  ot  the  best  ooiuusts  in 
decomposing  the  ydkm  oxalate  of  uranium  hj  hydrogen :  the  pn»« 
requires  several  precautions.  Ftepared  in  this  manner  tiie  protnide 
is  extreme  pyrophorio,  tiie  access  of  ur  causing  it  to  bum  with  feeble 
incandescence  and  oonvn^g  it  into  black  peroxide :  it  is  of  a  cinnamon- 
brown  colour.  When  the  protoxide  of  uranium  is  obbuned  hj 
reducing  Ute  double  chloride  of  potasdum  and  uranium,  not  by  means 
of  hydrogen,  it  is  obtained  in  crystalline  scales  possesung  a  hi^ 
degree  of  lustre,  and  being  then  in  a  higher  state  of  aggregation  it  is 
not  pyrophtnifl ;  and  when  procured  by  decompodng  the  nitrate,  the 
protiudde  is  of  a  maroon  oolour.  When  thus  prepared  in  the  dry  way, 
it  is  not  acted  npm  either  by  hydrochloric  or  su^hurig  add  whw 
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diluted;  but  dissolves  in  the  latter,  when  ooacestTated :  nibric  acid 
also  dissolves  it,  but  nitrate  of  peroxide  o£  uranium  is  obtained. 

This  oxide  may  likewise  be  obtdned  in  the  moist  vay,  and  thm  it 
ia  soluble  in  dilute  acids  :  it  is  precipitated  ia  the  state  of  hydrate,  by 
xddm^  ammtmia  to  the  green  solution  of  chloride  of  unmium ;  the 
precipitate  is  of  a  reddish-brown  ctdour,  which  by  ebullition  becomes 
block  and  dense,  probably  because  it  is  dehydrated.  It  may  also  be 
procured  by  putting  fragments  of  marble  into  the  green  soLutioii  of 
chloride  of  uranium. 

BUuie  Oxide  of  Vraniian  (2U0,  U,0,)  is  obtained  br  calciiiing  the 
nitrate  at  a  high  temperature.  It  is  not  decomposable  by  heaft ;  when 
added  to  acids  they  do  not  directly  combine  with  it,  but  a  mixture  of 
salts  of  thg  protoxide  and  peroxide  is  formed. 

Otive  OxuU  of  Uramum,  (UO,  U^Oj). — When  any  of  the  preceding 
oxides  are  submitted  at  a  low  red  heat  to  the  action  of  oxygen,  the 
oliTMwloured  oxide  is  formed.  It  has  a  velvety  wpeaEanoa,  and 
when  strongly  heated  it  loses  oxygen  and  is  converted  into  the  black 
oxide,  and  when  acted  upon  by  acids  there  is  formed  a  mixture  of 
yellow  and  green  salts,  in  which  tJie  salts  of  the  peroxide  exist  in  the 
larger  proportion,  and  this  is  an  advantageous  process  for  prqnring 
them. 

Peroxide  of  Vrmivim,  or  Oxide  of  the  YdZow  8ali$  (U.O,).— This 
•udei,  iriiioh  ia  of  all  the  most  important,  is  obtained  wiw  difficulty  in 
a  separate  state :  when  nitrate  of  uranium  decomposed  witit  a 
geatfia  heat,  an  orange-coloured  subsalt  rrauuna,  which  by  the  applica- 
tion of  a  stronger  heat  becomes  olive  and  then  black  oxide ;  when  an 
alkali  is  poured  into  a  saline  solution  of  this  oxide,  the  yellow  pre- 
cipitate formed  retains  alkali  in  combinat..9n ;  even  uranate  of  ammonia 
nsists  the  prolonged  action  of  boiling  water  and  also  of  a  vacuum;  by 
heat  the  ammonia  and  water  ar«  not  expelled  till  peroxide  ibmHi  ttiider- 
goes  deoompoffition. 

Chlorine  and  Uranivm. — The  protochloride  (UCl)  la  obtained  by 
passing  a  current  of  dry  chlorine  gas  over  an  intimate  mixture  of  equal 
parts  of  any  oxide  of  uranium  and  charcoal  submitted  in  a  glass  tube 
to  a  high  temperature.  The  chloride  of  uranium  formed  appears  in 
the  state  of  a  red  vapour,  and  condenses  in  the  cool  part  of  tiw  tube  in 
TSty  regular  octohedrons  of  a  metallio  lustre,  and  ci  a  blaok  or  green 
colour  aooording  to  their  ouse. 

Chloride  of  uranium  is  volatile,  and  attracts  water  bo  Btnaif^  that 
it  very  soon  becomes  fluid  1^  exposure  to  ih*  air,  the  moisture  <^ 
which  also  decomposes  it. 

SubeMoride  of  Uranium  fU^Cl,). — This  compound  is  obtained  by 
passing  » current  of  dry  hydrogen  foa  over  the  chloride  of  uranium 
moderately  heated  in  a  glass  tubk  The  residue  of  this  operation  is  of 
a  deep  brown  colour,  in  fine  filameute  which  are  bat  slightly  volatile 
at  the  temperature  at  which  it  is  formed :  it  is  very  soluble  m  water; 
the  solution  is  purple  at  first,  but  in  a  few  seconds  it  becomes  green ; 
it  gives  out  hydrogen  gas,  and  at  the  same  time  deposits  a  red  powder, 
which  is  very  probably  oxide  of  uranium,  yielded  in  ooiuequence  of  the 
tzansformation  of  this  substance  into  chloride  of  ntanium. 

Sulfide  of  Ormitan  of  a  bhudc  colour  may  be  obtained  by  adding 
the  wkaline  sulphidea  to  solutions  of  uranium,  or  by  pasnng  the 
vapour  of  sulphide  of  carbon  over  the  oxide  at  a  high  tempe»tura 

we  shall  now  briefly  notice  some  of  the  oxyaalta  of  uranium. 

Sulphate  of  Protoxide  of  Uranium. — This  salt  is  obtained  by  adding 
Bulphuiio  acid  to  the  protochloride  of  uranium,  and  heftting  the  mix- 
ture, by  which  hydrochlorio  acid  ia  ex|>elled,  and  sulphate  u  uranium 
remains;  by  dioolvii^  the  residue  m  water,  and  evaporating  the 
lolutioii,  green  prismatic  dyatals  of  the  sulphate  are  formed. 

It  frequently  happens  wat  the  oiystals  posBess  a  dlky  luatre,  ore 
greenish,  and  but  slightly  soluble  in  water ;  in  this  OOM  iiufj  contain 
exosM  of  base.   This  salt  yielded  by  ana^iia ; — 

Snlphnrie  acid  .  SS'O 
Protoxide  of  unntnm  46*1 
Vata  iV9 

100> 

OzalaU  of  Protoxide  of  JJrtamm. — This  salt  ia  of  a  greenish-white 
colour,  and  very  slight^  soluble  in  water  either  cold  or  hot.  It  may 
be  prepared  by  mixing  solutionB  of  oxalic  acid  and  chloride  of  ura- 
nium; the  precipitate  formed  is  to  be  repeatedly  washed  with  boiling 
water,  in  order  to  dissolve  the  yellow  oxalate  of  the  peroxide,  which  is 
more  soluUe,  and  which  is  firat  [weoipitated.  The  probnalate  of 
uranium,  after  being  dried,  may  bo  exposed  to  the  air  without  tmder- 
going  any  perceptible  change. 

Nitrate  of  Ptgwade  of  Uramim  (U,0„N0,  +  6Aq.),— This  salt  is 
easily  obtamed  in  fine  rq;ular  crystals.  It  is  of  a  yellowish  colour, 
efBoresoes  in  vacuo,  and  loaes  half  its  water  of  omtallisation. 

Uranium  forms  a  conaideral^  number  of  double  salts,  which  we 
have  not  thought  it  requisite  to  deecaihe. 

P<,>rDxide  of  unmium  ia  employed  in  colouring  glass,  to  which  it 
imparts  a  fine  lemon  yellow. 

URAliTUS,  the  next  planet  beyond  Saturn,  counting  outwards  from 
the  smi.  This  important  member  of  the  planetary  system  waa  dis- 
covered by  Sir  WilUam  Herachel  in  the  year  17S1.  On  the  evening  of 
the  13th  of  March  of  that  year,  while  examining  certain  small  stars  in 
the  coQstdbtion  Gemini,  we  attention  <A  the  wtronomor  was  drawn  to 
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aamall  star  which  appeared  sensibly  larger  than  those  m  its  vicinity. 
With  the  view  of  testing  the  object  he  aprfied  different  magnifyiM 
powers  to  his  telescope,  whereupon  he  found  tiiat  the  apparent  ma^ 
tude  of  the  star  in  question  varied  in  the  direct  ratio  of  the  magnifying 
power,  while  the  stars  around  it  when  similarly  survc^ed^^hlia 
exhibited  only  a  slightly  perceptible  change  of  apparent  diameter. 
Suspectmg  from  this  eircumatance  that  the  object  was  a  comet,  he 
proceeded  to  make  careful  observations  of  its  posititm  by  measurinjr  its 
distance  from  the  staiB  new  to  it  A  few  nwhta  only  ekpeed  brfore 
he  obtamed  undoubted  evidence  of  the  star  b^  in  a  state  of  motion. 
It  appeared  to  be  travelling  slowly  in  the  order  trf  the  dgns,  in  an  orMt 
mclioed  at  a  small  angle  to  the  plane  of  the  ecJiptic.  Having  con- 
tinued his  observations  down  to  the  19th  of  April,  he  then  drew  up  an 
account  of  them,  and  communicated  it  to  the  Bojral  Society  in  a  paper 
which  was  read  before  that  body  on  the  26th  of  the  same  month.  H« 
appears  to  have  been  under  the  impresalnt  that  the  object  disoovered 
by  him  was  no  other  than  a  comet. 

Attempts  were  made  by  varioua  astronomers  on  the  ConUnent  to 
determine  the  orbit  of  the  supposed  comet,  on  the  hypotiiosis  of  ite 
revolving  in  a  parabola  with  a  comparatively  small  perihelion  distance  • 
but  it  was  found  impossible  to  repreaent  the  observed  motion  of  the 
body  in  this  manner,  except  for  a  very  small  arc  of  the  orbit.  Atluigth 
Lexell,  in  a  paper  which  he  oommumeated  to  the  Aoadaiqy  of  Sdenoes 
of  St.  Petersburg,  announced  certain  facts,  which  see^d  to  indicate 
that  the  object  discovered  by  Herschelwas  in  reality  a  planet  Intho 
first  place,  it  differed  from  a  comet  in  being  well  defcied.  On  the  other 
hand,  it  did  not  exhibit  the  bright  piercing  light  of  tiie  fixed  stats. 
But  while  thus  unlike  a  comet  or  a  star,  it  exhibited  several  features 
which  tended  to  support  the  idea  of  its  being  a  planet.  It  was  to  be 
remarked  thati,  like  all  the  planets,  It  IzavcUed  in  ttie  odestial  sphere  in 
the  order  of  the  signs.  Apin,  while  it  was  actually  idtaate  near  the 
ecliptic,  its  motion  in  latitude  was  exceedingly  s^dl,  a  drcumstauoB 
which  seemed  to  indicate  that  like  the  planets  it  revolved  in  an  orUt, 
confined  within  tiie  limits  of  the  zodiac.  But  Lexell  obtahied  still  more 
convincing  evidence  in  suj^rt  of  his  suspicion  that  the  object  was  a 
planet.  Taking  two  extnnne  observations  of  its  poation,  one  of  them 
by  Herschel,  dated  March  17, 1781,  and  the  other  \tj  Maskelyne,  dated 
May  11,  of  the  same  year,  be  fovmd  that  tiiey  mig^t  be  well  repre- 
sented by  supposing  the  body  to  revolve  in  a  circular  orbit,  the  radius 
of  v^ch  amounted  to  18'9S,  the  radius  of  the  earth's  orbit  being 
assumed  equal  to  unity.  Astronomers  henceforward  agreed  in  sup- 
posing that  the  object  discovered  by  Herachel  was  in  re«dity  a  planet 
revomng  around  the  sun  in  the  r^on  beyond  Saturn,  It  was  soon 
found,  however,  that  a  circular  orbit  was  incE^ble  of  Batisfying  the 
observations,  and  that  the  real  orbit  must  be  an  ellipse  of  Ajght 
excentricity.  Laplace,  in  1783,  firat  determined  the  dliptio  elements 
of  the  planet's  orbit,  which  he  communicated  to  the  Aoadeuy  trf 
Sciences  in  the  same  year. 

The  right  of  naming  tlie  new  planet  belonged  to  the  discoverer,  who 
proposed  to  can  it  the  Qeargivm  Sidm,  as  a  mark  of  gratitude  to  his 
munificent  patsron  QcOTge  III.,  under  whoee  auspices  he  was  enabled 
to  prosecute  his  astronomical  labours.  This  designation*  however,  wai 
at  yarianoe  with  the  nomenclature  hitherto  emplc^fed  in  the  planetary 
OT8t«m,  and  Uie  name  of  Uranus,  suggested  by  the  Qerman  astronomer. 
Bode,  is  that     which  it  is  usuidly  designated, 

Herachel  found  by  mioromefaEic  measures  that  the  apparent  diameter 
of  the  new  planet,  when  viewed  at  its  mean  distance  from  the  euth, 
amounted  to  8*'91.  This  gave  84,217  miles  for  the  value  of  its 
absolute  diameter.  It  was,  therefore,  after  Jupter  and  Saturn,  by  &r 
the  most  considerable  of  the  planetary  bodies  hitherto  recognised  as 
revolving  around  the  sun. 

It  appeared  from  an  examination  of  the  recorded  observaticaiB  of 
Flam  steed  and  several  succeeding  astronomers,  that  Uranns  had  been 
observed  on  sevenl  oocasiDna,  previous  to  its  actual  disoovety  as  a 
planet  in  1781,  under  the  impresuon  of  its  bdng  a  fixed  star.  These 
early  positions  proved  exceedingly  valuable  in  enabling  astnmomers 
speedily  to  determine  the  elements  of  the  orbit  with  a  degree  of  pre. 
cision  which,  from  the  slow  motion  of  the  planet,  oould  otherwise  have 
been  expected  to  result  only  after  the  Imse  of  a  omsidenUe  number 
of  yeax&  In  1700  Delombro  obtained  toe  prise  of  the  Acadmnr  of 
Sciences  of  Pftris  for  the  construction  of  tables  of  the  {danet.  Tuese 
tables  were  foimded  on  the  observations  made  subsequentiy  to  the 
discovery  of  the  planet  in  1781,  and  on  certain  earlier  determinations 
of  its  position.  For  several  years  they  sufficed  to  represent  the 
observed  motion  of  the  phmet  witli  tolerable  precision,  but  eventually 
discordances  became  apparent,  which  continued  to  increase  in  ma^i- 
tude  from  year  to  year.  In  1821  Bouvord  publiahed  new  tables  of  the 
planet.  They  were  based  exclusively  on  the  observations  made  after 
the  discovery  of  the  planet  by  Herachel,  their  autiior  having  fotmd  it 
impossible  to  satis^  by  means  of  the  same  orbit  both  the  earlier  and 
the  more  modem  observations.  These  tables  continued  for  a  few  years 
to  represent  the  motion  of  the  planet  with  all  dedraUe  preddmi ;  but 
they,  in  their  turn,  soon  b^ian  to  deviate  from  the  results  of  obMrv»> 
don,  and  the  disoordancee  continued  steadily  to  ineraase  in  moanitui^ 
The  reader  is  aware  that  the  study  of  these  irregulaiitiea  ledto  the 
discovery  of  a  new  planet  beyond  Uranus.  In  a  {oeoeding  artide 
[Nbptvns]  a  detailed  account  haa  been  given  of  the  oircomstsOOM 
connected  with  tius  memorable  triumph  of  scieno^ 
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!ni«  follovring  tre  tb«  elements  of  the  orbit  of  Uranus  :— 

Mean  lowRltmie,  Jon,  1,  IBOft           ,       .  .  17>'  80'  il" 

loagUnde  of  ths  perihelion         ,       ,       .  .  167°  30'  34" 

Lo&RltadB  of  tbB  ueenltng  node      .      .  ,     H"  59'  31- 

Xntnlrfottr  ef  DM  orbit   ft.Dt4BTS4 

tMUi>«Uoliartte«rUttotli«MU|>HO         .  .  WS8^ 

Mnk  ilatUN  IMm  the  MB     .      .      ■  »  lO-lSISB 
VtauofftiidMmtmlatlea  * 

MMilbtenue(th»nB*iBMtitkaHHU  . 

TheM  nulte  ■Ota*  unca-tun^  witii  leqwsk  to  the  bum  irf 
planet.  The  foregoing  value  wh  deduoed  hf  Bourard  from  the 
obeerved  perturbetloiM  of  Saturn.  Luiioot,  from  the  obiemd  don- 
gktioui  of  the  Mtdlitet,  hae  detenniited  the  nlue  of  the  tnaai  to  \m 
•4^.  Ko  taUeg  of  ITnaul  hm  been  pubUahed  lubsaquently  to  the 
dnconrjr  of  NeptuDe  in  1840.  A  Dorr«ct  theot7  of  the  plaUet,  wttii 
tables  founded  thereoo,  is  still  a  desideratum  ftt  OBtronomy,  It  is  to 
be  presumed  that  M.  Le  Verrier,  who  Is  at  preeent  engaged  In  a  ayvte- 
matie  investigation  of  the  theory  of  the  various  bodies  of  tho  planetary 
Mabem,  vrill  in  due  time  aoftompltih  tills  important  object. 

URAirUS,  SA-TELLFFSS  OF.  In  tiie  beginnlns  of  the  year  1787 
Sir  William  Hersdid  digeorend  two  s&tellitee  around  Uranus.  Having 
aiade  a  aerlea  of  careful  obaervaUoUs  of  their  portion  with  respect  to 
the  ptimidy,  he  next  proceeded  to  determine  the  elements  of  their 
wblts.  The  Miulte  of  uiis  investigation  are  contained  In  a  paper  which 
he  communicated  to  the  Boyal  Society  in  the  following  year.  He 
oMiliiad  lor  tlie  tiuMi  ti  tmlixtiim  ol  the  two  aatdlltea  then 
nine*!— 

d  h.  a.  t. 

Period  M  nm  Mteiiiu  t     .    t     >  t  ir  1  ts-a 

Perioi  (rf  BMOBd  MMllIts  .  *  .  II  11  B  1-S 

Be  also  dfltermined  the  apparent  distance  of  the  seoond  satellite 
from  the  txntn.  of  the  plutet  to  be  The  first  satellite,  that  is, 

the  satellite  next  to  the  planet,  was  an  object  of  suoh  falntnees  that  he 
Was  unable  to  arrive  at  a  definite  oraioluBtoa  with  respect  to  the  appa- 
rent distance.  He  however  deduoed  the  value  U  this  dement  from 
the  periodic  times  ol  the  two  aatelliies,  and  the  apparent  distance  of 
the  tocond,  by  the  aid  of  Kepler's  Uiird  law.  to  diis  way  he  found 
the  i^parent  tuatance  of  the  satellite  to  be  Zs'-QQ.  In  a  paper  which 
he  communicated  to  the  Koyal  Society  in  the  year  17&7,  he  announced 
two  interesting  facts  with  respect  to  Uie  movement  of  those  minute 
bodies.  The  first  was  that  ihdr  motions  are  retrograde,  or,  in  other 
Words,  th''.t  th«r  revolubiolu  are  effected  in  a  direction  ocmtnrty  to  the 
order  of  the  signs;  the  eeoond  consisted  In  this,  that  the  orbtts  of  the 
Atellltee  are  nearly  peipendioular  to  the  plane  of  the  edlptic 
In  the  Same  paper  Herschel  announced  his  discovery  of  four  addi- 


dvMi  by  Urn.  The  dlatuuM  an  aatiiMsud  in  tanu  ol  the  Mmi- 
of  tile  planet: — 

(MBr«riHata»eoft«a    PerlotfeUne.  Dtetaasaftoa 

the  PluMb             d.  B,  tti.  Ike  Flawt. 
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ftwUl  be  seen  from  this  table  that  the  two  latellttes  originally  die- 
oovered  by  Fenohel  an  the  seoond  and  feurtii,  counting  in  the  order 
0*  distattoe  from  the  prltnary.  The  pertodio  time*  and  dlstaboea  of 
these  satelUtes  wen  satisfactorily  determined  by  an  inveetlgatlou 
founded  on  their  obeerved  positions.  The  case,  however,  was  dlftMmt 
vrilh  >«^pMt  to  the  other  eatellites.  The  dlstsuce  of  the  first  sateUite 
was  indeed  we  nmh  of  mionunetrical  messttres,  but  the  dlstancee  of 
the  other  laMlitM  wen  men  ttUmaUons.  The  orbit  of  Uie  third 
satelhto  wai  suppoeed  to  bisect  the  linear  Interval  between  tlie  seeond 
and  faortii  satellites  j  the  fifth  eatellite  was  suppoeed  to  be  twice  as 
diMt  from  the  planet  as  the  fourth ;  and  the  slsth  satellite  to  be 
twice  th«  dUawM  of  the  fifth.  The  periodic  times  of  the  four  satel- 
r!ir^Tl!?"'^  elements  of  the  seoMid  and 

tourth  aateUites  by  the  aid  of  Kepler's  third  law 
^         which  HerKihel  oommunloated  to  the  Royal  Bodety  in  the 
yjar  1815,  oontains  his  final  nsearafaes  on  the  motloils  of  the  aatelUtes 
If  "  "PP*^  from  lita  observations  that  the  pknet  tnssed 

Sr^ii?!  ooounon  asDMidhig  node  of  the  satellites  on  the  12th  of 
TSS^'w"'?;  ?!*^2?f.**«*^'««*       longitude  of  the  node  to  be 
^n-.^'x"^.?"^  ^*  inclinaUon  of  the  orbits  of 

tiMMeOitea  to  the  eoliptie.    On  the  same  ocrosion  he  detettnined 
iMwtto  ^nodio  rOTolutlona  of  the  second  and  fourth  satellites,  which 
^  ^  ^  ""^  8*  59.  ttspectively.  He 

BttU  ntamri  his  belief  with  respect  to  the  existence  of  lour  aditional 
■weurtes,  and,  although  he  was  unable  to  assign  any  further  proof  of 
Itr^^ll"  •^'•"'.'n  wPPort  <rf  Ilie  ojrinion,  he  eommunlcated  a  series 


In  1828,  Sir  John  Herechel,  having  directed  one  of  his  30-foot 
refiectors  toward*  Uranus,  succeeded  In  obtaining  a  view  of  the  two 
satellites  originally  discovered  by  his  father.  Having  subsequently 
executed  a  series  of  mlerometric  measures  of  their  observed  portions, 
he  instituted  a  comparison  between  them  and  the  cnrencHidiiig  results 
of  his  Other's  observations,  and  in  this  w^r  wet  eouled  to  dedoee 
new  valuee  of  the  periodic  times  of  the  two  aatdlltes.  He  found  the 
period  of  the  second  satellite  to  be  16^  S6"  Sl-S*,  and  that  of  the 
fourth  to  be  13''  11*'  7"  12  6'.  It  will  be  seen  that  tiiese  resulte  do 
not  differ  materially  &om  the  oarrest>onding  numbers  wfaich  the  older 
Hers(^el  derived  from  his  researches.  M.  Lamont,  Direotor  of  the 
Munich  Obaervatory>  having  in  the  year  1837  made  a  series  of  observa- 
tions of  the  same  satellites  with  *  refractor  of  11  indiee  apertun, 
obtained,  by  a  oomparieon  of  his  own  measuree  with  Uiose  of  the  two 
Herachels,  values  of  the  periodio  times  agredng  very  dosely  with  tikoee 
deduced  by  Sir  John  HerscheK 

Recentiy,  Mr.  Laseell  has  discovered  two  satellitea  revolving  within 
the  orbit  of  Herschel's  second  sateUite,  but  neither  of  which  appears 
to  coincide  with  Herschel's  first  satellite.  He  has  Mplled  to  them  the 
names  Ariel  aud  Umbriel,  dedanating  at  the  same  time  the  seeond  and 
fourth  satellites  of  Herschel  oy  the  names  Titania  and  Oberon.  He 
does  not  recognlee  the  existence  of  any  other  satellitei  around  the 
planet  except  the  four  to  which  he  haa  applied  than  nmm.  Tha 
following  synopsis  may  be  ueeful 


Order  of  Diataaee 
from  f  rimaryi 
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»  >  * 
S  . 

4  .  . 


Name  of 

Satellite. 
.  Ariel  . 
t  tJmbrlel 

.  ntauia 

.  Oberoft 


Time  of  KoTolutlotk 

d.  h,  m.  B. 
.  9  13  38  48 
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UllATEg.   [Ubio  Gbopp.] 

URSA  (C,H«N,0,).  The  essential  solid  oonstituent  of  urine.  Coa* 
tatnti^  nearly  half  Ita  Wslrfit  of  nitrogen,  it  ibmu  the  chief  vehicle  for 
tiie  final  concentration  and  elimiiiaUcm  of  that  element  from  the  animal 
organism.  Produced  in  the  blood  by  tiie  oxidieiog  action  of  inwired 
air  on  albtunen  and  other  nitrogenous  forms  of  aBsimllated  food  and 
exhausted  tissue,  it  Is  removed  from  the  Uood  by  the  kidneys,  and  ia 
finally  excreted  in  the  urin& 

Urea  was  St«t  separated  from  urine  In  1778,  by  Bouelle;  in  1779, 
Fouroroy  and  Vauquelin  isolated  it  in  the  pure  state.  Though  now 
Usually  prepared  for  experimental  purposes  by  aa  artifieal  proosss  pro* 
sentiy  to  be  deeoribed,  It  may  readily  be  procured  from  urine  by  the 
following  method.  A  solution  of  ammoniaoal  nitrate  of  copper  ia 
added  to  urine  until  no  fiirtiier  predpitaUon  of  albumeoold  and  colour* 
ing  matter  ooours ;  ^e  mixture  is  than  filtered,  the  oolourleas  filtrate 
evaporated  to  a  thin  eyrupy  consiBtenoe,  and  i^Mut  an  equal  bulk  of 
strong  nltrid  acid  added  to  It,  The  tnam  of  otyetals  of  nitrate  of 
urea,  dius  obtained,  are  gsntiy  prewod  between  Hotting  paper  which 
frees  them  from  mother  liquor,  an  suspended  in  water,  carbonate  of 
baryta  added  so  long  aa  eObrveacence  of  carbonic  acid  ocouie,  the 
mixtun  evaporated  to  dryneas,  the  residue  treated  with  boiling  alcohol 
and  filtered,  and  the  filtrate  set  aside  to  cool  and  spontaneously  oon- 
centratei  When  long,  al«idw,  oolourleaa,  striated  prisms  of  una  crys- 
tallise out. 

Urea  is  fonned  artifldally  in  many  reMttbna.  By  the  aetion  ol 
oxidising  agenti  on  uric  acid  |  by  the  mflueDce  of  aUuulee  on  kreatine 
or  alloxan ;  on  beating  fulminate  of  mercury  or  silver  with  sulphu* 
retted  hydrogen ;  from  ammonia  and  oarbonic  ether,  or  ammonia  and 
oxyohlotide  in  oarbon.  A  method  of  greater  interest  than  any  of  the 
preoeding,  Inasmueh  aa  it  gives  experimmtal  demonstistion  of  its 
mode  of  formation  in  the  humaa  syabein,  ia  that  by  M.  Badiaiu>»  who 
produced  it  from  albumen  and  other  aiotised  compounds,  by  the 
oxidising  aetion  of  a  solution  of  permanganate  of  potash  at  a  tempera- 
ture of  176'  Fahr. 

But  the  most  convenient  and  economloal  process  for  producing  urea 
artificially,  is  that  in  which  an  aqueous  solution  of  cvanate  of  ammonia 
haa  simply  to  be  heated  to  near  uie  boiling  point,  whra  tnnafonnation 
into  urea  at  mce  occurs  :— 


MU(0,  K0,0  I 

«  ,  » 

Cysnate  of  aimmwilt. 


»  ^— ^ 

Ifrea. 


This  close  relatioQfihip  of  oyanate  of  ammonia  to  urea  was  first  notleed 
by  Wiihler  and  Llebfg  In  a  research  on  the  oyanatee.  The  flawing 
are  the  details  of  the  process  hv  which  the  oyanate  of  ammtMiliL  ana 
ultimately  urea,  is  obtained.  Twen^-ri^t  parts  irf  Well-dried  ferro- 
cyanide  of  potassium  and  fourteen  of  biuoxlde  of  maoganese  an  finely 
powdered  and  Intimately  incorporated ;  the  mixture  is  then  spread  out 
on  an  iron  plate,  and  exposed  over  a  fumaoe  containing  ft  dull  red  fire. 
The  mass  soon  nndergoes  a  smouldering  combustion,  abeorUng  ok^mi 
from  the  Unoztde  snd,  eepedally  U  frequently  stitted,  from  the  air. 
When  combustion  has  ceased  the  mixture  la  removed,  allowed  to  be- 
come quite  cold,  ts  then  treated  with  cold  water,  filtered,  and  the 
reeidue  washed.  To  the  washbige  twenty  and  a  half  parts  of  aulphata 
of  ammonia  are  added,  and  the  firet  filtrate  then  stirred  in.  Much 
aulphate  of  potash  will  now  go  out  of  soluldon  aa  a  granular  pneipttato, 
the  potassium  of  the  ferrooyanide  having  been  oxidieed  during  ths 
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roMUitfi  opetRtion;  tlie  oyanogen  of  the  ferrocyanide  was,  however, 
aIso  oziduied  at  tlie  aanie  tame  and  by  the  Bame  meaoa  to  cjaiiio  acid, 
vhitdt  remaiu  m  aolution  oombined  with  ooUQOiua.  Evaponted  to 
dryoeM  over  a  water^bath  the  MlutioQ  of  cytmate  of  ammoiua  yields 
dry  crea,  which  is  separated  £rom  residual  sulphate  of  potash  by 
digeatinKin  hot  aloohol, oontiutiinKtiot  more  than  10  or  16  per  oeut.  of 
water,  Trhe  almdiolia  wdutioii  yieidB,  on  cooling,  oolourless  cfyitala  of 
urea  to  the  extent  of  SS  per  cent,  cd  the  femx^anide  of  potaaaium 
used.  Should  the  solution  of  siilphwte  of  pot*^  have  a  yellow  colour, 
it  wCl  be  due  to  undecomposed  ferrooyanide  of  potaMtura.  In  that 
case  sulphate  of  iron  must  be  added  till  pruisian  Dlue  vfi  longer 
ci^tatflBi  aad  any  e^cesa  oi  iron  got  lid  of  by  oarbonate  of  ammonitw 

Fur*  nm  onstalUsea  lo  ccjourtw,  ioodoroua,  transparent,  four* 
mA»A  piian  It  has  a  aaline  tast*  aomewbat  like  that  of  nitrate  of 
potwh.  It  is  soluble  in  its  own  weight  of  water,  aai  requirea  five 
parta  oj  0old  alcohol,  but  only  one  part  of  boiling  alotjiot,  to  dissolve 
tt :  i^  ia  less  soluble  in  ether,  and  insoluble  in  oil  of  turpentine. 
Exposed  to  the  air  it  becomes  somewhat  moist ;  melts  when  heated  to 
near  ^0°  Fahr>4  and  at  higher  temperatures  yields  anitnonia,  carbonate 
of  ammonia.  Biubet  u)d  Uklancbio  Aced.  Solution  of  urea  is  stable 
if  pui«a  but  in  urine,  or  in  the  f>reaence  of  any  deoompoaiug  organic 
mirttnr.  th«  urea  rapidly  changes  mto  carbonate  of  ammouM :— i 
C.H.M,Q,    -f    4B0    K    S(NH^O.  CO.) 

Uroa,  QurboDAte  of  ammonia. 

Hie  same  ehaoge  ooours  if  solution  of  urea  be  heated  to  284*  IUu>.  in 
•  sealed  tube.  Chlorine  produoes  cyanuric  aoid  from  fused  urea,  but 
quite  breaks  up  urea  in  solution :  nitrous  aotd  also  ozidisea  H  to  car' 
bonio  aeid,  nitrogen  and  water. 

Urw  oeonblnes  with  aoida  to  form  definite  salts.  The  formation  of 
M'fnMs  ^  vrmt  (0,H«2f,0„  HO,  NO,)  has  ah-esdy  been  deaoribed;  it 
erystalliaM  in  bright  transparent  rhombio  pUtes  or  leafiets,  only  slightly 
soluble  in  water,  aloohol,  or  nitrio  aoid.  BydroekkraH  ojF  ttrea  (0,H« 
N.O,,  HCl)  la  a  deliqueeoent  unstable  salt,  formed  when  hydroohlorlo 
acid  is  paMed  into  urea.  A  tvihydrochhraU  (2C,H.N,0,,  HCl)  crya- 
talliseB  m  long  transparent  blades  from  a  solution  containing  the  proper 

aniTtient*  m  each  eompomid.  Oxalate  of  una  (0,H«N,Ot,  HO,  C,0,) 
Is  SB  a  dTstalline,  almost  insoluble,  precipitate  when  ezoeas  of  strong 
solution  of  oxalic  acid  la  added  to  solution  of  urea ;  it  may  be  obtained 
in  long,  thin,  (xilourless,  transparent  prisms.  |t  ia  probable  that 
Ali^pKakio  Actp  ia  ear&oMUe  of  urea. 

Urea  also  combine*  with  m^tulic  protoxides.  If  {reahly  precipitated 
oxide  of  ailTflr  be  digested  in  a  strong  aolution  of  urea,  »  yeUowiah 
CTyrtaUinepowderl8nntnedo(«itaining(8AgO,  C,H.N,Oa).  With  the 
red  oxide  of  mercury  urea  forms  oompounos  oontainnig  respectively 
two,  three,  and  four  atoms  of  mercuric  oxide  to  one  of  urea.  The  first 
(2  HgO,  C,H«N,Ot)  separates  out  as  a  white  powder  from  a  solution  of 
moist  mercuric  oxide  in  urea ;  the  second  ( S  HgO,  C^H^NiO.)  is  a 
gelatinous  precipitate  produced  when  solution  of  mercuric  chloride  ia 
added  to  solution  of  urea  kept  alkaline  by  potash  ;  it  becomes  granular 
and  of  a  pale  yellow  colour  on  btalii^;  tdw  third  (i  HgO,  C,H^N,0,) 
is  prepared  in  the  same  manner  as  the  seoond,  meovurie  nitrate  being 
used  instead  of  chloride. 

Urea  ftoTna  compounds  with  metallio  salts.  Solutiona  of  urea  and 
nitrate  of  silver,  mixed  and  evaporated  in  vacuo  over  sulphuric  acid, 
yield  crystals  contaiuing  (AgO,  NO,,  C,H.N,0.)  and  (  (3  AgO,  NO,), 
0|H^N,0,).  A  dilute  and  warm  solution  of  mercuric  nitrate  added  to 
a  warm  solution  of  urea,  gives  a  granular  precipitate  containing  (4HgO, 
K0„  CaH,N,0,) ;  if  the  mercuric  nitrate  be  added  in  excess,  and  the 
whd[e  maintained  at  a  temperature  ranging  from  104'  to  132°  Fahr., 
the  precipitate  occurs  in  u-nded  prisms,  and  baa  the  oompositiou 
(3  HgO,  NO,,  C,H«N,0.} ;  if  tho  marourio  nitrate  Im  acidulated  with 
nitrio  a^  and  solution  of  nitrate  of  urea  be  added  until  a  precipitate 
ocean,  the  filtered  solution  deposits  shimng  rectangular  (abfes  of 
(8  HgO,  N0„  C,H^N,0,).  Double  nitrates  of  urea  and  soda,  baryta, 
lime,  and  magnesia  have  abo  been  obtained. 

Gompomtd  ureas.  As  already  indi(»ted,  urea  ia  formed  combina- 
tion of  ammonia  (NH^  and  oyanio  acid  (C,UN0.) : — 

NH,     +     C,(B)NO,     -  C,(H,)»,0, 


Ammaala.        Cjanio  add 

(eymata  of  hydrogia). 


Urea  (oidlnsry]. 


li  in  the  place  of  oymiQ  ood— or  oytnate  (4  bydvogBn  as^  lor  lihe  sake 
vi  analogy,  it  may  6«  wore  oonvenianUy  tenucl — w  oy«wte  oi  aone 
radical,  oUwr  than  l^drogan,  be  taken,  an  urea  will  b»  obtamad  oon- 
taining  the  lodioal  of  the  oyuutte  used,  in  the  plaoa  of  one  d  the  lour 
OftuimitailU  of  hydrogen  in  common  urea.   Thua : — 

MH,    +    0,(0,n,)NO,    B    e,(0,H„  H,)N,0, 

1  „  '       >  ~J 


(Janata  of  metikjl. 
ira.    +    C,(0,H,)NO,  . 



dranale  of  sHyl, 

HH.    +  C,(C„H.)WO,^  . 

 ^ 

Cfanale  of  plUBjiL 


MeUlTl-urM. 

0,(C,H„  H,)N,0. 
W    ..    V    ■  / 

AUyUarea. 
0,(C,.H„  H,)N,0, 

1  V"  

Fk«Brl.niaa 
(saifeanUsMUi). 


If  a  Bulphooyanate  be  used,  a  sulpho-urai  will  of  ooursa  b*  pn- 

duced 

 V  — '  *•    •   .J 

Sulpliocyapate  BulpluUjUnrsa 
«fsUjl,  (tUuinaimUw]. 
KB.    +  C,(C,,H,)Nfl,  m  0,tO„gi.  H,1M,8^ 

SnIphocirftRBte  ftrtplMh>hsityl.aiw, 

of  phenyl, 

And  if  now  in  the  place  of  ammonia  itadf,  a  derivative  of  avuttoua 
(moD«mines,  &o.)  be  aoted  upon  the  eiyanate,  ursos  are  formed  in 
which  twoi  thre*.  or  even  the  four  oquinbqta  of  Indi^iaB  ia  eommn 
urea,  are  replaoed  by  oompound  radioolo.  Thua 

NH,,e,H,  +  o,(o,H,)iio,  m  e,(ao,H„  a,]v,o, 

XUtylamiBe.        Cyaaate  of  elkyl.  IMaUtyUviea. 
MH,.0„Hj    +  0,(e„H,)He, 

PbenyUsilae,        OyanaU  of  phenyL 


P1phanyl>ui«a  ((svlii], 

<^anste  of  ethji.  HethyUtbyUorsa. 

— V   V  ,         .  ,_'        I  „f 


MMhylamhw. 

Ethylnmlne. 
Phenylombie. 


Cyanate  of  allyl. 


Cyanate  of  ethyl, 
KH„C,H,    +  C,(04K,JH1, 


EtbylsmlBs,  OiUiilioojmiMM 
ofallyU 

WH..  C„H,-  +  C,[C,g,lNl^ 

fheaylamtae.  BtOpliooniHite 
ofiJlyl. 

yg,  C„V^,'  +   0,(C,g,)|10,  m 

rtperi^tns,        emanate  of  tOjU 

Trleibylsnine.    Cyutata  of  etbyl. 


XthyUllyUna, 
0«(C„H,.C,H„|I.)If,0, 

 V  ^ 

rtieoyUtbyUorea, 

o.(c«H..  a,H,.  a,m.ia 

W  .  ..^.  .-v  

W»htUiyiaUyl-m«a. 
Os(0.1i»«iA,H,)y.l. 

»  V  ■ 

SalphsU^pkanyhvcia, 
»i>7l-^P«ryl.we». 


TeUsUiyUursa. 


Compound  ureas  ore  also  prepared  by  the  action  of  water  on  tma»im 
of  radicals.   Thus : —  * 


SCO, 


Cyansia  of  mctby). 
Cyanate  of  allyL 


+    C,(»C.H,.  H,]W.O| 
Water.  Cirbonie  sold. 


Dimetbyl-tirsa, 
>  C,{lC,g„B,)N,0. 

DUllyUurvi  (tlnapoUne}, 


The  hydrogen  in  urea,  at  least  one  equivalent  of  It,  may  also  be 
yepUoed  by  negative  radicals.  The  genml  method  of  fomiBtiim  of 
these  wmda,  so  oaUed  in  allusiou  to  their  amldle  analogy,  Is  the  reoo- 
Uon  d  um  on  the  ehkffida  of  the  m^tire  iwlioal,  hydroohloile  vdd 
being  tUninntHi   Thua  an  itlrtainad  ^— 

JtoetyUnrea  w  aostnidds  •      ,  C,(0,H,0„  H,)V,0, 

BntjryUnm  or  butymnUa  ,   .  0,(C.B,0|,  B,)H,0. 

'  TaleryUares  or  vatcrweiae  ,      ,  C,(Ci  |B|0|,  H»lNiOs 

VsaaqrUuTM  or  kSBsursMa  ,  <  Oa(0„B,Ot»  Bs)HtO| 

C\mttitutum  0/  nrea.  Vrea,  Js  now  gener^y  ooosidered  to  he  a 
diamine ;  that  is,  dlsmnumia.  Id  which  two  equinlenta  of  b|<^n)g0B 
are  repuoed  hj  the  dlatoqiio  radical  oarbonyl  (0,0,")  ;— 

( ^A**»' 

(  **■ 

Ohvioaaly,  any  of  the  oompounds  already  deaortbed  tn  this  article 

1  C,0,' 

oould  be  formolatad  on  the  topical  diagnm  K,  ^  R  R,  B  being  a;^ 

f  B  R 

radical  j  the  fonnola  ot  aavmal  orsaa  will,  in  &et,  bo  found  ao  i^tt« 
in  the  artiola  Oroaiiio  Baies. 

SttumOim  »/  uroo.  The  amount  of  urea  in  a  spetdmen  of  mine  Is 
often  required  to  be  known  by  tiia  physiologist  and  pathologist.  It 
was  originally  determined  in  the  state  of  nitrate  or  oxalate,  a  known 
quanti^  of  urine  being  taken  and  fa<eated  in  the  aaanner  already  ind^ 
eatodj  Tomlta  ■>  obtained,  however,  hav«  been  Aewn  to  be  very 
inaoeiirat&  H^lnta  prc^weed  to  take  advantage  d  the 

fitoto,  that  mraa  is  deomuposed  into  ammonia  and  oarbonlo  add  when 
boiled  with  strong  adda,  and  that  anunonia  may  be  estimated  by  bfadilo- 
ride  of  platinum,  the  weight  of  which  would  indicate  the  urea  present 
in  the  quantity  of  urine  acted  upon ;  this  method,  however.  Is  not 
uoivenally  applkabJe.  Bunseo  takes  a  w^bed  quantity  ol  urine, 
loizaa  it  with  an  n-UT*™^  oolntioa  of  cUoide  cl  barium,  aeala  n 
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hermeticall;  in  a  glons  tube,  and  heata  it  to  a  temperature  of  from 
260"  to  i60"  Fohr.  for  Beveral  houra ;  carbooate  of  batyta  is  thus  pro- 
ducedj  Uie  weight  of  which  indicates  tlie  amount  of  urea  originally 
preMOtjinaonuchaa  \irea  is  under  these  circumstances  always  &[dit  np 
into  ammonia  and  carbonic  acid :  this  procesB  gives  accurate  result^ 
but  requires  too  much  diemical  skill  and  experience  to  be  very  gene- 
rally appUoable.  Liebig's  process  for  the  estimation  of  urea  (and 
chloride  of  sodium)  in  urine  is  the  one  now  alwi^  used.  It  is  a 
Tolumetrio  metiiod,  and  depends  upon  the  facts  uready  mentumed 
concerning  the  combinations  of  urea  with  nitrate  of  peroxide  of 
mercury. 

From  the  following  details  it  will  be  found  that  certain  standu^ 
Bolutions  have  to  be  made ;  these  require  time  and  care,  but,  when  once 
obtained,  the  actual  analytical  operation  is  one  requiring  a  few  minutes 
only  and  is  very  eas^  of  execution.  Solution  of  merourio  nitrate 
oooasioni  a  white  jvec^tate  in  pure  Bolulaonfl  urea,  but  nob  in  Boch 
impure  solutions  as  unne;  this  u  because  oUoride of  sodium  is  lovseut 
in  the  urine,  and  the  chlorides  of  the  metals  of  either  the  first  or  second 
groups  decompose  mercuric  nihxite,  mercuric  chloride,  which  does  not 
precipitate  urea,  being  formed.  But  on  adding  mercuric  nifxate  to  urine 
until  the  whole  of  the  chloride  of  sodium  is  converted  into  nitrate  of 
soda,  furtlier  addition  will  cause  a  precipitate  because  nitoate  instead  of 
ohlorkle  of  meroury  will  thm  come  in  ooutact  with  the  urea.  Obviously 
now  if  the  strength  of  the  mercuric  nitrate  solution — which  may  be 
distinguished  as  No.  1 — be  known,  the  amount  of  chloride  of  sodium  in 
the  urine  will  be  at  once  indicated.  The  means  by  which  tiie  No.  1, 
solution  is  standardised  will  be  given  presently.  It  might  be  thought 
that  the  further  addition  of  the  same  mercuric  nitrate  until  no  more 
pretapitate  falls,  a  point  easily  ascertained,  would  afiord  the  means  of 
detennining  the  amount  of  urea  present ;  but  it  is  nob  so^  probably 
braause  the  mwcuiio  chloride  fwmed  would  ^ep  some  of  the  urea  in 
scdution,  a  definite  compound  of  the  two  having,  in  fact,  been  pro- 
duced. The  exact  amount  of  chlorine  in  the  luine  therefore  having 
been  thus  determined,  it  must  now  be  got  rid  of  by  adding  to  a  fresh 
portion  of  urine  the  requisite  quantity  of  a  solution  of  nitrate  of  silver 
of  known  strength.  The  chloride  of  silver  having  been  separated  by 
filtrsAion,  the  filtnte  ia  treated  with  mercuric  nitrate  solution  pSo.  S) 
nntil  the  whole  of  the  urea  is  precipitated,  a  point  that  is  ssoertained 
by  the  yeIloi{  colour  produced,  on  putting  a  drop  of  the  mixture  c<«i- 
taining  the  precipitate  on  to  a  drop  of  carbonate  of  soda  solution  placed 
on  a  white  plate ;  the  yellow  colour  (mercuric  oxide)  simply  showing 
tiiat  mercuric  nitrate  is  then  in  solution,  a  state  of  things  tfaut  ob- 
viously cannot  occur  so  long  as  urea  exists  in  the  liquid. 

The  only  remaining  &ct  to  be  notioad  in  connection  with  this  pro- 
cess, before  descrilung  the  method  of  preparation  of  tlw  stan^rd 
solutions,  is  that  phosphoric  acid  and  phosphates  must  be  removed 
from  tiie  urine  before  commencing  the  analysis ;  this  is  readily  accom- 
plished by  adding  to  any  portion  of  the  urine  half  its  bulk  of  a  mixture 
of  two  ports  of  cold  saturated  baiyta  water,  and  one  part  of  cold 
saturated  aqueous  solution  of  nitrate  of  baryta,  and  filter^;  remem- 
bering, of  course,  that  only  two-thixds  of  the  filtrate  is  urine.  The 
filtrate  will  probably  be  alkaline  from  excess  of  baryta,  if  so,  nitric  acid 
must  be  added  till  it  is  exactly  neutral  to-test  paper,  and  the  determi- 
nation of  chloride  of  sodium  and  urea  then  proceeded  with.  The 

Quantity  of  tiie  filtrate  most  convenient  for  manipulation  is  226  groins 
=  150  grains  of  urine)  for  determining  the  chloride  of  sodium ;  and 
460  grams  <=800  gaha  of  urine)  fcr  determining  tlw  urea.  The 
indicated  number  of  grains  of  nitnte  of  silver  solution  having  beoi 
added  to  the  450  grains  just  mentioned,  exactly  one-half  of  the  filtered 
product  (=150  grains  of  urine),  is  the  quantity  recommended  to  be 
used  for  estimating  the  urea  by  the  No.  2  mercuric  nitrate  solution. 

Solution  at  mercurio  nitrate  is  obtained  on  dissolving  pure  mercury 
in  nib^c  add,  and  boiliuK  until  the  solution  gives  no  indication  of  mer- 
onrous  nitrate  on  the  addition  of  alkaUne  chloride.  It  is  then  evapo- 
rated to  dryness  over  a  water-bath  and  rediseolved  in  seven  or  eight 
times  its  balk  of  water.  For  the  No,  1  solution  above  described,  the 
strong  liquid  just  mentioned  is  standardised  by  pure  chloride  of 
sodium;  and  for  No.  2  b^  pure  urea.  Pure  chloride  of  sodium  solu- 
tion is  procured  by  digesting  ezoess  of  pure  rock-salt  in  distilled  water 
for  one  or  two  oayi,  the  whole  being  occasionally  well  agitated : 
100  water  grain  measures  of  such  a  solution  contam,  at  all  ordinary 
temperatures,  31*84  grains  of  chloride  of  sodium  :  150  grun  measures 
of  this  solution  of  salt  are  mixed  with  45  grain  measures  of  a  solution 
of  pure  urw  containmg  about  4  per  cent,  of  that  substance,  and  (dso 
with  76  grain  measures  of  a  cold  saturated  solution  of  pure  sulphate  of 
soda ;  the  eolution  of  mercuric  nitrate  is  then  to  be  added  to  tiie  mix- 
ture until  a  distisct  permanent  lovcipitate  is  fonned.  The  number  of 
grain  measures  of  mercuric  nncate  solution  added  corresponds,  of 
course,  to  4776  gnuns  of  chlornle  of  sodium:  it  must  then  be  so 
diluted  that  100  water  grain  measures  may  correspond  to  one  grain  of 
chloride  of  sodium,  the  resulting  liquid  being  mercurio  nitrate  solution 
No.  1.  The  No.  2  solution  is  prepared  by  adding  the  strong  mercuric 
nitrate  solution  to  160  grain  measures  of  dlBtilled  water  containing 
exactiy  2  per  cenU  of  pure  urea  until  a  yellow  colour  is  produced,  with 
carbonate  of  soda  in  the  mamier  already  indicated;  ^  sbong  solution 
must  then  be  diluted  until  100  water  grain  meaaiirea  exactly  correspond 
to  one  grain  of  urea.  Finally,  the  nitrate  of  silver  solution,  employed 
fco-  removing  the  chlorine  of  tlie  chloride  ot  sodium  in  urine  after  the 


amount  of  the  latter  has  been  indicated  ly  tiie  No.  1  solution,  is  pre- 
pared by  dissolving  174'S6  gnins  of  fused  nitrate  of  silver  in  water, 
and  diluting  till  the  whole  amounts  to  6000  grain  measures ;  100  water 
grain  measures  of  the  resulting  liquid  will  c<ffreap(nid  to  one  grain  of 
chloride  of  sodium. 

UREA,  ESTIMATION  OF.  [Ueea.] 

UREAS.  [Ubea.] 

URETHANE.   [Cabbahio  Acm.] 

URETHRA.   n^ADDBB,  DisuBBi  or  tbk] 

URETHYLAN^.   [Cabbahio  Aom] 

URIC  ACID,   [Ueio  Group.] 

URIC  GROUP,  a  cluster  of  chemical  compounds,  derivatives,  or 
congeners  of  uric  acid.  Next  to  uric  acid  itsdf,  the  products  of  its 
artificial  oxidation  claim  chief  interest,  inasmuch  as  they  iUustnte 
some  of  the  changes  which  oxygen  efieota  upcm  the  exhausted  tissues 
of  the  human  frame  prior  to  their  elimination  as  urea.  Thus  nrio  acid 
plus  moisture  and  oxygen  yields  urea  and  a  body  termed  alloxan. 
Alloxan  plus  moisture  himishes  urea  and  meaoxalic  acid;  and  mesoxalic 
acid  contains  no  nitrogen,  the  latter  element  havii^  thus  artificially 
been  thrown  out  from  uric  acid  as  urea.  It  is  probable  that  this 
change,  or  a  similar  one,  occurs  naturally  in  animals ;  for  although  uric 
acid  is  nearly  always  present  in  human  urine,  its  quantity  is  much 
modified  by  diet.  It  does  not  occur  in  the  uriiM,  but  does  in  the 
spleen,  of  the  dog;  and  Professor  Haughton,  who  has  paid  conaidenble 
attention  to  the  physiology  of  this  body,  says  that  "  no  uric  add  what- 
ever should  occur  in  the  uiine  of  man  in  perfect  health,  but  all  the 
nitrogen  of  the  urine  should  pass  off  in  the  form  of  urea, — a  more 
highly  oxidated  product  than  uric  acid." 

The  following  list  includes  n^rly  all  the  members  of  the  uric  group. 
The  consideration  of  those  of  them  derived  from  urio  add  is  auimoMd 
to  be  sunplified  by  assuming  tiiat  bo^  to  contain  the  radiou  uril 
(aryti  or  eyanoxalic  acid  (C,N,0« = C.O^Cy^ ;  that  is,  oxalic  anhydride, 
in  which  two  equivalents  of  oxygen  are  replaced  by  two  of  cyanogen : 
but  uril  has  not  been  isolated,  and  its  usefulness  is  very  slight* 

0rlo  (Uthb))  sold     ,       .       .       .  2H0,  C,,U,N«0« 

Uimuulo  aoid  SHO,  CioH,N«Oj, 

Albaaa  CaHaN,0„  Saq. 

Dlalurle  sdd  HO,  C,H,N,0, 

UnnnUioaeld.     ■     •     ■     <  C,,H,oN,Oj, 

AUozantiB  .      •      •      ■      •   .  C,H,NaOa-i-CaH^,0,t  S  aq, 

AUffnrle  add  C«H,N,0« 

DUltorio  add  

Amalio  acid  (dlmetb7l..^k>xa&tin]    .  C,,(C,Hs)tN«Oj« 
AUcxanio  a^       ....  SHO,  C,HaN,Oa 
Lsneotniie  add  .....  C,HsNaOa  1 

Dillnan  CtS^^!f,0^  1 

Uyeoraello  sold  HO,  CaH,K,Oai  a^ 

ICesozalic  add       ....  SHO,  0^0, 
Parabuiio  aidd    •      •      .      ■   ■  ZBOt  CaH^O^ 

Oxalnrie  add  HO,  CaH,HaO, 

Uranll  (murazsn  or  diilntanUe)     .  HaH,  CaHaVaOa 
ThIODTUio  add        ....  SHO,  CaHjKaOa,  330, 
Uomld  {pnrpnrate of  smnoiila] .   .  Ca«HiaKiaO|a 
AOantda       .     .      •      •      .  CaHaH^Oa 

Bldaattdfl  add  HO,  CsHaN^Og 

Allantarieadd       .      .      .      .  HO,  C|,HaH,0, 
Lantanorlo a(dd  ,      .      .      .   .HO, CaH.Na0a 
ZantUe  (nrie)  oxide  or  urans  add  .  Oi  gHaHaO^ 

HypoxanOiin  CiaH^KaOg 

Guanine     ......  CiaHgNgOs 

OytUn  C,HaNOaSf 

Uric  Acid  (2H0,  C,oH,N«0.).— This  substance,  sometimes  called 
Utkic  acid,  was  discovered  by  Sd^le;  Vauqualiu  afterwards  found  it 
in  the  excrements  of  serpents,  Brue^uielli  in  that  of  silkworms,  and 
Roubiquet  in  cantharides, 

Urio  add  is  secreted  by  carnivorous  animals,  birds,  and  by  several 
insects.  When  in  excess,  it  is  depodted  from  human  urine  as  a 
brownish-yeUow  powder,  which  is  usually  a  compound  of  uric  add  and 
ammonia.  It  occurs,  in  combination  with  soda  or  ammonia,  in  thoee 
gouty  concretions  commonly  called  ^alk-ilma,  and  it  constitutes  the 
prindpal  porticm  of  the  calculi  depodted  in  the  human  bladder.  The 
semi-solid  urine  of  serpoBts  and  Mrds  is  chiefly  composed  of  urate  of 
ammonia;  and  guano,  tne  decomposed  excrement  of  aquatic  birds,  and 
which  is  imported  from  some  idands  in  the  South  Sea  and  extendve^ 
used  as  a  manure,  contains  a  large  quantity  of  uxate  of  ammonia. 

This  add  is  convenientiy  obtdned  by  dissolving  the  excrement  of 
serpents — the  boa  constiictor,  for  example — ^in  a  solution  of  potash, 
and  decompodng  the  dear  scdution  by  the  addition  of  hjrdiochlolio 
add.  It  may  also  be  obtained  from  the  excrement  of  pigeoos  and 
other  birds  by  the  same  process.  Acccnding  to  Liebig,  it  is  better  to 
employ  borax. as  a  solvent  than  a  caustie  alkali,  It  dtadving  less  of 
the  animal  matter.   On  the  large  scale,  as  »  source  of  mnrexia  as  » 
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pigment,  aiio  acid  in  obtained  from  guano,  wbicli  U  treated  first  with 
hydrochlorio  acid  to  remove  carbonftteB  uid  phosphates  of  hme,  mng- 
neaia,  and  ammooia,  tiien  witii  boiling  cauetio  soda,  which  dissolves 
tiie  uric  acid  from  sand,  clay,  gypeum,  tec  ;  and  the  alkaline  solution 
is  finally  treated  wt^  hydrot^oric  acid,  which  precipitatee  the  urio 
acid,  in  a  state  sufficiently  piire  for  convt^rnon  into  mmvxia. 

Uiicacid  ocoun  in  amah,  fine,  white,  sillcy,  crystalline  scales ;  it  ia 
inodorous  and  insipid,  heavier  than  water,  imd  nearly  insoluble  in  it 
when  cold,  siul  only  slightly  dissolved  by  it  yrhea  hot ;  the  solution 
reddens  litiQU8<p^ar,  bat  feebly.   It  is  insoluble  in  alcohol  or  ether. 

Nitric  acid,  evea  dUuted,  diaBolves  tiric  acid  with  brisk  eSfflrvescence ; 
the  gaaes  erolved  consist  of  equal  volumes  of  mtrogen  and  carbonic 
acid.  The  solution  contains  alloxan,  alloxantin,  urea,  parabanic  acid, 
ammonia,  and  oUier  variable  products.  When  Uie  soluticoi  is  evaporated 
to  dryness,  the  reudne  is  of  a  fine  purple  oolour :  the  formation  ol 
this  rendae  is  a  teat  of  the  presence  of  uric  add,  its  colour  is  much 
intensified  on  the  addition  of  ammonia. 

Sulphuric  acid  when  coucenteated  dissolvea  uric  acid,  and  forms  a 
crystalliue  compound  with  it;  it  is  deoompoeed  on  the  additiim  of 
water ;  concentrated  hydrochloria  acid  disaMvea  it  in  greater  quantity 
than  water, 

Urio  acid,  when  submitted  to  destructive  diitjllaition,  yidda  the 
same  products  as  urea,  namely,  oyamelide,  oyanio  acid,  oyanuric  acid, 
bydnxTBnio  add,  a  little  earbcmate  of  ammonia,  and  a  brown  carbon- 
aceouB  residue  containing  much  nitrogen.  In  Uiis  decomposition  the 
bydmted  cyanic  acid  and  ammonia  c<nabine  in  the  neck  of  the  retort 
and  form  urea.  The  oyamelide  diMdvea  in  potash,  and  yields  CTanorate 
of  potash. 

When  ma  acid  is  heated  with  a  little  water  to  892°  Fahr.  in  a 
(Joaad  tube^  It  a  oonvoted,  without  any  disengagement  of  gas,  into  a 
yellow  transparent  liquor,  which  becomes  a  yellow  gelatinous  mass 
whan  it  cools ;  this  is  soluble  both  in  cold  and  hot  water :  the  alkalies 
evolve  ammonia  from  it,  and  with  the  aoids  it  produces  gelatinous 
precipitates;  with  hot  nitric  acid  it  efifervesoes,  and  the  solution  by 
evaporation  yields  a  reddish  yellow  mass,  which  ammonia  renders 
purple. 

Hydrate  of  potash  when  fused  with  uric  acid  produoes  carbonate  of 
potash,  cyanate  of  potash,  and  i^anide  of  potassium.  When  b(^led  in 
water  with  peroxide  of  Imi,  it  is  converted  into  allantoin  and  oxalic 
aod,  urea  being  set  free. 

SiMne  ctmbituUion*  of  Urie  Add, — Uric  add  is  dibasic,  and  forms 
neutx&l  and  odd  urates.  The  urates  of  tiie  alkaline  metals  and  of  the 
alkaline  earths  are  but  slightly  soluble  in  cold  water,  but  very  aoIuUe 
in  boiling  water;  an  excess  of  alkali  increases  the  solubility;  iba 
watea  are  generally  colourless,  and  are  all  decomposed  by  adds,  even 
by  the  aoetu}  add ;  the  uric  add,  which  is  set  free,  is  at  fint  gelatinous, 
but  soon  assumes  the  form  of  fine  brilliant  laminee. 

Urate  of  Ammonia  (NH^O.HO,  C,„H,N,0«).— The  add  salt  is  the 
only  one  known.  Urinaiy  calculi  occasionally  consist  of  this  com- 
pound.  [Calodll] 

UnUa  <f  Potath.— Tint  neutml  salt  (2K0,  C,oH,N,OJ  is  prepared 
by  disscdvnig  tiie  excrements  of  serpents  in  a  weak  boiling  solution  of 
potash ;  the  insoluble  portion  being  separated  by  filtration,  urate  of 
potash  is  obtained  as  a  white  crystalline  mass  by  evaporating  and 
cooling  t^e  solution ;  this,  after  waslung  with  cold  water,  is  converted 
^  diyin^  into  a  brilliant  powder,  composed  of  very  fine  needles. 
TnianltiBTeiy  slightly  soluble  in  cold  water;  the  solution  has  an 
alkaline  reaction.  On  passing  carbonic  add  through  its  solution,  add 
waie  o/potoMh  {KO,HO,C,(,H,N,0,)  is  deposited. 

Vratet  of  Soda, — According  to  Dr.  Wollaston,  gouty  concretions 
consist  prindpaUy  of  these  salts.  They  may  be  prepared  in  the  same 
way  as  the  urates  of  potash ;  the  reactions  are  similar.  Unte  of  soda 
is  also  formed  when  uric  add  is  boiled  with  borax. 

£^icw«ite  odd  (2HO,CioH,M'«0,o).  When  urio  add  is  boiled  for  a 
long  time  wiUk  caustic  potash  a  small  quantity  of  it,  by  assimilation  of 
dx  equivalents  of  water,  is  converted  into  a  new  add  termed  uroxanic. 
Uroxante  of  poiath  (2  KO,  C,oHgN,0,o  +  6  Aq.)  is  veiy  soluble  in  water, 
but  may  be  obtained  in  rhombic  tables ;  from  its  solution  hydrocliloric 
add  predpitates  uroxanic  add  in  microscopic  tetxahedm;  boiling 
water  decompoaee  it,  carbonic  add  bdng  evolved. 

AOacean  (C.I^K,0,  +  2  and  8  Aq.)  This  is  the  chief  produot  of  the 
action  of  cold  nitnc  on  uric  add.  The  latter  is  added  to  the  fonner 
in  small  quanUtiea  at  a  time,  carbonic  acid  and  nitrogen  escape,  pro- 
ducing brisk  effervescence,  heat  is  evolved,  so  that  it  is  sometimes 
necessary  to  artificially  prevent  undue  devation  of  temperature,  120° 
Fahr.  being  the  maximum  point  to  which  the  mixture  should  rise. 
After  a  time  crystals  b^n  to  form  in  the  liquid  and,  on  repose,  octo- 
hedra  of  alloxan  separate  out.  I^ey  contain  two  equivalents  of  water, 
but  from  resolution  in  water  ciyBtaUise  in  prisma  containing  eight 
equivalents  of  water. 

Alloxan  is  oolouriese,  of  faint  odour,  unpleasant  astringent  taste, 
stuns  the  skin  pink,  is  very  soluble  in  water,  and  has  an  add  reaction. 
By  the  action  of  sulphuretted  hydrogen  and  similar  reducing  agents 
it  yidds  diatvric  add  (CaU«N,0,)  and  free  sulphur : — 


C,U|N,0,  -I-  SUB 
Alkown. 


C,H,N,0,  -i-  8. 
DUvfeaeid. 


The  diolurio  add  is  crystalline,  and  forms  crystallisable  salt* 
Gregory's  wxtmilic  add  (C,oH,oN,Oj,)  seems  to  be  the  bidialurate  of 
ammonia. 

Alloxantin  (C„H,N,0,^  +  6  Aq.)  ia  formed  on  adding  together 
solutions  of  equivalent  proportions  of  alloxan  and  dialuric  add,  and 
would  seem  to  be  a  compound  of  those  substances.  It  may  also  be 
formed  by  the  action  of  several  reducing  agents  on  alloxan.  It  occurs 
in  small  oolourlees  ihmibddal  prisma,  slightly  soluble  in  cold  water, 
rather  more  so  in  boiling  water ;  oxidising  agents  reconvert  it  into 
alloxan.  Boiled  with  hydrochloiio  acul  it  yields  white,  pulverulent 
alHturic  add  {C^U^NtO  )  and  dililtaie  add,  which  has  not  been  fully 
examined.  The  dimetnyl  derivative  of  alloxantin  is  identical  winh 
amalic  add.  [CAPPEmgJ 

AUoxanie  Add  (C,HjN,0,o)  may  be  conddered  as  alloxan  plus  two 
equivalents  of  water.  It  ia  a  product  of  the  action  of  bas«  upon 
alloxan,  and  may  be  isolated  on  treating  an  alloxonate  with  a  stronger 
add.  By  evaporation  it  is  obtained  as  a  semi-crystidline  mass,  of 
unstabte  charactor.  Its  aqueous  solution,  by  ebullition  and  evapora- 
tion to  near  dryness,  splits  up  into  Uwoturic  add  (C.HsN.O. !)  iriiich 
dissolves  on  rediluting  with  water,  and  a  white,  insoluble,  sli^tly  add 
powder  termed  d^uon.   Some  of  the  alloxanata  crystalhse  readily. 

HycomeUa  Add  (HO,0,H,N^O„  Aq.),  or  aMoxanamide,  is  formed 
when  a  aolution  of  alloun  in  ammonia  is  boiled  and  cooled  ^wly. 

C,H,N,0,    +    MH,    m    HO,  C.H,N,0,    +  4H0 

Alloxan,  Ufcomcllo  aetd. 

Maoxalic  Add  (2110,0.0.).  Where  solutions  of  alloxanates  are 
boiled  for  some  time,  they  break  up  into  urea  and  mesoxalio  add  :— 

iBsO,  C,H,K,0,    +    S^O    -    SBaO.C.O.    +  C,H,N,0, 
Mozanate  Of  baryta.  Hesozalate  of  barfU.  Urea. 

Mesoxalic  acid  may  be  isolated  from  the  baryta  salt  by  sulphuric  acid 
or  from  the  lead  nit  by  sulphuretted  hydrognL  It  is  very  soluble  in 
watw,  but  may  be  obtained  m  cryatals.  The  silver  salt  ia  decomposed 
when  heated,  nriak  eObrveaoenoe  of  oarbonio  add  and  carbonic  oxide 
occurringi 

Parabanic  Aeid  (Cfi^tO»)  nuy  be  obtuned  in  flat  colourless 
prisma  on  evt^K>rating  the  nitric  acid  with  mother  liquor  of  alloxan. 
It  is  permanent  itself,  but  forms  unstable  compounds  witik  bases.'  The 
paralwute  of  ammonia,  for  example,  decomposes  during  evapwation 
the  ammonia  salt  of  oxalnrieacid  (NH«0,CgH,N,0,)  bdag  formed. 
The  latter  occurs  in  brilliant  crystals,  and  is  mtcresting  from  the  fact 
that  dumb-bell  crystals  of  oxalurio  add — at  first  mistwn  for  oxalate 
of  lime — are  sometimee  met  with  in  urinary  depodts. 

Phmt/Uoxalaramide  or  oxalwaniUde,  (0,,S,N,Oo)  is  a  white  cryatol- 
line  powder. 

nionuric  Add  (2H0,  C,H,N,0a,2S0,).  Solutions  of  alloxan, 
sulphite  of  anuncnii^  and  ammonia,  combine  togethw  when  boiled, 
thion urate  of  ammonia  cryatailidng  out  on  cooling  in  brilliant  leaflets. 
The  lead  salt  decomposed  by  sulphide  of  hydrogen  furnishes  an  adoular 
moss  of  thionuric  acid. 

Uramil  (NH^  C.H.K.Oo)  mtirexan  or  dialuranude.  When  a  hot 
satuiated  sdution  of  tbionurate  of  ammonia  is  treated  with  hydro- 
chloric acid  in  excess,  the  mixture  is  converted  into  a  semifluid  mass. 
Tlu  uramil  thus  obbuned  ia  in  the  form  of  plumose  adcular  crystals, 
which  are  permanent  in  the  air,  and  become  of  a  pink  colour  when 
heated ;  they  are  insoluble  in  cold  and  but  slightly  soluble  in  boiling 
water.  The  alkalies  dissolve  uramil,  and  adds  preciintato  it  from  them 
unchanged.  The  solutions  in  ammonia  and  potash  become  of  a  purple 
colour  by  exposure  to  the  air,  and  deposit  green  adcular  crystals  of  a 
briUiimt  metallic  lustre.  If  the  potadi  solution  l>e  bdled,  ammonia  is 
evolved  and  ttmmtjw  add  is  formed;  dilute  adds  ^oduce  similar 
decompodtion.  It  ia  soluble  in  concentrated  sulfAturic  add,  and  ia 
predpitated  from  it  by  water ;  by  concentrated  nitric  add  it  ia  iwolved 
into  alloxan,  with  the  evolution  ot  byprndtmaa  acski,  and  the  formation 
of  nitrate  of  ammonia. 

Murexid  (C^H„N,oOia  f),  pvrpuraie  of  ammmia  of  Dr.  Prout.  This 
substance  may  be  obtained  by  several  processes.  The  least  operose  is 
probably  that  of  dissolving  uric  add  in  dilute  nitric  »tAA,  evaporating 
the  solution  till  it  assumes  a  reddish  colour;  after  the  liquM-  has 
cooled  to  158°  Fahr.,  add  excess  of  ammonia ;  then  dilute  it  with  half 
its  volume  of  boiling  water,  and  allow  it  to  cooL  Care  must  be  token 
not  to  employ  too  much  or  too  littJe  nitric  add.  Whilst  ammcoiia 
continues  to  give  a  red  predpitate,  when  added  to  small  portions,  the 
nitric  add  ia  insufficient.  If,  on  the  controiy,  unmonia  produces  a 
glairy  yellow  predpitate,  muroide  cannot  be  obtained  without  paaung 
a  current  of  hydrosulphurio  add  into  the  liqntn*. 

Murexide  crystallises  in  short  fourdded  prisms,  which  exhibit  a 
green  metallic  rofiection.  They  are  garnet-red  by  faansmitted  light. 
It  is  very  little  soluble  in  cold  water,  and  gives  it  a  magnificent  purplish 
red  colour.  It  dissolves  readily  in  water  at  158%  and  crystallises  from 
the  solution  unaltered.  It  is  insoluble  in  alcohol  and  in  ether.  It  is 
insoluble  also  in  solution  of  carbonate  of  ammonia^  but  diasolves  in  % 
sdution  of  potash,  producing  a  superb  indigo-blue  colour,  which 
disappears  by  heat,  with  the  evolution  of  ammonia, 

PwTNrals  nf  PotaiAr-nAooording  to  Fritache,  tiilg  ia  beat  obtained 
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"by  decomposing  a  boiling  solution  of  purpurata  of  ammunia  b;  meane 
of  exoees  of  nitrate  of  potoah.  TUh  purpurat«  consiBtu  of  very  amall 
reddish-brown  crystals ;  it  may  however  oe  obtained  in  large  oryatals, 
vhicb  haTS  the  colour  and  luatra  of  the  amnioniaoal  lalt.  It  is 
difficultly  wluble  in  inter,  ftod  much  less  bo  in  saline  solutions,  and 
heaioe  tiie  advaotiga  of  uaing  esoeis  of  nitre  in. preparing  1%.  It 
qppeara  to  be  a  neuttal  aali. 

Pvrpwraie  of  Soda  ia  of  a  dark  brick-red  colour,  and  m^y  be 
obtained  in  ciystala ;  it  ia  much  lesa  soluble  in  water  t^i&u  the  potash 
saltj  requiring  3000  times  it«  weight  for  solution,  or  even  more  at  60°. 
The  purpwala  of  lime,  baryta,  and  ttrontia  are  still  less  soluble  than 
^osa  ^ve  described;  they  are  of  a  deep  greeniah  colour,  but  when 
dissoliKid  in  water  they  impart  a  purple  colour  to  it.  There  are  two 
Baits  of  lime ;  one  of  which  i«  a  buU^  red  oryatallioe  powder,  and  ttie 
obbep,  which  ia  greeuish-blaok,  appean  to  be  a  subaalt,  the  pur^waU 
ofmagwiia  ia  very  soluble. 

When  purpurate  of  ammonia  ii  added  to  a  solution  of  metallic  salts, 
the  efTects  produced  ore  as  follows :— Cobalt,  a  gnuiular  reddish 
precipitate;  uno,  a  fine  yellow;  tin,  a  scarlet  precipitate]  merouiy, 
proU»alt8,  a  purple  preoipitate ;  pmalta^  a  pale  roae  pre^pitate ;  ailver, 
a  deep  purple  one;  the  ealta  of  Ind,  iron,  nickel,  and  copper,  the  chlorides 
of  gold  and  platina,  alter  their  colour  b^  the  addition  of  purpurate  of 
ammonia,  but  are  not  precipitated  by  it-  The  pink  sediment  which 
generally  appears  in  the  unne  of  those  labouring  under  febrile  afTec- 
tions,  appears  to  owe  ita  colour  to  the  purpurate  of  ammonia. 

Aliantoin  (Ciil^N.Og) ;  tUiantoic  or  anniotie  add.  A  product  of  the 
oxidation  of  uric  ncin  by  peroxide  of  lead  in  abetting  solution ;  the  hot 
filtered  wdution  depoaita  colourlen  brilliant  crystala  of  allantoiii, 
Allantoin  also  occurs  iu  the  urine  of  the  festal  calf,  and  in  the  allantoic 
fluid  of  the  cow.  It  ia  a  neutral  body,  tasteless,  inodorous,  tolerably 
soluble  in  boiling  water,  but  only  slightly  so  in  cold  water.  Left  in 
contact  with  strong  cauatlo  potaab  for  a  few  days  it  appears  to  aasimi- 
late  two  equivalents  of  water  and  becxime  kydantoie  aad  (C^H,N«0,). 
Solution  of  aUantoin,  hented  in  a  dosed  tube  to  280°  Fahr,,  gives  white 
deliqueeoent  aUanfun'e  and  (HO.CioHbN.O,)  Insoluble  in  alcohol. 
Z«ii<atiHric  acidf  a  product  of  the  action  of  ferrocyanide  of  potassium 
upon  uric  acid,  ia  probably  identical  with  allanturic  acid. 

XanUtie,  or  uric  oxide  (C,„H,N^O,)  or  wont  acid,  furms  the  ohief 
constituent  of  a  rare  form  of  urinary  calculus.  It  ia  also  oontained  in 
tlitt  intestinal  oonoretioDs  of  animals  or  B£Z0a.H8.  It  ia  auluhle  in 
alkalies,  but  is  n^precipitated  as  a  white  powder  by  aoids,  and  is 
jnaoluble  in  water,  alwhul,  or  ether. 

H  rruXAKTBiN,  GuANiHE,  and  Ctsin  we  treatedof  insepantaaTticlaa, 

URIC  OXIDE.   [Unio  Qboup.] 

URIC  SERIES.  TUbio  GHOUf.T 

URIL.    [Ubio  Gboup.1 

URINARY  CALCULI.  [Calodll] 

URINE,  FATHOLOOY  OF,  AND  MORBID  STATES  OF.  The 
normal  conatituenta  of  uripe  are  treated  of  in  the  article  Urirb,  1q  the 

NaturaIi  Hibtort  Division  of  thia  Cyolopeedia.  We  shall  here  speak 
of  the  urine  in  states  of  dii^ease,  and  more  particularly  of  ita  abnormal 
conatituenta.  These  latter  may  be  divided,  first,  into  those  substances 
which  are  dissolved  in  the  urine ;  and,  second,  those  aubstanoes  which 
are  thrown  down  as  sediments. 

1.  Substances  which  are  diHdwl  in  the  luiae,  or  preuiatBted  only 
under  special  conditions. 

Hamatin,  or  blood-pigment,  appears  in  the  urine  In  two  states, 
cither  in  the  blood-cellB  or  independent  of  them.  When  the  latter 
occurs,  the  blood  is  of  a  more  or  leas  brown  or  black  colour.  Such  a 
condition  does  not  indicate  the  rupture  of  blood-veaeels,  but  a  state  of 
the  blood  produced  by  such  diseaaes  as  typhua  fever,  yellow  fever, 
soarUtina  maligna,  scurvy,  ^lemia,  and  other  djaeaaea  in  which  the 
blood-cella  are,  as  it  were,  broken  up. 

AUnimcn  ia  frequently  present  in  the  blood,  but  is  not  charaoteriaed 
hy  any  particular  physical  appearance :  it  often  is  of  a  natural  colour, 
some^ee  a  little  paler,  at  other  times  it  ia  obviously  tinged  with 
blood.  For  the  most  part  albuminous  urine  is  transparent  at  the 
instant  it  ia  voided,  but  on  cooling  it  becomes  turbid :  its  odour  is 
ordinarily  less  urinous  than  tiie  urine  of  health.  The  tests  fbr  detect- 
ing albumen  are  various.  Nitric  acid  is  one  of  the  beat ;  f or  if  »  few 
drops  be  added  to  the  urine  containing  albumen,  a  precipitate  is 
formed,  which  we  cannot  re-dissolve  by  an  excesa  of  the  acid)  but 
which  ia  readily  dissolved  by  the  addition  of  a  suffloient  quantity  of 
l^kali.  Beat,  from  ita  property  of  quickly  coagulating  albumen,  is  an 
excellent  teat  for  recognising  this  principle,  as  it  lias  uie  advantage  of 
not  coagulating  the  other  dements  oE  uriue.  Albuminous  urine,  on 
being  exposed  to  a  temperature  of  about  150°,  becomea  opaque,  ood 
depoaita  the  principle  in  a  coagulated  state.  The  precipitate  varies 
considerably  in  appearance  in  different  instances,  being  sometimes  firm 
and  similar  to  that  formed  by  the  serum  oi  the  blood,  from  which  it 
may  then  be  aupposed  to  be  derived ;  while  at  other  times  it  ia  deU- 
oate,  fragile,  ana  somewhat  resembling  curd,  when  it  may  be  supposed 
to  he  of  chylous  origin, 

AlbnmeQ  ia  geneially  indicative  of  disease  of  the  kidnqy^  [Kidhktb, 
Diseases  op.]  Thia  form  of  diaease  may  come  on  in  many  diseases, 
such  aa  intermittent  fever,  typhoid  fever,  meaalea,  small  pox,  infiam- 
mation  of  the  lungs,  phthisis,  rheumatasm,  ohloroaiB,and  diaease  of  the 
heart.  It  has  also  been  obsenred  in  temporaiy  deratigement  of  the 


digestive  organs,  and  even  in  health  after  eating  albuminous  food,  such 
as  eggs.  Dr.  Parkas  found,  ou  examining  inuiscriminately  all  cases 
admitted  under  his  care,  that  about  25  per  cent  had  albumen  in  the 
urine,  and  that  of  these  12  pn-  oent  were  temporary,  snd  18  per  oe&t 
were  permanent. 

In  some  oases  the  albumen  in  the  wine  is  of  a  inodifled  cbvitotn-, 
so  that  although  not  precipitated  hy  beat  or  nitric  n/aA  tiiaos,  nitoio 
ooid  will  cause  a  precipitate  when  it  is  heated. 

Xantiit  {Urie)  Oxide  wu  first  described  bv  Dr,  Harc^t,  and  suhse- 
quentl;^  ^7  Pronssor  Stromeyer.  It  is  said  oy  Llebig  to  dliTer  from 
uric  acid  by  containing  one  proportion  less  of  oxygei).  The  chuaotera 
of  urine  containing  uis  substuoe  are  not  known,  as  the  urine  of  the 
persons  from  whom  the  wAhio  oxide  onlctiU  hitherto  met  with  were 
taken  v«a  not  ftoalyaed. 

C}/$iie  Oxidt  does  not  exist  iu  healthy  urine,  but  U  occaaonally 
found  in  certvn  states  of  disease  It  contains  a  considerable  pro^ar< 
tion  of  sulphur,  no  leas  than  two  atoms  being  present  in  each  eqiuva- 
lent  of  the  oxide.  Thia  substance,  when  present  in  the  urine,  is 
always  in  a  white  cryatallised  state,  never  being  found  amorpboua. 
When  uriqe  wbloh  contains  a  deposit  q|  this  kind  is  wised  with 
hydrocblorie  add  it  is  not  renderol  dear ;  cm  the  appUcatioit  o{  heat:, 
however,  the  cijrstine  sl9wly  dissolves. 

Dr.  Bird  says  that  when  a  deposit  ni^soted  to  contain  cyatine  ia 
examined,  it  should  be  washed  with  boiliog  water  to  remove  the  urates 
and  an^  cryatala  of  common  salts  which  might  be  present,  and  then 
plaoed  in  a  dr*^  of  water  on  a  slip  of  glass  under  the  mioroec^ie. 
Crystals  of  Qj^tia  oxide  will  that  be  readily  diatinguishedi  their 
presenting  one  or  other  at  two  forms  imder  whioh  it  occurs.  In  the 
first  of  these  it  appears  under  the  form  of  tolerably  regular  six-sided 
tables,  Bometimea  transparent  throughout,  but  more  generally  opaque 
in  the  centre.  In  the  second  it  ooeun  as  roundiah  tables,  opaque  in 
the  centre,  and  often  quite  so,  aomewhat  orenate  *t  the  edgee. 


CTttle  Oxida  Cnwtala. 

Cystic  oxide  may  be  distinguisbed  by  its  solubility  in  alkallnes  and 
most  acids,  and  by  the  characteristic  odour  it  yields  when  burnt  It 
is  however  very  little  soluble  in  acetic  acid ;  henco  when  eyttia  oxide 
exiata  in  the  urine,  it  may  be  readily  precipitated  from  that  fluid  by 
vinegar. 

Leucin  has  also  been  found  in  the  urine.  Thia  aubatance  exiBts 
Qorm^  in  the  spleen,  liver,  pancreas,  and  thymus  giaad.  It  has 
been  found  present  in  the  uiine  in  disease  of  the  liver. 

Tyroiitt,  Jljfpoamthin,  and  tannin  have  been  also  found  In  the 

urine. 

Sitgar  does  not  exist  in  healthy  urine,  but  fn  ocrtMn  states  of  disease 
it  is  fouud  In  large  quautitiea^  Sugar  of  diabetic  urine  difitn  in 
appearance  from  common  sugar,  and  approaches  in  its  properties  to 
the  sugar  of  grapea,  with  which  it  is  identical  in  composition.  Urine 
contaioing  sugar  ia  generally  pale-coloured,  of  speciBc  gravity  above 
1 '030,  and  ite  natural  ingredients  are  often  relatively  much  diminihbed 
in  quantity.  This  aubatance  is  present  in  the  disease  called  diabetes. 
[DlABETEa.] 

Sugar  ia  found  temporarily  present  In  the  urine,  and  is  supposed  to 
be  produced  by  a  casual  abeence  of  oxidation.  Thus  it  has  been 
observed  in  the  urine  after  temporal^  InUirieB  of  the  head-^  It  boa 
also  been  said  to  occur  in  all  oases  m  wluoh  respiration  ia  impeded, 
emphysema,  hooping-cough,  epilepsy,  hysterics,  tec 

C'Utnuing  mcUtcrt  of  various  khids  have  been  found  in  the  blood. 
Prout  first  obBerved  indigo  in  the  urine.  Haasall  examined  this  sub- 
ject, and  found  indigo  present  in  serend  kinds  of  urin&  Heller  has 
also  diacovered  a  bine  oolouring  matter  in  urine,  which  he  oalla  mox- 
anthia  Thia  aubatance  is  doaely  related  to  indigo,  and  probably  both 
are  produced  by  the  aame  seriea  of  changes.  A  green  pigtn^t  and  a 
pink  pigment,  called  euroeiythrin,  have  olao  been  found  in  urine  in 
various  forms  of  disease.  Bile  pigments  are  not  unfrequently  present 
in  the  urine  of  even  healUty  pereoni,  and  are  oonstantly  prnent  in 
those  affected  with  jaundica 

Varioua  acids  besides  the  normal  acids  have  been  found  in  urine. 
Sudi  are  the  bile  aoida,  taurocholic  and  glycooholioL  acetic,  lactic, 
butyric,  and  nitric  acids.  Sulphuretted  hydrogen  is  also  occadonally 
detected  in  the  urine  when  firat  passed. 

Of  tlie  abnormal  sedimente  in  the  urine,  the  most  frequent  and 
Interesting  is  the  salt  of  lime  with : — 
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URINE,  PATHOLOar  OP,  AND  MORBID  STATES  OP.  m 


Oxatie  Acid— Oxalate  of  lAtne.  Oxalic  acid  is  never  found  in  healthy 
urine,  although,  according  to  the  important  invesUgationa'  of  Dr. 
Golding  Bird,  depoaits  of  oxalate  of  Ume  are  of  common  occumnoe. 
'When  the  acid  does  not  result  from  tho  peculiar  character  of  the 
ingesta  oontaiiitiiig  it,  ac  rimbarb  or  sorrel,  the  occasion  of  this  morbid 
depodt  is  ^e  formation  of  racalio  acid  in  tiie  Uving  body,  possibly  from 
Bome  undue  oxidation  of  carbon  within  the  kidney.  So  strong  is  the 
affinitj  between  lime  and  oxalic  acid,  and  lo  gmt  the  insolubility  of 
the  resulting  compound,  that  the  addition  of  ft  very  minute  quuiUty 
of  oxaiio  add  occasions  in  Uie  urine  a  precipitate  at  oxahto  vi  Udw, 
because  the  oulate,  unlike  the  phos^iate  of  this  eartii,  is  nok  at  all 
soluble  in  the  natural  acid  of  tiie  secreted  fluid.  Dr.  O.  Bird 
that  when  depotita  of  oxalate  of  lime  eilst,  the  urine  is  add ;  la  tmt 
varyii^  from  a  pale  straw  colour  to  deep  amber,  sometimes  nearly 
limpid,  much  more  genertJly  ooatwning  a  copious  deposit  of^  urate  of 
ammonia  of  a  Tery  pale  colour,  rarely  being  tinged  with  pink  [  and 
frequently  mixed  wiUi  urio  add  and  uumeroui  fragmanta  of  apitlie- 
lium;  the  specific  gravity  generally  ezceeda  the  average  density  of 
holthy  urine,  but  sometimes  is  below  it,  varying  from  1*010  to  1*029. 
An  excess  of  urea  ia  frequentiy  present,  so  that  when  ttie  urine  is 
above  the  density  of  1-020,  it  crystallisoa  very  quickly  after  the  addi- 
tion of  an  equal  bulk  of  nitric  add.  When  the  urine  contains  no 
unto  of  ammonb  tiie  deposit  of  oxalate  of  lime,  oil  account  of  its 


OMMs  of  Hue  Crystals. 

Ctansparency,  ll  generally  nearly  imperceptible ;  but  on  decanting  the 
■uperabimdont  fluid,  after  a  few  hours'  repose,  and  placing  a  few  di-ops 
of  the  lowermost  layers  in  a  capsule,  a  white  orystalllne  Sediment  is 
very  readily  distinguishable,  and  this,  when  examhied  under  the  micro- 
■oope,  piMonti  a  very  bttatiful  appearance.  The  crystals  are  of  three 
forms,  ootahedra,  bourglaia  or  dumb-bdl  bodies,  and  small  flattened 
diao-like  bodies  sometimes  round  but  more  frequently  elongated,  which 
may  be  the  beginning  of  the  dumb-bell  crystals.  The  octahedral 
crystals  are  the  most  common.  Bird  and  others  have  attributed  a 
variety  of  symptoms  to  the  presence  of  oxalic  add  in  the  system,  hut 
Lehmann  and  Scherer  have  denied  that  any  conneoticm  whatever  can 
be  traced  between  t^e  symptoms  described  and  the  appearance  of 
oxalate  of  lime  in  tlie  urine.  Such  a  view  is  also  supported  by  those 
writers  who  maintain  that  the  oxalic  add  Is  not  formed  in  the  blood  at 
all,  but  is  the  result  of  chafes  in  otlier  constltuenta  of  the  urine  after 
it  has  passed  from  the  bladder. 

Carbonie  Acid;  Carbonate  o/ Zim*.— Carbonio  add  was  long  ago 
supposed  to  exist  in  urine,  although  its  existence  in  this  fluid  is 
doubted  by.  BerzeliuL  Dr.  Prout  says  that  ho  has  froKiently  met 
with  acid  in  urine,  and  ia  most  frequently  derived  from  the 
decomposition  of  urea,  which  with  water  is  readily  converted  into 
carbonate  of  ammonia.  Carbonate  of  lime  is  occauonally  found  in  the 
urine,  and  is  probably  formed  by  the  r«aotton  of  carbonate  of  ammonia 
on  the  phosphatic  salts :  the  urine  ia  these  cases  is  alkaline.  Ovbonate 
of  lime  dissolves  with  eServescence  in  dilute  add. 

Urw  Add  frequently  exists  in  larger  quantities  than  natural,  and  is 
then  pndpitated  in  the  urine,  either  with  or  without  bases.  When 
combined  vrith  bases  it  forms  what  is  called  the  "  calculous  sediment " 
of  urine.  The  exact  composition  of  the  sediments  of  urio  add  with 
bases  has  been  Ihe  cause  of  much  dispute.  At  one  time  all  uric  add 
deposits  were  oonddered  as  combinations  of  the  add  with  ammoniik 
Bubmqnent  ftbalyds  has  shown  that  urate  of  soda  la  a  very  oommoa 
sediment.  These  deposlta  occur  either  direotiy  after  tiie  urine  bos  cooled 
down  to  Uie  temperature  of  the  external  atmosphere,  or  some  hours  after. 
In  the  latter  ease  the  prwluotion  of  some  other  acid  by  decomposition 
1b  the  cause  of  the  predpitatc  These  depodts  may  not  alone  oocut 
from  increase  of  uric  acid  in  the  urine,  but  also  from  a  decrease  of 
Water  in  the  urine  and  a  relative  incroano  ei.  urio  add.  The  formation 
of  other  adds  may  also  cause  this.  Sometimes  the  uric  odd  is  depo- 
f^ted  witiiout  any  base,  and  then  aomuies  Its  oharaeteristio  fcRms. 
TUs  mi^  arise  from  •zons  of  uric  Hid,  battb  m^r  ths 


formation  of  such  acida  as  tibe  sulphuric,  |dioB{ihoric,  hipputie,  laotio, 
oxalic,  or  other  adds. 

PhoKpharie  add  forms  sediments  of  the  ammoniaoo-magneaian  phos- 
phate, the  fdioBiihate  of  Ume,  aUd  the  phosphate  of  nisgneda.  The 
cause  of  the  deposit  of  the  ammimlaco-magnesian  phosphate  is  the 
decomposition  of  the  urea.  The  carbonate  of  ammonia  thus  produced 
lessens  the  addity  of  the  urine,  and  the  ammonia  partly  combmes  with 
the  phosphate  of  magnesia.  As  soon  as  the  acidity  declines  the 
ammoniaco-maguesian  phosphate  is  depodted  with  phosphate  of  lime. 

If  the  urine  beoome  alkaline  from  potash  or  soda,  and  not  from 
ammcoua,  then  the  phosphates  trf  Ume  and  magnesia  are  tl^rown  down. 
This  occurs  after  eating  much  vegetable  food,  or  after  tiie  ciurbonates 
or  the  mixed  alkalies  have  been  used  for  a  length  of  time  as  medicines. 
This  group  of  deposits  often  become  the  source  of  stone  in  the 
bladder.  [CALCDLua.] 

The  next  group  of  abnormal  depodta  in  the  urine  are  those  whidi 
have  never  been  dissolved  in  the  luine,  and  which  &U  when  the  urine 
is  allowed  to  stand.  These  are  mcsUy  organic,  and  are  detected 
chiefly  by  the  ud  of  the  microscope. 

Blood  is  (tften  poured  out  in  abundance  from  the  mucous  m^loana 
lining  the  urinary  passages,  and  is  generally  diffused  through  the  urine, 
or  ie  passed  entire.  In  other  cases  small  quantities  of  blood  are  passed 
mixed  with  pus  or  mucus,  or  alone,  after  the  urine  has  been  voided. 
When  large  quantities  of  blood  are  paased,  espedaUy  without  pain,  it 
is  probably  a  simple  exudation  from  some  part  of  tiie  mucous  lUTfaee 
of  the  urinary  organs ;  on  the  other  hand,  when  the  blood  is  mixed 
with  pus  or  mucus,  and  passed  with  pain,  it  denotes  ulceration  of  the 
kidney  or  bladder,  and  may  be  combined  with  the  existence  of  a 
foreign  body  in  the  bladder.  Dr.  Willis,  and  other  writers,  quote 
several  authorities  to  show  that  haematuria  is  endemic  in  some  countries. 
M.  C^potain,  for  instance,  informs  us  that  in  the  Isle  at  fVsnce 
children  from  their  infancy  are  liable  to  luematuiia  without  sufi^ng 
any  pain  from  It,  or  its  appearing  to  prejudice  their  general  health, 
M.  Please,  a  native  of  the  Ide  of  France,  and  now  a  practitioner  of 
medicine  there,  states  that  three-fourths  of  the  children  are  aflected 
with  hfflmaturia  at  one  time  or  another.  In  these  cases  the  bloody 
urine  is  generally  observed  to  alternate  with  that  which  is  chylous  or 
oleo-olbiuninouB.  During  tiie  invasion  of  Upper  Egy^t  by  the  French, 
many  of  the  men  suSered  from  an  epidemic  hamiatuna. 

When  blood  corpuscles  are  present  in  the  urine,  of  course  albumen 
is  also  there.  It  is  sometimes  a  question  whether  the  albumen  is 
greater  in  amount  than  can  be  accounted  for  by  the  blood  or  not. 

Pui  ia  often  found  in  great  abundance  in  the  urine.  Upon  standing, 
the  pus  subddes  to  the  bottom  of  the  vessel,  in  a  state  more  or  lew 

Eulverulent,  and  the  fluid  resumes  Its  transparent  charscter.  If  poi 
s  present  as  wdl  as  mucus,  the  framer  ia  found  lying  on  the  laltjr, 
ancl  presents  a  much  yellower  tint )  it  is  also  quite  opaque,  whweas 
mucus  is  more  or  less  trauspareot.  A  ready  test  for  detemuBing 
whether  the  deposit  from  the  urine  be  of  a  piunilent  nature,  is  to  add 
liquor  potassse  to  the  sediment  collected  in  a  phial  or  test  tube.  If  it 
be  purulent,  it  will,  on  agitation,  form  wltii  the  alkali  a  transparent 
viscid  compound. 

Pat  may  be  dther  dissolved  in  the  form  of  a  soap,  or  free  in  the 
urine.  It  is  more  frequently  free.  The  urine  has  a  turbid  emuldon- 
like  appearance.  What  is  called  chylous  urine  depends  on  tii«  presence 
of  fat  globules.  This  state  of  the  tmne  sometimes  comos  on  from 
fatty  food,  and  at  other  times  from  some  defect  in  tiie  assimilative 
functions.  It  is  not  at  all  a  dangerous  symptom.  The  administration 
of  finllic  add  is  said  to  arrest  its  development, 

Bpithdial  allt  are  Very  frequently  present  in  abnormal  numbers  in 
urine.  In  all  urine,  after  standing,  a  slight  cloud  Will  be  seen  forming, 
which,  when  examined  by  the  microscope,  is  found  to  consist  of  ill- 
defined  granular  cells  from  the  mucous  membrauca  of  the  urinary 
passages.  In  many  diseases  this  becomes  increased.  The  shape  of 
tiieie  cells  will  indicate  their  source.  The  epitiielial  cells  of  the 
urethra,  bladder,  and  kidney  are  of  di&renfc  forms.  The  ccdla  of  the 
uftthra  are  flattened,  those  of  the  bladder  ovate,  whilst  those  of  the 
renal  epithelium  are  caudate. 

^ncer  eelU  are  also  found  when  cancerous  disease  of  the  kidneys  or 
bladder  is  present.  It  is  very  difficuU  to  distinguish  between  the 
caudate  cells  of  canoer  and  the  cells  of  tiie  renal  epitheUum.  The 
latter  are  not  often  in  such  abundanoe  as  the  former,  bat  general 
symptoms  must  assist  in  the  diagnosis. 

Rtnai  eaHt  are  frequent  in  the  urine  in  diaease.  They  vary  in 
breadth  from  the  ^^th  to  tiie  ^tii  of  an  inch,  and  ore  from  the  jjbtii 
to  the  i^th  of  an  inch  in  length.  They  vary,  however,  In  dze  and 
transparency,  according  to  the  materials  of  which  th^  are  composed. 
It  is,  however,  impossible  to  diagnose  the  nature  of  Hat  disease  of  the 
kidneys  by  the  composition  of  tiie  renal  oast.  Large  bodies  sre  often 
fotmd,  called  cylinders,  which  are  not  found  tn  the  kidneys,  but  in  the 
bladder,  prostate,  or  ureter.  The  casts  liave  been  time  named  accord- 
ing to  their  composition  by  Dr,  George  Johnson:  epithelial  casta, 
large  and  small  waxy  easts,  granular  oasts,  dly  casta,  bloody  casts, 
purulent  caste. 

Other  bodies  are  less  frequentiy  found  in  the  urine,  as  flbrine, 
starch,  spermatoioa,  hydatids,  hair,  and  entocos,  the  sources  of  which 
sre  indiwted  by  ihefr  nature. 

Urine  sometimes,  after  sbmding,  presents  the  mycelium  fd  lower 
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fungi  as  the  PenvnUum  gbtitcuM,  cells  of  the  feculent  fungiu,  and 
Tibriones  and  monads.  These  and  ^milar  growthfl  arc  evidently  intro- 
duced from  without. 

The  following  taUea,  from  Dr.  Golding  Bird's  work  on  urinary 
depoaits,  give  the  charactors  of  the  variouB  kinds  of  deposits  found  in 
the  urine. 

TaBLB  fob  SlIOOVKUMO  TSK  HaTCBI  OP  UUXABT  DMPOSITS  BT  CiIKMICAL 

Bbaobnts. 

It  CODBlttB  of 

If  tho  ilcposU  ba  whito,  and  sdliilile  by  heat      .      .      .  Umte*. 
„  „  Innlable  by  heat,  but  soluble 

in  ammonia    .      ,      .    .  Cj*Unc. 
M  n  Insoluble  hj  heat  and  ammonia,  1  Eartb j  phos. 

but  soluble  in  acetic  acid      ,  pbatcs. 
tt  tt  sdluble  in  ammonia  and  aoctto    Oxalate,  or  oza- 

add  f  luratc  of  lime, 

„         be  eoloored,  asd  rMVly  crystalline     .       .    Uric  odd, 
II  ,)  amorphous,  but  pale  and 

readily  soluble  by  heat   .  Urates. 
,         bo  deeply  eoloored,  amOTphous,  and  storly  1  Urates  stained 
soluble  by  lint       ....      .  /  by  purparino, 

TABLB  fob  TBI  BilCBMCOPlO  EXANIHMIOX  OF  UxiXaBT  DZFOSOT. 

irthe  deposit  be  omorphooa,  and  disappear  <m  tbe  addition        e«»i>ts  of 

of  liquor  potassn   Urates. 

It  the  deposit  be  Tisibly  erystaUine,  and  tho  crystals  oeto- 

hedral  Oxalate  of  Ume. 


If  the  deposit  be  visibly  crystalliue,  and  the  crystals  bexa- 
gunal  tables,  soluble  in  ammonia  

If  the  deposit  be  visibly  erystalliae,  and  the  crystals  radiated 
or  foUseeon*,  mA  stdnble  in  ammonia,  but  arable  in  aeetlo 
add  Tlth  cAarrcaeraee  ....... 

If  the  depodt  bevidUy  erystalline,  and  the  crystals  radiated 
or  follaceoDS,  not  soluble  in  ammonia,  but  solBbla  in  aeetlo 
add,  -wftliont  effervescence  

If  the  deposit  be  visibly  crystalline,  and  the  crystals  be  dumb. 
bells,  not  solnUe  In  ammonia,  but  soIuUc  in  acetic  add 
iFith  effbrvescence  

If  the  deposit  be  visibly  oryitalline,  and  the  crystals  be  dumb- 
bells,  soluble  by  heat,  but  not  In  ammonia  nor  acetic  acid 

If  the  deposit  be  visibly  cryEtalline,  and  tho  crystals  be  dumb, 
bells,  insoluble  by  beat,  ammonb^  and  acelio  add  . 

If  the  deposit  be  visibly  crystalline,  and  the  crystslH  be  dumb. 
botls  Tith  fringed  edftcs,  insoluble  is  alcohol  and  aoctlo 
acid,  but  soluble  in  liquor  potasam  

If  the  deposit  be  visibly  crysMline,  and  the  crystals  lozenge- 
shaped  or  oomponnd,  inaalublo  in  scctle  add  and  ammonia 

If  the  deposit  be  viribly  erystalUne,  and  the  crystals  sphedcal, 
Tith  or' without  spienlH,  sohiUe  by  luat       .      .  . 


Cystine. 

Offbeaale  of 
lime. 

Bibasic  triple 
phosphate. 

Carbonate  of 
lime. 

Urate  of  soda. 

Oxalurute  of 
lime. 

Uric  add. 


UricaMd. 
Urate  of  soda. 


Ah  a  summary  of  Uie  coureee  and  ^^tmeat  of  diseases  indicated  hy 
a  disordered  state  of  the  urine,  we  give  the  following  table,  drawn  up 
by  Dr.  Marshall  Hall,  premising  that  considerable  adrance  has  been 
made  in  our  knowledge  of  urinaty  deponta  sincfl  the  table  was 
drawn  up. 


CAUSES. 

1.  KrrorsfBdiet 

'2.  Fotigue. 
9.  Dyspepsia. 
4.  Arthritis. 
A.  Dentition. 


- 1.  The  UtUe. 


I.  IHathesIs. 

II,  ABuvphooB  Deposits. 

III.  CryiMa  or  QraveL 
IT.  Ceneretions  or  Calculi 


An  Intermediate  station  f  DUtheds. 
Is  to  be  allotted  to  the  i  i^V^}"^^'^ 

Oxalate  of  Lime-     1  ™-  ^fs*;^  « 
V,  IT.  Calculus. 


f  Urtne  Add,  from  the  Snperlithate 
)     of  Ammonia. 

j  I,  Utliate  of  Ammonia,  frequently 
I        mixed  with  the 
{  II.  Uthatea  of  Soda  and  Lime. 
Lithio  Add,  nearly  pure. 
,  f  I.  The  Lithic  Acid. 
*   \  11.  The  Lithate  of  Ammonia. 

Urine'neatly  natnraL 

The  Mulberry,  or  Hempseed. 


1.  Irritability  1  of  the 
i.  DeblUty  /System. 
S.  SUkly  Childhood. 
4.  *  Breaking  up '  of  the 

System. 
C.  IiOurics  of  the  Spine. 


■  II,  The  Phoephatlc—  • 


I.  Diatheds. 

II.  Amorphous  Deposits, 
m.  Crystals  or  Gravd. 

IT.  CoBOretlatts  or  CUenli.* 


Uilne  Alkaline  and  aboundlo;  In 

tiie  Phoaphates. 
I.  Triple  Phosphate  (of  Magnosta 

snd  Ammonia),  Biixed  with 
II.  Phosphate  of  1Mb. 
IVIple  Phosphate. 


TREATMENT. 

^Vholcsome  Diet. 

Uild  Aperients,  especially  BoeheQ* 

Salt. 
Mild  McFcnriala, 
Tlie  Alkalica. 
Magnesia. 
The  Qum  Lnneeti 


Antlpbl^«tles. 
Hild  Aperients,  not  the 
Salta. 

Hild,  wholesome  Diet. 
Tbe  muristic  Add. 


'1.  Strict  Begimen. 
2.  HUd  Aperients— as  Rhnbarh. 
S,  Upium ;  HyOBcyamuB,  &c. 

4.  The  Uva  Uid ;   the  Alchemllla 

arvensis,  tec 

5.  Rhenish  or  French  Wiaea,  Oder, 

Perry,  Lsntoasde,  *e. 


I.  The  IHplt  phosphate,  AviAding, 
1.  Triple  Phos- \  M.  Alknlis. 

phatc  with  (   ^.Im*  )  2.  Salts,  with  a  vegetaU* 


II,TheJfi«^j,.  -^^^ 
Lime;  } 


•  Tte  thise  must  be  added—  I,  The  Alternating ; 

gcneraUy  oon-  t  A  Lithio  add,  or  Mulberry  NwsUv*  ; 
dstinff  of    \  An  Sxttmal  Onut  or  the  Mixtd  Phosphates. 


11.  The  Mixed  .- 
generally  con-  (  The  Lithate  of  Ammonia ; 
slsting  of     \  The  Phosphates, 
A  special  place  is  to  be  1       p_^„„„  r.i.„ii  f  These  consist  of 

.1,^  ^         \  The  ProstaUc  CalculL  j  p^^phftte  of  Lime  alone. 

Lastly—The  Cystio  Oxide ;  the  Xanthlc  oxide ;  the  CaTbonate  (tf  Lime ;  the  Fibrine  Calculi,  are  all  extremely  raro. 
.  {  Uree  In  excess.       Diabetes  Indpldus ;  Urine  of  high  Speciflo  Gravity ;  as  l-oao.     /  Blood-letting. 

Frm^lea  diuahei  !  „  rH.h*t«  /  W"^"'  profuse ;  sp.  gr.  wry  high ;  a«  1-050.  )  Mild  Animal  Diet, 

i   ^   ■  I    Saccharine.  J  Opium.    Dover's  Powder. 

^  Albumen.  Frequently  Disease  of  the  Kidney.      Urine  coagulates  by  heat,  \  Warm  Baths.   Carbonate  of  Iroa. 

f-uif      i  wbm  from  tkt  Kidney 

IproAue  When  ftam  the  Bladder. 
I  From  Calculus,  or  Dlseass,  of  tho  Eldney  or  Bladdsr. 


in  the  Urine. 


Those  who  wish  to  master  the  aubjeot  of  urinary  pathologr  shotild 
■tudy  the  work  of  Dr.  Edmund  Parka,  '  On  the  Ccm^iosition  of  the 
Unne  in  Health  and  Disease,'  1860.  It  is  one  of  the  most  masterly 
works  hitherto  published  on  the  urine.  Dr.  Qolding  Bird's  work  '  On 
Uiinaiy  Deposits ; '  Dr.  Beale's  '  Treatise  on  tho  Microscope  in  Medi- 
cone,  and  his  '  laustrations  of  Urine,  and  Urinary  Depoaits,'  should 
■too  be  coneultod.  Dr.  Beale's  '  Tables  for  the  Practical,  Chemical, 
and  MicroBcopioal  Examination  of  Urine,  Urinary  Dapoaita,  and  Calculi,' 
wul  be  found  of  great  service. 

URINO'METEll,  an  instrument  for  ascertaining  the  weight  of 
ui^e.  It  is  constructed  on  the  principle  of  a  common  hydrometer, 
™«  «>™«t»  of  »  ghae  tnbe,  which  at  its  lower  exlremity  has  two 
bulba,  the  lower  one  very  amall,  containing  a  heavy  substance,  auch  as 
menmiy,  and  the  other  immediately  above  it  much  larger,  and  filled 
with  air.  The  tubular  portion  contains  a  scale  denoting  with  certain 
hguree  tho  specific  gravity,  the  use  of  which  will  be  aiuatrated  by  the 
louomng  f^ple:— Suppose  the  water's  edge  out  the  scale  at  figure 
be'l-S  nnmber  to  1000,  and  t£e  apedfio  gravity  will 

UBlf."  [VASB8.J 


UBOERTTHHIN.   a  red  ^gmeat  in  urine. 
UBOQLAUCIN.  [Ukoxakthdi.] 

UROUa  ACID.    [Uhic  Qroup.] 
UROXANIC  ACID.   [Ubio  Group.] 

UROXANTHIN.  A  yellow  colouring  matter  in  urine,  which  by 
oxidation  is  said  to  be  converted  into  ruby-red,  Vrrhoidin,  and  blue 
UrofflaKcin, 

URRHOIDIN.  BUboxamthibO 

UI^A  MAJOR  and  URSA  MfNOB  (the  Greater  and  Leaser  Bear), 
two  of  the  moat  remarkable  constellations  of  the  northern  hemisphere : 
the  latter  as  containing  the  pole  star,  or  the  visible  star  wMch  is 
nearest  to  the  northern  pole  of  the  heavens ;  the  fonner  from  its  well 
known  seven  stars,  by  two  of  wliich  the  pole  star  is  always  readily  found. 
These  seven  stars,  which  are  a,  &  7,  S,  «,  £  and  i)  of  the  con^ellation 
Ursa  Majcr,  are  disposed  in  the  form  of  a  quadrangle  jinned  hr  one 
of  its  comers  to  a  triangle,  and  with  this  description  ifc  would  be 
difficult  to  avoid  finding  them  out.  A  line  drawn  from  |3  to  n,  lha 
two  pointers,  as  the;  are  called,  posses  through  the  Polo  star  when 
continued :  these  two  pointem  being  the  stars  of  tho  quadrangle  which 
are  bri^est  from  tiie  triaogleh   This  Pole  atar  (a  Unte  Uinoris)  in  the 
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principal  star  in  Ursa  Minor,  which  has  seven  stars  placed  together  in 
a  manner  very  mucli  rcsembline  Una  Major,  the  Pole  star  being  the 
comer  of  the  triangle  which  is  fiuihest  from  the  quadrangle. 

The  common  people  of  most  ooontries  call  the  seven  stars  of  tbe 
Great  Bear  by  the  name  of  "the  vaegmi"  sometimes  by  that  ol 
"  tiifl  plough."  Aratiis  says  that  both  the  hears  were  called  waggons 
bj  Uie  Qreeks;  and  '  Charles's  Wain'  is  familiar  to  all  our  readers. 
The  later  stories  of  Grecian  mytliology  are  hardly  worth  recording : 
the  nymph  ColiBto  was  transformed  byDiana  into  the  Great  Bear  for 
an  amour  wi^  Jupter ;  while  lihe  Lesser  Bear  is  Cynosum  [Cxmosdbb], 
one  of  the  nymphs  who  nurtod  Jupiter. 

The  following  are  the  piiooipal  stars  in  these  conatellationa  :— 

naat.  Majob. 


Chanwttr. 


No.  In  Catalogue 
of  Flamrtaad. 


No.  In  Cntnlogne 
of  BrItUh 
AiBooiatlon. 


Uagnltnde. 


1 

0 

3048 

4 

k 

28 

8221 

4 

s 

S5 

8243 

3& 

V 

29 

8849 

4 

A 

33 

3305 

84 

34 

3533 

8 

0 

48 

3767 

2 

a 

50 

8777 

n 

♦ 

S2 

8813 

8i 

t 

53 

8851 

4 

w 

54 

•  8852 

4 

X 

63 

8981 

4 

7 

84 

4017 

2 

3 

69 

4123 

c 

77 

4885 

c 

79 

4582 

3 

85 

4607 

8 

Ubsa  Mikob. 


Gharootar. 
a 

A 

0 

I 

i 

S 


No.  In  Catalogve 
of  Flamitced, 

1 

5 

7 
18 
16 
22 
S8 


Ho.  Id  Catalogw 
of  British 
Assodatioa. 

S60 
4822 
4936 

5094  ' 
5285 
6780 
6S81 


VaiBltnda. 

8 
4 
8 
8 
4 
4, 
8 


URSULINES,  on  order  of  nuns  in  the  Roman  Catholic  church, 
founded  about  Uie  year  1537,  by  Angela  Ueriei,  commonly  called 
Angela  of  Brescia,  who  was  bom  in  1511,  at  Deaeozano,  on  the  Lago 
di  Garda,  and  died  at  Brescia,  March  21>  1540.  The  institntioti  was 
fonnaUy  approred  of  and  oonflimed  Pope  Paul  III.,  in  1544,  and  it 
was  upon  this  oooamiai  that  tiie  name  of  Ursulines  was  0w«ai  to  tlu 
order,  after  the  &mous  British  Saint  Ursula.  The  order  (a  the  Ursu- 
lines  was  designed  mainly  for  the  suocour  of  poverty  and  stokneeB,  and 
for  the  education  of  the  young ;  and  wherever  it  was  estrvbHshed  the 
nuns  principally  devoted  themselves  to  these  services,  in  r^dering 
which  they  mixed  freely  with  the  world,  much  in  the  some  manner  as 
tiie  members  of  the  voriouB  orders  of  oluuitr  bave  alwajH  been  accus- 
tomed to  do.  At  first  indeed  thw  neither  bound  themselves  by  the 
usual  iirerocal^  vows,  nor  even  Uved  together  in  eommunitaes;  aivi 
there  appear  to  have  been  always  some  memben  of  the  order  who 
continued  to  reside  with  their  fomilies  or  by  themselves  at  their  own 
hooses.  In  course  of  time,  however,  the  Ursulines,  like  the  other 
religious  orders,  came  for  the  most  part  to  be  distributed  in  monasteiiee, 
espedally  in  Fiance,  where  they  chiefly  flourished. 

TJRTLE.  [Ubil.] 

173AKCE.   {Bill  of  Exosaitqb.] 

USK.  A  use  at  common  law  was  a  beneficial  interest  in  land,  dis- 
tinct £rom  the  legal  property  therein.  The  origin  of  uses  is  derived 
by  Gilbert  {'  Law  of  Uses,'  8)  from  a  title  under  the  civil  law,  which 
allows  of  an  usufructuary  interest,  distinct  from  the  substance  of  the 
thing  itself,  and  which  was  called  in  that  law  the  jSdei  eonmufio.  He 
says  it  was  introduced  by  the  clergy,  who  were  masters  of  the  dvil 
law,  and  who, "  when  they  were  prohibited  from  taking  anything  in 
mbrtmain,  after  several  evaaiona  by  purchasing  lands  of  uieir  own 
tenants,  auffiering  recoveries,  purchasing  lands  round  the  church,  and 
making  them  churchyards  by  bull  from  the  pope,  at  last  invented  this 
way  of  oonveying  lands  to  o^rs  to  their  own  use ;  and  this  being 
meetly  matter  of  eqidfiy,  it  met  wiUi  a  very  favourable  oonstraction 
from  mb  j  adgsB  of  the  c^umeairy  court,  who  were  in  those  days  oommonly 
clergymen.  Thus  this  way  of  settlement  he^m ;  but  It  more  gene- 
rally prevailed  among  all  ranks  and  conditions  of  men  by  reason  of  the 
civil  commotions  between  the  houses  of  York  and  Lancaster,  to  secrete 
their  posseaaions,  and  to  preserve  them  to  their  issue,  notwithstanding 
attaioders;  and  hence  began  the  linutation  of  uses  with  power  of 
revocation."  But  whatever  may  have  been  the  origtQ  of  uses,  it  Im 
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certain  Uiat  the  desire  of  edecting  frequent  and  secret 
property  without  resorMng  to  the  simplo  and  public  m' 
veyance  of  the  common  law,  as  well  as  the  natural  do^. 
of  property  by  dense,  which  the  common  law  did  not  allotr^-k. 
on  early  adoption  of  the  system. 

The  system  of  tises  having  been  found  to  produce  many  inoon- 
veniences,  notwithstanding  the  statutes  which  had  been  passed  from 
time  to  time  to  modify  them,  it  was  thought  a  remedy  would  be 
found  by  joining  the  posseseion  to  the  use,  or,  as  it  is  usually  termed, 
transferring  uses  into  possessioD.  With  this  view  the  statute  of 
27  Hen.  VUI.,  c  10,  oommonly  called  the  Statute  of  Uses,  was  passed, 
which  enacted,  that  where  any  person  or  persons  stood  or  were  seised, 
or  at  anytime  thereafter  should  happen  to  be  seised  of  any  honours 
or  other  hereditaments  to  tJie  use,  confidence,  or  trust,  of  any  other 
pers{m  or  persons,  or  of  any  body  politic,  by  eny  manner  of  means 
whatsoever  it  should  be,  that  in  eveiy  su^  case  all  such  person  and 
perstms,  and  bodies  politic,  that  had  or  thereafter  should  have  any 
such  use,  confidence,  or  trust  in  fee  simple,  fee  tiul  for  term  of  life, 
or  for  years  or  otherwise,  or  any  use,  confidence,  or  trust  in  remainder 
or  reverter,  should  from  theaoeforUi  stand  and  be  seised,  deemed, 
and  adjudged  in  lawful  seisin,  estate,  and  posseesion  of,  and  in  the 
same  honours  and  hereditaments  with  their  appurtenances,  to  all 
intents,  constructions,  and  purposes  in  the  law,  and  in  all  such  like 
estates  as  they  had  or  should  nave  in  use,  tarust,  or  confidence  of  or 
in  the  same ;  and  that  the  estate,  title,  right,  and  possesuon  Uiat  was 
in  such  person  or  persons  that  were  or  therMfter  should  be  seised  of 
any  lands,  tenements,  or  hereditaments,  to  the  use,  confidence,  or 
trust  of  any  such  person  or  persons,  or  of  any  body  politic,  should 
be  from  thenceforth  clearly  deemed  and  adjudged  to  be  in  bim  or 
them  that  had  or  should  have  such  use,  confidence,  or  trust,  after 
such  quality,  manner,  form,  and  ctmdition  as  they  had  before  in  or  to 
the  use,  confidence,  or  tms^  that  was  in  them.  » 

It  has  been  questioned  whether  or  not  the  legislature  intended  hj 
this  act  to  put  an  end  to  the  system  of  uses ;  neverUideas  it  was  soon 
settled  that  it  had  not  that  effect,  but  that  uses  might  still  as  formerly 
be  raised,  upon  which  tiie  statute  would  instantly  operate.  However, 
some  modmcations  of  the  system  were  introduced.  Before  iba 
statute  a  mere  agreement  tat  sale,  without  wads  of  inheritance,  was 
suffident  to  pass  the  equitable  fee  to  tiie  vendee;  but  by  the  37 
Hen.  VIIX.,  c.  16,  it  was  enacted  that  no  contract  should  transfer  the 
legal  estate  in  the  fee,  uolese  it  were  made  by  deed  enrolled.  And  it 
was  resolved  by  the  judges  that  words  of  idieritance  were  necessary 
to  pass  the  fee  at  law.  Indeed  no  contract  importing  a  future  con- 
veyance, even  though  made  by  deed  enrolled,  and  containing  words  of 
inheritance,  would  now  be  held  to  tntnafer  (jie  legal  estate  under  the 
Statute  of  Uaea,  thou^  it  would  entitle  the  vendee  in  equity  to  call 
for  a  regular  oonveyuice.  A  further  modification  of  the  system  of 
uses  was  introduced  the  seventh  section  of  the  Statute  of  EVauds 
(39  Car.  II.,  o.  8),  whidi  required  that  all  declarations  of  busts  or  con- 
fidences of  lands,  tenements,  or  hereditaments  (which  might  formeriy 
have  been  created  by  parol),  should  be  manifested  and  proved 
writing,  signed  by  the  party  by  whom  it  is  declared. 

In  order  to  raise  a  use  which  the  statute  will  turn  into  a  pnnannninn, 
it  is  neoessaiy  t^t  tiiere  should  be,  1st,  one  penon  seised  to  the  use 
of  another,  t»  me  ;  2nd,  a  use  in  etie,  limited  in  posseesifni,  reversion, 
or  remunder.  The  use  may  be  eitiier  expreu,  as  where  lands  are 
conveyed  to  A  and  his  heirs,  in  trust  for  B  and  his  heirs,  or  in  con- 
fidence that  he  and  they  shall  take  the  profits,  or  where  a  vendee,  for 
a  valuable  consideration,  conveys  by  bai:^in  and  sale  «m>lled,  in  both 
which  oases  the  legal  estate  vests  in  the  grantee  or  bargainee  the 
statute ;  or  it  may  be  implied,  as  where  a  feoffinont  is  made  w^iout 
consideration  or  declaration  of  the  use,  in  which  case  the  use  results, 
and  the  estate  returns  to  the  grantor. 

It  was  settled  by  the  courts  of  law  that  the  statute  could  not 
operate  except  upon  on  estate  of  freehold,  and  that  therefore 
copyhold  and  leasehold  estates  ere  not  affbctod  by  it.  A  term  of 
years  oiay  of  course  be  created  oat  of  a  freehold  estate  ^  way  of 
use,  but  when  onoe  subsisting  cannot  be  conveyed  to  uses.  If,  there- 
fore, a  term  were  asugned  to  A  to  the  use  of  B,  the  1^1  estate 
would  remain  in  A,  who  however  would  be  oontddared  in  equify  as  a 
trustee  for  B. 

By  the  operation  of  Ihe  Statute  of  Uses,  a  man  may,  through  the 
medium  of  a  feoffee  or  releasee,  make  a  conveyance  to  his  wife,  which 
he  could  not  do  at  common  law  (Litt.,  s.  168  ;  Co.  Litt,  112  a.).  In  like 
manner  a  married  woman,  having  a  power,  namely,  a  n^t  to  limit  a 
use,  may  appoint  to  her  husband. 

At  coomion  law  a  man  could  not  limit  a  remunder  to  himself,  nor 
could  he  limit  it  to  bis  heirs  so  as  to  make  them  take  as  purchaseni, 
without  departing  with  the  whole  fee  simple  out  of  his  person  (Dyer, 
156  a,  foL  24 ;  Co.  Litt,,  22  b.);  but  be  may  do  so  by  means  of  a  con* 
Teyanee  operating  under  the  stotuta. 

It  is  a  rule  of  the  oommon  law  that  joint  tenants  cannot  take  at 
difiTerent  periods.  (1  Co,,  100,  b.  2.)  Again,  by  its  rules,  a  fee  could 
not  be  limited  upon  a  fee ;  a  freehold  could  nut  be  made  to  commence 
tn  fviv.ro,  and  an  estate  could  not  be  made  to  cease  by  matter  tx  pott 
facto,  so  as  to  let  in  another  limitation  before  the  expiration  of  the 
former.  [II£MaU(DEb.1  But  limitations  of  the  above  kinds  may  be 
made  to  take  effect  under  the  Statute  of  Uses.   Such  limitations  aro 
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called  ikifting  or  leeontlary  Bod  tprbiyinrj  uia ;  and  future  or  eon- 
tin.'/*'"'  ^t*^- 

SktfUug  01*  Hecondary  Uut  are  properly  auch  aa  take  effect  Id  deroga- 
iion  of  some  other  estate,  and  are  either  limited  expressly  the 
deed,  or  are  authorised  to  lie  created  by  aome  person  named  m  the 
deed :  aa  i£  an  eatate  ware  limited  to  the  uaa  of  A  and  hia  heira,  with  a 
proviao  tba^  ii  B  pay  KM.  tbe  eatata  aball  go  to  B  and  hia  heirs.  Shift- 
ing luea  B«om  to  have  eziatfld  before  the  atatute,  when,  aa  tiie  legal 
estate  remained  in  tb«  fao&ea,  thfl  rule  of  tbe  oommon  law,  which 
did  not  allow  the  fee  to  change  from  one  to  another  ezoept  upon 
breach  of  a  oondition  annexed  to  the  estate  at  its  creation,  was  not 
-riolated.  They  are  sow  of  constant  occurrence  in  aettlementa  of 
property.  [Sbttumeht.]  The  rules  against  perpetuitiea  in  sattie- 
manta  tA.  pniperW  are  applicable  to  alUfting  uaea,  wliltdi  must  be 
limited  to  tkke  efioot  witiun  the  same  period,  namely,  that  of  a  life  or 
Utcs  in  being,  and  twenty-one  years  ofterwanla,  unless  where  they  are 
to  take  effect  after  an  estate  toil,  in  which  case,  as  the  tenant  in  tail 
may  defeat  the  use  by  barring  the  estute  tail,  such  a  limitation  has  no 
tendency  to  a  perpetuity. 

ifyrinffing  Uaet,  though  ttften  confounded  with  shifting  uaea,  are 
more  pnpariy  such  as  are  limited  to  oriae  in  a  future  event 
vhare  no  previous  use  la  limited ;  aa  in  the  oaae  of  a  ^^^ym  and 
■de  to  take  eflbofc  ten  yeara  henoe,  where  the  uae  in  the  mean  time 
Ts mains  in  the  grantor.  They  are  aubjeot  to  the  aazne  lUnita  ai  ahift- 
ing  uses. 

Future  or  Oontinffont  Uiet  are  properly  such  as  are  limited  to  take 
effect  aa  reminders;  auoh  aa  a  use  to  the  firtt  unborn  son  of  A,  after 
a  Ihnltaticm  to  him  for  life  or  for  yean  determinable  with  his  life. 
The  rule  of  law,  that  a  rested  freehold  must  precede  a  contingent 
remainder,  dul  not  apply  before  the  atatute  to  contingent  uses, 
beoauae  the  freehold  remained  in  the  feoffees  ;  but,  aiooe  the  statute, 
they  are  subject  in  Ifiis  respect  to  the  rulea  of  contingent  remaindera 
[Rehaihdeb.] 

Aa  the  Statute  of  Usea  was  made  previously  to  the  Statute  of  Wills 
(82  ft  34  Hen.  VIII.),  it  has  been  questioned  whether  tiie  former  can 
oe  held  to  apply  to  the  latter ;  but  aa,  before  the  statute,  devises  of 
the  uae  were  permitted,  so,  since  the  statute,  the  courts  have  unifonnly 
held  thai,  where  a  devise  is  made  to  a  use,  the  intention  of  the  testa- 
tor must  be  taken  to  be  that  the  devisee  of  the  use  should  have  the 
legal  estate. 

By  a  conatruetion  of  the  Statute  of  Uses,  adopted  soon  after  it  was 
passed,  the  grounds  of  which  it  is  nob  ewy  to  understand,  it  was 
Battled  that  a  use  could  not  be  limited  on  a  uae,  that  is,  that  the 
atatute  would  operate  on  the  first  declaration  of  uae  only  :  so  that  if, 
hy  bargain  and  sale,  a  use  in  lands  were  limited  to  A  and  his  heirs  in 
trust,  or  to  the  use  of  B  and  his  h^ra,  the  statute  would  vest  the  legal 
estate  in  A  without  adverting  to  the  use  declared  in  favour  of  B.  'Die 
Conrt  of  Ghanoeiy  availed  itself  of  this  oonstruotion  to  revive  Uses 
undear  the  name  of  Trusts;  and  it  was  determined  that  A  was,  in  the 
oaae  above  mentioned, » trustee  for  B  of  the  beneficial  intereet  in  the 
land.  It  is  not  true,  however,  as  has  been  said  by  Lord  Hardwicke, 
that  the  Statute  of  Uses  "  has  had  no  other  effect  than  to  add  at  most 
three  words  to  a  oonveyance ;"  for  the  Court  of  Chanoeiy,  availing  itself 
<rf  ita  ezolusive  jurisdiction  over  trusts,  and  aware  of  the  mischiefs 
atteodaut  upon  uses  before  the  statute,  has  gradualhr  established  a 
system  well  adapted  to  answer  the  axigencioi  of  family  aettlementa 
and  proviaions,  without  producing  any  of  those  evlla  which  the  statute 
of  Henry  VIII.  was  intended  to  remedy.  [Trosts.] 

USES,  CHARITABLE  ANU  SUPEltSTITIOUS.  The  term 
"  Charitable  Use,"  as  understood  in  law,  ia  of  very  eztenaive  applioa- 
tion,  and  includes  dtspositionB  of  property  which  cannot  with  any  pro- 
jHiety  be  described  as  charitable,  but  which  are  so  called  with  ref  erance 
to  the  purpoaeB  enumerated  in  tiie  statute  48  BUi.,  o.  4,  or  aueh  as  are 
considered  analogous  to  them.  That  atatute  enacted  that  the  Com- 
missioners tfaerel^  empowered  should  inquire  as  to  the  lands,  &c.  given 
by  well-disposed  people  "  for  relief  of  aged,  impotent,  and  poor  people ; 
for  maintenance  of  sick  and  maimed  soldiers  and  mariners ;  schools  of 
learning,  free-schoola,  and  scholarsinunivei-sities ;  for  repair  of  bridges, 
ports,  havens,  causeways,  churches,  sea-banks,  and  highways ;  for  edu- 
cation and  prefermmt  of  orphans ;  for  or  towards  the  relief,  stock,  or 
maintenance  of  houses  of  correction ;  for  marriage  of  poor  maids ;  for  aup- 
portation,  aid,  and  help  of  youngtrademen,  handicraftsmen,  and  persons 
decayed ;  and  for  relief  or  redemption  of  prisoners  and  captives,  and 
for  aid  or  eoso  of  any  poor  inhabitants  concerning  payment  of  fifteens, 
setting  out  of  soldiers,  and  other  taxea"  Many  gifts  not  within  the 
letter  have  been  held  to  be  within  the  equitalue  construction  of  this 
statute ;  and  when  the  gift  ia  to  chari^  in  general,  without  any  par- 
tioukr  purpoae  bemg  speoifled,  it  will  be  coiried  into  effiiot  either  by 
the  Crown  or  the  Court  of  Chancery,  upon  principles  which  the  deter- 
minations of  that  court  have  established.  The  term  "  Charitable  Use," 
in  law,  is  applied  exclusively  to  gifts  for  what  ore  called  public  chari- 
ties, the  objects  of  which  are  not  particular  todividuals,  but  a  class  or 
the  public  in  generoL 

A  superstitious  uae,  in  its  original  amm,  waa  whwe  lands,  tenements, 
rmts,  goods,  or  chattds  were  given,  secured,  or  appointed  for  or  towards 
any  of  the  following  purposes,  namely  :  the  maintenance  of  a  priest  or 
chaplain  to  say  masa  ;  for  the  maintenance  of  a  priest  or  other  man  to 
pray  for  the  soul  of  any  dead  man  in  such  a  tdiuroh  or  elsewharei  to 


have  or  mainteun  perpetual  obits,  lamps,  torohes,  tui.,  to  be  used  at  cer- 
tain times,  to  help  to  save  the  aoula  of  men  out  of  purgatory.  (See  tbe 
15  iUoh.  II.,  c.  6 ;  23  Hen.  VIIL,  o.  10 ;  and  1  Edw.  VI.,  c.  14.)  The 
statute  of  Bichani  XL  was  passed  for  the  purpose  of  subjecting  land;^ 
conveyed  to  usee  to  tbe  law  of  mortmain.  The  statute  of  Henry  VIII. 
relates  only  to  assurances  of  landa  to  churches  and  chapels,  which,  if 
for  a  longer  term  than  twenty  y««s,  it  deoterv  to  be  ahututely  void. 
By  the  let  of  Edward  VI.  oertom  saperstitioua  naes  then  existing  were 
forfeited  to  the  king,  but  the  statute  has  no  prospective  opwation. 
There  is  no  statute  making  superatitious  uses  vtnd  nmeralfy,  but  the 
king,  as  head  of  the  commonwealth,  and  as  intrusted  by  tbe  oommon 
law  to  see  that  nothing  is  done  in  maintenance  or  propagation  of  a 
false  reli^on,  was  considered  entitled  to  pray  a  discovery  of  a  trust  to 
a  superstitious  use,  and  to  order  the  property  to  be  applied  to  a  proper 
use.  The  same  principle  has  been  applied  to  many  coses  of  gifts  of 
property  for  purposes  which  cannot  propeily  be  classed  as  superatitious 
usee,  but  are  eitiier  expressly  prohibited  by  the  law  of  the  country  or 
contrary  to  its  policy.  A  change  in  the  doctrine  of  superstitious  uses 
has  been  made  by  the  2  &  8  Wm.  IV.,  c.  116,  which  puts  persons  pro- 
feeamg  the  Roman  Catholic  religion  upon  the  same  footing,  with  respect 
to  tbair  schools,  places  for  religious  worship,  education  and  charitable 
purposes,  as  Protestant  Dissent^ ;  with  respeot  to  whom  the  doctrine 
of  Uie  court  is,  that  it  wUI  administer  a  fund  to  maintain  a  society  of 
Protestant  Dissenters  promoting  no  doctrine  contrary  to  law,  though  at 
variance  with  that  of  the  EatabUshed  Church.  The  2  &  3  Wm.  IV., 
c.  115,  ia  retrospective.    (2  M.     K.  225.) 

The  Court  of  Chancery  has  a  general  jurisdiction  over  property 
given  for  charitaUe  purposes,  apd  tiie  reguuur  mode  in  which  mattera 
relating  to  diarities  are  brought  before'  it  is  by  information  by  the 
attorney-general  on  behalf  of  the  crown. 

The  Court  of  Chanceiy  adopts  a  very  Ubetal  construction  of  gifts  for 
charitable  purposes;  and  there  are  numerous  cases  of  gifts  for  objects 
not  within  the  letter  of  the  statute  of  Elizabeth,  which  have  been  con- 
sidered to  be  within  tiie  equitable  meaning  of  the  word  charity  on 
understood  in  that  court,  and  have  been  administered  accordingly. 
And  when  a  gift  is  made  for  charity  generally,  without  any  purpose 
specified,  if  the  gift  be  to  trustees,  the  court  will  order  a  scheme  to  be 
prepared  for  tiie  direction  of  the  trustees  in  the  administration  of  tbe 
trust ;  and  where  tbe  declared  object  is  charity,  but  no  trust  has  been 
interposed,  the  right  to  dispose  of  the  property,  and  to  declare  the  par- 
ticular charitable  purposes  to  which  it  is  to  be  applied,  belongs  to  the 
crown  by  aim-manual.  Where  the  particular  objects  which  the  donor 
had  in  view  tail,  either  wholly  or  in  part,  the  court  adopts  wfaat  isoalled 
the  principle  of  administration  cy-pret,  that  is,  it  directs  the  property 
to  be  applied  to  worthy  objeots  in  its  judgment  moat  nearly  resembling 
those  which  have  fiuled,  or  when  mure  than  one  charity  has  been  named 
by  the  donor,  to  such  of  the  others  as  are  still  subsisting.  When  the 
revenue  of  the  property  increases  from  any  cause,  the  increase  goes  to 
the  charity,  it  it  appear  to  have  been  the  intent^  of  the  donor  that 
tbe  whde  uiouhl  be  disposed  of  In  tiiat  manner ;  otherwiaa  the  intarease 
will  go  to  tiie  legal  representative  of  the  donor.  In  oases  where  the 
revenue  of  the  property  was  distributable  among  several  charities,  the 
question  has  iMien,  in  what  manner  the  increase  of  income  was  to  be 
disposed  of  among  them.  The  principle  establi^ed  by  the  cases  seems 
to  be,  that  a  chori^  to  which  a  fixed  annual  sum  has  been  given  has 
no  rig^t  to  participate  in  the  increase,  but  that  tme  entitled  with  the 
otiier  charilaes  to  a  proportionate  part  of  the  original  income  will  have 
a  right  to  a  similar  proportion  of  the  increase. 

When  property  Is  given  to  a  superstitious  use,  or  for  a  charitable 
purpose  which  the  law  will  not  allow  to  be  carried  into  effect,  the 
court,  upon  the  not  very  satisfactory  ground  that  tiie  property  was 
meant  for  a  tdiari^,  will  apply  it  to  some  other  charity  of  which  it 
approves.  In  the  words  of  Sir  William  Orant,  "  Whenever  a  teatator 
is  disposed  to  be  charitable  in  his  own  way  and  upim  Ida  own  prin- 
ciples, we  are  not  content  with  disappointing  his  intention,  if  dis- 
approved by  us :  but  we  moke  him  charitable  m  our  way  and  on  our 
principles.  If  once  we  discover  in  him  any  charitable  intention,  that  is 
supposed  to  be  so  liberal  as  to  take  in  objects  not  only  not  within  hia 
intention,  but  wholly  adverse  to  it"  (7  Ves.,  496.)  If  the  superatitious 
use  be  one  which  the  court  eonaidera  ohaiitable,  the  fund  goes  to  the 
king  to  be  disposed  of  to  auoh  diaritable  uses  as  he  shall  direct  by 
sign-manual :  if  the  use  be  not  charitable,  the  pft  is  merely  vokl, 
and  the  property  will  go  to  the  dtmor's  representative.  (2  M.  t  K., 
084.) 

The  regular  mode  of  proceeding  in  coses  of  abuse  of  charitable  funds 
was  until  recently  by  way  of  information  in  tiie  name  of  the  attomey- 

Sieral  on  behalf  of  the  crown.  But  the  act  18  ft  17  Vict  a.  1S7, 
own  as  the  Charitable  Tntsta  Act,  has,  without  abolishing  the 
functions  of  the  attorney-general  wiUi  ro^tect  to  charities,  jwovided  a 
regular  machinery  of  oommisBi<»ien  anfl  inspeoton,  whose  duty  it  ia 
to  investigate  all  oases  that  may  be  brought  to  their  notioe,  and  to 
institute  such  prooeedings  aa  be  neoeaaair  for  tiis  rectification 
of  abuses. 

The  jurisdiction  of  the  Court  of  Chanoery  over  proper^  given  to 
charity  must  be  distinguished  from  the  authority  frequently  exerdsed 
by  the  lord  chancellor  or  lord  keeper  aa  vidtor  of  charities.  Charities 
arc  either  under  the  mansgemoit  of  individual  trustees,  or  are  esta. 
blished  by  diarter  aa  eleemosynary  oorpoi»tiona.   On  the  institution 
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ai  s  ooniorate  idiarity,  a  Tiutorlal  Jurisdiotion  srttes  of  common  right 
to  the  founder  and  his  heirs,  whether  he  be  the  king  or  a  private 
pernon,  or  to  those  whom  the  founder  hoe  appointed  for  that  purpose ; 
and  the  office  of  Tisitor  is  to  determine  the  differences  of  the  members 
of  the  society,  and  to  Buperintend  generally  the  government  of  the  body, 
in  accordance  vith  the  statutea  originally  propounded  by  the  founder. 
With  tliia  viBitorial  power  the  Court  of  Chancery  has  nothing  to  do, 
ita  right  of  interferenoa  being  oonflned  entirely  to  the  adminktratioti  of 
the  property.  When  the  charity  ie  of  royal  foundatjon,  the  Tiaitorial 
power  of  uie  king  ie  aeroiaed  by  l^e  lord  ohaaoeUcn'  ai  his  repre- 
aentatiTe ;  and  even  where  the  founder  of  the  ohari^  was  a  private 
pereon,  if  he  has  made  no^ ippointment  of  a  Tisitor,  and  if  his  hdr 
cannot  be  dtsoorened,  "nr  lhas  beoome  lunatic,  the  visitoTial  power, 
rather  than  that  th4  ohanV  ahould  not  be  Tiaited  at  all,  tesulta  to  the 
erown,  and,aa  in  fte  omh  of  royal  foundations,  it  txerolMd  by  the 
lord  dianeellor.  ^le  modA  of  application  in  tiiese  oases  la  not  by  way 
of  information,  but  by  petition  addreaaed  to  the  Great  Seal. 

Certain  restrtctiona  hare  been  put  upon  the  power  of  making  gifts 
of  property  to  charitable  uses  by  the  9th  of  Geo.  II.,  e.  8n,  commonly, 
though  improperly,  called  the  Mortmain  Act.  By  it  deviees  of  land 
and  bequests  of  money  to  be  laid  out  on  land  or  In  any  interest  in 
land  ore  dedared  Toid.  Foran  axplaoatitm  of  the  provisionB  d  this 
act,  sea  HoBTHAnr. 

U8NEIN.   [LioHEiTB,  CoLouHisa  Matters  of.] 

USNIC  ACID.   [LiOHKNS,  Colocrhto  Matters  op.] 

VSUCAPIO.  Gaiua  (ii.  40-42)  states  »ut  if  a  Ree  Moncipi  was 
transferred  fay  bare  tradition,  without  the  forms  of  Manoipatio  or  in 
Jure  Cessio,  the  original  ovner  retained  the  Quiritarian  ovneiship,  and 
the  person  to  whcmi  the  thing  was  tranaferred  had  only  the  rig^  to 
the  enjoyment  of  the  thing  until  by  pooaeaeiMi  he  had  aoqoired  the 
ownership  (possidendo  luucapiat).  For  the  effKt  of  such  enjnym^t 
was  to  give  him  the  same  rights  with  fespeot  to  the  thing  as  if  it  had 
been  transferred  in  due  legal  form.  In  liie  case  of  moveables  the 
Twelve  Tables  Axed  one  year  as  the  term  of  IJsucapio ;  in  tJie  case  of 
land  and  houses,  two  years.  The  aoqnlsition  <^  the  Quiritarian 
ownenh^  of  a  ^hhig  by  enjoyment  of  it  xtaixt  the  efrmimatanoes  abon 
stated  for  tiiese  aeimal  periods  waa  called  UsuoaiHo. 

Gaius  states  that  Uwe  might  also  be  Ueucapio  in  Uie  ease  both  of 
things  Manci[n  and  things  N'eo  iCancipl  which  had  been  tranaferred  by 
bare  tradition  from  a  povon  who  was  not  the  owner,  provided  the 
transferee  received  them  in  good  faiUi  (bon&  fide),  or,  in  other  words, 
believed  that  he  received  them  from  the  owner.  It  seems  probable 
that  Utia  rule  of  law  was  established  by  analogy  to  the  rule  of  the 
Twelve  TaUes  as  to  Bss  Hancipi  which  had  been  transferred  by 
defective  modes  of  conTeyano&  Bat  the  Twelve  Tables  may  have  fixed 
only  the  time  of  Usuoapio :  the  origin  oi  Usuea^o  mi^  be  anterior  to 
the  Twelve  Tables. 

When  GaiuB  wrote  (in  the  second  century  of  our  oira),  Uaucapio,  aa 
it  ^>pearB,  had  become  a  r^;ular  mode  of  acquiring  ownenhip ;  for 
mwirlj/  of  all  kinds  might  be  w  acquired  whiw  had  been  received  by 
tntoition  and  bon&  Cde  from  a  prason  who  was  not  the  owner.  The 
case  of  things  stolen,  or  the  possession  of  which  had  been  acquired  by 
violence  (vis),  was  an  exception,  for  oven  if  received  bon&  fide'  they 
could  never  become  Uie  property  of  the  receiver  by  Ueucapio.  The 
Bes  Hancipi  of  women  luso,  who  were  is  the  tutela  of  their  agnati, 
could  not  be  objects  of  Usucajao  imless  tiiey  had  lieen  received  from 
her  tradiUo  with  the  proper  consent  (anctoritai^  of  her  tutor  :  and 
the  hweditas  of  a  woman  who  was  in  tutela  legitima  could  not  be  an 
object  of  Uaucapio.  As  land  (fundus)  could  not,  according  to  the 
bnt  oiifoion,  he  an  object  of  furtum,  a  bonA  fide  purchaser  of  land 
£rom  a  man  who  was  not  the  owner,  and  knew  he  was  not  the  owner, 
might  acquire  the  property  of  it  by  Usucapio,  provided  the  seller  had 
not  acquired  the  possession  by  violence,  but  had  either  taken  possession 
of  land  which  was  vacant  through  the  carelessness  of  the  owner,  or 
from  the  owner  dying  without  a  successor,  or  having  been  long  absent 

Besides  individual  objects  of  property,  Uaucapio  could  exist  in  the 
case  of  Servitutes,  and  marriage,  and  in  the  case  of  an  Hereditas. 
Originally  such  Servitutes  as  followed  the  rule  of  law  as  to  Res  Mancipi 
could  only  be  transferred  like  Res  Mancipi;  and  therefore  Usuoapio 
could  on^  apply  to  such  servitutes.  But  by  analogy  to  Res  Mancipi, 
they  oould  be  acquired  Ity  hare  oontraot,  to  which  Usucapio  was  super- 
added ;  and  when  Uandpatlo  at  a  later  period  was  replaced  by  bare 
tradition,  they  could  be  acquired  by  contract  simply.  In  the  case  of 
maniage,  when  there  was  no  co-emptio,  the  woman  might  come  into 
the  power  of  her  husl>and  by  virtue  of  uninterrupted  cohabitation  for 
one  year ;  and  she  was  then  said  to  become  a  p^  of  his  Fomilia  by 
Usucapio  founded  on  a  year's  possession.  (Gaius,  i.  111.)  In  the  case 
of  the  Hereditas,  when  Uie  testator  had  not  disposed  of  his  property 
by  the  necessaiy  forms  oi  the  Mandpatio  and  Kuncupatio,  the  person 
who  was  named  heres  in  the  will  could  only  acquire  his  legal  title  as 
such  by  Usucapio, 

These  various  instances  will  show  the  original  notion  of  Usucapio. 
It  was  a  legal  effect  given  to  bon&  fide  possession  and  enjoyment  for  a 
fixed  time^  by  means  of  which  defects  in  tiie  transfer  of  a  thing  were 
made  good:  it  was  not  originally  a  mode  of  acquisition.  It  was 
fonnded  on  a  title  good  In  lubatanee,  but  defective  in  fc»m ;  and  this 
defeot  was  nppliea  by  the  proper  period  of  mjoymnit  (umu).  When 
fhia  unu  had  e(sitinaBd  for  the  legal  time,  it  gava  its  auctOTitaa  (oa 


the  Romans  expressed  it),  its  efficiency  and  completeness  to  what  was 
m  its  origin  incomplete ;  and  the  phrase  Usus  Auctoritas  was  older 
than  the  expression  Usucapio,  which  was  afterR'arcIa  the  ordinaiy  term. 
But  Usus  by  itself  never  signified  Usucapio ;  for  Usus  alone  could  not 
give  a  title  to  the  ownership  of  a  thing.  In  the  case  of  public  land 
the  possessor  hod  the  usus,  but  this  was  all  that  he  could  be  entitied  to 
aa  possessor.  Such  usus  oould  not  from  tiie  natore  of  the  case  have 
m  auctoritas.  for  the  poaaeaur  did  not  oooupv  the  public  land  as  a 
bon»  fide  purchaser.  A  nun  mi^t  also  have  Ute  usus  of  private  Und 
without  having  a  title  to  ai^Uiing  further :  in  which  case  also  the  usus 
could  never  have  an  auotoritaa  In  the  Roman  law,  as  known  to  us  In 
the  Pandects,  Usucapio  appeare  as  a  mode  of  acquisition,  which  must 
hare  been  owing  to  the  cinmmstaaee  of  Mancipatio  oeasing  to  be  re- 
garded aa  important :  for  bare  towlition  in  all  oases,  followed  by  the 
iwoper  usus,  gave  oomplete  ownership.  Pmally,  when  the  difference 
betwem  Res  Uanoipi  and  Neo  Mandpi  was  abolished,  Usucapio  in  its 
original  sense  ceased.  But  aa  in  the  time  of  Q^us  v  find  Usuoa^ 
applicable  to  the  case  of  things  Xec  Mancipi,  which  a  penon  had 
possessed  bond  fide,  this  rule  of  law  still  continued,  and  various  Itmita- 
tions  were  in  course  of  time  established  aa  to  the  mode  of  acquiring 
the  ownership  of  a  thing  by  the  enjoyment  of  it.  Thns  Justinian,  in 
hia '  Institutes '  (il,  tit  6).  after  reciting  tiie  old  lav,  refers  to  one  of 
his  Constitutions,  by  which  the  ownership  of  moveables  mi^t  be 
acquired  by  use  (usucapiantur;,  provided  there  was  a  bon&  fide  poasessitm 
(juaba  causa  poaeessionis  praocedente)  for  three  years,  and  that  of  im- 
movable things  by  the  "  longi  temporis  poesessio,"  which  he  explains 
to  be  ten  years  "  inter  pnesentes,"  and  twenty  years  "  inter  absentee ; " 
and  the  Constitution  applied  to  the  whole  empire.  Usuoapio  is  defined 
in  the  'Digest'  (41,  8,  8)  to  be  the  "addition  of  tfirnenhip  by  the 
iminterrupted  poBsession  for  a  time  fixed  by  law."  Aa  it  was  the  addi- 
tion of  ownership,  something  is  here  implied  to  which  this  addition 
was  to  be  made ;  and  this  something  was  a  bon&  fide  possession. 

The  subject  of  Usucapio  admits  and  requires  a  much  more  complete 
exposition.  The  reader  may  refer  to  tiie  following  works  :  Engelbach 
'  Ueber  die  Uaucapion  cur  Zeit  d«  aw&lf  Tafeln.^Iarburg,  1828;  and 
Mohlenlmioh, '  Dootrina  Pandectoram.' 

U8UFRUCTUS,  or  U8USFRUCTUS,  and  USUS,  belonged  to  the 
class  of  Servitutea  Personarum  among  the  Romans,  Ususfmotus  Is 
defined  (*  Dig.,'  7,  1, 1)  to  be  "  the  right  to  use  and  take  the  fruits 
(fruendi)  of  what  belongs  to  another  without  impairing  ita  substaacet'' 
Usus  is  defined  ('  Dig.,'  7,  8, 1,  S)  to  be  tlie  riBM  "to  nie,  but  not  to 
taice  the  fruits  (fnii)." 

The  objects  of  nsugfructus  might  be  land  (fundus),  houses  (eedee), 
slaves,  beasts  of  burden,  and  other  tilings.  He  who  was  entitled  to  a 
Ususfructus  was  colled  Usufructuarius,  or  Fructuarius.  A  ri^t  to  a 
Ususfructus  might  be  given  to  a  person  by  testament,  or  it  might  be 
established  by  contract 

Generally,  it  may  be  stated  that  all  the  "  fruotus,"  or  pniduce  of  a 
thing  that  accrued  during  the  time  of  enjoyment,  belonged  to  the 
Fructuarius;  bat  his  title  to  fructus  was  not  complete  till  he  bad 
iAm  them,  and  it  was  a  general  rule  that  any  "  friictus"  which  had 
not  been  got  in  or  taken  at  the  time  when  the  Ususiructus  ceased  did 
not  belong  to  him.  The  law  as  to  things  that  yield  an  increase,  such 
as  fruit-trees  and  animals,  did  not  preaent  many  difficult  questions.  As 
to  houses  and  lands,  tiie  questions  were  sometimes  more  difficult  The 
Fructuarius  was  entitled  to  the  rents  and  profits  of  houses  during  his 
time  of  enjt^meat,  and  he  was  bound  at  least  to  keep  thnn  in  soffl- 
dent  repair,  but  probably  not  to  rebuild  them,  if  tiiey  were  in  a 
ruinous  condition.  He  was  bound  to  cultivate  land  m  a  proper 
husbandlike  manner.  He  could  wm-k  existing  mines  and  quarries  ftff 
his  benefit,  and  ha  could  also  open  new  mines  and  work  wem.  The 
Fhictuariun  could  maintain  his  rights  to  the  ususfructus  by  actions  and 
interdicts.  The  period  of  ususfructus  might  either  be  for  a  fixed 
time  or  for  the  hie  of  the  Fructuarius.  At  the  termination  of  tiie 
period  of  enjoyment,  the  thing  was  to  be  given  up  to  the  owner,  who 
coiold  gener^y  require  security  for  its  being  properly  used  and  givoi 
op  in  proper  condition. 

The  usus  of  a  thing,  as  already  explained,  was  a  right  to  the  enjoy- 
ment of  a  thing,  but  not  to  the  produce  or  profits  of  it.  Tet  in  some 
cases  the  usus  of  a  thing  implied  a  right  to  a  certain  amount  of  pro- 
duce. Thus  the  usos  cattie  implied  that  the  usuariua  watt  entitled 
to  a  moderate  allowance  of  milk ;  and  a  man  who  hod  usni  of 
an  estate  could  take  wood  for  his  daily  use,  and  could  enjoy  the  ' 
orchard  and  other  things  in  moderation.  If  a  man  had  the  nans 
of  oxen,  he  could  onploy  tiiem  for  all  paiposes  for  which  oxen  are 
properly  used.  The  duties  of  the  nsuarius  resembled  t^ise  of  the 
fructuarius. 

The  rules  of  law  which  related  to  the  ususfructus  and  usos  were 


numerous.  Many  of  them  are  ooUectad  in  the  '  Digest,'  lib.  7 ;  see 
•  Fragmenta  Vaticana,' '  De  Usufructu ; '  and  MOWenbnich,  '  Dooi 
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USURP ATIO  is  sometimes  used  by  the  Roman  jurists  in  the  sense 
of  intemiption  of  Usucapio,  But  the  verb  "  usurpo  "  and  ita  deriva- 
tives are  commonly  used  in  the  sense  of  "  using,"  or  "  employing,"  in 
any  way  that  is  suitable  to  the  ohaiacter  of  the  object  used  or  mr 
pl^ed.  The  participle  "  usurpatus"  aometimes  itignifies  the  aoqniai' 
tion  of  a  rig^t  by  use:  thus  "usurpatam  midierem"  (aooordiDg  to 
tiu  ordmar  reading  in  Oclllufl,  ill.  2)  means  a  woman  ynu>  had  oome 
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into  the  power  of  her  husbancl  by  imiatemipted  matrimonial  cohabita- 
tion for  one  year.  (See  Savigny,  '  System  des  heutigen  Romischen 
Rechte,'  iv.,  ch.  iii.,  §  183t  on  the  passage  of  GelHus,  which  is  a 
quotation  from  Q.  Mucius  ScEevoU,  the  pontifez.)  The  word  ia  also 
used  in  the  sense  of  taking  possession  of  a  thing;  sod  in  oourse  of 
time  the  notion  of  wrong  was  attached  to  the  word.  Ammianus 
MaroeUimis  (xxvi.  7,  ed.  Qnmov.)  iises  "  usurpator  "  in  a  sense  some- 
what like  the  modem  "  usurper,"  when  he  says  "usurpator  indebitee 
potestatis." 

USURY.  Although  the  legitimacy  of  interest  upon  moderate  and 
conscientiouB  terms  has  long  been  recognised  amongst  ua,  it  has,  until 
quite  recently,  been  belier^  desirable  to  regulate  by  law  the  rate  at 
which  it  should  be  taken,  and  interest  bmnd  this  ^owed  Umit  has 
long  been  stigmatised  with  tjieodiooBappeUation  of  usury.  [Ihtebkst.] 
It  has  been  reserved  for  our  own  time  to  cany  out  a  prinoiple  which 
political  economists  had  preached  for  above  a  ceatury,  th^  of  per- 
mitting the  rate  of  interast  to  regulate  itself  according  to  the  ezigen- 
cies  of  the  time  and  the  nature  of  things.  The  first  statute  by  which 
some  relaxation  of  the  usury  laws  was  made  in  favour  of  trade,  was  the 
8  &  4  WilL  IT.,  c.  98,  which  enacted,  that  no  person  taking  more  than 
the  rat«  of  legal  intereat  for  the  ban  of  money  on  any  biU  or  note  not 
having  more  tiiau  three  months  to  run,  should  be  subject  to  aoy 
penalty  or  forfeiture.  Shortly  afterwards  the  statute  5  ft  6  Will.  IV., 
c.  41,  enacted  that  bills  or  oUier  securities  should  not  be  void  because 
a  higher  late  of  interest  tiian  was  allowed  by  the  statute  of  12  Anne 
had  been  reonved  theraon.  The  statute  1  Vict.,  c.  80,  next  enacted, 
that  bills  payable  within  twelve  months,  should  not  for  a  limited  time 
be  liable  to  the  usury  laws,  and  this  statute  was  f  <^owed  by  six  otheis, 
extending  from  time  to  time  the  application  of  the  original  act  The 
statute  2  ft  3  Vict.,  c.  37,  enacted  that  no  or  note,  payaUe  witldn 
twelve  months  after  date,  or  not  having  more  than  twelve  months  to 
run,  nor  any  contract  for  the  loan  of  money  above  101,  should  by 
reason  of  interest  taken  thereon  or  secured  thereby,  or  any  agreement 
to  buy  or  receive  or  allow  interest  in  disoountang,  negotiating,  or  trans- 
ferring any  such  bill  or  note,  be  void,  nor  any  person  so  lending  be 
liable  to  we  penalties  of  the  usu^  laws ;  but  it  was  provided  that  this 
relaxation  should  not  extend  to  the  loan  or  forbearance  of  any  money 
on  the  security  of  land.  The  public  mind  having  thus  slowly  adranced 
in  the  direction  of  the  policy  advocated  by  Bacon  above  two  centuries 
ago,  at  loigtii  became  prepared  for  a  stUl  wider  measure,  ai^  the 
statute  17  ft  16  Viot.,  a  90,  after  laconically  reciting  in  the  preamble, 
that  "it  is  expedient  to  repeal  the  laws  at  [ffeaent  in  force  relating  to 
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usury,"  proceeds  to  repeal  wholly,  or  in  part,  eleven  English,  five 
Scotch,  and  four  Irish  acts,  on  which  the  whole  penalties  of  usury 
previoiisly  rested :  among  these  acts  are  included  those  relating  to 
annuity  transactions.  [Annuity.]  The  natural  laws  which  regulate 
the  terms  on  which  money  can  be  borrowed  are,  therefore,  now  left  to 
operate  fireely,  and  borrowers  and  lenders  are  amenable  to  no  other 
rules  than  th(»e  which  govern  contracts  in  general. 

(Blackstone's  Commentarut,  Mr.  Kerr's  edition,  toL  iL,  p.  47S.) 

UT.  [Gammut.I 

UTRECHT,  TREATY  OP.  [Treaties,  CnBOiJOLOOirAL  Table  op.] 

UVA,  Uva  papa.  The  former  is  the  name  of  the  fruit  of  the  vine, 
in  the  natural  state  of  grape,  the  latter  when  the  grapes  have  been 
spread  out  and  dried,  and  so  made  rairint.  Currants  are  a  peculiar 
land  of  grape  dried.  The  chief  employment  of  raitiiu  in  nu^dne  is 
to  flavour  unpleasant  mijrtureB,  or  for  their  demulontt  prapartisa.  In 
the  former  point  of  view  they  are  unimportant;  in  tiw  latter,  of  con- 
siderable utility.  Fresh  grapes  are  ^Itng,  aperient,  moderately 
nutritive,  and  demulcent.  Their  use  in  the  south  of  France  ia  thought 
to  contribute  greaUy  to  the  amelioration  which  consumptive  persons 
experience  there,  and  in  some  instances  their  effect  is  bo  striking  as  to 
have  given  rise  to  the  term  cure  de  rainfu.  The  dried  fruit  is  less 
acid,  but  more  nourishing,  and  more  donuloent.  It  possesses  all  the 
soothing  qualities  of  jujube,  and  is  much  cheaper.  It  may  be  easily 
made  into  a  conserve  by  removing  the  seeds  and  beating  the  pulp  into 
a  thick  mass.  For  persons  with  irritable  throats  and  liable  to  winter 
coughs,  a  portion  of  this  put  into  the  mouth  before  going  into  the  open 
air  is  an  excellent  protective  measure,  and  often  prevents,  cough, 
which,  when  once  excited,  it  is  difficult  to  allay.  An  excellent  demul- 
cent  drink  is  made  from  a  compound  of  barley  and  raisins.  Cunanta 
contain  more  acid  than  common  raisins,  and  should  be  preferred  where 
an  aperient  action  is  desired.  Much  tiumin  of  a  very  pure  kind  is  also 
contained  in  the  pits  of  the  seeds.  This  may  render  Uie  seeds  aatrin- 
gant;  but  for  consumptive  persons  it  is  best  to  remove  the  seeds  from 
the  grapes,  at  all  events  not  to  swallow  them,  as  their  very  indigestible 
n&ture  may  irritate  the  bowels  and  cause  diarrhoja,  a  formidable 
symptom  in  consonqrtive  persons. 

An  oil  exists  in  the  seeds  of  the  grape,  in  the  pn^xvtion  of  12 
pounds  of  oil  to  100  pounds  of  seeds.  Tliough  it  is  not  obtained 
witiiout  difficulty,  it  is  extracted  in  Italy  in  luge  quantity.  Whra 
heat  is  used,  it  has  a  harsh  taste,  and  is  mostly  used  for  burning;  but 
when  cold-drawn,  it  may  be  used  fw  iood. 

U9US.  Cl^8OTBitorvs.] 


"VT  as  pronounced  by  the  English,  is  the  pressed  or  medial  labial 
'  J  aspirate,  bearing  the  same  relation  to  /  that  6  does  to  p.  Its 
form  Is  (mly  a  variety  of  the  character  by  which  the  vowel  u  is  denoted, 
the  latter  being  in  its  origin  the  cursive  character  employed  with  soft 
materials,  while  v  is  better  adapted  for  writing  on  stona  ^le 
Roman  letter  v  was  probably  pronounced  as  a  w,  a  8u[^>oidti(ai  whidi 
would  explain  the  fact  that  in  the  idphabet  of  that  language  one 
character  is  employed  for  both  «  and  v.  The  converse  of  this  appears 
in  the  German  alphabet,  where  u  has  nearly  the  power  of  v,  while 
the  latter  symbol  ia  used  to  dengoate  the  aoutid  of  the  English/,  as  la 
the  case  also  in  Welsh. 

V  is  interchangeable  with  b  and  m :  see  these  letters.  It  la  also 
interchangeable  with  /,  and  hence  the  confusion  between  the  ohanctera, 
08  just  observed.  The  changes  with  w,  ga,  tlu,  wUl  be  considered 
under  the  letter  W. 

VACCINATION.   [Small  Pox  ;  Jewnxh,  in  Broo.  Drv.] 

VACCINIC  ACID.  This  name  was  applied  to  an  acid  substance 
extracted  from  butter,  but  it  ia  now  believed  to  be  merely  a  mixture 
of  butyric  and  caproic  acids. 

VACUUM,  or  VOID,  the  name  given  in  physics  to  the  idea  of 
space  wholly  free  of  matter,  or  perfectly  empty.  In  the  common 
phrase,  space  is  called  empty  when,  so  far  as  air  can  fill  space,  it  ia  full 
of  air  J  and  even  in  a  more  scientific  form  of  speech,  there  is  said  to 
be  a  vacuum  when  there  is  only  such  on  approach  to  a  vacuum  as  the 
operations  of  philosophy  can  procure.  Thus  in  the  BocMKm  of  the  air- 
pump,  however  long  the  attempt  at  exhaiistion  may  be  oontinued, 
tiiOTe  is  alwqrs  air  1^,  though  in  a  highly  attenuated  state ;  and  even 
in  the  mercurial  vacuum,  or  in  the  space  which  is  left  over  the  mercury 
of  the  barometer,  there  is  not  unfrequently  a  slight  portion  of  air,  and 
always  an  atmoqthere  of  the  vapour  of  mercury.  Physically  speaking, 
it  is  perhaps  impoedble  to  procure  a  vacuum :  it  is  most  likely  that, 
even  if  a  red  vacuum  could  be  procoied  for  an  instant  air  or  other 
vapour  would  at  once  begin  to  bia  disseminated  from  tlu  sides  of  the 
vessel  in  which  the  vacuum  was  made  and  that  the  vacuum  would 
thus  instantly  cease  to  exist. 

But  the  question  of  the  existence  of  vacuum,  in  its  strict  and  abso- 
lute sense,  and  as  to  whether  such  a  thing  were  possible  or  not,  was  a 
subject  of  controTeny  from  before  Aristotle  to  after  Newton.  It 


was  meant,  like  other  quesUona  of  physics,  to  reoeiTe  its  solution  from 
the  exercise  of  the  intellect  employing  itself  upon  the  apparent  pro- 
perties of  material  bodies.  Aristotle  and  others  denied  the  actual 
existence  of  a  vacuufti,  &om  a  want  of  exact  knowledge  of  the  laws  of 
motion.  In  a  vacuumj  aaya  Ariatotie  {'Tbyme.,'  h  iv.,  o.  8),  there 
would  be  no  reason  why  motion  should  be  to  one  {KUt  lather  than 
another.  He  apparent^  attributes  all  motion  to  the  pressure  of 
adjacent  matter,  not  only  in  its  commenoement,  but  in  its  continuance, 
A  modem  philosopher  would  say  that,  even  if  the  creation  of  a  vacuum 
destroyed  the  cause  of  gravitation,  still  a  boc^  falling  downwards  into 
a  vacuum  would  move  Uirougb  it  with  the  Tuocity  wnii^  it  bod  at  it« 
entraoco.  Demooritus,  Epicurus,  and  others,  assert  the  ■yi«tiwiw>  of  a 
vacuum ;  and  most  of  the  di£fei«nt  sects  among  the  Gredcs  seem  to 
admit  the  posnbili^  of  such  a  thing,  though  some  of  them  deny  ita 
actual  existence. 

Descartes  denied  the  very  possibili^  of  a  vacutmi,  and  upon  such 
grounds  as  will  tuake  most  persons  feel  that  if  Newton  had  not  come, 
it  would  have  been  better  to  have  kept  to  Aristotle.  There  is  in  hia 
writings  an  absolute  and  palpable  confusion  between  mmmb  and  muxUer, 
to  the  extent  of  an  assertion  that  tiie  destruction  of  all  the  matter  in  a 
certain  space  would  be  the  destniction  of  the  space  itself.  He  places 
the  essence  of  matter  in  the  occupation  of  space,  and  thenoe  infers  by 
a  wrong  conversion  that  there  cannot  be  spaoe  without  substance  (by 
which  he  means  matter).  As  follows :  "  Vacuum  autem  philosophico 
more  sum^tum,  hoo  est,  in  quo  nulla  plane  sit  taittantia,  dan  Hon 
posse  manifeatum  est  ex  eo  quod  extensio  spatii  Tel  loci  extemi,  non 
difEeiat  ab  eztmsione  corporis.  Nam  earn  ex  eo  solo  quod  corpus  ait 
extensum,  rect^  condudamus  illud  esse  substantiam;  quia  omnino 
repugnat  ut  nihili  sit  aliqua  extensio ;  idem  etiam  de  spatio  quod 
vacuum  supponitur,  est  concludendum  :  quod  nempd  ohm  in  eo  sit  ex- 
tensio, necessari6  etiam  in  eo  sit  substantia."  ('  Principia  Philosophice,' 
parti  iL,  S  16.)  «  So  that,"  he  proceeds  (§  18),  "  if  God  were  to  destroy 
all  the  matter  (corpus)  in  a  certain  vessel,  and  to  permit  no  other  to 
come  into  the  plaee  of  it  (locum  ablati),  the  sides  of  Vbo  Tessel  would 
be  contiguous ;  for  when  nothing  (nihil)  comes  between  two  bodies, 
they  must  touch  each  other."  Matter  and  space  are  both  things ;  but 
Descartes  falls  into  the  extraordinaiy  confusion  of  ideas  which  is  im- 
plied in  flnt  adopting  tiie  oomm<ni  aenie  d  the  word  notlung,  as  whan 
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yre  lay  »  vacnum  is  full  of  notliiag,  and  then  aixuing  from  the  strict 
mMQing  of  the  -word  "  ootUng,"  and  denying  that "  nothing  "  can  have 
extenflion.  It  is  not  true,  properly  BpesJcisg,  that  there  is  "  nothing" 
in  a  vacuum,  for  the  very  notion  of  a  vacuum  ia  tpace  void  of  matter. 

The  idea  of  Descartea  on  the  essence  of  matter  was  carried  by  hia 
followera  to  the  full  extent  of  wag  matter  aa  a  Bynonyme  fur  exten- 
non.  Le  Grand  says  tiiat  a  veuel  mled  with  gold  luw  not  more  matter 
than  one  filled  viHh  water.  There  is  more  weight,  he  says,  more  hard- 
neea,  tec,  but  not  therefore  more  matter;  for  the  essence  of  matter  is 
not  in  weight,  nor  in  hardness,  Sk.',  but  in  extension.  And  he  ohjeota 
to  the  adage  that  "  Nature  abhors  a  vacuum,"  because  he  considers 
such  an  aasertion  merely  to  amount  to  saying  that  ]!fature  abhors  a 
contradiction  in  terms.  Kewton  ('  Frindjidat' do(A  iiL,  prop<  6,  oor.  4} 
esramee  his  opinion  of  the  vacuum  question  in  this  way ;  "  If  all  the 
ucmd  particlea  of  boddea  are  of  the  same  density,  so  that  rarefaction 
cannot  take  place  without  the  creation  of  pores,  there  must  be  a 
vacuum."  Smce  matter  is  of  different  density  in  different  substances, 
and  since  the  same  substance  may  be  compressed  into  amaller  space  or 
expanded  into  larger,  it  must  either  be  that  the  solid  partidee  axe 
contracted  or  expondod,  or  that  vaooous  pona  exist  TluJi  alternative 
does  not  do  muoh.  A  penon  trained  in  we  soienoes  as  they  now  exist, 
th^iks  the  idea  of  loUd  matter  (that  is,  entirely  solid,  without  any 
vacuum )  being  compremed  into  more  solid  matter,  to  be  most  incon- 
gruous and  improl^ble ;  hut  impressions  derived  from  habits  are  not 
arguments.  The  strong  part  of  the  Newtonian  argument  arises  how- 
ever from  the  results  of  the  planetary  theory.  These  celestial  bodies 
have  moved,  diu-ing  two  thousand  yean  of  recorded  observations,  with 
ezaetiy  the  same  mean  motions  as  at  present,  which  they  could  not 
have  done  if  Uiey  had  moved  in  a  medium  of  any  aensib^  resistance. 
If  then  the  celestial  spaces  be  full  of  matter,  it  is  matter  of  such  a 
degree  of  tenuity  that  two  thousand  years  is  not  enough  to  nudte  it 
show  any  visible  affect  in  altering  the  planetary  motions.  But  again, 
though  tiiia  argument  has,  sLnost  up  to  the  present  time,  induced  astro- 
nomers to  suspect  an  absolute  vacuum,  yet  very  recently  the  feather 
baa  ^own  a  resistance  which  was  not  manifest  against  the  guinea.  A 
comet  luui  been  strongly  suspected — all  but  proved — to  be  undeigoing 
predsely  the  same  sort  of  change  in  its  mean  motion  which  it  is  known 
would  result  from  a  resisting  medium.  [Comets,  coL  68.]  The  undu- 
hitory  tiieory  of  light,  moreover,  which  is  now  pretty  genwaUy  received, 
Rupposea  the  whole  of  the  oelestaal  spaces  to  be  filled  with  the  lumini- 
ferouB  etiier.  The  astronomical  argument,  therefore,  in  favour  of 
aUolnle  vacuum  has  fallen ;  but  the  views  of  the  constituti<ni  of  matter 
vriiibh  have  grown  with  the  rise  of  tlie  molecular  sciences  of  ohemistiy, 
light,  heat,  deebidty,  Sk.,  have  supplied  its  place  with  much  more  effect 
We  cannot  enter  into  the  vorioos  probabilities  in  &vour  of  the  molecular 
theory,  which  supposes  matter  to  be  atomic,  the  atoms  being  perhaps 
separated bydistonceswhiclkarenmDytimeetheirowndiametetB.  Ifany 
one  were  to  assert  that  the  densest  substance  has  in  it  many  mlUiona  of 
times  more  of  vacuity  than  of  solid  matter,  the  assertioQ  oould  not  be 
disprorod,  nor  even  shown  to  be  improbable.  "  There  are  difficulties," 
said  Dr.  Johnsim, "  about  a  plmuntt  and  thwe  are  difficulties  about  a 
racttum,  but  one  of  them  must  be  true ^t  is,  either  all  space  ia  full 
at  matter,  or  there  are  ports  of  space  which  have  no  matter.  The 
alternative  is  undeniable,  and  the  inference  to  which  the  modern  phi- 
losophy would  give  the  greatest  probability  is,  that  all  apace  is  fiUt  of 
matter  in  the  common  sense  of  the  word,  but  really  occupied  by  par- 
tides  ot  matter  witli  vacuous  interstices ;  shoning  all  degrees  of  density, 
from  that  of  the  ether  of  light,  whidi  is  wholly  unappreciable,  to  that 
of  hammered  platinum,  which  is  twen^-two  times  as  aeavy  as  water. 

Probably  the  manner  in  which  the  reader  is  most  familiar  with  the 
use  of  our  leading  word  ia  in  connexion  wit^  what  he  may  have  seen 
vrritten  on  the  maxim  which  we  have  already  quoted — "  Nature  abhors 
a  vacuum ;"  a  doctrine  which,  though  common  among  the  followers 
of  Axistotie,  must  not^  any  mure  tlun  many  others,  be  therefore  taken 
as  Mnsnating  from  that  philosoj^er  himselt  Thia  is  usually  cited  as 
a  proof  of  <£e  puerility  of  the  ancient  aibd  middle  philosophy — we 
think,  somewhat  unjustly.  The  peraonifioation  of  Nature  is  common 
to  all  times,  and  we  are  in  the  tiabit  of  saying  that  Nature  exhibits 
l^ienomena,  conceals  her  operations,  uses  the  simidest  means,  &o. 
Now  Nature  may  as  well  abhor,  a^exhitnt,  conoeaJ,  or  emidc^ ;  and 
where  intellu;enoe  is  understood,  all  who  use  the  word  Nature  mean 
the  God  of^rture ;  while  when  the  mere  operations  are  referred  to, 
Nature  is  only  the  personification  of  the  collective  body  of  second 
causes.  As  the  statement  of  a  fact,  it  ia  true :  Nature  doei,  to  tlie 
best  of  our  knowledge,  abhor  a  vacuum;  ike  (if  we  may  personify  her) 
never  suffera  it  to  exist  to  the  extent  of  allowing  any  space  wiuch  is 
perceptible  to  o\ir  senses  to  be  vacuous.  But  if  ue  adage  vrere  meant 
to  sup|dy  a  reascm  fw  the  foot,  those  who  used  it  were  deceiving 
themselves,  but  not  so  that  the  most  of  those  who  would  laugh  at 
them  would  have  any  reason  in  their  mirth.  It  is  the  error  of  every 
period  to  use  words  expressive  of  a  bet  observed  in  the  sense  of 
aasignmrait  of  a  reason  for  that  fact ;  and  the  centuries  which  iiave 
always  been  ready  with  tlieir  fiuida  to  stand  for  the  causes  of  heat, 
electricity,  magnetism,  Ac,  should  not  be  too  hard  upon  the  pre- 
ceding ages,  which  put  the  feelings  of  nature  in  the  place  which 
they  rather  prefer  to  occupy  by  l^pothetioal  gases.  The  very  word 
attraction  [Attbaotioh],  in  Ute  sense  generally  asaigned  to  it»  is  pre- 
mriyol  the  Mme  naiUin  M  the  iMtuala&ftormw  oz  tin  Axirt^ 


namely,  a  word  invested  to  supply  the  place  of  a  cause.  Those  who 
cau  use  the  former  word  in  a  really  philosophical  sense  are  precisely 
those  who  can  see  that  some  of  the  ancients  may  have  done  tlie  some 
with  the  latter. 

"  Tlie  question  of  the  nistenoe  of  vacuum,  in  its  strict  and  absolute 
seme,"  to  repeat  the  dedgnation  given  in  the  preceding  portion  of  this 
article,  which  is  reprinted  as  it  onginolljr  appeared,  on  account  of  its 
historical  and  phuosophical  value,  is  inseparable  from  tiiat  of  the 
nature  of  spacer  It  specs,  as  suggested  in  a  former  article  [Phtsical 
FosOES,  CoRRELA.Tloir  OF,  col.  496],  be  "  the  extension  of  material 
substance,  the  resultant  of  its  dimensions,  and  mere  consequence  of 
its  existence,"  an  absolute  vacuum  is  in  Uie  nature  of  things  impoa- 
sibta  But  the  admisuon  of  the  existence  of  space  distinct  from 
matter  is  equivalent  to  afBrming  the  existence  of  an  absolute  vacuum. 
Space  distinct  from  matter  is  nothing  else.  Thia  subject,  however, 
resembles  others  of  what  may  be  termed  transcendental  natural 
philosophy,  such  as  the  (alleged)  infinite  divisibility  of  matter  or  of 
apace,  Uie  absolute  isero  of  heat,  &a.  The  affirmative  of  each  ia  purely 
imaginary,  bein^  aomething  which  is  mentally  conceived  to  be 
abstoaotedly  and  mtrinsically  possible,  without  at^  reference  to  known 
physical  facts,  which  are  gratnitously  assumed,  not  in  reality  to 
define  and  limit  the  subjects,  but  to  depend  altogether,  in  relation  to 
them,  on  the  necessary  miperiections  of  the  senses  and  of  our  finite 
condition.  But  neither  by  observation  or  experiment,  nor  by  mathe- 
matical reasoning  from  either,  do  we  know  anything  about  space 
distinct  from  matter,  about  the  infinite  division  of  matt^,  or  about  the 
existence  of  anything  but  at  some  temperature  or  amount  of  heat  in  the 
state  or  condition  in  which  it  causes  expansion.  (The  calculations  which 
have  been  made  as  to  the  number  of  thermometrio  degrees  betweai  some 
known  temperature  and  the  supposed  absolute  lero  are  entirely  nugatory, 
and  unwor^y  of  attention.  There  in  no  more  reason  to  beUeve  in  the 
existence  of  an  absolute  zero  than  in  abeolute  rest,  or  in  a  limit  to  space, 
or  than  to  believe,  for  philosophical  reasons,  in  the  cessation  of  pheno- 
mena, or  in  the  beginning  or  the  end  of  tume.)  And  these  tiliiee  subjects 
— Hbe  alleged  absolute  vacuum,  infinite  division  oi  nutter  or  of  space, 
and  absolute  xero  or  its  ocutnne — are  as  insepand^  connected  in  mental 
conception,  as  are  the  pl^iBcal  types  of  which  they  are  abstziotions  in 
observed  fact. 

To  divest  the  subject  of  a  notion  introduced — we  think  unneces- 
sarily— into  modem  dieouBBiona  on  the  divisibility  of  matter,  we  must 
here  premise  that  absolute  vacuum  and  empty  q>ace,  or  apace  distinct 
from  matter,  being  the  some  thing,  it  ia  clear  Uiat  there  can  be  no 
infinite  division  of  space ;  while,  by  l^pothesis,  so  far  as  our  argument 
has  yet  advanced,  tiiere  may  be  inuiibe  dividon  of  matter.  But  admit- 
ting space  to  be  the  proper^  of  mattor,  its  divisUdlity  ia  the  same 
thing  as  tliat  of  matter,  and  1^  poadrality  of  that  divisibilify  must 
d^end  on  that  of  matter  itself. 

This  being  premised,  we  return  to  th.a  main  union  of  subjects  befme 
us.  The  mental  conception  of  an  absolute  vacuum  ia  in  reality  incom- 
patible with  that  of  the  infinite  division  of  matter  and  of  the  absolute 
privation  of  heat ;  tjiough,  rema^bly,  some  philosophers,  and  even 
modem  men  of  scienoe,  have  afBrmed  the  second  and  third  (the  two 
latter)  and  denied  the  first,  while  others,  also,  have  denied  the  first 
and  third  but  admitted  the  second.  If,  again,  matter  be  infinitely 
divisible,  there  can  be  no  absolute  zero,  since  everything  must  exist  at 
B<nne  t«nperature,  which,  in  fact,  is  as  inseparable  from  material 
exisfenoe  aa  space  and  time  themselvee.  If  there  were  on  abeolute 
zero,  matter  could  not  be  infinitely  divisible,  for  there  would  be  (an 
inferior)  limit  to  its  expanaibility. 

But,  on  the  other  hand,  the  idea  of  the  only  finite  divisibility  of 
matter  does  not  imply  that  of  an  absolute  zero,  though  it  is  the  only 
notaon  of  divisibility  compatible  with  it ;  because  the  finite  particles  of 
matter,  like  the  masses  they  compose,  must  be  susceptible  of  indefinite 
reduction  of  temperature,  if  th^  retdn  the  dharaoter  of  matter. 

We  muat  desmnd,  however,  from  these  views  to  the  observed  facts 
from  which  we  believe  they  are  neceaaary  inferences.  The  sum  of  our 
actual  knowledge,  whether  exclusively  experimental  or  also  inductive 
or  deductive,  is,  that  something  (but  not  eveiything)  exists  everywhere ; 
that  everything  exists  in  some  place— that  is,  in,  or  is,  some  part 
of  space,  ia  of  aome  moguitude  and  of  aome  temperature,  and  that 
nothing  is  at  rest — that  ia,  that  the  place  of  everything  is  always 
changing.  In  absolute  trutJi  these  are,  we  believe,  if  not  identical 
propositions,  yet  such  as  involve  each  other,  though  to  prove  this  would 
require  greater  length  than  we  can  now  command. 

In  the  present  era  of  physical  science,  that  inaugurated,  in  certun 
directions,  by  the  auccessive  labours  of  Volta,  Davy,  Oersted,  Seebeck, 
aud  Faraday,  a  belief  that  the  intervention  of  material  particles  is 
necessary  for  the  transmission  of  any  kind  of  force,  and  therefore  that 
no  force  does  or  can  operate  through  unoccupied  space  or  vacuum,  has 
gradual^,  but,  until  a  comparatively  late  period,  as  it  were  silently, 
grown  up.  The  force  of  the  evidence  which  had  accumulated,  however, 
appears  not  to  have  been  recognised  until  after  the  appearance  (in  tlie 
'Philosophical  Transactiona'  for  1835-1838)  of  Dr.  Faraday's  experi- 
mental researches  on  electrical  induction.  We  have  been  of  opinion, 
from  the  time  of  their  publication,  that  these  in  reality  involve  the 
demonstration  of  the  impossibility  of  distant  actim,  and  therefwe 
the  neoesd^  of  the  intervention  of  particles  by  which  the  action  may 
be  and  is  tzinamitted  from  one  acting  body  to  a  distant  one;  and  it  u 
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certain  that  the  awakeQiog  ni  the  tttooUon  of  phllinop^en  to  the  true 
eonditioD  of  tho  subject  iuvolved,  dates  from  about  utat  time,*  Tliis 
result  u  of  course  fiitm  to  the  admiauon  of  a  true  physical  vaoaum.  It 
ia  remarkable  that  this  result  bad  been  clearly  aoticipated  by  Newton 
hioiself ,  who  held  that  the  pknetory  Bpiircee  oould  not  really  be  vacuoua 
becnuae  they  were  tntvereed  by  the  force  of  gtsvity.  This  remarkable 
ezpreaaion  of  Ifewtoa 'a  sagacity  and  power  of  tiiought  has  had  a  lingular 
ma.  Beotnded  in  1603,  it  remained  nnpublisfaad  lor  nwriy  a  oentury, 
when  it  qtpeared  (in  1 7S3)  in  Horslsj'a  edition  of  bis  woriu.  But  it 
eeems  to  nave  rsmained  um^garded  until  it  waa  brought  forward  by 
the  celebrated  Professor  Playfalr,  so  late  as  the  year  1819— more  than 
a  century  and  a  quarter  after  its  original  enunciation — and  that  merely 
for  the  purpose  of  proving  "  that  Newton  did  not  consider  gravity  aa  a 
property  inherent  in  mrtter."  But  even  Playfair  did  not  perceive  the 
entire  Ibroe  of  the  pMMge,  uaA,  indeed,  the  Ught  whidi  eleoMcHy  me 
destined  to  throw  on  all  branch es  of  molecular  physUst  had  not  thai 
been  received ;  Faiaday  had  not  yet  replied  to  Pll^fiur's  question,  "it  is 
not  quite  oloar  in  what  manner  tiie  iuterpoution  of  a  material  aubstanoe 
can  oonvey  the  action  of  distant  bodies  to  one  another."  t  A  third 
port  more  of  a  oentury  waa  deatined  to  elapse,  when  Faraday  dted 
Newton'a  expreasion,  to  the  general  surprise  of  the  adentific  woi^d,  in 
one  of  hia  discourses  at  the  B^al  Institution,  In  1 858,  in  order  to  show 
that  Newton  "  was  an  onheritatii^  believer  in  phyaioal  Unes  of  gravi- 
tating force,"  and  must  he  ranked  "amongst  tboaewbo  sustain  the 
physical  nature  of  the  lines  of  magnetic  and  dectrioal  force." :[  The 
irreooQoilability  of  the  ooDoeptim  lines  of  jdiyrical  foroe  wiUi  that 
of  an  absolute  vacuum,  idenliflea  the  enbjeofe  now  reviemd  with  that 
of  the  present  article. 

_  We  proceed  to  notice  aome  modem  and  oompantivelj  recent  expe- 
rimental investigations,  involving  the  production  of  nearer  ""i  nearer 
approximations  to  a  physical  vacuum,  or  the  more  and  more  complete 
removal  of  ponderable  matter  from  an  Indoeed  spaea  Ik  is  matter  of 
this  kind  only,  the  quantity  of  which,  in  a  given  space,  can  at  all  be 
diminished ;  that  of  the  matter  of  a  higher  order,  the  ether  which 
manifeats  and  tranamtts  heat  and  light  and  pertiapa  magnetism,  accord- 
ing  to  our  [tfesent  experimental  means,  cannot  be  aSeoted ;  thoogh 
^I«rentiy  acted  upon  in  a  certain  mannner  by  the  moleouka  of 
ordinary  matter,  it  cannot  be  confined  or  diminiahed  in  amount,  any 
mora  than  it  can  be  measured  or  weighed.  Or, — to  express  this  in 
terms  independent  of  theory, — a  vacuum  transmita  light  and  heat, 
diminished  only  by  the  imperfect  transparency  uid  transMlesoence  of 
the  including  vessel.  In  the  investigation  in  question,  mora  or  leas 
[lerfect  vacua  have  been  obtabed  1^  the  ^pump ;  othara  on  tiMiwin- 
ciide  of  the  spooe  void  of  air  left  above  the  meronry  in  the  barometer, 
called  the  Torricellian  vacuum ;  some  by  the  combination  of  both  these 
means ;  and  others  again  by  the  union  of  one  or  both  with  chemical 
agency,  by  which  apparently  the  most  perfect  vacua  have  been  produced. 

Dr.  Thomas  Andrews,  F,R.8.,  Vice-Preaident  of  Queen'a  College, 
Belfast,  whose  refined  pbysioo-ohemical  researches  have  required  the 
use  of  the  neareat  approach  to  a  periaot  vacnum  in  which  certun 
instruments  could  be  observed,  has  devised  a  method  of  obtaining  pro- 
bably a  more  perfect  air-pump  vacuum  than  had  before  been  produced. 
He  charncterises  the  Torricellian  as  the  nearest  approach  to  a  perfect 
vacuum  which  at  the  time  when  his  method  was  devised  had  been 
obtained.  "  It  ia  true,"  be  remarks,  "  that  it  oontuns  a  little  mer- 
curial vapour  at  the  ordinary  temperature  of  our  summers,  and  probably 
also  at  lower  temperatures,  but  the  qoanti^  is  exceedingly  small,  and 
its  influoDce  in  dq)retising  the  barometric  column  must  m  altogether 
inappreciable,  Bemdea  the  mercurial  vapour,  a  trace  of  ur  may  gene- 
rally be  detected,"  Dr.  Andrews  ahows  that  it  is  easy  to  calculate 
^proximatively  the  depression  of  the  column  produced  by  this ;  and 
he  finds  that  if  the  diameter  of  the  bubble  be  O'U^  Inch,  the  pressure  of 
mercury  under  which  it  bos  been  measured  2  inches,  and  the  volume 
of  the  apaoe  above  the  meroniy  when  the  tnbe  ia  Tcrticol  1-2  cubio 
inch,  the  depression  of  the  mercurial  oolumn  b  naariy  0  00001 ;  "or 
the  depression  of  the  maraury,  in  oonsequenoe  of  the  vacuum  not  being 
abeidutely  perfect  (with  raqiect  to  air),  amount*  only  to  at  an 
inch.   It  is  easy  in  actual  practice,"  Dr.  Andrews  continues,  "  to  realise 

•  8co  a  eritlcBl  noUce  of  Faraday's  '  Exp.  B«a.*  In  '  PUL  Mtg,,'  June.  1 B38. 
scr.  UL,  vol,  alT.,  p.  480. 

t  '8«cond  DUwrtoUon  on  the  TrogreM  of  MathemaUcal  and  Phvdoil 
Science;'  Snpplement  lo  •  EiWj«1oiMDdU  Brltanulca,'  roi.  It.,  p.  BJ,  note; 
•  Ency.  Bril.,'  Stb  edit,  vol.  i.,  p.  684,  note.  .  v       .  , 

X  llQW  ImpoiUnt  to  thfl  profTNs  ct  the  sdence  of  phreical  foroM  thU 
oaillBC  the  attention  of  pUlOMphen  to  Newton's  views  hu  renllr  been,  wiU 
appear  ftmn  the  folk»win»  extract  from  the  •  Theory  of  tbe  Force  of  Gravity,' 
by  ProbMOr  Cballla,  pablfsbed  in  iha  •  PMIqsoptateal  Magazliie*  for  Dwiembtr, 
lildO,  p.  at.  "The  aetw  in  iUUni  has  been  soloag  and  so  exttnslvelr  re- 
corded u  an  ultimate  principle,  and  not  as  a  temporary  bjpotbesla  admlltins 
aventnally  of  explonatlon,  tbat  it  reqnlrcs  some  degree  of  moral  eonrage  to 
muntata  a  different  theory.  Science,  in  my  opinion,  i«  mueb  indebted  to  Tro- 
nSMT  Faraday  for  baTlng  recently  directed  attention  to  the  opposite  viewa 
ralertalned  by  Newton  on  this  point,  and  for  Riving  exprewion  to  analogous 
ideas  of  his  own.  (see  the  Leotnra  on  the  Conservation  of  Force,  In  the  '  Phil. 
Mag.'  for  April,  U47,  voL  xUl,  p.  IM.)»  The  lecture  referred  to  was  delircred 
to  the  preeedlng  Fetawy  i  bm  rOnday,  as  wa  have  seen  above,  hod  originally 
direeted  attention  lo  Navton's  views  in  IgSI ;  aad  be  regarded  their  inportanee 

aa  so  crest,  that  be  had  reoalM  tbam  also  In  hla  disBoanas  of  Om  two  ftOswiar 
years. 


this  clone  approximation  to  a  perfect  vacuum,"  and  the  quantities  here 
stated,  he  says,  apply  to  a  borometrio  tube  employed  in  an  experiment 
he  subsequently  describes.  Obeerving,  however,  that  the  Torrioellian 
vacuum  is  unfortunately  applicable  to  very  few  pbyaical  investigations, 
aa  no  instrument  of  any  kind  con  be  introduoed  into  it,  nor  even  any 
Bubatuoe  which  ia  acted  upon  by  mercury,  and  noticing  tiie  imper- 
fection of  the  ordinary  air-pump  and  of  Itf.  Bcf;nault's  method  of 
pushing  the  axhauition  further  after  the  valves  have  ceased  to  act,  ha 
proceed  to  describe,  in  the  fdlowing  terms,  a  process  by  whidi,  with 
very  little  trauU^  a  vacuum  mn  be  obtained  in  the  ordinary  receiver 
of  an  air-pomp,  so  perfect  that  um  readual  air  exerta  no  ^ipreciabl« 
elastio  force. 

"  Into  the  receiver  of  an  ordinary  air-pump,  which  ia  not  required  to 
exhaust  further  than  to  0*3  inoh,  or  even  0*5  inidi,  but  whk^  must 
retain  jthe  exbaoation  perfsotlr  for  any  length  of  time,  two  open 
voseela  are  introduced,  one  of  which  may  be  eonvenioitly  placed  above 
the  other;  the  lower  vessel  containing  ooncentrated  sulpburic  acid, 
the  upper  »  Uiin  layer  of  a  eolntion  of  oaustio  potash,  which  has 
been  reoentiy  conosntratad  by  ebullition.  The  preoifle  quantities  of 
these  liquids  is  not  a  matter  of  importance,  provided  they  are  so 
adjusted  that  the  add  ia  o^ble  of  deaicoa^ig  completely  the  potash 
sMution,  without  becoming  itself  notably  dimini^ed  in  strength,  but 
at  the  same  time  does  not  expose  so  hige  a  sur&oe  as  to  convert  the 
pota^  into  a  dry  mass  in  less  than  five  or  six  bonis  at  the  least.  The 
pump  is  in  tiie  first  place  worked  till  the  air  in  the  receiver  has  an 
elastic  foroe  of  0*8  or  0*1  inch,  and  the  stop-cock  below  the  plate  ia 
thm  dosed.  A  oommunioation  is  now  established  between  ^  tube 
for  admitting  air  iwlow  the  valves,  and  a  gasholder  ctmtaining  car- 
bonio  aoid,  which  has  beoi  oarefuUy  prepared  so  as  to  exclude  the 
presence  <^  atmoqiberic  air.  After  aU  urn  air  haa  bean  completely 
removed  from  the  oonnecttng  tubes  by  altwnately  exhausting  and 
admitting  carbonic  acid,  the  stop-cock  below  the  plate  is  opened,  and 
the  carbonic  acid  allowed  to  pass  into  the  receiver.  The  exhaustion  is 
again  quickly  performed  to  about  the  extent  of  half  an  inch  or  less. 
If  a  very  perfect  vacuum  is  desired,  this  operation  may  be  again 
r^teated ;  and  if  extreme  aoouraey  ia  required,  it  may  be  performed  » 
tidrd  tima  It  Is  not  likely  tiut  anything  would  be  gained  by  carry- 
ing the  procees  further,  (hi  leaving  the  apparatus  to  itself,  tlie  car- 
bonic acid  which  has  displaced  the  residual  air  is  absorbed  by  the 
alkaline  solution,  and  the  aqueous  vapour  is  afterwards  removed  by 
the  sulphuric  acid.  The  vacuum  tiius  obtained  ia  so  perfect,  that  svcn 
after  two  operatitma  it  exercises  no  appreciable  tenaitm." 

IfToi  after  this  limit  has  been  reaohed,  the  sxhaostion  may  be  poshed 
still  further,  "  till  it  must  become  at  lut  not  lass  oomplate  than  the 
Torrioellian  vacuum;  while  at  the  sune  time  by  supinsesing  the 
manometer,  the  existence  of  merouriid  vapour  may  bo  altogether 
prevented.  The  manipulation  required  to  arrive  at  this  result  will 
not  interfere  with  the  presence  of  even  the  most  delicate  instruments 
in  the  receiver."   In  an  experiment  which  Dr.  Andrews  describes,  the 

theoretical  residue  of  air  would  be        of  tbe  entire  quantity  in  the 

receiver,  which  would  cause  a  depression  of  of  an  inch  only,  and 
this,  he  says,  must  iiave  been  nearly  realiaed.  Such  a  vacuum  has 
remained  without  the  slightest  change  for  fourteen  days.  *  PliiL  Mag.,' 
Feb.,  1852 ;  '  Quart.  Joum.  of  Chem.  Soc.,'  vol.  v.,  p.  189-192. 

Unless  the  still  more  perfect  carboniosdd  vacua  employed  by 
Mr.  Oaasiot,  and  about  to  be  deacribed,  should  be  obtahiable  in  com- 
paratively large  vessels  adapted  for  the  observation  of  instrumcaits,  Ac, 
— towards  which  result,  indeed,  Mr.  Gaasiot  has  made  Soma  iqiproach, 
— Dr.  Andrews's  method  appears  to  be  tiie  moat  eliglbls  lot  the 
generality  of  exact  researches  for  which  a  vacuum  ia  reqnired. 

In  a  paper  '  On  the  Eleotiicid  Phenomena  exhibited  in  Vacuo,'  by 
Sir  H.  Davy,  in  the  '  Pliiloeophical  Transactions '  for  1822,  he  relate* 
some  ex^iaimients  which  he  made  for  the  purpose  of  alocidaiting  "the 
relations  of  electricity  to  space,  as  nearly  void  of  matter  aa  it  can  be 
made  on  the  surfitce  of  the  earth."  He  repeated  the  electrical  expeti* 
ments  with  the  Torricellian  vacuum  of  Morgan  and  Walsh,  and 
instituted  others  with  similar  vacua  above  a  difficultly  fusible  amalgam 
of  mercury  and  tin,  and  above  fused  tin.  With  the  results  aa  bear- 
ing  on  the  theory  oil  electricity  are  not  at  present  concerned;  but 
these  approximations  to  vacuous  moos  were,  of  courae,  in  reality, 
abnoi^heres  of  tiie  vapours  of  the  metals  employed,  Uiough  of 
excessive  rarity ;  and  a  calculation  mode  by  Mr.  Babb^  for  the  author 
may  be  cited,  as  indicating  how  minute  must  have  been  the  quantity 
of  matter  which  they  contained — how  great  must  have  been  its 
"  attenuation,"  in  tiie  language  of  the  present  day — which  is  a  point  of 
inf  onuatitm  important  to  the  subject  of  this  article.  Considering  the 
eUstio  force  of  vapour  of  water  at  02*  to  be  equal  to  nise  Iqr  its  pressure 
about  '46  of  on  inch  of  mercury ;  the  relative  strengths  of  vapour  will 
be,  reckoning  the  boiling  points  all  from  52°,  iot  mercury  at  000% 

■000015016,  and  for  tin,  at  5000",  S7015,  preceded  \ij  48  seros. 

The  data  on  the  diminution  of  tbe  density  of  vapours  by  diminution 
of  temperature  supplied  in  this  cose  by  tbe  chemist  to  uie  mathema- 
tician were  probably  in  some  decree  erroneous,  and  the  results  would 
he  affected  the  Ihnit  to  vaporisation  for  oveiy  substance  at  a  ontain 
temperature  which  Forad^,  a  few  yeara  ofter^  rendered  ao  hig^y 
probable,  if  not  certain,  but  the  latter  would  <qMrate  to  diminiah  the 
dsDSify  of  the  metaUio  vapours  in  qnssUiaL;  and  we  mi^,  all  things 
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conaddered,  accept  these  numbers  as  fair  ex^«nioDs  of  the  minute 
qimutitiw  of  matter  tlioy  are  iatended  to  represent. 

Mr.  Grore  ('PhiL  Tram.'  and  '  FhiL  mg.,'  1858)  having  origiually 
ohsnred  a  peouliar  sttiation  in  olBotrio  diBobargea  taken  in  a  vell- 
ezhnoated  air-pump  receiver,  apparatua  in  aome  raspeots  similar  to 
that  employed  by  Davy  has  been  eonstruoted  by  Mr.  Gasaiot,  for  the 
further  investigation  of  that  phenomenon  aa  obeerved  in  Torrioellian 
'  vacua,  and  partly  by  meana  of  a  proceaa  devised  by  the  late  Mr.  John 
Welsh  ('  FhiL  Tiws.'  p.  607),  he  hzus  produced  more  perfect 

TorrioaUlui  vaeaa  than  any  beflore  obtained.  'FhiL  Trans.,'  186S, 
H>-  8,  C. 

In  the  oontinuation  of  the  researches  whioh  these  experiments  of 
Mr.  Qrove  and  Mr,  Oasaiot  initiated,  the  united  aeienoe  and  ingenuity 
of  aeveral  phyaicdsta,  chemiate,  and  mechanicians,  have  produced  vacua 
still  more  perfect,  that  is,  still  more  devoid  of  ordinaiy  or  ponderable 
matter ;  m<»e  striotly  agiUn,  spaces  in  wiiicfa  a  smaller  amount  of  such 
matter  eziat«d  than  in  any  obtained  baftwe,  and  probata  greaUy 
exceeding  in  this  reepect  the  moat  perfect  Tonioellisn  vacua  previoualy 
experiment«d  with  by  the  old  eloBtrioians,  and  tnr  Davy,  as  well  as 
thoae  flrat  employed  by  Mr.  Oasaiot  himself.  For  the  purpose  of 
obtohiing  them,  a  method  hus  been  adopted,  often  indicated,  and  to  a 
oertain  extent  employed,  in  chemical  and  physical  research,  but  now 
pursued  with  much  greater  oara  and  refinement,  and  with  all  the 
reaouroee  to  ennre  aoouraoy  which  the  most  deUimte  (^wtatiooa  at 
modem  ohemisby  can  sui^ily.  The  vacuum  tuboa  to  which  we  now 
allude  appear  to  have  been  finfc  constructed  about  1 857,  by  M.  Oeiaaler, 
of  Bonn,  and  the  vacua  dvtained  by  an  application  of  the  method 
alluded  to,  but  which,  it  is  understood,  he  haa  not  |a«oisely  explained. 
Hr.  Gassiot,  deairoua  of  knowing,  during  the  progresa  of  the  experi- 
mental mannrrh  upon  which  he  had  entered,  the  exact  conditiona  under 
which  each  partiotilar  vacuum  had  been  obtained,  and  finding  that 
there  was  aome  uncertainty  in  the  deaoripUon  of  thoie  he  had  obtained 
from  M.  Gelssler,  employed  Mr.  Caaella  to  construct  above  100  new 
tubes,  each  of  which,  however,  was  charged  and  exhauated  by  himself 
or  in  fab  presenoe.  Eaoh  tube  wm  filled,  in  the  first  instanoe,  with 
atmospheric  air,  hydrogen,  oxygen,  or  nitrc^en,  then  exhausted  by  a 
good  aii^pump ;  another  aupply  of  air  or  irf  ^  admitted,  and  the  tube 
again  exhauated;  after  the  repetition  of  this  uwmm  two  or  three  timesj 
maroarywaa  introduced,  and  the  tuba  fluuly  azhauited  aa  aXoni- 
osilian  vacuum,  and  lastly  hermetically  eealed ;  the  attenuated  medium 
within  thus  b^g  mercurial  vapour,  plua  the  hunaina  (d  air  or  of  the 
gas  with  whioh  the  tube  had  been  originally  filled. 

Tested  by  the  appearance  of  the  eleotrioal  discharge  from  the 
Bohmkorff  indtutive  coil,  found  1^  Mr.  Qaatiot  in  thaae  reeearohea  to 
be  the  moat  delicate  of  all  teste  at  the  preseuoe  of  pimdentble  matter, 
tBsee  Taouomrtabes  were  at  length  aacertnined  to  be  vdd  even  of  the 
iUghteat  trace  of  air  or  gas,  mmurial  vapour  alone  remaining.  But 
the  progrees  of  the  iuveetigation  required  that  this  also  should  be 
fonoved,  and  a  still  nearer  approach  to  empty  space  obtained.  This 
wae  ^ected  by  a  refined  modification  of  Dr.  AndiewiTa  prooess  already 
deeoribed,  mggeeted  by  Dr.  FtanUand;  tubes,  Into  whioh  caustic 
potash  had  bew  introduced,  being  repeatedly  filled  with  carbonic  acid 
and  nhauited ;  finally  ezliauated  to  the  utmost  limit  ^  the  capability 
oi  the  urpump,  and  sealed.  These  were  found,  tan  the  application  oi 
the  electrical  test,  to  be  far  more  perfect  vacua  than  the  Torricellian, 
and  when  the  inflnitesimally  rare  included  atmosphere  of  carbonic 
acid  gaa  vraa  exposed  to  the  action  of  a  large  surface  of  hydrate  of 
potau,  the  vacuum  no  longer  permitted  the  eleotrioal  discharge  to 
pass,  a  result  first  obtained  hj  Mr.  QaBn<^  and  in  theae  rsesanhes ; 
when  the  poteah  was  heated,  more  pondeimliis  matter  being  difiused  in 
the  tube,  the  discharge  again  peseed ;  but  on  aUowuig  it  to  coot, 
the  tobe  reeumed  ita  insulating  atete.  These  reaulta  were  given 
by  a  tube  40  inches  long  and  11  inch  intwnal  diameter.  An 
exoellent  carbonic-acid  vacuum  was  obtained  by  the  same  method 
in  an  egg-sht^Md  vessel,  32  inches  i<aig  and  7  mcfaea  in  ita  greatest 
diauMter;  but  thiadidnct  ioaulata  the  discharge, — ^judging  from  the 
nppeerance  of  whidi,  this  vacuum  maybe  inferredto  be  about  equal, 
thou^  in  BO  large  a  vessel,  to  the  best  Torrioallian  vacuum  in  oom- 
paratively  narrow  tubes.  The  minute  haotion  of  pondemble  matter  |»«- 
eent  does  not  appear  to  have  been  calculated  in  any  of  these  instancesL 
This  is  the  nearest  approach  to  a  true  phymcal  vacuum  that  aeienoe 
has  yet  sacoeeded  in  [ffoducing.  Mr.  Oassiot  concludes  his  peper  with 
the  xmaaA — adopting  a  suggestion  made  Mr.  Brarl^jr— !^  fact 
that  a  vacuum  so  per^et  can  be  obtained  in  a  dosed  vessel  containing 
such  a  substance  as  hydrate  of  potaasa,  would  excite  a  hope  Uiat  the 
limit  to  vaporation  (vaporisation),  the  existence  of  whioh  Faraday  and 
othera  have,  if  not  proved,  at  least  rendered  so  probably  may  be 
determined,  and  even  ite  consequenees  ezhitnted  by  direct  experiment," 
('  PhiL  Trans.,*  1858,  p.  157.) 

Sneh  is  the  present  condition  of  this  subjeot,  one  of  the  most  in- 
teresting and  most  extensive  In  its  ptulosophical  applications  which 
can  claim  the  attention  of  the  phjaunst  and  the  chemittt.  The  bearings 
of  Mr.  Qaaaiot'a  results,  and  of  thoae  obtained  by  other  experimentors 
with  similar  apparatua,  on  the  nature  and  theory  of  eleo^dly,  how- 
ever important,  are  foreign  to  tiie  object  of  this  article.  But  the 
terms  in  which  they  have  been  deeoribed  and  the  reasoning  which  has 
been  founded  upon  them,  hivdve  a  subject  which  is  strictly  within 
its  scope.   We  oonoeive  that  the  true  and  immediate  induction  from 


these  results,  is,  in  general  terms,  that  in  consequence  of  the  diminu- 
tion in  denufy  of  ^e  media  through  which  the  electricity  has  to  pass 
— that  is,  of  the  diminution  of  the  quantity  of  matter  oontained  in  a 
given  space — oertain  properties  of  eleotriuty  are  exhibited  in  a  manner 
which  a  denser  medium  precludes  it  from  manifesting :  that  this  takes 
place  up  to  a  oertain  point  of  rarefaoticm,  throu^  which,  if  eleotridty 
can  paaa  at  all,  greater  intensity  is  required ;  or  it  may  even  be  that  a 
vacuum  absolutely  free  from  ponderable  matter,  which  luminous 
eleotncity  requires  for  ite  production  and  convection,  has  been  tempo* 
rarily  obtahied.  Coiuidering  the  nature  ud  oircumatancea  of  the 
yeasels  and  materials  by  vriiiohonlyit  ean  be  obtained,  it  must  necessa- 
rily be  temporal^  only.  But  the  results  have  l>eui  deeoribed  and 
reastmed  from  (originally,  we  believe,  on  account  of  certain  views 
respecting  the  nature  of  matter  entertained  by  Mr.  Grove,  to  wliich  we 
have  elsewhere  adverted),  as  if  they  depended,  not  on  tiie  removal  of 
ponderable  matter,  but  on  ite  presMMe  in  an  increased  degree  and  with 
increased  causation  of  ^Mnomensi.  But  In  pK^xHtion  to  the  eom< 
pletonees  vrith  which  such  nutter  Is  renuived  6vm  an  inclosed  space, 
the  ether  whioh  it  still  contains  will  be  more  free  to  exhibit  ite  peou< 
liar  properties,  unimpaired  by  the  presence  of  an  inferior  and  grosser 
form  of  mattw  i  and  the  phenomena  whioh  have  been  attributed  to 
"  attenuated  (ordinary)  matter,"  ought,  we  conceive,  to  be  ascribed  to 
the  uninoumbered  etiier  which  remains.  Tike  fact  that  a  eutaia 
amount  of  tvdinaiy  matter  is  nsiential  to  the  manifestatiott  of  uaj 
aensible  eflboto  wluitever  by  the  eleotrici^  does  not  wilHatir  against 
this  ooncluBi<m.  It  should  be  so.  Tlie  conduction,  or  the  convection 
by  induction,  of  electricity  belongs  to  ordinary  matter,  wiiile  the 
reception  and  transmission  of  impressionB  from  it  in  the  fum  id  light 
and  heat,  belong  to  the  higher  order  of  matter,  the  ether* 
VAGABOND.  [Vaoiukt.] 

VAOKANT.  ms  term,  whioh  in  ite  etvmolagioal  meaning  simply 
denotes  "a  wandering  person,"  k  obviously  denved  frcHn.ths  Latin 
eojro.  It  was  probably  introduced  into  oar  law  language  from  the 
Norman  French ;  the  piuaae  "vag«rcml*  dt  luu  m  Ueu  ntrmtUs  per 
patu  "  occurring  in  our  early  statutes  in  the  sense  in  which  the  word 

vagiut "  La  used  in  common  language  at  the  present  di^.  (Stet  7 
Bic.  II.,  c  fi.)  The  pentas  to  whom  it  Isapplied  in  andant  documents 
are  nauaUy olaasod  with  "Mtoank"  (awwd  of  doubtful  ori(^,  but 
meaning  an  idle  Uver  or  slothful  penon :  OoweU's  '  Interpreter ;  * 
Kelhams  'Dictionary,')  "tiavelyng-men,"  and  "vagabonds.*'  The 
latter  expression,  "  vagabundus,'^  was  known  throughout  Europe  in 
oonneotion  with  feudal  law,  and  ia  interpretedto  mean  "  orobro  vagaoB, 
oui  neo  certum  domidlium,  neo  constana  habitotio  est."  (Cuvini 
'  Iicxio.  Jurid.')  It  was  used  in  this  suise  in  En^ish  law  as  early  as 
the  reign  of  Henir  IL  (Gowdl'a  '  Intei]»eter.')  Modem  laws  have 
however  given  to  the  word  "vagnnt"  a  much  more  eztMided  meaning 
in  the  application  of  whioh  the  notion  of  wandering  la  entirely  lost 

In  the  course  the  transition  made  by  the  lower  filisBisi  of  Bodefy 
from  the  conditaon  of  feudal  viUdna  to  that  of  free  labourers,  vagrancy 
and  mendici^  neoeaaarily  enaued  from  the  unsettled  stete  of  the  poor ; 
and  in  nuMt  countries  where  feuds  had  prevailed,  severo  laws  were 
made  to  npnm  the  evils  whhdi  aproBg  from  this  source.  In  Enj^and 
Tarioua  stetutss  sod  wdinanoes  passed  from  time  to  time  to  obviate 
the  ino<mvenienoea  arising  from  wandering  mendicancy.  The  earUost 
of  these  was  a  statute  of  ordinance,  made  m  the  Hid  year  of  Edward 
III.  (1849),  commonly  colled  the  Statute  of  Lalwurers,  which,  after 
recitiiig  tlurt  "  many  sturdy  beggars  (validi  mendioantes)  were  enabled 
by  the  gains  of  bej^ing  te  live,  and  to  devote  themselves  to  pleasures 
and  aina,  and  sometimes  to  tiiefts  and  otiier  crimes,"  forbade  "all 
persons,  on  pain  of  imprisonment,  to  give  anything  under  colour  of 
piety  or  charity  to  such  as  were  Mo  to  labour."  In  1S66  there  is  a 
petition  of  the  Commons  complaining  of  wandering  artificers  and 
servanta  becoming  bemars  in  order  to  support  an  idle  life,  and  praying 
that  it  might  be  forbidden  under  a  penalty  for  any  one  to  give  alms  or 
sustenance  to  any  awdi  idle  beggars ;  and  that  they  should  be  q>pre- 
hended  and  put  in  Htm  stcokfl  or  sent  to  jail  until  they  found  surety  for  * 
their  return  to  thdr  ewn  country.  ('  RoQs  of  Pufiament,'  vol  i.,  p. 
840.)  The  answer  to  this  petition  does  not  appear :  but  a  few  years 
afterwards  a  stetute  was  passed  making  it  (almoat  In  the  language  of 
the  petition)  peotal  for  artificers,  servante  In  husbandry,  and  otiiers, 
without  a  spedal  licence,  to  quit  the  town,  hundred,  or  wapentake  in 
which  they  lived,  to  live  and  work  in  another  town,  hundred,  or 
wi^tentake;  and  pensons  found  vsersnt  {vagtamt)  without  such 
lioenoo  mi^t  be  idaeed  in  the  stocks  and  imprisoned  by  the  lo<^ 
authorities,  until  tuey  found  security  for  their  return  to  the  place  to 
which  they  properly  belonged,  (Stet.  12  Kic.II.,c.  8.)  It  was  also 
enacted  that  "  those  who  were  able  to  work  and  went  begging  should 
be  dealt  with  as  persons  travelling  without  a  licence,  and  uiat  beq^ars 
unable  to  wwrk,  dwelling  in  cities  or  towns,  should  remain  in  such 
citiee  or  towns;  Aat  if  such  cities  snd  towns  were  unable  to  support 
them,  theyahould  be  taken  to  other  plaoes  within  the  same  hundi^  or 
wapentake,  or  to  the  place  of  their  birth,  and  then  remain  during 
thdr  livae,"  (Stet  12  Hio.  IL,  c.  7.)  And  it  was  [»obabiy  upon  the 
principle  declared  by  these  laws,  that  in  the  15th  century  it  was  held 
to  be  lawful  for  any  person  to  arrest  and  send  to  jail  a  man  "  found 
wandering  {vagaraiU)  in  such  manner  that  it  is  imknown  how  he  gete 
his  living."  (•  Year  Book,'  9  Edw.  IV.,  c.  27.)  A  stetute  which  was 
passed  in  1494  declared  that  all  "vagabonds,  idle  and  suspected 
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Twnona,  sboulcl  be  set  in  the  stocks  three  day»  and  three  nights,  and 
nave  none  other  suatennnce  but  bread  and  water,  and  then  should  be 
put  out  of  the  toft-n ;  and  that  whosoever  should  give  such  idle 
persons  more  should  forfeit  12  pence;  and  that  eveiy  beggar  not  able 
to  work  should  resort  to  the  hundred  where  he  last  dwelt,  waa  best 
known,  or  was  bom,  and  there  remain,  upon  the  pain  aforesaid." 
(Stat.  11  Hen.  Vil.,  c.  2.)  This  vague  enactiaeDt  was  followed  by  the 
more  definite  provisions  of  the  etat.  19  Hen,  VII.,  c.  12,  which 
declared  that  impotent  b^i^rs  should  go  to  and  abide  in  the  city,  town, 
or  hundred  where  they  were  bom,  or  else  the  place  where  they  had 
made  their  last  abode  for  three  yean;  and  this  rule  of  settlement  was 
adopted  in  the  statutes  subsequentiy  passed  against  vagrancy  in  the 
reigmi  of  Henry  VIIL,  Edward  VI.,  Mary,  ana  Elizabeth.  (Nolan's 
*  Poor  Law,'  chap,  xv.)  By  stat  22  Hen.  VIII.,  c  12,  the  justices  of 
the  peaee  in  eveiy  county  were  empowered  to  grant  lioenoea  under  seal 
to  "poor,  aged,  and' impotent  penon8,"to  beg  witiiin  a ootain  precinct; 
and  persons  b^ging  without  licence  or  out  of  their  precincts  were  to 
be  whipped  or  set  in  the  stocks  for  three  days  and  tJiree  nights,  with 
bread  and  water  only.  This  provision  applied  to  impotent  vagrants. 
On  the  othw  hand  it  was  provided  that  if  any  person, "  being  whole 
and  mighty  in  body,"  and  able  to  laboor,  ^nld  be  found  be^jng  or 
vagrant,  he  should  be  taken  before  a  maf^slnte,  who  nuEht  direct  him 
to  be  whipped  out  of  the  place  at  the  end  of  a  cart,  "  till  his  body  was 
bloody,"  and  should  then  be  awom  to  return  to  the  place  where  he  waa 
bom,  or  last  dwelt  by  the  space  of  three  years,  and  there  to  put  him- 
self to  labour  as  a  tme  man  ought  to  do.  He  was  to  be  provided  with 
a  certificate  of  his  punishment,  stating  the  place  to  which  he  waa  going 

End  the  time  allotted  for  hia  journey ;  and  during  that  time  he  mig^t 
eg  hy  the  way.  Another  law  pa— od  again«t  b^mra  and  vagabonds 
woB  ute  27  Hen.  VIII.,  a  25,  wmeh,  Uiough  severe  in  its  temu  against 
puch  penons,  approached  more  nearly  to  just  principles  than  previous 
enactments  on  the  same  subject,  inasmuch  as  it  provided  a  le^  mode 
of  supporting  the  poor,  and  thus  took  away  the  common  apology  for 
•vagrancy.  This  law  directed  the  governors  of  shires,  cities,  towns, 
jbamlets,  and  parishes,  to  find  and  keep  every  aged,  poor,  and  impotent 
person,  by  way  of  voluntaiy  and  charitable  alms,  with  such  convenient 
alms,  that  none  of  them  should  be  compelled  to  go  openly  in  begging : 
childi-en  under  fourteen  years  of  age  and  above  five,  taken  begging, 
were  to  be  put  to  work :  "  a  vaUant  beggar  or  sturdy  vagabond  was 
to  be,  for  the  first  offence,  whipped  and  sent  to  his  place  oi  settlement; 
and  if  he  continued  his  roguish  life,  to  have  the  upper  part  of  the 
gristle  of  his  right  ear  cut  off;  and  if  after  that  he  was  taken  wanderiiw 
m  idleneat^  or  did  not  apply  to  hia  labour,  or  ma  not  in  Mrvios  wi£ 
any  master,  he  waa  to  be  indicted  and  tried  aa  a  felon,  and  if  found 
guilty,  to  suffer  death. 

notwithstanding  the  above  lavrs,  vagrancy  appears  to  have  greatly 
increased  at  the  commencement  of  the  reign  of  Edward  VL,  of  which 
effect  the  abolition  of  monasteries  was  one  main  cause.  Previously  to 
the  Reformation  churches  were  bound  bylaw, both  civil  (stat.  15 
Bieh.  IZ.,  e.  6)  and  wnBleaiMiacBl,  to  contribute  a  portion  of  their 
income  to  the  living  and  miBtenanee  of  the  poor,  and  the  gates  of 
the  religious  houses  were  thronged  l^^  b^gars,  who  daily  received  a 
donation  of  food,  and  sometimes  of  money.  This  practice  contributed 
no  Houbt  to  increase  the  number  of  idle  beggars,  who,  upon  the  with- 
drawal of  their  accustomed  means  of  support  by  the  dissolution  of 
tiie  monasteries,  became  vagranta.  To  remove  the  pressure  of  the 
evil  t^us  Dccasiinied,  an  enaotmenb  of  unexampled  MVeriW  wia  devised. 
The  stat.  1  &  2  Edw.  VL,  c.  8,  after  tecttinx  that "  the  multitude  of 
people  given  to  vagabondrie  aiul  idleness  had  always  been  witldn  this 
realm  very  great,  and  more  in  number  than  in  other  regiona,"  and  that 
the  laws  of  preceding  reigns  had  been  found  ineffectual,  repealed  all 
statutes  previously  made  for  the  punishment  of  vagabonds  and  stuidy 
begguv.  It  then  enacted  that  all  able-bodied  pecaons,  without  mroperty 
Buthcient  for  their  support^  who  shonld,  "  either  like  aarving  men 
wanting  masters,  or  like  b^^gan,  or  after  any  oth«r  audi  sort,  be 
*  lurking  in  any  bouse,  or  loitering  or  idle-wandering  by  the  highway's 
side,"  or  who  in  towns  should  not  apply  themselvei  to  any  service  or 
art,  and  should  so  continue  for  three  days  without  offering  to  labour 
for  meat  and  drink  (if  no  man  otherwise  will  take  tiiem);  or  who, 
having  been  taken  to  service,  should  leave  their  work  or  run  away, 
should  be  taken  to  be  vagabonds;  and  that  it  should  be  lawful  for 
any  person  having  offered  or  given  work  to  any  such  idle  person,  and 
for  any  other  person  espying  the  same,  to  bring  such  idle  person  before 
two  j  ustices,  who  should  immediately  cause  him  to  be  nuukad  with  a 
hot  iron  on  the  breast  with  the  letter  V,  and  adjudge  him  to  suc^  pre- 
senter "  to  be  Ms  slave  ;  to  have  and  lo  hold  the  laid  slave  unto  Aim,  Am 
exeeutort,  or  atngns,  for  the  space  of  tm  yeart  then,  naet  foUowinff,  and 
to  order  the  said  slave  as  followeth  (that  is  to  i^),  to  take  aodi  slave 
with  him,  and  only  giving  him  bread  and  water,  or  nnall  drink  and 
such  refuse  of  meat  as  he  shall  think  meet,  cause  him  to  work  by  beat- 
ing, chaining,  or  otherwise  in  such  work  and  labour  (hoyr  vile  soever  it 
be)  as  he  shall  put  him  unto."  The  statute  also  provides  that  an  action 
of  trespass  may  be  maintained  for  a  runaway  uave,  and  that  the  run- 
away himself  ahall,  upon  his  apprehension,  be  adjud^d  by  two  justices 
to  be  his  master's  slave  for  ev«-.  If  he  ran  away  a  second  time,  the 
slave  became  a  felon,  and  mi^t  be  tried  and  ezeoutcd  as  atuh.  This 
singular  enactment  furtiier  declared  that  a  marter  might  "  let,  set 
forth,  sell,  bequeatii  or  give"  tiie  asrvioe  and  labour  of  such  slavei. 


upon  such  condition  and  for  such  term  of  years  as  he  mi{^t  do  with 
any  other  of  hia  moveable  goods  or  cbatten.  "  Some  thought,"  saya 
Biunet, "  this  law  against  vagaboudi  was  too  se^'ere,  and  contrary  to 
that  common  liberty  of  which  the  English  nation  has  always  been  very 
sensible.  Yet  it  could  not  be  denied  but  extreme  diseases  required 
extreme  remedies;  and  perhaps  there  is  no  punishment  too  severe 
for  persons  that  are  in  healtii,  and  yet  prefer  a  loitering  course  of 
life  to  an  honest  emfJoyment"  ('  History  of  tiie  Beformatim, 
voL  il.,  p.  45.) 

The  consequence  of  the  absurd  severity  of  thiB  law  was  that  its  pro- 
visions were  not  carried  into  execution ;  and  being  found  wholly 
ineffectual,  it  was  repealed  by  the  statute  S  ft  4  Edw.  VI.,  c,  16,  which 
also  repealed  all  former  laws  upon  the  same  subject  exce{yting  the 
22  Hen.  VIIL,  c.  12.  Another  statute  of  the  same  reign  (5  &  6 
Edw.  VL»  c.  2)  slightly  modified  tiie  preceding  lawa;  but  the  regula- 
tion of  vagrants  and  mendicants  stood  in  efftet  upon  the  footing  of 
the  three  last-mentioned  statutes  until  the  latter  part  of  the  reign  of 
Elimbeth. 

About  the  b^;inning  of  the  reign  of  Elizabeth,  a  deecription  of  per- 
sons called  rogues  first  appeared  in  the  general  class  of  vagranta.  The 
derivation  of  this  word  is  variously  given  by  etymologists.  Home 
Tooke  derives  it  from  a  Saxon  word  ngni^^ing  "  obaked,"  or  covered. 
('  Biversioiui  of  Furlegr,'  vol.  il)  Webster  takes  It  from  another  Saxon 
word,  a^  Dr.  Jdinson  admits  its  derivation  to  be  uncertain.  Lam- 
bard  says  "  the  wwd  is  but  a  late  guest  in  our  law;  for  the  anciwt 
etatntes  call  such  a  one  a  valiant,  strong,  or  sturdy  beggar,  or  vaga- 
bond, and  it  seemeth  to  be  fetched  from  the  Latin  '  rogator,'  an  aaker 
or  beggar."  (' Eirenarcha,'  book  iv.,  chap.  4.)  Dalton  also  says  "a 
TOgao  may  be  bo  called  quia  ostiatim  ro^bt."  ('  Countty  Justice/ 
chap.  83.)  It  ia  believed  tiutt  the  word  does  not  occur  in  the  Eng^ 
language  before  the  middle  of  the  10th  century ;  and  if  so,  it  is  pro- 
bably one  at  those  numerous  cant  words  by  whidi,  at  that  penod, 
vagrants,  in  counterfeiting  Egyptians  or  gipsies,  began  to  designate 
different  classes  of  their  own  "  ungracious  rabble,"  and  of  which 
Hairison  enumoates  twenty-three  d^neea.  (Hurison's  '  Description 
of  Enriand,'  prefixed  to  Hc^nahed's '  Ouomdea.') 

In  the  oourse  of  the  reign  Eliabeth  the  evils  of  vagnuK?  inoreased 
to  an  alanning  eztoit ;  and  although  the  accounts  given  by  historians 
of  the  multitude  of  vagabonds  in  fki^and  are  founded  upon  mde  esti- 
mates, and  are  probably  somewhat  exaggerated,  there  is  undoubted 
evidence  that  the  numbers  and  attitude  ^these  persons  at  tiiat  period 
constituted  an  evil  of  dangerous  magnitude.  Strype  relates  that  in 
1569  circular  letters  were  isBued  by  the  privy  ooundl  to  the  shnifi  of 
the  difibrent  counties,  directing  them  to  seaivh  for  and  ai^nrehend  "all 
vagabonds  and  sturdy  beggjcars,  commonly  eaXltd  rogaes  or  Bgyjitians  ;  " 
and  he  says  that  on  the  seardi  through  the  nation  13,000  "  masterlMs 
men  "  were  taken  up.  (Strype's  '  Annals,'  vol  i.,  part  2,  pp.  295,  290, 
654.)  Harrison,  who  wrote  towards  the  end  of  E^^^^'^  reiga,  states 
that  the  number  of  vagrants  in  England  in  his  time  amounted  to  above 
10,000  ('  Description  of  England  ) ;  and  Btiype  publishes  a  p^wr, 
written,  in  1696,  by  a  justice  of  tile  peaoe  of  Somersetshire,  which 
afBrms  that  there  were  300  or  400  wandering  idle  people  in  every 
county,  who  met  at  f^rs  and  markets  for  purposes  of  theft  and  rapine, 
and  who  sometimes  assembled  in  troops  to  the  number  of  60,  and  com- 
pletely overawed  the  magistrates  and  constables  by  their  audacious 
threats.  (Stiype's '  Annals,'  voL  iv.,  p.  405.)  The  recorder  of  Lojulon, 
in  a  letter  to  Lord  Burleigh,  written  in  1581  (ElUe's '  Letters,'  voL  iL, 
p.  2S3),  gives  a  remarkable  aoconnt  of  the  prevalence  of  vi^rants  in  the 
metropous  at  that  period.  He  says,  that  being  informed  that  the 
queen,  "in  taking  of  the  air  in  her  coach  at  lalington,  had  been 
envirtmed  witii  rogues,"  he  went  abroad  himself  and  took  seventy-four 
rogues, "  whereof  some  were  blind,  and  yet  great  usurers  and  very 
ridi."  A  day  or  two  afterwards  he  says  that,  in  consequence  of  war- 
rants imed  by  him,  he  received  "  a  shoal  of  for^  rogues,  men  and 
wnnen,  from  Southwark,  Lambeth,  and  yeirington,  and  after  bestow- 
ing them  in  Bridewell,  he  "  perased  "  St  Paul's,  and  took  about  twenty 
"  cloaked  rogues  that  there  used  to  keep  standing."  Notwithstanding 
this  zeal  and  activity,  vagrants  still  increased  in  the  metropolis,  both 
in  numbers  and  audacity ;  and  tlie  efforts  of  the  ordinary  magistintes 
having  ^ed  to  wevent  the  frequent  and  dangerous  disorders  and 
tumulta  oooauoned  by  ofifenders  of  this  desoriptitm,  they  were,  is  1595, 
placed  ntider  martial  law.  The  instrument  appointing  a  provost- 
manhal  for  this  purpose  authorises  that  officer  "  to  repair  wil^  a  con- 
venient  company  to  all  common  hi^ways  near  to  the  city  of  London, 
where  he  should  understand  tiiat  any  vagrant  persons  did  haunt ;  and 
calling  to  his  assistance  some  convenient  number  of  justices  and  con- 
stables, to  apprehend  all  such  vagrant  and  suspected  persons,  and 
deliver  tiiem  to  the  said  justices,  to  be  by  them  committed  and 
examined  of  the  oaueee  of  their  wandering."  It  then  directa  him  that 
"  if  such  persons  should  be  found  notoriously  culpable  in  the  unlawful 
manner  m  life,  as  incorrigible,  and  should  be  so  certified  to  him  by  the 
justices,  he  should  by  law-martial  cause  some  of  them  to  be  executed 
upon  the  pdlows  or  gibbet."    (Rymer's  '  FwAera,'  vol.  xvl,  p.  279.) 

The  means  of  suppressing  or  diminishing  vagrancy  and  m^dicancy 
were  constant  subjects  of  discuaaton  in  we  pariiaments  of  Elizabeth. 
With  tins  view,  extraordinary  means  U  relief  were  devised.  Voltmtary 
subscriptions  of  sums  of  mon^,  varying  in  amount  according  to  the 
rank  and  luppoaed  ability  of  Ui«  contributors,  were  made  m  both 
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Housefl  to  reliera  "  the  great  number  of  poor  people  preniiig  in  the 
streets  to  beg."  (D'Ewee's '  Joumala,'  pp.  462,  463,  499,  SDS.)  Orden 
were  alu  tnaae  that  those  who  prefeired  priTate  bills  iit  the  House  of 
Commons  should  pay  101.  or  St.,  according  to  the  aubiects  <^  their 
bills,  to  the  relief  of  the  poor,  to  be  distributed  as  the  House  should 
appoint.  (D'Ewes's  'Joomals,'  p.  665.)  Several  statutes  were  also 
passed,  at  one  time  increaaing  the  punishment  for  -n^niDcj,  and  then 
repealing  it,  without  any  settled  principle  of  legislation.  In  some  of 
these  statutes,  however,  the  notion  of  a  parochial  fund  for  the  relief  of 
the  poor,  and  the  principle  of  taxing  the  parishioners  for  that  purpose, 
are  dls^nctly  recognised,  (Stat.  5  Eliz.,  o.  3;  14  Eliz.,  c.  6;  and 
18  EliCjC.  S.)  At  length,  in  1697/ after  txpenenoe  had  shown  that 
temporary  expedients  and  ill-directed  charity  only  increased  the 
amoimt  of  vagrancy,  and  that  severe  punishments  and  penalties  were 
wholly  ineffectual  in  preventing  it,  the  House  of  Ciommons  appointed 
ft  committee  to  whom  most  of  the  existing  laws  relating  to  Iba  con- 
dition of  tiie  pooTj  as  well  as  certain  bills  for  th«r  amemiment,  vera 
referred.  (C  rEwes's  'Journals,'  p.  561.)  This  committee,  of  whioh 
Sir  Frauds  Bacon  was  member,  and  whioh  was  composed  of  all  the 
practical  men  of  the  House,  seems  to  have  peroetved  and  to  a  certain 
extent  acted  upon  the  principle  that,  in  order  to  justify  severity  against 
-ngnacj  and  mendicity,  it  was  necessary  to  provide  the  means  of 
reUevingthat  destitution  which  was  the  r»dy  and  plauaible  excuse  for 
bAth.  Thsy  therefore  prqwred  the  stat.  89  Elii.,  o.  8,  which  for  the 
first  time  organised  that  madiinery  for  the  Ifgal  relief  of  the  poor 
which  was  a  few  years  afterwards  oom^tAeA  and  made  perpetual  by 
the  stat  48  Elis.,  e.  8.  The  same  oommittee  also  recommended 
measures  for  encouraging  tiie  building  of  "  ho^itala,  or  abiding  and 
working  housee,"  for  the  poor,  and  for  improving  and  reforming  such 
as  were  already  in  ezi8tence>  but  had  been  misapplied  or  abused.  And 
at  the  same  time  they  iniroduoed  a  more  rational  enactment  tor  the 
CfHreotiou  and  suppresBion  of  frandulent  vagrancy  than  had  previously 
existed.  (Stet.  39  Elia.,  c  4.)  "Many  statutes,"  says  Sir  Edward 
Coke  (2  '  Inst.'  728),  "  have  been  made  for  the  punishment  of  rogues, 
vagab^ds,  and  sturdy  beggars,  but  very  few  to  find  them  work  and  to 
enforce  them  thereunto."  The  statute  39  EHiz.,  c.  4,  supplied  this 
deficiency  by  providing  housee  of  correction,  with  stocks,  and  materials 
for  the  empu^ment  of  the  inmates,  aod  by  enforcing  the  use  of  the 
means  thuspUoed  in  tile  hands  of  the  poor  by  severe  penalties  sgainst 
the  idle.  The  proviaionfl  of  this  statute,  with  some  altenitions  made  by 
the  stat.  1  Jsc.  X,  c.  26,  continued  in  force  during  the  whole  of  the 
17th  century;  and  when  repealed  by  the  stat.  12  Ann.,  atat.  2,  c  23, 
atill  served  as  the  model  and  foundation  for  future  acts.  It  declared 
that  the  following  persons  should  be  deemed  roguea,  vagabonda,  and 
sturdy  beggars : — 1,  persons  calling  themselTM  scholars  gtHng  about 
begging ;  2,  sea-faring  men,  pretending  losses  of  their  ships  or  goods, 
goio^  about  begging;  S,  idle  persons  going  about  the  country,  ^ther 
Jb^gmg  or  using  any  subUa  craft  or  unlawful  games  or  pl^ra,  or 
feigning  themselves  to  have  knowledge  in  physiognomy,  palmistry,  or 
teUing  fortunes ;  4,  persons  that  were  or  uttered  themselvea  to  be  pro- 
curers or  oollectm  for  juls  or  hospitals ;  5,  fenoen^  bear-waids, 
common  players  of  interludes  and  minstrels  waodering  abroad,  other 
than  players  of  interludes  belonging  to  any  baron  of  the  realm,  or  any 
other  honouraUe  personage  of  greater  deme  [TaUTBS] ;  6,  jugglers, 
tinkers,  pedlais,  and  petty  chapmen,  wandraing  abroad ;  7,  wandering 
persons  and  common  labourers,  able  in  body,  using  loitering,  uid 
refusing  to  work  for  reasonable  wages,  and  having  no  other  means  of 
maintenance;  8,  persons  delivered  out  of  jail  who  be^ed  for  their 
fees,  or  otherwise  tmvelled  b^^ing ;  9,  persons  who  wandered  abroad 
begging,  pretending  losses  fire,  or  otherwise;  10,  persona,  not  being 
felons  ({.e.,  by  a  late  statute,  5  EUz.,  c.  20),  wandering  and  pretending 
themselves  to  be  Egyptiuis.  A  person  who  committed  any  of  the 
above  otTencea  might,  oy  the  appointment  of  any  justice,  constable, 
headborough,  or  tything-man  (the  headborough  or  tything-man  being 
assisted  therein  by  the  advice  of  the  minister  and  another  of  the 
parish),  be  openly  whipped  till  he  was  Uoody,  and  then  sent  from 
parish  to  parish  till  he  came  to  the  parish  where  he  was  bom ;  If  thai 
was  unknown,  to  the  parish  where  he  last  lived  for  a  year ;  and  it  titat 
again  was  unknown,  to  the  parish  where  he  lost  passed  witiiout  ptmish- 
ment.  He  was  provided  with  a  testimonial  of  lua  punishment,  and  of 
the  place  whereunto  he  was  to  go,  stating  the  time  limited  for  that 
purpose ;  and  if  he  was  found  loitering  by  the  way,  he  mi^ht  again  be 
whipped.  If  any  rogue  appeared  to  be  dangerous  to  the  inferior  sort 
of  people,  or  not  likely  to  be  reformed  -  (an  expression  which  seems  to 
have  led  to  the  phrase  "  incorrigible  rogues  "),  two  justices  might  com- 
mit him  to  jail  till  the  next  quarter-sessions,  and  then  he  might  by  the 
justices  there  be  cither  banished  out  of  the  realm,  or  adjudged  per- 
petually to  the  galleys  of  the  reahu ;  and  any  banished  ngoa  returning 
without  leave  became  a  felon. 

The  seveml  judicious  measures  whirfi  were  snacted  at  this  period 
lor  the  idief  and  employment  of  the  deserving  poor,  and  the  punish- 
ment of  idle  and  profligate  beggars  and  vagrants,  effectually  checked 
for  a  time  the  evil,  whim  hod  only  increased  in  magnitude  imder  the 
previous  inefficient  and  inconsistent  laws.  Sir  Edward  Coke,  whose 
testimony  as  a  contemporary  is  valuable,  says,  that "  upon  the  making 
of  the  statute  of  89  Elizabeth,  and  a  good  space  after,  miilst  justices  of 
peace  and  other  officers  were  diligent  and  industrious  there  was  not  a 
rogue  to  be  seen  in  any  part  of  England  f  but  when  justioes  and  other 
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officen  became  t^>idi  or  trvpuJi,  n^ea,  &c.  swarmed  agaia"  (2  *  Inst,' 
729.)  This  diqtontion  on  the  part  of  magistrateB  to  n^ect  or  rehuc 
the  laws  relating  to  Tsmnta  is  notioed'  in  a  prodamation  made  soon 
after  the  accession  of  James  t,  in  September,  160S,  which,  oftra  re- 
citing the  stat.  89  Elis.  c.  4,  and  that  great  benefit  had  at  first  ensued 
from  its  due  execution,  but  that,  by  the  remissness,  negligence,  and 
connivancy  of  justices,  vagrants  again  swanned  and  abounded  every- 
where more  frequently  than  in  times  past,  calls  upon  all  justices  of 
peace,  mayors,  and  other  officers  whatsoever,  to  see  that  the  said 
"  profitable  and  necessair  law  *  should  be  carttfully,  duly,  and  exsothr 
executed  (Rymer's  •  Fcei,'  vol.  rvi,  p.  664).  The  continued  unwu- 
lingn«B  of  magistrates  to  enforce  the  statute  of  Elizabeth,  notwiUi- 
standing  the  above  proclamation,  occasioned  the  passing  of  the  stat. 
7  Jao.  I  .c.  5,  which  compelled  the  justices  of  every  county  under 
heavy  penalties  to  erect  proper  housee  of  correction  for  setting  rogues^ 
vagabonds,  and  other  idle  and  wandering  persons  to  work,  and  aJso 
required  them  to  meet  twice  a  year  or  ofteaw,  if  ocoaaion  required,  for 
the  better  execution  of  the  law.  Tbo  justices  were  slso  ureoted  to 
cause  a  general  privy  search  to  be  made  before  each  of  their  meetings 
for  finding  out  and  apprehending  vagrants,  who  were  then  to  ba 
brought  before  them  for  punidiment ;  and  dl  constables  and  tything- 
men  were  required  to  moke  a  return  on  oath  to  the  justices  of  the 
number  of  vagianta  apprehended  by  them.  By  this  statute  it  was  also 
enacted  that  peisoos  running  aw^  and  leaving  their  families  upon  the 
parish  should  "  be  deemed  and  taken  to  be  inoorrigible  rogues,  and 
endure  the  pain  of  incorrigible  roguea"  This  phrase  was,  thwefors,  at 
that  time  become  familiar,  though  it  does  not  occur  in  any  earlier 
statute.  In  all  probalnli^,  however,  it  denoted  the  class  of  persons 
mentioned  in  the  stat.  89  Elis.  c.  4,  who  are  th^  called  "  dangerous 
rogues,  or  rogues  not  likely  to  bo  reformed,"  and  who  were  liable  to  he 
committed  to  jail  until  the  session^  and  then  ^■"'■*"«^ 

The  laws  rwiting  to  vagrsots  oontinued  suhstsntially  upon  the  foot- 
ing of  the  statutes  of  89  £Uis.  and  7  Jao.  L  tox  more  than  a  century, 
until,  in  1744,  the^  were  reconsidered  and  remodelled  by  the  stat  17 
Geo.  II.,  0.  6.  Tius  vras  the  first  legialative  measure  which  distributed 
vagrants'  into  the  three  classes  of  idle  and  disorderly  persons,  rogues 
and  vagabonds,  and  inoorrigible  rogues.  Although  tius  statute  is  now 
wholly  repealeid,it  oontinued  in  force  nearly  a  ocntuty;  and  as  its 
provisions,  as  wdl  as  those  ci  two  supplemmtal  statutes  on  the  same 
subject,  are  material  with  respect  to  uis  general  histoy  oi  t^e  laws 
respecting  vagrants,  it  may  be  desiimUe  bri^y  to  state  them.  It  may- 
be remarked  that  tiie  several  offences  oompnsed  in  theee  classes  stiU 
bore  the  character  of  wandering,  in  cnifonnily  with  the  object  of  all 
previous  enactments  upon  this  subject 

By  the  stat.  17  Geo.  IL,  c.  5,  anid  tiie  supplemeutal  statutes  passed 
previously  to  the  new  Vagrant  Act,  6  Geo.  IV.,  o.  88,  idle  and  dis- 
orderly persons  were  defined  to  be — 1.  Those  yrho  threatened  to  run 
away  and  leave  their  families  upon  the  pariah.  2.  Those  who  returned 
to  a  pariah  from  which  they  had  been  removed  as  paupera.  S.  Those 
who  refused  to  work  for  usual  wages.  4.  Those  who  n^Iected  work  or 
spent  tiieir  eatninga  improperly,  so  that  their  fsmiliee  became  oha^e- 
able  to  the  parish  (stat.  82  Qeo.  IIL,  c.  46,  a  S).  And  all  auch  persons 
might  be  suomiarily  convicted  by  a  magistrate,  and  committed  to  hsid 
labour  in  the  house  of  correction  for  a  month. 

Soffua  and  vagabondt  were  defined  to  be — ^1.  Those  who  went  about 
as  gatherers  of  alma  under  pretence  of  loss  1^  fire  or  other  casualty,  or 
as  collectors  for  prisons  or  hospntals.  2.  Fencers  and  bear-words.  3. 
Common  players  of  interludes,  and  all  actors  for  hire  not  authorised 
by  law  [Thbatbb].  4.  Minstrels  snd  jugglers.  5.  Those  who  pre- 
tended to  be  gipsies,  or  to  have  skill  in  physiognomy,  palmistry,  or 
like  orafty  science,  or  to  tell  fortunes,  or  who  used  any  subtle  craft  to 
deceive  people,  or  played  at  unlawful  games.  6.  Those  who  nm  away 
and  left  their  fomilies  chai^;eable  to  the  parish.  7.  Pett^  chapmen 
and  pedlars  wandering  abroad  without  licence.  6,  Those  who  wan- 
dered abroad  and  lodged  in  dohouses,  barns,  outhousei^  or  in  tiu 
open  air,  not  giving  a  good  account  of  themselves.  9.  Thoss  who 
wandered  abroad  and  begged,  pretending  to  be  soldiers  or  aailots,  or 
tnretending  to  go  to  work  in  harvest,  10.  All  wandering  beggars.  11. 
Those  who  should  be  apprehended  having  upon  Uiem  any  picklock  k^, 
crow,  jock,  bit,  or  other  implement  with  intent  to  bre^  into  houses, 
Ac. ;  or  any  pistol,  hanger,  cutlass,  bludgeon,  or  other  offensive  weapon, 
with  intent  feloniously  to  assault  any  person.  12.  Those  who  should 
be  found  in  any  dwalling-lionse,  warehouse,  eoaoh-house,  stable,  or  out- 
house, or  any  inclosed  yard  or  gardm,  or  srea  beltmgittg  to  any  house 
with  intent  to  steaL  The  two  classes  last  enumerated  were  added 
by  the  stat.  23  Oeo.  III.,  c  88. 

Ineorriffible  rogttet  were  defined  by  the  stat  17  Qeo.  11.,  o.  6,  to  be — 
1,  End-gatherers  offending  against  the  stat.  IS  Gea  I.,  e.  23,  for  the 
regulation  of  the  woollen  manufacture,  2.  Those  who  being  appro* 
bonded  as  rogues  and  vagabonds  eso^ie  from  those  who  apprehend 
them,  or  refuse  to  go  before  a  masistnte,  or  to  be  examined  on  oaUi, 
or  to  be  oonveyed  by  a  pass,  and  those  who  knowingly  ^ve  a  false 
account  of  themselves.  8,  Those  who  escape  from  the  house  of  cor- 
rection before  the  expiration  of  their  term  of  imprisonment  as  rogues 
and  vagabonds.  4.  Those  who  after  punishment  ss  rogues  and 
vagabonds  agun  commit  offences  in  the  same  class. 

Rogues  and  vagabonds  and  inoorrigible  rogues  were,  by  the  vtat. 
17  Geo,  IL|  0.  6,  to  be  committed  by  magistrates  to  the  house  of 
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coirei^ioQ  until  the  next  quarter-MsnoDs,  when  the  justices  were 
empowered  to  order  rogues  sad  TUgabonda  to  be  further  confined  in 
the  bouse  oi  correctiou  for  any  time  not  exceeding  six  mouths ;  and 
incorrigible  rogues  for  &nj  time  not  lev  than  six  montha,  nor  more 
than  two  jean,  and  to  be  whipped. 

The  statute  17  Gea  II.,  c,  6,  wu     no  means  a  well-considered  or  a 
well-expreBsed  Uw..    It  has  been  justly  said  that  "  in  the  long  cata- 
logue of  actions  which  it  holds  up,  many  are  of  a  dubious  nature,  and 
nice  legal  acumen  would  oft«n  be  required  to  diatingiush  whether  a 
person  had  incurred  any  and  what  penuty  under  the  statute."  (Eden's 
'  State  of  the  Poor,'  rol.  i.,  p.  306.)   The  courts  too  oomi^ained  of  the 
Inaocuracy  of  its  exprassion  and  the  consequent  diffloult^  of  under-  > 
standhig  its  msaning.    (Rex  v.  Khodes,  4  '  Tenn  Reports,'  222.)  ' 
Repeated  attsmpta  were  niade  in  parliament  to  modify  and  improve 
its  {vorisions.    A  committee  of  the  House  of  Commons,  appointed  in 
1775  to  review  and  consider  the  Foot  Laws  and  the  laws  relating  to  : 
vagrants,  resolved  "tiiat  the  stat.  17  Geo.  II.,  a.  17,  should  be  explained  ' 
and  amended  in  such  a  manner  as  to  enforce  the  ezeoution  thereof,  \ 
and  prevent  the  ptacttae  of  bewin^  in  the  streets  and  hf^w&ys,  per-  j 
nioiouB  In  its  ooosequeoces  and  highly  disgraceful  to  this  conntiy."  | 
ITevcarthelesB  this  statute  continued  in  force  until  the  year  1S22,  when  \ 
a  temporary  act,  stat.  3  Oeo.  IV.,  c  40,  passed,  repealing  all  former  j 
laws  and  re-oiacting  most  of  the  provisions  of  the  stat.  17  Oeo.  II.,  ' 
c.  5,  with  many  additions  and  modifications.    The  provisions  of  the  I 
stat.  8  Oeo.  iV.,  c.  40,  were  however  entirely  superseded  by  the  stat.  1 
fi  Oeo.  IT.,  c  83,  which  now  ooust^tutes  the  law  respecting  vsgrants.  ; 
By  the  thini  section  of  ^is  statute  the  ftdlowing  persons  are  declared 
to  be  idle  and  diaordeiiy  persons,  and  may  be  ooiamittad  by  a  single 
magistrate  to  hard  labour  in  the  house  of  correction  for  any  time  not 
exceeding  one  month : — 1.  Every  person  able  to  maintain  himself  and 
his  family,  refusing  or  neglecting  to  do  so,  whereby  he  or  bis  family 
become  chargeable  to  the  parish ;  2.  Every  person  returning  and  be 
ooming  chargeable  to  a  parish  from  which  he  has  been  l(^;ally  removed 
at&t  of  two  justices  without  having  a  certificate  of  his  sett^nent 
in  some  other  parish  from  the  ofBcers  of  such  parish  ;  3.  Petty  chap- 
men or  pedlan  wandering  abroad  and  trading  without  licence;  4. 
Prostitutes  Wandering  in  the  streets  or  highways,  or  in  any  place  of 
public  resort,  and  behaving  riotously  or  indecently ;  S.  Every  person 
wandering  abroad  or  placing  himself  in  any  pubUo  place  to  beg  and 

Sther  alms,  or  procuring  any  child  to  do  so.  To  which  otlier  statutes 
,ve  noce  added : — 6.  Paupers  in  workhouses,  not  doing  task-work 
when  required,  of  injuring  their  clothes  or  damaging  the  property 
of  the  guardians ;  7.  Women  neglecting  to  maintain  their  illegitimate 
children ;  and,  8.  PeiBons  applying  for  relief  as  pau^vers,  having  pos- 
seseion  of  money,  Ac,  of  which  they  do  not  make  disdosure.  These 
ofienders  are  punishable  by  a  sin^e  justice  with  one  month's  imprison- 
mnt  and  hard  labour. 

The  4Ch  section  of  the  5  Geo.  lY.,  c  83,  declares  the  following  per- 
sons to  he  rogv^a  and  vagabond*,  and  empowers  a  single  magi8tnit«  to 
commit  them  to  hard  labour  in  the  house  of  correction,  for  any  time 
not  exceeding  three  months : — 1.  Every  person  committing  any  ofikice 
which  would  constitute  bim  au  idle  and  disorderly  person ;  2.  Every 
person  pretending  to  tell  fortunes,  or  using  any  device,  by  palmistry 
or  otherwise,  to  deceive  and  impose  upon  tlie  people ;  8L  Bvtffy  person 
wandmng  abroad  and  lodging  in  any  bam  or  ontbonse,  or  in  any 
deserted  building,  or  in  the  open  sir,  or  under  a  tent,  or  in  any  eart  or 
wa^on,  not  having  any  visible  means  of  subsistence,  and  not  giving  a 
good  account  of  himself ;  4.  Every  person  wilfully  exposing  to  view  in 
any  street,  road,  highway,  or  public  place,  any  obscene  print,  picture, 
or  other  indeoeot  exhibition.  (By  1  &  2  Vict.,  c  S6,  this  provioon  is 
declared  to  extend  to  exposing  such  articles  in  a  shop  window.)  A. 
Every  person  wilfully  and  obscenely  exposing  his  person  in  any  sbreet 
or  highway,  or  in  the  view  thereof,  with  intent  to  insult  any  female; 
6.  Every  person  wandering  abroad  and  endeavouring  by  the  exposure 
of  wounds  or  deformities  to  gather  alms ;  7.  Every  person  going  about 
as  a  gatherer  or  collector  of  alms,  or  endeavouring  to  procure  charitable 
contributions  under  a  false  pretence;  8.  Evety  person  running  away 
and  leaving  his  wife  actually  or  probably  oharnaable  to  the  puish ;  9. 
Every  person  playing  or  betting  in  any  str6st,liighway,  or  public  place 
with  any  table  or  instrument  of  gaming,  aC  any  game  of  chance ;  10. 
Every  person  having  in  his  possession  any  picUock-key,  crow,  jack, 
bit,  or  other  implement,  with  intent  feloniously  to  bn^ak  into  any 
house,  Ac.,  or  being  armed  with  any  gun,  pistol,  hanger,  cutlass, 
bludgeon,  or  other  oSensive  weapon,  or  having  upon  him  any  instru- 
ment with  intent  to  commit  any  felonious  sot;  11.  Eveiy  person, 
being  found  in  any  dwelling-house,  warehouse,  coach-house,  stoble  or 
outhouse,  or  in  any  inclosed  yard,  garden,  or  area  for  any  imlawful 
purpose;  12.  Every  suspected  person  or  reputed  thief  frequenting  any 
river,  canal,  or  navigable  Btreom,  dock,  basin,  or  any  quay,  wharf,  or 
warehouse  near  or  adjoining  thereto,  or  any  street,  highway,  or  avenue 
leading  thereto,  or  any  place  of  public  resort,  or  any  avenue  leading 
thereto,  or  any  street,  highway,  or  place  adjsoent,  with  intent  to  com- 
mit fdony;  13,  Every  person  apprehended  as  an  idle  and  disorderly 
person,  and  TiolenUy  rceisting  any  peaoe-oflioer  SO  apprehending  him, 
and  being  subsequently  convicted  of  the  oKnoe  for  which  he  shan 
have  been  so  apprcliendeil. 

Inconigihie  j-ogutB&ra — I,  reri«r.»8  breaking  or  c.-c.ai)i!i-  out  of  any 
place  of  Ie^I  conftnemeut  before  the  expiration  of  the  term  for  which 


they  shall  havo  been  committed,  or  ordered  to  be  confined  by  virtue  of 
the  statute;  2.  Persons  committing  any  offence  against  Va»  statate 
which  subjects  them  to  be  dealt  with  as  rogues  snd  vagabonds,  such 
persons  having  been  at  some  ianaa  tame  adjudged  so  to  be  and  duly 
oonvioted  thereof ;  and,  8.  Every  person  apprehended  as  a  rogue  and 
vagabond,  and  violently  resisting  any  constable  or  other  peacsK>fficer  so 
apprehending  him,  and  being  subsequently  convicted  of  the  oBence  for 
which  he  shall  have  been  so  aj^rehended.  These  offenders  are  to  be 
committed  to  the  next  sessions,  and  kept  to  hard  labour  in  the  interim ; 
and  the  sessions  may  further  punish  tiiem  by  imprisonment  with  hard 
labour  for  one  year,  and  if  majes,  with  whiK>ing. 

The  statate,  beddee  the  definition  of  the  facta  and  cireumstances 
wliitdt  are  to  c<mstitute  ofllences  in  the  several  classes  above  enumerated, 
contains  varions  provisions  for  the  prosecution  of  vagrants  and  the 
regulation  uid  disposal  of  them.  Thus  it  is  enacted  that  any  person 
may  apprehend  a  vagrant  and  bring  him  tiefore  a  magistrate.  The 
persons  ss  wdll  as  tiie  carriages  or  luggage  of  the  sevenl  descriptions 
of  vagrants  may  be  searched,  and  money  or  goods  found  upon  them 
may  on  their  oonviction  be  applied  towaras  the  costs  of  apprehending 
them  and  maintaining  them  in  prison.  If  proceedings  at  tiie  sessions 
are  contemplated,  either  by  reason  of  an  appeal  against  a  summary 
conviction  or  Uie  commitment  of  an  incorrigible  rogue,  the  committing 
magistrate  may  bind  over  witnesses  to  prosecute,  and  the  justice 
sessions  may  order  the  payment  of  costs  to  persons  so  bound.  And 
an  appeal  is  given  to  the  next  sessions  to  any  person  aggrieved  by  an 
act  or  determination  of  any  magistrate  out  of  sessions  conoeniing  ths 
execution  of  the  act. 

(See  Blaokstone's  Commenlariex,  by  Kerr,  voL  iv.) 
VALERACETONITRILE.   [Valsbiawc  Grodp.J 
TAIiERAL.   [Valebunic  Gnonp.] 
VALERALDEHTDE.   [Valibianio  Onoor.] 
VALERALDINK   [Valebianio  Grocp.] 
VALERAHIDE.   [Valebiasic  Group.] 
VALERAIflLIDE.   [Valeriahic  Group.] 
VALERENE.   [Valerianic  Group.] 

VALERIATTA  OFFICINALIS— Jferficai  PropcrtQs  of.  The  root, 
or  more  properly  the  rhizoma  witli  its  root-fibres,  of  this  species,  par- 
ticularly the  variety  termed  sylvtstris,  is  used  in  medicine.  It  should 
be  collected  in  spring  before  it  shows  fiower,  or  late  in  autumn.  It  is 
best  from  plants  of  two  or  three  years  old,  which  grow  in  eluvitted 
stray  places,  ratiier  than  in  very  moist  meadows.  It  varies  con- 
siderably in  appearance  and  in  its  sonaible  properties,  acconling  to  the 
age  of  the  plant,  its  place  of  growth,  and  the  length  of  time  it  hiis  been 
kept.  The  rbisoma  is  smaQ,  short,  rounded  or  oblong,  truncated, 
furnished  with  very  many  toot-fibres,  which  are  about  the  thickness  of 
a  stiiiw,  and  from  two  to  six  inches  long;  the  colour  of  the  freshly 
obtained  root  is  a  dirty  yellowish- white ;  the  consistence  fle^y ;  by 
drying,  which  is  easily  eETected,  it  becomes  wrinkled,  more  yellow  or* 
brownish,  and  ia  time  dark.  The  root  gathered  in  spring  become* 
most  wrinkled.  The  odour  is  heavy,  penetratiag,  and  very  chaiac- 
terietic.  odour  is  stronger  in  the  dried  than  the  fresh  root,  and 

is  scarcely  impaired  by  time,  even  when  the  access  of  the  air  la  freely 
allowed.  The  taste  is  acridly  aromatic,  camphontceous,  and  lutter. 
The  En^ish  ViJerian  is  the  most  esteemed :  it  is  abundant  in  Hamp- 
shire, formwlyin  Kent  and  Essex,  and  the  wild  plant  is  to  lie  preferred 
to  that  which  ia  cultivated  for  medical  use.  It  is  to  be  regretteii  that 
this  root  is  often  confounded  or  fraudulently  adulterated  with  that  of 
the  VaUriana  dioica,  which  is  smaller  and  of  much  feebler  odour,  and 
that  of  the  Oeum  vrbanum  or  aveni,  which  is  pleasantly  aromatie. 
Much  more  serious  is  the  confusion,  probably  uwsys  accidental  or 
merely  from  ignorance,  of  the  genuine  root  with  those  of  several 
species  of  ranunculus,  or  crowfoot,  namely,  B.  repena,  aerit,  and  even 
polgaxthemoa,  also  those  of  Sium  anguttlfulium  and  S.  iMifo'unm,  or 
more  rarely  ITdleborut  niger  and  Asdepiat  Vincetrmcum ;  but  the 
absence  of  the  peculiar  odour  of  valerian,  or  the  presence  of  a  very 
repulsive  one,  may  always  distinguish  them  with  modmte  attention. 

Acoording  to  the  analysis  of  Trommsdorf  ('Journal  der  Pharmacne,' 
xviii.,  p.  3),  100  parts  of  the  dried  root  yield  of  volatile  oil  1"2,  peculiar 
resinous  extractive  {tonned  valerianin)  12'5,  gummy  extractive  9*4,  soft 
resin  6-2,  woody  fibre  70'7 ;  by  distillation  a  volatile  fiit^  scid  termed 
valerianic  acid  is  obtaitled,  besides  the  volatile  oil.  The  medicinal 
action  ia  chiefiy  due  to  the  volatile  oil  and  extractive.  Valerian  ii 
coufddered  a  cer^mhtpinal  stimujant,  large  doses  of  It  cannug  marked 
excitement  of  the  nervous  system,  not  only  of  the  human  race,  but 
;  ako  of  oats,  which  are  remarkably  fond  of  it  In  the  slighter  forms  of 
nervous  diseases  not  dependent  on  any  change  of  structure  of  tho 
brain  or  spinal  cord,  valerian  is  of  considerablo  utility.  In  several 
inatancea,  especially  If  there  be  much  acidity  of  stomach,  its  beneficial 
efiects  ore  increased  by  combination  with  ammoDia,  la  other  instances 
valerian  (in  powder)  greatly  heightens  tiie  tonic  power  of  ^e  HistU- 
phate  of  quinui,  the  absence  of  all  aroma  from  which  renders  it  Inferior 
as  a  tonic  to  many  of  the  other  f<»ms  of  administering  bark.  [Cthchoka.] 

Valerianic  acid,  combined  witii  various  bases,  such  as  iron,  zino^ 
quinine,  &c.,  furnishes  compounds  of  great  value  as  autiaposmodioa — 
more  useful  than  any  of  these  agents  singly. 

VALERIANIC  ACID  (HO,C.„H,0,).  Valerie  acid.  JMphinir 
acid.  Phoceuic  and.  This  body  exists  in  valerian  root,  hence  ita 
name;  in  the  oil  secreted  by  several  species  of  pboca  (hence  phoccnic) 
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and  cetacea,  and  in  the  berries  of  iJia  guelder  roee.  It  U  also  a  product 
of  the  action  of  cauatio  potash  oa  oil  of  camomile;  of  oxidising  agento 
on  fata ;  is  often  prsaeofc  in  decwing  cheese ;  oud  is  fonued  oo  passing 
omylie  aloohol  (fouseH  or  f  luel  oil)  vapour  through  a  tube  containing  the 
hydrates  of  sooa  and  lime  healed  to  400  Fuhr.  In  the  latter  process 
valeriatiate  of  soda  is  produced,  which,  when  cool,  must  be  plunged 
rapidly  into  cold  water,  or  it  would  fake  fire  spontaneoualy.  The 
aqueous  B<dution  ocidi&ed  with  sulphuiio  acid  and  dbtilled  furnishes 
Taleriaoio  amd.  Another  anil  more  cosveoieut  method  is  to  distil  a 
mixture  of  amylic  alcohol,  bichromate  of  jxjtaah,  and  sulphuiifl  add : — 

Ci«H,,0,  HO  +  0,  =  mo  +  HO,  C^tHpO, 


Valerianic  xold. 


Some  Taleriouate  of  amyl  also  passes  over ;  the  distillate  should  there- 
fore be  heated  with  caustic  poto^  when  amylic  alcohol  is  volatilised  : 
the  reudunl  valerianaie  of  potash  may  then  be  deoonuiased  by  aolphurio 
add  and  the  mixture  distiUed,  when  pure  valerunio  add  will  be 
obtained. 

Valerianic  acid  forms  two  hydrates.  When  it  is  separated  from  the 
aqueous  solution  of  a  valerianate  by  a  stronger  acid,  it  contains, 
according  to  Liebig,  three  atoms  of  water,  of  which  two  may  be 
separated,  by  distilktioo,  in  the  state  <^  pore  water,  which  afterwards 
beisomea  milky,  and  at  last  the  ooLourless  nuHuihy^ate  {Mnes  over  in 
distUlaticHi. 

This  monohydrate  is  oleaginous,  tc^  fluid,  of  an  acid  penetrating 
odour,  like  the  valerian  root ;  Ha  taste  is  acrid  and  sharp,  with  a 
sweetish  after-taste;  it  produces  a  white  spot  on  the  tongue.  It  does 
not  become  solid  at  0°  Fahr.  Its  density  is  0'd37,  and  it  boils  at  347" 
Fahr.  The  terhydnvte  boils  at  about  270''  The  monohydrate  dis- 
solves in  30  parts  of  water  at  about  58" :  It  dissolves  in  all  pro- 
portkois  in  olboliol,  ether,  and  cryatallisalds  acetic  acid;  sulphuric 
add  when  heated  carbonises  it.   It  dissolves  iodine  and  camphor. 

Valerianic  acid  combines  with  bases  to  form  salts,  which  are  called 
valerianates  ;  tiie  potash  and  soda  salts  are  very  soluble,  deliquescent^ 
and  crystalliee  with  difficulty.  The  valerianatee  of  lime  ai^  baryta 
ore  also  veiy  stduble,  but  thc^  are  crystallisable  and  unalterable  in  the 
air ;  the  magnesian  salt  oiystalliBes  in  eSloresoeni  needles.  The  pure 
monohydrate  absorbs  muw  ammonia,  becoming,  after  a  time,  a  solid 
mass  of  snow-white,  non-deliquesoeut,  crystals  of  valeriaikate  of 
ammonia.  Viderianate  of  zinc,  readily  prepared  double  deoom- 
position  and  used  to  some  extent  in  medicine,  is  a  pearly  white  salt, 
having  a  faint  odour  of  valerianic  acid  and  a  metallic  astitBgeat  taste. 

<Mfrovakrme  Aad  (HO,CM(HgCl,)OJ  and  ehiomvakntie  aeid 
(I10fO„^HaCL)OJ  are  xonned  worn  phlorine  gas  is  ^laased  into 
valerianic  acid.  Th^  are  heavy  oolourlesi,  inodorous  hquids,  and 
form  well-defined,  stable  monobado  sslta.  Fnan  the  amount  of 
chlcHine  in  them,  these  adds  are  stflnetimeB  termed  frieUorovalertOMC 
and  U^dUorovaUrianie  acid. 

NitrotxUerianie  Aad  (HO,Cio(H,N'0«)0,)  is  a  volatile^  beautifully- 
crystalline  body,  resultii^  ixcaa  the  pohmged  action  fA  the  strongest 
Imling  nftiio  add  on  valorianic  awjL  It  is  ndiUmabls  and  tarrw 
stable  salta 

Folenanto  anhydride  or  anhj/droiu  valerianie  aeid  (0„^0,)f  is 
fcnned  whm  one  part  of  oxychloride  of  phosphorus  is  gndually 
added  to  six  parts  of  dry  valeriuiate  of  potoah ;  the  product  is  wadied 
wiih  dilute  solution  of  carbcmste  of  soda,  digested  in  ether,  the 
etherial  solution  dried  with  chloride  of  cakdum  and  evaporated,  when 
valeriamii  anhydride  is  left  as  a  oolouriess  liquid  of  agreeable  odour; 
trp.  gr.  0-984 ;  boiling  point,  419°  Fahr. :  vapour  dMisUy, 

VALERIANIC  OitOUP.  Adnstar  of  ohonical  mbstanoe^,  each 
supposed  to  contain,  or  be  derived  from,  tlie  tbeorrtioel  ndioel  ettferyf 
(0.^0^). 

Vulertanic  acid  Is  best  produced  by  the  aetStn  fld!  strong  axkUdng 
agents  on  fusel  oil.   [VM.EBiAjrac  AoidJ 

Vaien^aldekvd  ot  vaUral  {CM^,,  U).  hydride  o/vaUryl,  is  taemei 
on  oxidi^ig  f  usd  oil  (amylio  alocmol)  with  lass  powerful  agents  than 
those  necessary  to  form  v^erianio  acid.  Thus  a  mixture  of  biohro* 
mate  of  potash,  sulphuric  acid,  and  fusel  oil  furnishes  valeraL  It  is 
purified  by  mixing  with  a  saturated  solution  of  bisulphite  of  soda, 
recrystalUaing  the  double  salt  thus  formed,  distilling  with  carbonate 
of  potosh,  and  drying  the  distillate  over  chloride  of  caldum.  Valeral 
is  a  colourless  limpid  liquid  of  powerful  penetrating  odour,  and  burn- 
ing taste ;  soluble  in  eloohol,  etiter,  and  the  volatile  oils ;  insoluble  in 
water;  bums  with  a  bright  flame;  boils  at  2S0*  Fahr.;  vapour 
dendty;  2-99 ;  specific  ^vity,  at  71°  Fahr.,  is  0*820 ;  oxidiung  agents 
convert  it  into  vuloriamo  add,  and  ammonia  combines  with  it  to  form 
cryBtalline   Tideryl^ldek^d-ommoiumt  at  mbryUdt  nf  <ntmimtttm 

YalemldiM  (Ck,Hs,1!T3«)  resulta  from  -Hie  action  of  sulphide  of 
l^drogen  on  valeiyl-ammoniuni  suspended  in  water  containing  a  small 
quantity  of  free  ammonia : — 

8(Ci,H,0,,  NH«)  +  SHfl  s  CsaHgiHS;  +  OHO  2NH«fl 

It  is  an  oily,  volatile,  alkaline  liqofd  iA  disagreeoUe  odour,  and  com- 
bines with  adds  to  form  salts. 

Leuein,  a  body  osaodated  with  the  chemistry  of  aohnal  subsbancei, 
if^eani  to  be  a  valeiyl  derivative,  fnssmuch  as  it  mt^  be  Immed  by 


the  action  of  hydrocyanic  and  hydrocfalorie  acids  upon  volerylide  of 
ammonium.   It  is  treated  of  in  detail  in  a  aepamte  article.  [Leucin.] 

Chloride  ofmileryt  (0,oH,O^Cl)  is  fonued  tm  reacting  with  proto- 
chloride  of  phosphorus  ana  mondiydrated  valerianic  add.  It  is  a 
colourless  mobile,  fuming,  liquid ;  rMiher  heavier  than  water,  and  boils 
at  about  240°  Faihi. 

Brtmide  of  vcderyl  (C,(,HgO,  Br),  is  obtained  in  the  same  manner  as 
the  chloride,  the  bromide  instead  of  the  chloride  of  pihosphorua  bdng 
used.   It  boils  at  about  290' Fahr. 

FafsroM  (C,,H„0,),  the  val^Ude  t^f  hvtyl  (C^  C  ja^O,),  is  a  light 
odourless  liqma  ot  agreeable  ethereal  odour,  produced  wnen  valeri- 
anio  add  is  diaialled  with  excess  of  lime.   A  mixture  of  valerate  of 

Stash  and  aoetate  of  soda  yields,  by  distiUdJim,  an  oil  which  is  pro- 
Uy  vaierglide  of  methyl  (C,H„  C  Jl„OJ.  ' 

Vaieramide (Si     H    )  is  formed  by  boiling  valerianic  etiier 

(valerate  ol  etiiyl)  With  strong  ammonia ;  on  conoentrating  and  cooling 
the  sdution,  vaieramide  crystalliaes  out  in  brilliant  plates.  It  is 
neutral,  fusible,  volatile,  and  soluble  in  water,  alcohol,  or  etiier.  Heated 
witli  pho^oric  anhydride  it  loses  the  elements  of  water  and  is  con- 
verted into  cyanide  of  bulyl  (CjHg,  NC,)  or  valeronitrUe  (0^,11^,  N). 

Valenmitiile  is  also  one  of  ^  products  of  Uw  oxidation  of  gelatin 
by  chromia  acod,  it  is  accompanied  by  another  somewhat  sioiilar 
liquid  vnUraetttm^riU  (C.^^fi^.    Yalmm^idt  or  phettyUvaUra- 


wide  (N 


produced  on  digesting  valniaoic  anhydride' 


and  aniline  together.  It  orystallisus  in  long,  brilliant  needles,  slighUy 
soluble  ia  water,  bnt  very  soluble  in  alcdid ;  mdta  at  239°  Fahr.,  and 
bdls  without  deoompodtion  at  428*  Fobr. 

Foicraia  Combioations  ot  vdwianic  aeid  and  glycerin.  Three  of 
these  hav«)  been  obtained,  namely : — 

Monovakriu  .  .  CioH,,©,  =  C,jllia04+C,H,04-2H0 
Divslerin  .  .  .  C,,H,40i(=2C,,Hj,0»+C,H,Og~4no 
XriTolerla      .       .  C„H,,0aa lC^ ,U,  ^O^ -HC,H«0,- OHO 

The  proportira  of  the  oonstitueDta,  the  temperature  employed  and 
the  ^te  of  eoneentiation  of  the  mixture,  determines  wmdi  of  the 
tiirae  shall  be  formed.  VfUeriKHoiriiydrin  Is  a  valerin  oontsining  the 
elements  of  hydroddoric  add. 

Vaienfirwea  or  vaiemreide  has  already  been  aUuded  to  [Uafi], 
on  of  vaierum,  obtained  as  described  under  esbentuI'  oils, 
genomUy  oonteins  about  5  per  cent,  of  valerianic  ad4;  26  per  cent, 
of  a  neoiral  volatik  hydrocarbon,  boiling  at  160"  Fahr.,  and  termed 
vaiertae  (C,aH,,),  identical  with  the  bomeene  of  B<»iieo  camphor ;  and 
about  70  per  cent,  of  sn  oxidised  portion  cootaining  resin  and  valeroL 
Valerol  {Ot,B.^O^  is  a  stearoptm,  and  condenses  as  a  cryst^iine  solid 
in  the  net^  of  the  retort  in  which  the  oil  of  valerian  is  fractionated. 
It  is  lifter  thui  water,  in  which  it  is  insoluble;  is  readily  dissolved 
by  alcohol,  ether,  and  essential  oils;  is  rednified  slowlf  ul  the  air, 
more  resdily  by  nilric  odd;  and  with  sulphuria  add  forms  blood-red 
wiphoioaitii'otie  ocidi 
VALBRIC  ACID.   [Valsrusio  Aoid.] 
VALERIC  ETHER.  [Ethxl.] 
VALERINE.   [Valbeiakio  Geoup.] 
VALEROCHLORHYDEUT.   [VALKBUmo  Gboui.! 
VALEBOLE.   [VAi/Bauvio  anour.] 
VALEROKE.  [Valbrluiic  GBOur.  J 
VALGRONITRILE.  JValbbuhic  a&oor.] 
VALERUREIDE.   [Obsa;  Valbbjuioo  Onon.] 
VALEBYL.   [Vaikriahio  Qhoup.] 
VALEBYLUAEA.   [Ubsa  ;  ValebIanio  Q-bodf.I 
VALLEYS.   The  term  Valley,  from  the  Latin  Valli$ot  VaUee,tA 
the  ssme  signification  genwal^,  may  be  ^qilied,  in  its  most  oomma- 
hsndve  moaning,  to  any  depresaion  on  the  surface  of  the  globe.  "  The 
largest  valleys  form  the  beds  of  the  great  oceans.   Seas,  bays,  g^, 
tta.,  are  aU  vaUeys  bdow,  or  partially  below,  the  level  of  the  sea."  But 
in  the  coDUDon  aooeptatdon  <^  tiie  term,  viilleys  are  those  depressions 
which  are  observable  above  the  sea-leviBl,  feparating  or  intersecting 
mouittain'ridges,  and  in  fact  breaking  them  up  into  separate  monntain- 
masses,  and  in  which  are  the  basins  of  inland  seas  and  lakes,  the  beds 
of  livers,  tc.   mountains  and  hills,  thereftae,  are  the  boundaries  irf 
luUeys.   Oocadonally  a  valley  is  formed  by  a  ridge  of  elevated  land 
entirely,  or  almost  entdrdy,  aurrounding  the  badn  of  an  inland  sea  or 
of  a  lake.   The  word  vale,  sometimes  employed  synonymonsly,  is  the 
diminutive,  but  is  more  properly  applied  to  the  depressions  between 
emin«icea  of  moderate  dentiou,  or  hills,  irtuch,  together  with  them, 
form  what  is  called  ondulotiog  connlzy.    VaUeiys  ponllel,  ^  ^be 
mountain-ridges  or  ohains  which  the^  separate,  or  which  bound  tium, 
are  said  to  be  longitucUnal ;  while  those  the  direetion  of  whidk  is 
truiBverae  are  so  called.   Both  may  bs  prindpal  or  lateral,  the  latter 
designation  bdng  usually  applied  to  the  smaller  transverse  vaileya 
uniting  tiie  prindpaL    But  these  epithets  admit  of  innumeraUe 
variations,  and  merge,  in  &ot,  into  coEomon  descriptive  language. 

The  dtaticm  above,  in  which  I3te'  term  valley  is  ^^ied  to  the 
deprnnninns  filled  1^  sea,  is  from  an  nnqnsstitmea  autiiwi^,  the  Bev, 
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C.  O.  Nicolay,  in  the  *  Manual  of  Geograiihioal  Science,'  But  though 
sea-basins  or  ooean-hoUo>ra  may  be  included  witluQ  the  necessary 
geometrical  definition  of  valleys,  as  bein^  depresaioDs  belo^r  the 
average  level  of  the  external  surface  of  the  Eolid  crust  of  the  |;lobe, 
and  continents  and  islands  within  that  of  mountains,  as  being  elevations 
above  it,  we  conceive  that  some  distinction  in  this  respect  should  be 
established  in  the  nomenclature  of  geology  and  physical  geography. 
The  surface  of  the  globe  above  which  continents  and  islands  are  raued, 
— I^t  is,  the  bed  of  the  sea,  universally, — cannot  be  considered  as 
identical,  as  a  geographical  or  geological  element,  with  the  surfaces  of 
those  masses  of  land  themselves,  on  which  are  the  minor,  and  in  this 
sense  secondary,  elevations  and  depressions  we  commonly  call  moun- 
tains and  valleys.  Many  of  the  phenometaa  of  configuration  and 
pfaysioal  state  presented  by  the  latter  could  only  have  been  occasionad 
by  causes  connected  with  the  agency  of  an  atrial  atmosphere ;  and 
while  many  of  them  also  have  had  a  subaqueous  origin,  yet  the  con- 
figuration of  those  ports  of  ooutlnents  and  ialaiids  which  are  below  the 
level  of  the  sea  must  htm  been  nonved  from  operations  exdusively 
subaqueous.  The  forms  of  the  proper  mrhice  of  the  land  were 
produced  originally  by  its  elevation  through  the  sur&oe  of  the  ocean  to 
a  Bubaeria]  position  above  it,  and  have  been  completed  by  atmospheric 
and  fluvial  erosion. 

Many  valleys,  for  example,  were  first  excavated  by  marine  currents 
during  their  elevation,  and  have  been  reduced  to  their  present  figure 
bv  the  riven  which  l»ve  flowed  through  them  from  the  period  of  the 
elevation  above  the  sesrlevel  of  the  eminences  which  bound  them. 

But  the  forms  of  the  masses  constituting  oontinenta  and  islands 
have  been  produced  by  the  agency  of  elevatory  and  marine  forces  only, 
except  in  the  cases  of  the  subsidence  of  land  previously  fashitmed 
more  or  less  by  atmospheric  action.  However,  the  chief  diSerenceB, 
probably,  between  the  eonfigutmtioiui  irf  the  sur&ce  of  the  land  and 
those  01  the  more  extended  eurboe  consisting  of  the  sea-bed  and  the 
land  regarded  as  one,  depend  on  their  relative  magnitude  and  on  the 
depth  of  the  sea,  which,  in  fact,  is  merely  the  measure  of  the  vertical 
dimensions  of  the  Latter.  Around  the  islands  of  that  part  of  the  Indo- 
Australian  archipelago  which  is  physically  a  portion  of  Asia,  the  sea  is 
BO  shallow  that  those  islands  may  truly  m  regarded  as  the  summits  of 
mouutnn-maiBMS  aepanted  vallen  of  very  incoosiderabte  depth, 
inferior  indeed  to  that  of  many  of  the  terrestrial  valleys  upon  than. 
Those  ishmda  are  in  fact  united  by  a  vast  submarine  plun,  which 
abruptly  terminates  westward  near  the  north-eastern  coasts  of  Borneo, 
in  the  middle  of  the  Straits  of  Macassar,  and  in  the  Strait  of  Lombock, 
in  an  unfathomable  ocean.  We  then  come  to  the  island-masses  of 
Lombook  and  the  chain  inunediately  to  the  west,  the  Mdluccas,  New 
Oninea,  sod  the  other  AuitnUui  Ulands,  ri^ng  abmptly  sgaiu  from 
the  hoittxn  oi  this  ocean,  and  thus  exemplifying  one  of  the  peculiar 
eharacten  of  tiie  masses  of  land  which  rise  from  and  bound  ocaan- 
hollowB ;  and  how  idiaraotaristic  of  them  is  the  form  thus  produced 
will  appear  in  the  sequel  Islands  fundamentally  volcanic— especially 
if,  like  TenerifTe,  they  contain  one  ^rinci^  volcano — are  probably 
altogether  conoidal,  the  submarine  pwticoi  being  merely  the  c<aitiuuaUon 
of  the  subaSrial.  [VoLoaHOS.] 

Another  diffiarence,  originating  in  the  different  pocesi  of  formation, 
is  this  :  while  mountains  proper  have  characterisocally  amaller  dimen- 
uona  above  than  below,  uid  tiius  approximate  more  or  less  nearly  to 
the  figure  of  triangular  .prisms,  of  pyramids,  or  cones,  their  altitude 
being  their  principid  dimension,  the  masses  of  continents  and  islands 
are  tabuhur  in  form,  with  sides  of  eveiy  dcwree  of  oUiquHr,  and  some- 
times veiy  neai^  vertioal,  their  upper  sumee  bebg  muoh  greater  in 
area  than  their  sides,  their  altitude  being  their  lesst  dimension,  and 
their  form  thus  api^zimating  to  that  of  a  low  pandleloidped.  Vall^ 
proper,  again,  are  widest  at  the  top,  and  sf>proaoh  in  general  to  ^e 
form  of  an  inverted  triangular  [oism,  more  or  lees  obtuse  or  acute,  or 
to  that  of  an  inverted  pyramid,  or  to  the  frustum  of  such  a  prism  or 
pyramid,  the  edge  or  apex  bemg  retraced  by  a  pUne— tiie  floor  of  the 
valley ;  while  the  intervals  between  oooUneiitB  axe  almost  as  tabular  in 
form  as  0x9  masses  of  the  land,  but  their  lower  snrfitce,  ^hile  its  area 
is  much  greater  tiian  that  of  tiie  sides,  being  less  tluui  the  upper 
formed  by  and  at  the  level  of  the  sea.    [SoDNDmoa,  Dssr  Ssa.] 

The  conflguiatton  of  land  above  the  level  of  the  sea  which  most 
nearly  resemblee  the  continental  masses  is  that  wliicb  is  called  TViMe- 
JoMif,  such  as  the  table-Unds  of  Tibet,  Eastern  Africa,  and  Uexioo;  and 
the  intervals  which  separate  different  portions  Of  them  most  nearly 
answer  to  the  ocean-hollows  between  oontinenta.  As  an  exsmple  of 
this  may  be  cited  the  hollow  between  the  table-hmd  of  Tibet  on  the 
south,  and  its  recurvature  called  the  ,  Thian-Shiui,  being  a  portion  of 
North-Werteni  China,  on  the  north,  of  which  the  plain  or  plateau  of 
Yaiksnd  and  Ehotan,  and  what  is  termed  the  valley  of  Lake  Lhop, 
iaem  the  base,  and  which,  if  we  compare  the  two  porticais  of  the 
table-land  to  mountains,  will  answer  to  a  valley,  aooormng  to  the  com- 
mon mode  of  description.  [Plains.]   Hiis  comparison  vSl  hold  good. 


land  (of  Tibet),  though  deeply  oorrugated  with  mountains  and  valleys 
in  detail,  is  in  its  general  relief  laid  out  hOTicontaUy."  This  deecription 
wiU  sflcmstely  uply  to  the  nun  (rf  elevated  hmd  which  forms  a  oonti- 
pent  or  great  island,  of  iriitch  it        always  be  said  that  while  its 


summit  is  corrugated  with  valleys  and  mountains,  it  is  in  its  gencrU 
relief  horizontal. 

We  are  led  by  the  previous  comparison,  and  on  further  investigation, 
to  the  apparent  fact,  that  some  portions  of  the  earth's  surface,  huwuver, 
above  the  seorlevel,  present  us  with  the  essentially  unaltered  configura- 
tion of  other  portions  which  are  still  below  it.  From  the  united  geo- 
graphical reswches  and  induotions  of  Dr.  Thomas  Thomson,  Dr. 
Joseph  D.  Hooker  ('  Himalayan  Journals,'  vol  iL,  p.  399),  and  Professor 
James  D.  Forbes,  it  lias  appeared  that  tiie  structure  of  Norway  very 
closely  resembles,  on  a  small  scale,  that  of  Central  Asia,  particularly  of 
the  Himalaya ;  and  that  if  it  were  so  elevated  that  the  outtom  of  the 
deep  fiords  which  penetrate  it  became  dry  land,  we  should  have  a 
model  of  the  Himola^^,  with  its  deep  valleys  and  Ugh  acute  summits ; 
or,  conversely,  if  the  latter  countiy  were  depressed,  so  that  those 
valleys  became  ocean-hollows,  the  land  and  mountain-peaks  remaining 
above  the  sea-level  would  correspond,  on  the  great  scale,  to  the  moun- 
tain-peaks of  Norway,  and  the  submerged  v^eys  to  Uie  fiords.  Dr. 
Thomson  (*  Western  Himalaya  and  Tibet,'  p.  492)  has  extended  this 
comparison  to  the  structure  of  Scotland,  well  known  to  resemlde  that 
of  Norway,  and  to  be,  in  fact,  a  continuation  of  it.  He  has  also 
described  (pp.  429-488)  the  remarkable  elevated  plain  of  Karakoram, 
south  of  the  pass  of  that  name,  occupying  an  immense  concavity  in 
the  great  cham  of  the  Kouen-lun,  the  northern  face  of  the  table-land 
of  Tibet.  It  measures  from  six  to  eight  miles  in  diameter,  and  has  a 
moan  ddtitoik  of  not'less  than  17,000  feet,  being  surrounded  by  great 
depressions  separating  it  from  the  mountains.  It  has  the  appearance 
of  having  formerly  been  the  bed  of  a  lake,  but  is  itself  cnwaed  by 
several  ranges  of  hills,  and  by  a  rivulet,  and  has  a  wat<»'-parting.  Thu 
is  evidnntiy  the  configuration  of  an  island  in  the  ooean,  agreeing 
therefore,  with  the  examples  above  described.  ' 

Convosely,  a  portion  of  the  bed  of  the  Atlantic,  from  the  coast  of 
Ireland  westward,  has  a  configuration  resemUiog  that  of  tiie  land  of 
Western  Europe ;  but  still  further  west,  the  great  Atiantic  depresuon, 
verj  unlike  a  terresti-ial  valley,  commences  abruptiy,  the  depth  of  the 
sea  increasing,  within  a  distance  of  twenty  miles  onl^,  from  1S20  to 
9000  feet,  forming  a  sort  of  marine  diff  on  a  gigantic  scale.  For  at 
iMst  a  thousand  miles  the  whole  surface  is  one  vast  depressed  plateau, 
which,  according  to  FrofssBor  Ansted  (in  his  'Qedc^jcal  Gosnp,*  a 
work  dssorving  of  *  more  appnqniste  title),  is  "  totally  unlike  any 
equal  extent  of  dry  land,  Plough  more  resembling  tiiat  on  the  eastern 
side  of  the  Andes,  in  South  America,  than  any  other  known  land." 
On  the  (North)  American  side  of  the  Atlantic  plateau  "  there  is  a  second 
oUfT,  facing  eastward,  having  a  total  rise  of  about  5000  feet,  immo- 
diately  to  the  west  of  which  the  ground  slopes  gradually  upwards  at 
the  rate  of  about  tatiy  feet  in  a  mile,  till  it  reaohes  uie  American 
continent.'' 

We  thus  arrive  at  the  final  confluence  of  the  two  branches  of  the 
subject.  The  elevations  and  depressions  of  certain  parts  of  the  globe, 
of  various  magnitudes,  closely  resemble  some  of  the  ccmtinental  masses 
and  ocean-hollows;  while  the  hitter  more  generally  have  a  distinct  and 
peculiar  character ;  and  the  o(»TU{|atiotis  of  the  upper  surface  of  thoso 
masses,  ordinarily  termed  monntams  and  valleys,  in  their  actual  con- 
dition, usually  cufihr  from  both,  as  already  represented.  In  a  paper 
'  On  tiie  Lines  of  Deepest  Water  around  the  British  lalea,'  by  the 
Kev.  R.  Everest,  F.G.S.,  read  before  the  Geological  Socie^  of  Lciidon, 
on  June  I9th,  1861,  and  which  vrili  jmbaUy  ^ipesr  in  the  *  Quarterly 
Journal'  tiiat  Society,  the  stodeiit  will  md  new  materials  for  pur- 
suing this  particular  subject. 

Some  geogn^hioal  observers,  because  a  river-basin  (defined  in  the 
article  Bivbrb)  is  necessarily  bounded  by  high  land,  except  where  it 
declines  to  the  sea,  employ  the  terms  "  basin  '  and  "  valley  "  of  a  river 
indisoriminataly  and  convertibly.  Thus,  Mr.  Alfred  R.  Wallace  b^ns 
tiie  chapter  of  his  'Travels  on  the  Amazon  and  Kio  Negro,' headed 
"  The  Fnysical  Qeogru>hy  and  Qeology  of  the  Amazon  VaUey,"  with 
the  statement  that  "  toe  basin  of  the  Amaaon  suipoases  in  dimension 
diat  of 'any  other  river."  Now,  aUhou^,  strict^  speaking,  the  dtfifer- 
tay»  between  river- valleys  and  -banns  u  oompsranve  only,  and  merges 
in  nature,  yet  this  practice  leads  to  erroneous  oonoeptions  of  fact ;  for 
thon{^  a  wide  valley,  throu^  whidi  a  river  of  moderate  rtimMim<wjt 
having  many  small  tributaries  takes  its  course,  may  be  tmned  a  basin 
(sometimes  called  a  valley-basin),  yet  the  main  stream,  as  wdl  as  its 
tributaries,  must  each  have  its  own  separate  valley,  however  shallow  : 
suidi  is  the  Thames,  which  is  described  as  having  a  basin,  while  its 
volley  is  often  not  recognised,  though  soma  of  its  affluents  flow  through 
well^haracterised  valleys.  [TaAMXS,  in  Oeoq.  Div.]  On  the  other 
hand,  the  basin  of  a  great  itver  may,  and  in  fact  must,  indudi  many 
such  iride  valleys ;  and  a  rivo^basm,  more  properly,  is  the  country 
which  is  made  up  of  them,  and  the  drainage  of  which  at  last  finds  ita 
way  into  one  stream,  and  through  one  principal  outlet  into  the  ocean. 
In  tills  sense,  the  dsproiriim  varough  which  the  nnpsr  oonrse  and 
affluents  of  ths  tiver  flow  may  sometimes  be  regarded  as  the  bsain, 
while  that  giving  passage  to  the  lower  course  is  properly  termed  its 
valley.  In  the  case  of  the  Nile,  the  depression  through  which  Uio 
single  stieam  runs  for  ISOO  miles,  from  the  junction  of  its  last 
affluent,  the  Atbara,  to  the  Mediterranean,  that  is,  its  lower  course,  is 
properly  tiie  valley  of  tiiat  river ;  while  its  basin  comprehends  a  vast 
extMit  of  country  in  Africa,  to  the  eastward,  southmtrd,  and  south- 
west ot  that  poinl^  made  up  of  many  vali^s  of  large  dimsnnions,  somt 
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giviug  passage  to  its  great  be^l-streaniB  and  tributaries,  and  obnost  tU 
to  confiiderable  riverB,  tbe  affluents  of  tbe  former  respectively. 

A  form  of  valley  to  wbicb  tbe  convenient  appellation  of  valley-pliun 
baa  been  given  is  tbat  wbicb  exists  wben  an  extensive  borizontal  sur- 
face  of  land  at  any  elevation,  and  generally  of  greater  length  than 
width,  la  surrounded  by  oontinuonB  ranges  of  mountains  rising  from 
and  above  it.  Of  this  form  the  so-termed  Vale  of  Tenochtitlas, 
naually  called,  after  Humboldt,  tbe  Yalley  of  Mexico,  and  the  plain, 
valley,  or  "  Vale  "  of  Cashmere,  are  examples.  The  latter  is,  in  fact, 
the  valley  of  tbe  river  Bebat  or  Jelam  (by  which,  however,  at  least  in 
its  present  form,  it  was  clearly  not  excavated),  and  the  inclosed  plain, 
OS  in  many  cases  of  thin  description,  has  once  been  the  bed  of  a  lake, 
and  oonsiBts,  itself,  of  a  lacustrine  formation.  It  depends  on  the  extent 
of  the  plain,  its  degree  of  unevennesa,  and  the  inclination  of  the  elopes, 
vhether  or  not  it  snail  become  and  deserve  to  be  called  a  river-basin. 

Another  form  of  valley  is  tbe  circular  spiral,  alluded  to  in  tbe  article 
RrvERS,  coL  lis.  This  bos  been  noticed,  hitherto,  in  Eastern  Africa 
only,  in  tbe  basins  and  valleys  of  the  eastern  affluents  of  tbe  Nile. 
Though  plainly  shown,  in  one  instance  at  least,  in  the  maps  of  Abys- 
sinia constructed  at  the  beginning  of  the  17th  century  by  the  Portu- 
guese Jesuit  missionaries.  Dr.  Beke  appears  to  have  been  tbe  first 
geographer  of  modem  times  to  call  attention  to  it,  and  that  from  his 
own  explorations.  In  reference  to  tbe  Mareb,  one  of  the  tributaries  of 
the  Atbora,  already  mentioned,  he  points  out  "  tbe  remarkable  pecu- 
liarity which  it  possesses,  in  coibmon  with  many  of  the  rivers  of  the 
Abyssinian  table-land,  of  returning  on  itself,  so  as  to  perform  a  sort  of 
Sfnm  ooursB."  Tlie  river  Abai,  or  the  Nile  of  Bruce,  for  example,  has 
a  circular  spiral  course  round  the  peninsula  of  Qddjam ;  and  while 
forming  this  curve,  or  Sowing  in  a  valley  of  the  same  figure,  it  is  joined 
by  nnmeroua  strouns,  having  their  sources  in  the  mountains  forming 
the  conoidal  core  of  the  pemnsula.  Dr.  Beke  bos  recorded  his  opinion 
of  the  probability  that  the  head-stream  of  the  Nile  itself  has  such  a 
circular  ^ral  ooutse,  and  therefore  Sows  through  a  valley  of  tbat 
figura,  around  a  lofty  mountain-moss,  similar  in  character  to  the 
snow-capped  mountains  of  Samien  and  Kafifo,  in  Abyssinia,  around 
which  some  of  the  rivers  alluded  to  take  their  own  curved  course. 
This  remarkable  subject  will  be  noticed  again  in  the  geological  part  of 
the  article.  ('Sources  of  the  Nile,'  pp.  10,28;  'Joaraal  of  Uoyal 
Geographical  Society,'  vd.  xviu,  pp.  5,  81.) 

In  the  article  Kivbbs,  coL  113,  tiie  Arabian  wadiet  have  been  noticed 
as  the  winter-brooks  of  the  countries  of  which  they  are  characteristic. 
But  tbiM  is  a  figurative  use  of  tbe  term.  A  wady,  tbe  correlative  of 
the  Hebrew  iiachal  (not  nakar,  with  which  it  is  confounded  in  the 
authorised  version  of  the  Scriptures,  but  which  is  a  river  proper),  ia 
originally  a  valley  of  a  peculiar  kind.  It  is  a  depression,  more  or  less 
deep  or  wide  or  long,  worn  or  washed  by  the  mountun  torrents,  or 
vinter  rains  for  a  few  months  or  weeks  in  the  year.  In  the  article 
Dbbbts,  coL  481,  tbe  oaaei  have  been  described,  after  Malte-Brun,  as 
rinng  in  the  midst  of  the  sands  like  islanda  in  the  ocean.  If  we  oon- 
uder  the  sources  of  tbe  springs  of  water  wbicb  supply  them,  and  to 
which  they  owe  their  existence,  to  be  included  in  the  locality 
designated  an  o<uU,  this  description  is  correct.  But  the  oaais  itself, 
like  the  wady,  ia  properly  a  species  of  valley.  .What  the  oasis  of 
Anunon,  in  the  western  desert  of  the  Nile, "  ia  on  a  great  scale  may  be 
waea  on  a  small  scale  elsewhere;  namely,  deep  depressions  of  tbe  high 
table-land,  which  thus  became  the  receptacles  of  all  the  rain  and 
torrents,  and,  consequently,  of  the  vegetation  and  the  life  of  the  whole 
of  that  porUon  of  the  desert.  These  oases,  therefore,  are  to  be  found 
wherever  the  waters  from  the  diSerent  wftdya,  or  hills,  whether  from 
winter  streams,"  or  from  the  few  living  perhaps  perennial  springs  of 
tha  eouniiy, "  oonverge  to  a  common  reservoir."  We  are  indebted  for 
tluaa  explicit  obvacten  of  geogn^diioal  featozoi  uuoh  often  v  alluded 


to  than  understood,  to  the  Rev.  A.  P.  Stanley,  who,  in  bin  '  Sinai  and 
Palestine,*  hoa  so  well  described  the  details  of  the  physical  geography 
of  those  countoies. 

The  preceding  statements  and  views  relate  principi^y  to  the  subject 
of  vall^  geo^phically  considered ;  their  geolo^oal  biatoiy  is  discuased 
in  the  foUowmg  essay,  which  originally  oonsbtutad  tbe  article.  We 
have  now  appended  to  it  some  facts  and  considerations  disclosed  by 
and  arising  trom  ihe  subsequent  progress  of  geology. 

"  Why  has  the  earth  any  mounbuns  I "  is  the  question  from  which 
De  Luc,  writing  in  1792,  sets  out  to  expound  his  whole  geological 
system ;  and  to  answer  at  the  present  time  the  corresponding  question, 
Why  haa  the  earth  any  VaUOTs  1  requires  reference  to  almost  the  entire 
series  of  general  tmths  which  have  been  established  by  investigation 
into  the  structure  of  the  crust  of  the  globe.  For  in  these  hollows  on 
the  surfaces  of  plains,  hilly  slopes,  and  steep  mountains,  we  behold  not 
only  tbe  results  of  atmospheric  agencies,  both  chemical  and  mechanical, 
and  of  the  flowing  of  streams,  o|>erating  under  tbe  actual  conditions 
of  nature  on  mate^als  of  unequal  mduration,  bat  also  the  earlier  efibcts 
of  other  vratery  agencies,  under  other  phyaiod  conditions,  on  materials 
differently  circumstanced,  both  as  to  their  consolidation  and  their 
position  in  reference  to  tbe  general  curve  of  surface  of  the  ^obe  and 
tbe  relative  level  of  tbe  sea.  The  origin  of  valleys  ascends  to  the 
earhest  geological  eras,  but  their  completion  includes  the  latest  phe- 
nomena produced  in  our  own  days. 

To  discuss  the  literary  history  of  this  celebrated  question,  and  esti- 
mate tbe  degrees  of  truth  attained  in  the  conflicting  bypotheses  of 
Dr.  Hutton  and  De  Luc — whicifa  may  stand  as  the  typos  of  two. great 
classes  of  rival  speculations,  not  yet  completely  reconciled — would  be 
a  long,  intricate,  and  unfruitful  labour.  The  problem  to  be  solved  bos 
seldom  been  seized  by  any  but  the  most  modem  writers  in  all  its 
generality ;  and  the  partial  solutions,  really  arrived  at  in  particular 
cases,  were  not  permitted  to  have  even  the  value  which  limited 
tmtlis  often  do  possess,  because  they  were  unwisely  mode  the  basis  of 
what  was  called  a  general  theory.  Though  De  Luc  could  prove  tbat 
valleys  on  whose  Une  were  deep  lakes  could  not  have  been  excavated 
by  the  streams  now  mnning  in  thepi,  he  was  scarcely  entitled  to  say 
that  "  all  the  notions  of  the  great  ravages  produced  by  the  rain-waters 
upon  our  continents  since  their  existence  have  been  mere  illusions." 
(Letter  I.  '  On  Qeolog?,')  And  Dr.  Hutton  might  have  carried  bis 
pupils  beyond  the  me^anical  effects  of  "  rivulets  tbat  run  only  in  time 
of  rain,"  before  be  required  them  to  admit  "  the  great  fact,  tmtt  rivers 
have  in  general  hollowed  out  their  valleys."  (Playfair's  '  Illustrations 
of  Huttonian  Theory,'  Note  xvi.) 

Theories  thus  supported  were  only  successful  in  destroying  each 
other  :  modem  geology  bos  been  advanced  by  a  very  different  process. 
Mr.  Lyeil,  M.  D  Halloy,  Mr.  Scrope,  and  ot^er  modem  writers,  have 
contributed  similar  partial  solutirais  of  particalar  cases,  by  careful 
investigation  of  the  features  of  the  valleys  of  Auvergne,  Belgium,  and 
the  Rhenish  provinces  (see  cols.  541-2) ;  but  to  obtain  a  general  view 
of  the  theory  of  valleys,  we  must  add  to  these  many  other  equally  esta- 
blished locu  results.  This  necessity  is  indeed  virtually  acknowledged 
by  the  eloquent  writer  to  whom  the  Huttonian  hypothesis  owes  its 
celebrity,  for  even  while  ha  declares  ihe  great  hollow  of  the  Yalois  to 
be  the  work  of  tbe  Kbdne,  he  adds,  this  tract,  when  the  Alps  roae  out 
of  the  sea,  may  have  included  many  depressions  of  the  surface  which 
the  river  joined  together,  and,  from  being  a  series  of  lakes,  became  one 
great  valley. 

To  take  the  problem  of  the  formation  of  valleys  in  all  its  extent,  lot 
us  traoe  in  imagination  the  course  of  a  considerable  river,  wtuch,  com- 
mencing in  a  mountain-ridge,  runs  to  the  eastward,  namely,  in  the 
direction  of  the  dip  of  the  Btiata,  and,  after  tiaversing  tbe  usuiu  variety 
of  ground,  empties  itttii  into  a  shoUoir  sea  full  of  powerful  ourrent& 
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The  nppM  do^nf  Un*  (r)  U  suppoted  U  be  tLe  bed  of  the  river. 


A.  The  summit  of  drainage  between  one  river  area  and  another 
be'ng  supposed  to  be  below  tbe  level  of  perpetual  snows,  we  find, 
above  tbe  permanent  sources  of  many  rivers,  occasional  feeders,  which 
depend  on  particular  falls  of  rain,  becoming  dangerous  torrents  or 
ap^eatinj  as  mere  lines  of  pebbles  according  to  the  state  of  the  weather. 


After  heavy  r^  the  hHI^ideB  of  tiie  highland  districfa  of  Scotland, 
Wales,  and  CumberUnd  are  whitened  by  abundance  of  diort-lived 
torrents,  wiiich  hurry  down  considerable  heaps  of  tbe  loosened  mateiiUs 
of  the  biUs,  and  spread  them  into  little  deltas  on  the  margin  of  the 
valley  below.   Siniilar  effects  on  a  particular  dope  follow  the  burating 
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of  a  waterspout  (High  Pike,  in  Cumberland)  [WATi:n8Ft>in],  or  the 
iatumasoenoe  of  a  wet  poat-bog  (above  Keigbley,  Yorkshire).  Froat 
and  the  sun's  heat  are  felt  in  extreme  in  the  high  regions  which  give 
birth  to  rivers,  and  by  their  alternation  the  rooks  are  broken  and 
disintegrated.  To  these  regions  Huttou  and  PlayEoir  righUjr  pro^iose 
to  carry  their  pupils  for  the  purpoaa  of  imprauiDg  upon  their  nunds 
the  utensive  vrtwte  produced  on  the  earth's  surface  by  modem  causes  ' 
in  action.  Examples  are  eveiynhere  abundant :  Qlen  Coe,  Borrow- 
dalo,  Soowdonia,  may  be  dted.  (l^.B.  I'he  ga»a^  fetturM  of  the 
higher  parts  of  mountaiD-vallejrs  are  nearly  the  ■ama  around  (^acuers, 
and  these  features  are  liable  to  change  by  the  vioknt  altemmoiiB  of 
temperature.) 

B.  The  asoond  stage  of  voUeyi  is  that  vimb  admits  of  the  union  of 
permanoat  natural  springs  to  the  oocanonal  hill-side  floods,  and  of  ihe 
gathering  uf  these  streamlets  into  a  rapid  and  agitated  river.  The  now 
augmented  water  is  of  teu  confined  in  a  narrower  gleu  than  any  of  its 
tributaries,  and  rushes  and  cascades  among  rocka  and  mounds,  whioh 
are  so  disposed  as  to  show  proof  that  the  ooturse  of  the  stream  haa 
varied  from  time  to  time,  as  the  levels  chuiged,  in  consequmioe  of 
eroding  action. 

C.  At  length  the  glen  opens  in  a  pebbly  plain,  or  sinks  ioto  a  broad 
ttd  quiet  lake.  Sucli  lakes,  or  plains  which  seem  to  have  been  lakes, 
are  of  ver^  general  occurrence  along  the  line  of  rivers,  while  they  are 
engaged  in  the  midst  of  their  parent  mountains  (Derwent  Water, 
LUiuberis,  Loch  Tay).  They  even  appear  at  the  foot  of  particuUr 
mountains,  receiving  only  occasional  stareams  (Bed  Tarn,  under  Uel- 
T^ynX  and  in  a  Tfli7  0eat  variety  of  cases  timmr  to  be  irregular 
hfljlowe  1^  after  great  custurhanceB  of  the  stratification  amongst  the 
angularly  posited  roasiea  of  brok«i  ground.  Their  depth  is  from  a 
few  feet  to  a  thousand  feet  (Lake  of  Ooieva)  below  the  level  of  the 
nlley ;  and  as  the  rivers  whidi  enter  the  upper  ends  there  lose  their 
force  in  the  expansion  of  water,  and  drop  their  traosptnted  sediments, 
the  grotDlh  of  new  laud  in  that  part  of  su(4i  lakes  is  proportioned  to, 
and  is  in  truth  a  measure  of,  tiw  whole  effeota  of  tiiose  rivers  in  trans- 
porting away  Uie  detritus  of  the  mountains  round  tiieir  source.  Such 
lakes  tiien  are  natural  dyuanuMieUn,  which  may  with  pvper  caution 
be  uasA  to  determine  the  amoimt  of  transported  tuotorials  delivered 
into  them  in  given  times  by  rivers;  they  also  give  the  sum  of  all  the 
effects  of  this  kind  performed  by  such  rivers ;  and  thus  finally  they  ore 
tuUurttl  dunnoneUnj  ior  by  dividing,  in  any  particular  case,  the 
integral  efieot  or  mass  of  deposited  materials  by  the  rmte  of  annual 
progress,  an  t^proximste  mswar  in  years  is  giv«i  to  the  question  of 
the  length  of  time  which  has  elapsed  since  ^iat  river  began  to  flow. 
By  this  argument  De  Luc  arrived  at  the  conclusion  that  the  desicca- 
tion of  our  continents  by  elevation  above  the  sea  is  a  phenomenon  of 
no  very  great  antiquity,  belonging  to  an  epoch  only  a  few  thousand 
yean  removed  from  our  own.  Thou^  geologists  cannot,  from  the 
evidence  of  particular  lakes  in  oertain  dismcts,  adopt  this  conclusion 
for  other  districts  where  quite  di&rent  phenomena  appear,  Professca- 
Sedgwidc  and  other  eminent  poions  have  declared  the  argument  of 
De  Luc,  within  its  proper  limite,  to  be  unanswered  and  unansweraUe. 
In  all  cases  then  where  lakes  are  so  interposed  in  the  path  of  a  river 
that  they  must  be  believed  to  have  reoeived  all  the  seoiments  which 
that  river  bss  brought,  the  cubio  volume  of  these  aooumulations  in 
the  lake  may  be  compared  with  the  cubic  space  of  the  ooDoavities 
between  the  hiUs  along  the  line  tA  the  tivers  and  tivukta  above  the 
lake ;  and  if  found  to  be  inferior  in  a  aoteable  degree,  we  may  posi- 
tively conclude  that  them  concavities  have  not  beeu  produced,  though 
doubtless  they  have  been  enlarged  and  modified,  by  the  atmospheric 
agencies  belonging  to  that  particular  area  of  drainage.  Now  this  eom* 
iwiison  has  hew  often  mode,  and  generally  with  the  positive  result, 
that  the  ezoavation  of  the  valleys  above  the  Iskea  is  not  the  eflbot  of 
those  vratery  agencies  now  exerted  within  them.  Excavated  however 
some  of  them  have  been  by  watery  a^ncy,  and  in  all  of  them  the 
surface  slopes  have  been  adjusted  by  this  power,  both  io  level  and  in 
direction,  to  the  boundaries  of  the  present  lake ;  but  we  must  avoid 
the  error  of  assuming  that  no  other  currents  having  a  different  origin 
m^  have  operated  in  those  valleys  before  the  exist^oe  of  the  lakes. 

D.  Beyond  tiie  regim  of  the  lakes,  the  rivets,  flowing  away  from  the 
rugged  mountains,  enoounter  ranges  of  stratified  rooks,  often  very 
r^ularly  inclined  at  a  moderate  angle,  in  parallel  ridgea  and  hollows 
which  correqwnd  to  alternately  hard  and  soft  por^ons  of  the  series  of 
strata.  If  there  were  no  gtoB  across  these  ridges,  ao  as  to  connect 
their  intcrveniiig  hollows,  «ich  of  these  hollows  would  include  one  or 
many  lakes,  and  the  rivo-  whose  course  we  are  tracing  could  not  pass 
over  the  first  of  the  ridgea  until  the  hollow  space  between  it  and  the 
lake  dis^t  (C)  was  filled  with  water,  generally  at  a  high  level.  If 
such  a  drcumstsnoe  were  supposed  ever  to  have  happened,  the  waters 
mig^t  be  imagined  to  make  themselves  a  passage  across  this  ridge,  and, 
by  like  reasoning,  across  any  lower  ridges  lying  beyond.  {See  the 
figures  above,  and  in  art.  Geology,  in  Nat.  Hist.  Div.) 

It  sometimes  happens  that  more  titan  one  group  of  such  parallel 
ridges  and  hollows— OS  the  mountain  limestone  group  (/),  followed  by 
tiie  otditic  hdgee  (o),  or  those  by  tiie  chalk-hills  (c) — lie  on  tiie  course 
of  even  one  river,  and  require  the  repetition  of  such  phenomena  to 
aoconnt  for  the  coarse  of  the  valley.  But  a  greater  dtffiimlty  must  be 
encountered.  The  very  hollows  themsdves  in  which  these  sheets  of 
watOT  are  imagined  to  luve  spread  are  vallcyi^  and  yield  as  plain  proof 


that  they  also  have  been  excavated  and  modified  watery  action,  as 
the  river-channels  which  cross  them.  For  in  Iho  midst  of  such  hollows, 
insulated  hills  (the  unremoved  portions  of  the  same  or  the  nearest 
superjacent  strata)  remain  variously  distributed,  to  mnrk  tlie  ancient 
h^ght  of  the  land  therein,  and  attest  the  enormous  degradation  which 
has  been  there  occasioned.  If,  then,  the  supposed  lake  gave  the  force 
to  break  over  and  cut  throuj^  the  iiuiloBm^  barrier  of  rod:  beyond,  so 
as  to  shape  a  course  and  descent  to  the  nver,  the  excavation  of  the 
space  in  which  the  lake  was  gathered  was  the  fruit  of  earlier  and 
diBTerent  watery  action.  This  conclusion  is  again  and  again  forced 
upon  our  attentioi^as  we  proceed  ^ong  the  line  of  the  valley. 

E.  In  crossing  tiirough  the  parallel  ridges  and  hollows  of  hard  and 
soft  strata,  the  river  is  confined  to  Bteq>,  narrow,  angularly  bent 
passages  among  the  hud  rodcs ;  but  in  the  a^iter  stn^  between  them 
it  ilowa  and  winds  more  at  liberty,  through  wider  spaces,  whi(^  open 
far  on  each  side,  and  bring  additional  supplies  of  water.  In  these 
hollows  the  velocity  of  the  stream  dies  away,  and  the  sediments  derived 
from  wasting  of  the  adjoining  high  grounds  fall  on  fertile  meodon's  in 
floods  or  eilt  up  their  own  cbann^  in  times  of  slaok-water,  while 
around  appear  iniubted  hills,  left  by  the  andent  water-currcot*  wludi 
swept  away  the  materials  around  them. 

F.  The  river,  on  emerging  from  these  ranges  of  secondary  strata, 
enters  a  wide  region  of  plains  and  low  hills  of  gravel  {g),  riung  irregu- 
larly amidst  alluvial  plains  and  manhce  (m),  amongst  which,  for  a 
oertain  distance,  the  tide  flows  up  the  ekponded  river-channeL 

Wherever  these  marshy  plains  and  gravelly  ridges  are  locally  related 
geographical  situation  and  disttUnition  to  the  main  stream  or 
smailOT  branches,  ao  as  to  allow  of  the  possibility  of  referiing  their 
formation  to  tite  action  of  the  existing  fiuviatile  and  tidal  currents,  it 
would  be  false  philosophy  to  look  for  a  more  remote  or  more  genial 
cause.  This  is  often  tiie  case,  perhaps  generally  so,  with  the  tdluvial 
sediments,  for  they  contain  often  freshwater  shells  and  other  marks  of 
limited  lacustrine  or  fiuviatile  action ;  but  it  is  seldom  the  esse  with 
the  gravel  beds  and  ridges.  These  often  lie  across  the  path  of  the 
!  river  (ee), and  often  rise  to  a  great  height  above  it;  often oonust of 
'  stones  not  only  b^ond  the  present  power  of  the  river  to  transport,  but 
such  as  do  not  occur  in  ntn  in  any  part  of  the  area  druned  by  ite  main 
stream  or  tributary  waters. 

Tet,  from  their  form,  distribution,  and  composition,  there  is  no 
doubt  that  some  have  been  wholly  aooumulatwl  and  all  modified  by 
water-currents ;  so  that  here  again  we  have  [ooof  of  the  waste  and 
remodellingof  thesurfooe  of  the  earth  by  otiier  forces  than  the  existing 
atmospheric  agenciee. 

Q.  On  rmt^ung  the  sea,  we  find  the  influenoe  of  the  river  prolonged 
into  the  salt-water,  augmenting  the  mass  of  sediments  drifted  cout- 
wise  by  the  tide,  anid  feebly  assisting  in  the  distribution  of  them.  But 
the  bed  of  the  sea  is  unequal,  soft,  or  rocky,  excavated  into  hollows, 
and  varied  by  sand-banks  and  gravel-beds,  not  unlike  those  on  the 
neighbouring  land,  imd  even  yielding,  as  tiiey  do,  bones  of  gigantic 
exl^ct  mammalia  (Happisburgh  coast  [and  in  net  the  eastern  coast  of 
England  from  Bridlington  to  beyond  the  mouth  of  the  Thames]). 
These  points  of  agreement  between  the  actual  sea-bed  and  the  neigh- 
bouring lands  marl^  some  community  of  origin :  the  land  has  bem 
raised  out  of  the  sea,  and  owes  some  of  its  irregularities  to  marine 
ourrents  (as  Bufibn  thou^t),  or  the  sea's  bed  is  subsided  land.  Each  of 
these  may  be  partially  and' locally  true,  but  there  can  bo  no  doubt  td 
the  sea^urrents  having  power  to  alter  the  distributitm  of  sand-banks 
and  gravel-bonks  to  some  considerable,  though  not  preoisely  known, 
depth ;  and  as  all  the  stratified  crust  of  the  earth  has  been  once  the 
bed  of  the  sea,  it  is  evident  that  the  action  of  marine  currents  is  a 
cause  of  universal  sfipllcation  to  tiie  theory  of  the  inequalities  d  the 
esrtb's  sorfiuie,  as  -wml  as  of  extractdinarr  power. 

The  slight  sketch  here  presented  includes  phmomoia  which  nu^  be 
seen  on  the  En^ish  rivers,  though  not  all  on  one  and  the  some  stnam  : 
the  description  may  be  verified  in  every  one  of  its  stages  a  hundred 
times,  and  augmented  with  additional  phenomena  by  any  intelligent 
reader  personally  acquaiated  with  the  physical  geography  of  Britain. 
Exactly  similar  phenomena,  tuther  all  m  the  same  ordor  or  variously 
associated,  may  be  paralleled  by  inatances  selected  from  other  parts  of 
the  world,  and  it  only  remuns  to  apply  a  plain  course  o£  reasoning 
to  them. 

The  action  of  atmospheric  agencies,  river-atreomleta,  and  rivers, 
with  or  without  lakes,  with  or  without  glaciers,  is  always  one  and  the 
some :  to  degrade  the  high  lands  and  to  raise  tiie  low,  and  thus  to 
equalise  the  levels,  and  to  diminish  the  irrcf^ularities  of  the  sur&ce  of 
the  gldw;  and  this  because  of  the  universal  action  <A  grav^,  wher- 
ever there  are  weighty  mosses  and  inequality  of  levd.  The  sea's 
action  is  similar,  and  though  complicated  by  tidal  fluctuations,  as 
rivers  and  lakes  are  by  drou^t  and  inundations,  and  by  the  variable 
influence  of  wind  and  temperature,  its  final  results  are  of  the  same 
character. 

This  is  indisputable.  It  is  equally  true  that  the  direction  of  the 
existing  watery  agencies  on  the  land  is  detennmed  by  the  present 
relation  of  levNs  between  the  dtfieront  parts  of  the  land,  and  between 
the  land  and  the  sea.  Uoreover  the  eSecta  of  these  agencies  are  perfectly 
adjusted  to  these  levels.  It  follows  inevitably  that  tiie  sum  of  the 
etfouts  of  thees  existing  agencies  has  been  to  Htmiwiali  the  origiool 
inequalitiee  of  the  earth's  suriaoe,  that    to  m^,  to  h)ver  the  hilu,  to 
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Bmootk  and  lard  the  vtSley*,  to  fill  np  the  laka,  irliidi  an  a  put  at 
th«  Tkll^;  in  a  word,  to  ehaage  gulb  into  lakes,  and  dusms  into 
vales,  by  a  mere  surface  action  on  fomu  which  had  been  more  boldly 
marked  in  earlier  eras  of  nature. 

We  must  therefore  believe  that  immediately  after  the  desiccation  of, 
&o  land,  its  grand  chains  of  mountains  and  long  continaoug  vales 
were  more  firmly  outlined,  more  roughly  and  etron^y  modelled,  deeper 
and  higher  than  they  aow  ^>pear,  and  it  only  raniaiiiB  to  inquire  to 
what  known  geologiud  oanses  this  can  be  justly  aaoribed. 

We  mnat  remember,  first,  that  the  surifacea  of  stratification  on  the 
eea's  bed  were  once  continuoua,  but  on  the  land  they  are  now  inter- 
rupted hj  excavated  v^eys  and  left  dismembered  on  readual  hilla  ; 
secondly,  that  tiiese  avaiaceB  were  plains  or  nearly  bo,  and  huriKontal 
or  nearly  ao;  but  now  they  are  found  contorted,  raptured,  placed 
in  ngnhr  pontiona,  vertioal,  or  even  revened  in  paiticubr  regions. 
The  ntter  clan  of  efibets  depends  on  the  Tiolent  nature  ot  the  elevating 
movenienta  to  wliich  the  land  waa  subject ;  the  former  is  often  inde- 
pendent of  local  disturbance,  and  seems  to  be  due  to  the  mere  action 
of  powerful  currents  of  water.  But  it  is  often  seen  tiiat  the  line  of 
these  valleya  is  the  line  of  a  foult,  of  a  synclinal  basin,  or  anticlinal 
ndge,  that  is  to  say,  a  line  of  loeakHeu,  a  line  of  least  restatance,  deter- 
mined \jy  caosec  anterior  to  the  ouirent  of  water  which,  flowing  up  or 
down  the  line,  or  both  np  and  down,  has  worn  it  into  a  ytSley. 

Now  if  w8  remember  that  the  most  powerful  mecbanioU  action  of 
water  takes  place  on  the  seacoast;  if  we  remember  that,  by  the  con- 
tinual or  the  pertodicid  rising  of  the  land,  this  littoral  action  baa  been 
transferred  from  poiut  to  point  over  every  part  of  the  area  of  the  land, 
beginning  among  the  mountains  at  the  source  of  the  present  rivetB, 
and  Buooeaaively  washing  and  wasting  every  part ;  we  shall  readily 
admit  in  tTaa  one  universal  and  powmul  agency  the  principal  cause 
which  broke  the  continuity  of  the  planes  of  stnita,  washed  away  the 
least  resisting  and  left  the  hardest  parte,  and,  hy  succeBsively  retiring 
lines  of  action,  gradually  oompleted  the  main  features  of  the  valleys 
and  hilla  which  had  not  been  {ffevioualy  impreaaed  bj  vident  nibter- 
nnean  movements. 

Atmos^erio  agencies  must  be  admitted  to  have  greatly  co-operated 
in  tills  result,  especially  if,  as  geologists  8upp(»e,  niere  were  grounds 
for  believing  these  to  have  been  mora  powerful  in  the  earlier  [or  in 
some  post]  eras  of  the  world,  when  the  temperature  was  pei-haps 
higher  and  the  atmosphere  in  cooaequence  more  highly  vaporous. 
Nor  must  we  tmdervalue  the  eroding  power  of  modem  streams,  or  the 
volume  of  the  disintegrated  earthy  masses  which  they  transport  away. 
It  is  past  a  question  Uiat  modem  rivers  have  cut  their  own  channels 
through  lava  (Lyell, '  Principles  of  Oeol.'),  through  diluvial  gravel  and 
clay  drifted  from  other  regions  (Phillips, '  Sections  of  the  Yorkshire 
Coast '),  and  through  trap  tlirown  up  by  the  Eifel  volcanoes  {[Phillipsj, 
MS.,  1829).  But  in  each  of  these  latter  instances  the  valley  of  diluvial 
gravel  and  clay  lies  in  and  conceals  in  part  an  older  valley  of  ruder 
aspect,  excavated  in  the  strata&ed  rocks  of  sandstone  or  limestone  or 
aigillaceous  slate ;  and  we  may  often  contemplate  in  the  course  of  one 
atteam  the  fragmentary  state  of  the  rocks  as  left  by  elevatoiy  forces, 
the  wasting  of  these  when  they  formed  part  of  an  ancient  shore,  the 
obliteration  of  the  old  valleys  by  some  yet  ill-understood  cause  of  local 
accumulation,  and  the  final  adjtistment  of  levels  and  slopes  by  causes 
which  are  still  continuing  this  beneficent  process,  enlarging  and  en- 
riching our  meadows,  contracting  Vba  areas  of  our  lakes,  and  softenlns; 
for  the  future  wants  of  mankind  tiie  rugged  featarea  of  hills  which 
will  not  always  defy  the  hand  of  industoy. 

(The  reader  who  desires  to  follow  out  this  large  subject  may  consult 
with  great  advantage  De  Luc's'  works — as,  '  Letters  on  Geology,' 

*  Lettres  sur  I'Hifit.  de  la  Terre  et  de  I'Homme ; '  Pb^fair,  *  Illustrations 
of  Uuttonian  Theory;'  Buckland*B  '  Reliquio:  DiluviaUEe ; *  Lyell, 
'Principles'  and  'Manual  of  Geology;'  Uurchison;  Darwin;  [John 
Phillips,  'Rivers,  Mountains, and  Seaooast  of  Yorkshire'];  and  other 
modem  writers.  The  article  Faraluu.  Roads  [Nat.  Hist.  Dm, 
with  addition  in  ttie  present  article},  mn^  also  be  read.   M.  Agaaaiz's 

*  Speculations  on  Qlaoiera,'  have  several  pomts  of  important  bearing  on 
the  subject  of  Valleys.) 

Allusion  has  been  made  in  the  article  Surface  or  the  Earth,  of 
which  sabject  valleys  constitute  so  important  a  feature,  to  the 
researches  on  the  subject  of  their  excavation  of  Mr,  O.  Poulett  Scrone, 
"V.P.G.S.,  a  not  less  plulosophical,  if  less  popular  advocate  of  tte 
BuEBciency  of  existing  causes  in  geological  dynamics  than  Sir  C.  Lyell, 
and  to  the  views  which  hia  inductions  from  their  results  have  led  him 
to  form.  In  the  first  volume  of  the  '  Proceedings  of  the  Geological 
Society  of  London,'  p.  170,  the  reading  (now  above  thirty  years  since) 
is  recorded  of  a  paper  by  that  geologist,  hitherto,  we  think,  unappre- 
ciated, in  which  attention  is  drawn  to  the  value  which  would  attach  to 
a  test  by  which  any  one  valley  could  be  ascertained  to  be  the  result 
either  of  a  rapid  and  violent,  or  of  a  slow  and  gradual  excavatory 
process;  since  the  forces  of  aqueous  erosion  are  of  a  general  nature, 
and  while  in  activity  in  one  river  channel,  were  probably  not  idle  in 
others.  Such  a  test  was  previously  pointed  out  by  Mr.  Bcrope,  in  his 
work  on  the  '  Geology  of  Central  France,'  where  lava-currents  which 
Iwve  flowed  into  valleys  at  intervals  of  time  appear  now  at  diB'erent 
heights  above  the  actual  river  bed,  marking  the  successive  steps  of  the 
HUip'eaa  of  exca^'atiuu.  In  the  paper  here  cited  he  finds  another,  and 
an  equally  valuable  test  in  the  extreme  unuoaitiea  of  some  valleys. 


Any  Buddan,  vidsnt,  and  trandeot  rush  of  water  of  a  dilnvial  oharacter, 
that  is,  a  flood  of  wide  area,  could  oidy  prodnoe  stra^ht  tro\igh-shaped 
channels  in  the  direction  of  the  current,  and  could  never  wear  out  a 
series  of  tortuous  flexures,  through  which  some  rivers  now  twist  about, 
and  often  flow  for  a  time  in  an  exacUy  opposite  direction  to  the  general 
straight  line  of  descent,  which  a  deluge  or  dSb&ole  would  naturally 
have  taken.  Curvatures  of  this  extreme  kind  are  frequent  in  the 
channels  of  rivers  flowing  lazily  through  flat  alkivial  plains;  these 
curves  are  gradually  deepened  and  extended,  till  the  extreme  of 
aberration  is  corrected,  uid  the  direct  line  descent  restored,  by 
the  river  cutting  through  the  Lsthmus  which  separates  two  neigh* 
bouring  curves.  There  ore  occasional  instances,  where  the  bias  of  the 
river,  or  direction  of  its  lateral  force  of  excavation  has  remained  so 
constant,  as  to  give  the  valley  itself  the  utinost  degree  of  sinuoatty. 
But  such  examples  must  be  unmensely  rarer  tiian  those  of  the  con- 
figuration previously  desoibed;  beoauae  the  finquenb  shiftings  of  the 
cmumels  of  streams  tend  to  olditerate  their  winmnga,  and  reduce  the 
sum  of  the  several  suooesaive  ezoavations— that  is,  the  valley— to  a 
more  or  less  straight  form. 

The  valley  of  the  MoseUe,  between  Beraoastle  and  Roam,  excavated 
to  a  depth  of  from  600  to  800  feet  through  an  elevated  platform  of 
later  palaeoeoio— formerly  termed  tranation  — rockji,  constitutes  a 
striking  instsnoe  of  the  former  class.  Its  windings  are  often  ao 
extreme,  that  the  river  returns  after  a  course  of  seventeen  miles  hi  one 
instance,  and  nearly  as  much  in  two  others,  to  within  a  distance 
of  a  few  hundred  yurds  of  the  spot  it  passed  before ;  wearing  away  on 
either  side  the  base  of  the  ridge-shaped  isthmus  separating  ulo  curves, 
and  enclosing  a  peninsula  of  elevated  loud  five  or  six  hundred  feet 
hi^;  but  sloping  towardt  the  bottom  of  the  curves,  where  it  is 
strewed  with  boiuders,  left  there,  it  may  be  presumed,  by  tiie  river, 
as  it  gradually  deepened  its  channel  and  extended  its  Uteral  curvature. 
The  valley  of  the  Meuse  near  Givet  offers,  through  a  great  distance,  a 
number  of  similar  windings,  and  the  same  character  is  seen  at  intervals 
in  many  of  the  otiier  rivera  of  the  same  physical  district  of  Europe. 
Ports  of  the  Seine  below  Paris,  and  the  valley  of  the  Wye  between 
Hereford  and  Chwrtow,  are  examples  nesm  home. 

Valleys  which  lue  these  twist  about  in  the  same  regular  curves  as 
the  chuinel  of  a  brook  meandering  through  a  meadow,  can  only  be 
accounted  for  by  the  slow  and  long  continued  erosion  of  the  streams 
that  still  flow  in  them,  increased  at  intervals  by  wintiy  floods.  To 
attribute  them  to  a  transient  and  tremendous  rush  of  water  in  the 
main  direction  of  the  valley  appears  to  be  impossible.  Whilst  these 
valleys  were  slowly  excavated,  outer  rivers,  dur^  the  same  protracted 
period,  will  have  produced  l^ewise  an  amount  of  excavation  propor- 
tioned to  their  volume  and  velocity,  and  the  nature  of  the  rocks  Uiey 
flowed  over.  In  the  examples  cited  above,  the  rocks  are  mosUy  hard 
strata,  yet  the  valleys  are  wide  and  deep.  Where  softer  strata,  as 
sands,  cUys,  and  marls,  were  the  materials  worked  upon,  the  valleys 
excavated  may  be  expected,  as  they  are  found  to  be,  &r  wider  in  pro- 
portion  to  the  vdome  tA  water  flowing  through  them.  The  comparative 
softness  of  the  materials  also,  by  accelerating  the  lataal  erosion  of 
the  stream,  will  have  multiplied  the  shiftbgs  of  its  channel,  and 
reduced  their  sum  with  greater  certainty  to  one  average  direction. 
Hence  the  deeply  sinuous  valleys,  such  as  uiose  jparticularUed,  are  only 
found  penetrating  the  more  aoUd  rock  formations.  Mr.  Soropa  oon- 
dudee  by  a  confirmatimi  of  his  opinion  that  extreme  curvature  of 
duumd  can  only  be  produced  hy  a  dow  and  comparatively  truqoil 
proeeea  of  excavation,  by  a  reference  to  mountamous  districts,  in 
which,  where  the  torrents  and  riven  are  most  r^d,  their  course  is 
nearly  straight;  from  which  a  legitimate  converse  induction  arises, 
that  a  certain  subdued  velocity  in  the  stream  is  necessary  to  produce 
the  former  result. 

It  may  deserve  investigation,  whether  the  spiral  course  of  the  rivers" 
and  vdleya  of  eastern  Africa,  noticed  in  the  geographical  portion  of 
this  artide,  may  not  have  originated  in  the  windings  of  the  rivers  in  a 
former  and  very  different  geological  condition  of  the  country,  of  wfaidi 
the  actual  curves  are  the  remains,  afto-  the  deration  of  the  land  into 
its  present  form. 

In  a  paper  on  the  elevation  and  denudation  of  the  lake  district  of 
Cumberlaad  and  Westmoreland  ('  Quart.  Joum.  of  QeoL  Soc.,'  vol  iv., 
pp.  70-08),  Mr.  Hopkins  has  inveatignted  and  apparentiy  solved  the 
problem  of  the  origin  and  process  of  formation  of  the  lake  valleys; 
throwing;  great  light  on  tiie  history  of  similar  valleys  in  other  countnes." 
The  probable  origin  of  the  lakes,  it  may  be  remarked,  that  is,  in  the 
first  instance,  of  their  valleys,  in  diverging  dislocations,  was  first 
suggested  by  Professor  Sedgwick,  but  Mr.  Hopkins  has  placed  tiie 
ai^gument  in  its  favour,  for  the  first  time,  in  a  determinate  and  demon- 
strative form. 

■  It  would  appear  impossible  not  to  ascribe  the  origin  of  the 
lakes  of  Coniston  and  Windermere,  for  example,  to  the  distooa- 
tions  of  strata,  with  which  they  are  so  immediately  associated.  Ur. 
Hopkins  has  described  on  enormous  dislocation  of  the  band  of  lime- 
stone interstratifled  with  the  older  paleeozoic  rocks  seen  just  above 
Coniston  Water,  producing  a  horizontal  displacement  of  about  a  mile. 
The  direction  of  the  fault,  as  determined  by  a  line  joining  the  extremi- 
ties of  the  dislocated  portion  of  the  limestone  band,  passes  exactly 
down  the  lake.  AnoUier  fault  ranges  down  the  valley  of  Trcmtbedk, 
as  indicated  by  a  dislocation  of  the  limestone  bond,  snd  a  great  hori- 
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Kontal  diiplacemmt.  It  nngM  acourately  with  tliat  part  of  the  lake 
of  Windermere  which  lies  to  the  south  of  the  embouchure  of  the 
vall^.  On  the  east  of  Troutbeck  alao,  there  are  dislocations  evidently 
coaoected  with  the  fonnatton  of  thp  two  Btritung  volleys  of  Troutbeck 
aud  Kentmere.  The  line  of  dislocation  would  seem  to  pass  exactty 
along  that  part  of  the  latter  valley  in  which  the  mere  is  situated. 
Indeed,  according  to  the  geolog^  irboM  views  we  are  ranting,  the 
existence  of  any  of  the  urger  lakes  eannot  be  accounted  for  in- 
dependently of  similar  dislocatdoDB.  Taking  Wastwater,  for  instance, 
its  depth  is  found  to  be  forty-five  faUioms,  so  that  its  bottom  is  pro- 
bably almost  a  hundred  feet  lower  than  the  level  of  the  sea.  It  is 
evident  that  such  a  bn^n  could  not  be  scooped  out  by  the  action  of 
water;  nor  is  ite  depth  increased  by  an  iu»!umulation  of  detritus  at 
the  mouth  of  the  tuIot,  for  the  tivm  by  which  its  surplus  water  is 
discharged  outs  into  the  solid  rook.  The  lake  (and  its  including 
v^ey),  could  only  be  formed,  therefore,  by  a  relative  subsidence  of  its 
bottom,  the  strata  being  relatively  displaced  on  opposite  sides  of  the 
fault.  If,  in  any  such  case,  this  relative  subsidence  do  not  extend  to 
the  mouth  of  the  valley,  or  be  less  there  than  in  the  upper  part  of  it, 
a  lake  will  necessarily  be  formed.  This  general  explanation  will  apply 
to  all  the  lakes  of  the  district. 

The  lakes,  Mr.  Hopkins  concludes,  are  thus  only  "  the  secondary  and 
acddental  consequences  of  the  faults  with  yrbiea  they  are  associated, 
the  primary  effbcta  being  the  valley  in  which  those  lakes  are  situated ; 
for,  whatever  may  have  been  the  agency  by  which  the  masses  once 
occupying  those  vall^  have  been  removed,  it  is  easy  to  see  that  it 
■would  act  more  efficiently  along  lines  of  dislocation  than  elsewhere; 
And  iunce  the  existence  of  dislocations  along  the  lake  valleys  may 
loe  eoiuddered  as  established,  it  would  seem  impossible  to  avoid  the 
conclusion,  that  those  valleys  must  themselves  have  origmated  in 
vuch  dislocations.  We  are  thus  led  to  conclude  that  a  disloca- 
tion was  produced  before  the  valley  began  to  be  formed ;  that  this 
led  to  the  formation  of  the  valley  by  denuduig  causes ;  and  that  the 
subsidence  which  caused  the  lake  was  one  of  Ute  last  of  that  series  of 
■repeated  distorbanoes  which  might  occur  daring  the  long  interval  of 
time  which  was  probably  neceesair  for  the  eomplelaon  of  the  valley. 
....  This  inew  of  the  origin  of  valleffl  of  this  kind  must  be  con- 
sidered as  applicable  principally  in  places  nearest  the  centres  or  axes 
of  elevation.  In  other  cases  they  may  have  arisen  altogether  from 
aqueous  action ;  or,  when  they  originated  in  dislocations,  they  may 
have  had  their  directions  so  altered,  and  their  ciiacaoter  so  modified  by 
denuding  oaoses,  as  to  retain  no  distinct  tzaees  of  tiieir  origin." 

From  these  illustraUons,  derived  from  local  phenomena,  we  return 
to  a  part  of  the  genend  history  of  the  subject,  in  which  again  physical 
geofpi^y  and_  geology  are  united,  but  renuun  distinct. 

Whatever  influence  the  geological  constitution  and  lithological 
nature  of  the  strata  and  rodc-masses  in  which  a  valley  has  been  ex- 
cavated, may  have  upon  its  form,  that  form  is  still  independent  of 
what  may  be  termed  the  geometrical  dispodtion  and  confignntion  of 
tiioae  strata  and  nxdc-masses.  This  is  equally  true  of  mountains  as  of 
valleys.  It  seems  natural  to  suppose  that  when  a  group  of  strata 
inclining  upwards  towards  the  same  line  from  opposite  points  form 
what  is  denominated  an  anticlinal,  a  hill  or  a  mountain  should  be  pro- 
duced ;  and  that  when  a  synoUiwl  is  fonded  by  the  similar  meeting 
in  one  line  of  a  group  of  strata  inclining  downwards  from  opposite 
points,  a  valley  should  be  the  result ;  and  in  many  cases  such  is  the 
fact.  But  in  many  coses  also  the  reverse  occurs,  valleys  being  situated 
on  anticlinal  arches,  and  mountains  consisting  geologically  of  syn- 
clinal troughs  of  strata.  (Lyell, '  Mamuil,'  p.  57.)  Thus  it  has  been 
recently  shown  by  Sir  R.  I.  Murchison  and  Mr.  Qeikie  ('  Quart  Joum. 
of  Qeol.  Soc.,'  May,  1861),  that  the  enormous  moss  of  Ben  Lawers, 
"like  many  other  mountains  in  Scotland,  as  wdil  as  elsewhere," 
actually  occupies  a  i^clinal  trough,  while  the  deep  nll«y  of  Loch 
Tay,  like  that  of  the  Oreat  Olen  through  which  the  Caledcmian  cand 
extends,  runs  along  an  anticlinal  artsh.  In  this  manner  Uie  geogra- 
phical con  figuration  of  the  land  is  often  quite  different  from  its 
geological  configuration,  or  that  of  Its  geological  elements.  In  con< 
nection  with  this  subject,  it  may  be  useful  to  advert  to  the  manner  in 
which  the  terms  in  question  have  come  to  be  employed  in  modem 
phyincal  geograjdiy,*  and  which  has  alreodv  led  to  erroneous  inferences, 
when  a  geographer  qteoks  of  an  antioluoal  line,  ridge,  or  axis,  he 
simply  means  the  ridge  formed  by  the  meeting  of  an  upward  idoiw 
and  counteralope,  or  the  unaginary  line  drawn  through  or  along  it; 
and  by  a  syndinal,  in  like  manner,  he  merdy  understands  a  linear 
depression  or  valley,  formed  by  the  meeting  of  a  downward  slc^  and 
counterslope;  without  reference  to  the  geological  constitution  of  the 
land  having  such  figures.  Thus  geographical  antiolinaticni  and  synoli- 
natiou  (derivatives  emplwed,  we  beueve,  for  the  first  time  by 
Mr.  Bmyley),  are  quite  different  things  from  the  disporition  of  groups 
of  strata,  designated  by  the  geolo^ta  as  anticlinal  and  syndinaL 
Thvia,  also,  the  slope  and  counterslope  may  consist  of  strata,  either 
meeting  or  sloping  away  from  each  other;  a  difference  quite  unim- 
portant in  geography,  but  of  great  moment  in  geology.  Geographers 

•  The  tem  utlclinal  aocms  to  hSTO  been  firat  adopted  in  ge(^BphT  in  Dr. 
Belce>8 'Orlgliici  Bihlirie,'  Lend.,  1834,p.SI0,  where  it  is  teniwked,  that  the 
»ango  of  monnt»lnB  called  the  Earadjeb  Dsgh,  "rorma  the  gcogiaphlcal  anU- 
cllnal  lino  between  the  two  great  riven  Tierls  nail  EnpJintefc  and  thelt 
reipective  tribntaTj  stroun*." 


are  often  not  geologists,  and  borrow  appellations  from  the  soiooce  of 

the  latter,  which  they  use  in  a  sense,  quite  correct,  of  their  own,  but 
at  the  same  time  quite  different  from  ite  original  one. 

Another  and  frequentiy  occurring  case  of  the  position  of  a  valley  on 
an  anticlinal  axis  is  the  following.  In  certain  dome-shaped  hills,  or 
elevated  r^ons,  which  all  consider  as  having  been  thrust  u^  by  * 
force  from  below,  there  is  often  an  elliptical  cavity  at  the  summit,  due 
partiy  to  the  fracture  of  the  upraised  rooks,  but  still  more  to  aqueous 
denudation,  as  they  rose  out  of  the  sea.  The  central  cavity  is  called 
a  valley  of  devatum.  It  exposes  to  view  the  subjacent  strata  or  rodcs, 
and  the  incumbent  stratified  mass,  the  central  portion  of  which  has  thus 
been  removed,  dips  away  on  all  sides  from  Uie  axis.  The  structure 
and  the  ihoorj  of  the  production  of  such  valley  were  first  recognised, 
and  the  appellation  given  to  them,  b^  the  late  Rev.  Dr.  Buoldand, 
who  described  a  r^niutkable  instance  in  the  valley  of  Kingsclere,  in 
Berkshire,  together  with  others,  all  presenting  the  same  features  of  a 
valley,  circumscribed  on  all  sides  by  an  escarpment,  whose  component 
strata  dip  outwards  from  an  anticUnal  line,  running  along  the  central 
axis  of  uie  ^ley.  The  most  symmetrical  valley  of  elevation  in  the 
British  isles  occurs  in  the  Woolhope  district  in  Herefordshire,  con- 
sisting of  two  concentric  narrow  ranges  of  hills,  almost  oontinuously 
surrounding  a  broad,  nearly  elliptical  dome;  tile  lowest  and  most 
ancient  strata  forming  the  dome,  the  incumbent  atrata  the  including 
bills.  (Buckland,  '  Trans.  Geol.  Boa,'  series  IL,  vol  il ;  Murchison, 
'Siluria;'  J.  Phiilipe,  in  'Mem.  of  GeoL  Survey,'  voL  it;  Lyell, 
'Principles,'  18fi3,  p.  421.) 

The  perusal  of  the  artide  Pabaixkl  Roads  in  the  KATintaL  Histort 
DivisioiT  of  this  work  is  referred  to  above  (col.  511),  as  denrable  for 
the  student  of  the  history  of  valleys.  Subsequently  to  the  investigip 
tions  of  the  eminent  observers  referred  to  in  that  article,  and  also  to 
those  of  Professor  Agasaiz,  Sir  Q.  3.  Mackenzie,  Mr.  R.  Chambers,  and 
others,  the  structure  of  the  parallel  roads  of  Lochaber  has  been  care- 
fully studied  by  a  dlstinguimed  American  geologist,  Professor  Henry 
D.  Rogers,  F.R.S.,  who  occupies,  greatly  to  the  advantage  of  science, 
the  chair  of  Natural  Hist<n7  in  tiie  Univernty  of  Qlasgow.  The  results 
of  this  study  he  stated  in  a  discourse  detivered  at  the  Royal  Institution, 
in  London,  on  March  22nd  of  the  present  year  (18fil)>  °i  which  an 
abetrect  appears  in  tiie  '  Proceedings ; '  and  in  which  he  states  that  he 
has  been  led  by  it  to  reject  all  the  hypotheses  hitherto  offered  in 
explanation  of  tiie  terraces,  as  inadequate,  and  to  recognise  in  certain 
phenomena  discovered  by  him,  but  not  before  noticed  or  theoretically 
oonsidered,  a  key  to  the  solution  of  the  problem.  Of  these  we  wiU 
briefly  notice  the  principal,  omitting  the  details,  and  subjoin  the  con- 
clusion at  which  Professor  Rogers  has  uiived. 

These  parallel  roads  are  apparently  level,  and  therefore  parallel, 
"  but  further  instrumental  measurements,"  Professor  Rogers  remarks, 
"are  necessary  before  the  question  of  their  absolute  horisontality  can 
be  r^arded  as  satisfactorily  settled;"  on  which  point, therefore, he 
saans  to  he  at  variance  with  Mr.  Darwin,  as  well  as  with  Sir  T.  L.  Dick 
and  Mr.  Maclean,  )aj  whom,  as  stated  in  the  former  article,  they  were 
carefully  levelled. 

Each  "  road,"  "  ahett,"  or  "  terrace,'*  according  to  Professor  H<^era, 
is  a  nearly  level,  wide,  deep  groove,  in  the  eauly  eroded  boulder-drift 
or  diluvium  [Surface  of  thb  Earth]  which,  to  a  ^[reater  or  less  thick- 
ness, everywhere  dothes  the  sides  of  the  mountams  exhibiting  them. 
They  vary  grwtly  in  their  relative  distinctness.  With  soareely  nn 
exception,  each  terrace  or  dielf  is  most  deeply  imprinted  in  the  hill- 
side, and  is  broadest,  where  the  surface  thus  grooved  has  its  aspect 
doum  the  glen,  or  towards  the  Atlantic ;  and  is  faintest  where  the 
ground  fronts  towards  the  head  of  the  valley,  or  the  German  Ocean. 
While  conspicuous  on  the  open  tadsa  and  the  westward  sloping  shoulders 
of  the  hills,  the  terraces  disappear  altogether  in  the  recesses  or  deejtcr 
oorries  whidi  scollop  the  flanka  of  the  mountains.  Each  grows  usually 
more  and  more  distinct  as  it  approaches  the  head  of  its  own  special 
glen,  until  those  of  the  two  opposite  sides  meet  in  a  round  spoon-like 
point.  Elach  again  coincides  accurately  in  level  with  some  "  water- 
shed "  (!)  or  notch  in  the  hills  leading  out  from  its  glen  into  some  other 
glen  or  valley  adjoining. 

The  internal  structure  of  the  matter  composbg  each  terrace  ccHisista 
in  an  "  oblique  lamination  "  or  slant  bedding  of  the  layers  of  gravel, 
sand,  and  other  sedimrat  wUch  constitute  it,  such  as  gedopsts  fiimi- 
liarly  recognise  as  the  result  of  a  strong  carrent  pushing  formird  the 
fragmentary  material  which  it  is  depositing,  and  i^liich  is  held  by  them 
to  indicate,  in  the  direction  towards  which  the  laminss  dip,  the  direc- 
tion towards  which  the  current  has  moved.  The  "  dip,"  or  dovmward 
slant,  is  ahnoat  invariably  the  ^en,  or  towards  its  head,  and  not 
down     flm,  or  towards  the  Atlantic 

In  all  previous  hypotheses,  the  agency  of  »tctnding  water  is  assumed, 
either  the  ocean  in  its  ordinHiy  state  of  repose,  or  If^es  pent  within  the 
glens,  as  explained  in  the  former  article.  But  to  these  Professor 
Rogers  opposes  the  toobs,  that  these  level  shelves  are  not  true  marino 
beaches,  exhibiting  not  a  vestige  of  any  marine  orgauio  remiuns,  no 
rippled  sands,  no  ehingle,  and  no  sea^ffs ;  that  they  display,  in  like 
manner,  a  total  absenoe  of  tiie  distinctive  marks  of  lake^des,  not  one 
lacustrine  organism,  neither  fresh-water  plant  nor  animal  having  ever 
been  discovered  imbedded  in  them.  Nor  bos  any  feasible  cause  of 
blockage  of  the  glens  at  different  stations  above  their  mouths,  to  pond 
tiie  waters  to  the  respective  heights  of  the  terraces,  been  assigned; 
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there  are  no  tnwee  of  lomer  buriera  in  any  of  those  localitiee  vhere 
alone  we  can  assame  them  to  have  existed,  to  produce  the  required 
embaying  of  the  waterB.  The  hypothesis  of  successiTe  "  aea-marg^," 
or  Bea-levelSf  is  stated  to  be  overthrown  by  the  now  weU-eetabliahed 
deduction  from  the  recent  meamirements  of  Professor  Rogers  himself , 
that  none  of  the  serenl  sbelres,  or  "  roads "  oi  Qlen  Roy  coire^nd 
io  level  with  any  of  those  sera  In  the  adjacant  vallej,  Glan  Qluoi,  a 
marked  discrepasay  separating  the  two  groups  of  teiraoes  into  two 
independently  produced  systems. 

After  adducing  further  objections,  both  of  &uit  and  reasoning,  to 
former  hypotheses  on  the  origin  of  the  parallel  roada,  Professor  Rogers 
ooDcludea  by  w^a*j>hm^  in  the  following  terms,  the  action  to  which  he 
ascribes  their  formation : — "  He  sappoees  the  several  terraces  to  have 
been  cat  or  grooved  in  the  sides  of  the  hills  by  a  great  inundation  from 
the  Atiantic,  engendered  by  some  wide  eartiiquake  disturbance  of  the 
ocean's  bed,  and  forced  agninst  the  western  slope  of  Scotland.  The 
features  of  the  country  indicate  that,  while  a  portion  of  such  a  vast 
sea-tide  entering  the  Frith  of  Linnhe  rushed  straight  across  the  island 
through  the  deep  natural  trench,  Qlen  Uor  or  great  Caledcoiian 
valley,  a  branch  current  was  deflected  from  this,  and  turned  b^  the 
Spean  valley  and  ita  tributary  glens,  Qlen  Roy  and  Glen  Glnoi,  into 
the  valley  of  the  Spey,  and  so  across  to  the  Qerman  Ocean.  In  this 
transit,  the  deflocted  waters  first  embayed  in  these  glens,  and  then 
filling  and  pouring  through  them,  would,  upon  rising  to  the  levels  of 
the  successive  water  sheds,  or  low  passes,  which  open  away  to  the 
e&itdm  slope  of  the  island,  take  on  a  swift  cuirent  through  each  notch, 
and  as  long  as  the  outpour  nearly  balanced  the  tnSuz,  thia  eurrrat, 
temporarily  atationaiy  in  height,  would  carve  or  groove  the  soft 
"  drift "  of  the  hill-side.  But  the  influx  increasing,  the  stationary  level 
and  grooving  power  of  the  sur&ce-stream  would  coaae,  and  would  only 
recommence  wben  the  flood  rising  to  the  brim  of  another  natural  dam, 
a  new  equilibrium  would  be  established,  a  new  horizontal  superficial 
current  set  in  moUon,  and  a  second  shelf  or  terrace  b^n  to  be  eroded 
at  tile  hif^ier'leveL  So  each  of  the  parallel  roads  is  conceived  to  have 
been  produced  in  the  successive  stages  of  the  rising  of  one  vast  steady 
incursion  of  the  sea.  The  lapsing  back  of  the  waters,  unaccompanied 
by  any  sharp  localised  suruce-currents  through  the  passes,  could 
imprint  no  such  defined  marks  on  the  surface,  nor  accomplish  more 
than  a  faint  and  partial  obliteration  of  the  terraoefl  just  previously 
excavated  during  tiieir  incursion.'' 

A  succinct  view  of  tiie  controversy  respecting  the  formation  of  the 
puallel  roads,  showing  the  position  of  tiie  subject  prior  to  Professor 
Rogers's  investigation,  will  be  found  in  Sir  C.  Lyell's  '  Manual  of 
Elementan^  Geology,'  fith  ed.,  1855,  pp.  88-89. 

VALUE  signifies,  in  political  economy,  the  quantity  of  labour,  or  of 
the  product  of  labour,  which  will  exchange  for  a  given  quantity  of 
labour  or  of  some  other  product  thereof.  It  ia  necessary  in  the  outset 
to  distinguish  utility  from  value,  or,  as  Adam  Smitii  expresses  the 
distinction,  "  mUue' in  uk"  from"  value  in  exekanffc"  The  utility  of 
an  article  causes  it  to  be  an  object  of  demand ;  and  without  some  real 
or  imaginary  utility  an  article  will  not  have  value ;  or,  in  other  words, 
no  one  will  give  other  articles  in  exchange  for  it :  but  utility  alone 
does  not  constitute  value,  except  when  there  is  a  limited  and  endusive 
possession,  which  enab^  one  man  to  refuse  to  others  the  enjoyment 
of  any  natural  product  without  the  payment  of  an  equivalent  or  price. 
It  is  the  labour  of  man  alone  whidi  in  ordinary  circumstances  creates 
value.  What  all  may  enjoy  alike  without  labour  may  indeed  be  most 
useful  and  necessary,  but  cannot  be  an  object  of  exoiange,  and  there- 
fore ia  destitute  of  value.  "The  real  price  of  every  thing,"  says 
Adam  Smith, "  what  everything  really  corts  to  the  man  who  wants  to 
acquire  it>  is  the  toil  and  trouble  of  acquiring  it.  What  everything  is 
really  wmth  to  the  man  who  has  acquired  it,  and  who  wants  to  dis- 
pose of  it  or  exchange  it  for  something  else,  is  the  toil  and  bx)nble 
which  it  can  save  to  himself,  and  which  it  can  impose  upon  other 
people."  Hence  the  labour  of  man  becomes  the  real  measure  of  the 
exchangeable  value  of  all  commoditieB. 

To  iUustrate  the  distinctive  character  of  ntili^,  and  the  efieota  of 
labour  and  of  exclusive  possesaion  respectively  upon  value,  suppose  a 
party  of  settiera  to  occupy  a  tract  of  land,  and  to  divide  it  amongst 
them  in  equal  portions  by  lot,  Supposealso  that  each  settler  hat  upon 
his  own  land  timber,  lime,  and  stone.  They  all  need  houses,  and  have 
the  materials  to  build  them  with ;  but  tiie  unaided  labour  of  each 
man  is  unable  to  appropriate  and  ai^ly  the  materiala  in  the  manner  he 
desireH.  One  man  calls  in  the  asmtanoe  of  his  neighbour,  and  by 
their  joint  labour  a  house  is  built ;  and  this  service  he  repays  by 
helping  his  neighbour  also  to  build  a  house.  He  can  only  repay  him 
by  labour,  because  the  materials,  though  of  tite  highest  utility,  are 
common  to  both,  but  need  labour  to  make  them  available.  It  is  clear 
that  the  timber,  the  lime^  and  the  atone  are  in  this  case  without  value, 
and  oould  not  be  offered  hy  ana  man  in  exchange  for  the  labour  of 
another.  But  suppose  it  should  happen  that  all  the  timber,  lime,  and 
stone  in  the  whole  district  should  be  found  in  the  portion  of  land 
allotted  to  one  of  the  party.  Here  the  materials  would  not  only  be 
objects  of  utility,  but  tite  Umited  and  excluaive  possession  of  them 
would  endow  them  with  value.  The  fortunate  owner  of  them  mi^t 
say  to  hia  neighbours,  "  Tou  shall  not  tiave  any  of  my  materials 
until  yon  have  first  built  me  a  house;  but  when  ycu  have  each 
worked  for  me  a-dqr,  instead  of  repaying  each  of  you  with  a  day's 
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labour  myself,  I  will  permit  you  to  take  the  materials  for  building 
from  my  estata"  Here  the  power  of  withholcUng  the  products  of  nature 
from  others  is  productive  of  value,  being  equivawnt  to  a  certain 
quuitity  of  UbouT.  But  even  in  tliis  case  it  iii  labour  wliidi  creates 
the  value,  and  is  the  meaaure  of  exdianga  between  the  parties. 

The  great  man  of  commoditiei  which  are  made  the  enbject  of 
exchange  amongst  men  are  produced  by  labour  only,  and  are  not 
affected  b^  any  exclusive  possession  whatever.  Witii  these  therefore 
the  quantity  of  labour  used  in  their  production  is  the  measure  of  their 
real  value.  Thcfy  will  ordinarily  ex<^uige  for  other  commodities  upon 
which  an  equal  quantity  of  labour  has  been  e:q>ended ;  but  tiiere  ai« 
circumstances  which  may  affoot  their  exnlungMble  velna^  while  their 
real  value  or  cost  of  production  mar  remain  tiie  aame.  If  a  loiser 
quantity  of  any  article  has  been  produced  than  thtm  is  an  effective 
demand  for,  its  exchangeable  value  ia  reduced ;  if  on  liie  contrary,  its 
supply  is  unequal  to  the  demand,  its  value  is  raised.  But  these  varia- 
tions cannot  be  of  long  duration.  Articles  which  do  not  repay  the 
cost  of  production  will  soon  cease  to  be  produoed,  until  the  diminished 
sumly  has  again  raised  thdr  value ;  and  whsa  artidee  bear  a  market 
v^ue  much  higher  than  theh-  cost,  produotion  wUl  be  eaeounged  until 
the  supply  is  not  very  wide  of  the  demand.  Any  permanent  alter«>- 
tion,  tiierefore,  in  the  exchangeable  value  of  one  commodity  as  com- 
pared with  another,  cannot  be  referred  to  these  fluctuating  and 
accidental  oauses,  but  must  be  the  result  of  a  change  in  the  r^  value 
of  one  or  the  other,  that  is  to  say,  in  the  quantity  of  labour  required 
to  produce  it  The  value  of  labour  is  almyi  the  iMne,  but  the  value 
of  the  products  of  labour  changes  with  druumstances. 

The  real  value  of  a  commodity  having  been  shown  to  be  dependent 
solely  upon  the  quantity  of  labour  necessary  for  its  production,  and 
the  exchangeable  value,  for  the  causes  stated,  never  varying  materially 
either  above  or  below  the  real  value,  it  follows  that  the  price  paid  for 
labour  does  not  afibct  the  exchangeable  valuo  of  articles  produced 
under  similar  circumstances  If  the  labourer  gains  a  largu*  snare,  the 
profits  of  his  employer  are  proportionately  ^mtnished;  and  if  his 
share  is  less,  then  profits  are  increased :  while  both  are  generally 
preserved  by  competition  from  any  great  disproportion. 

Equal  quantities  of  labour  however  are  not  always  equivalent ;  the 
skill  of  one  labourer,  or  the  severity  of  his  employment,  may  render 
the  time  for  which  he  is  mgaged  more  than  equivalent  to  the  same 
time  occupied  in  labour  by  oaottwr.  But  this  dnimutanoa,  thou^  it 
originDlly  afiects  the  comparative  value  of  oommodltiee  produced  by 
different  descriptions  of  labour,  is  no  cause  of  subaequent  variation  in 
their  relative  'nlue.  The  relations  of  different  qualities  of  labour  are 
soon  practically  adjusted,  and  are  not  afterwards  liable  to  much 
variation. 

Every  reduction  in  the  quantity  of  labour  required  to  inoduoe  a 
commodity  diminishes  its  real  vaUie,  and  therdore,  for  the  causaa 
already  e^lained,  its  value  in  exchange.  Improvements  in  tools  and 
machinery,  by  saving  the  labour  of  man,  reduce  the  value  of  com- 
modities; but  in  estimating  their  influmce,  we  must  not  omit  to 
calculate  the  quantity  of  labour  bestowed  upon  the  article,  directiy  and 
indirectiy — from  the  growth  of  the  raw  material  to  its  finished  state 
— throu^out  the  whole  process  of  manufikoture — upon  the  tools, 
machinery,  buildings,  and  other  applianoea  by  wliich  labour  ia  awistrd' 
Upon  the  same  principles  every  increase  in  the  qiutntity  of  labour 
directly  or  indirectiy  applied  adds  to  the  value  of  a  commodity. 

Th3  amount  of  oa{dtal  employed  also  enters  into  the  oomputation  of 
value.  Capital  is  only  aeoumiwted  labour.  Where  it  is  abundant  a 
small  intenet  ie  aeo^ted,  but  where  it  is  acaroe  a  larger  portion  of 
interest  has  to  be  added.  Labour  can  hardly  ever  be  profitably 
exerted  without  the  intervention  of  capital,  as  the  labourer  must  be 

firovided  with  subtdstenoe  until  bis  labour  haa  reaUsed  a  profit.  All 
mprovident  attacks,  therefore,  of  the  labourer  upon  the  labour  fund  by 
lessening  the  amount  of  capital  to  be  advanced  for  his  support  in  view 
of  prospective  realisation,  must  inevitably  react  upon  himself  to  his 
own  dindvantase. 

The  efibots  of  labour  upon  price  beoome  further  oomi^iicated  by  the 
durability  of  tiie  machinery  employed  to  assist  it.  If  two  commodi- 
ties are  produced  by  maohmery  at  an  equal  cost  of  labour,  and  if  the 
same  quantity  of  labour  haa  alao  been  bestowed,  in  eac^  case,  upon  the 
machinery — ^tha  value  of  such  commodities  would  appear  to  be  the 
same ;  but  if  one  machine  wears  out  in  two  years  or  needs  much 
labour  to  keep  it  in  r^air,  while  the  other  lasts  for  ten  years  requiring 
but  Uttie  repair — the  relative  quantities  of  labour  expended  indirectiy 
upon  the  two  commodities  beoome  so  unequal,  that  a  oonadnalite 
disproportion  must  be  found  in  thur  respective  degrees  oi  value. 

Disturbances  of  the  relative  value  of  different  commodities 
apparentiy  produced  by  the  aame  amount  of  labour,  are  also  caused  bjr 
the  comparative  quaotitiee  of  fixed  and  droulatiog  capital  emplo;^(^ 
and  by  we  length  of  time  over  which  the  labour  is  Q>read,  and  before 
the  products  ore  Ivon^ht  to  market.  Under  these  varying  circum* 
stances  in  tite  production  of  articles,  the  price  of  labour  becomes  an 
element  in  their  relative  value,  which  is  not  the  cose  when  com- 
modities  are  produced  under  precisely  similar  drcumatancesi  U  all 
commodities  were  produced  by  an  equal  proportion  of  fixed  ai«l 
circulating  capital,  any  rise  or  fall  of  wages  would  aSect  than  all 
equally,  and  would  not  therefore  disturb  their  relations  to  each  other. 
If  a  ywd  of  woollen  doth^  for  inotanoe,  exchanged  for  a  yard  of  ailk^ 
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and  wages  rose,  the  value  of  flub  would  rise  in  an  equql  proportion, 
and  the  articles  would  oon^ue  to  exchange  for  each  other  as  before. 
But  if  the  cluUi  were  produced  almost  Mitirely  by  tuachinery  and  the 
silk  entirely  by  manual  labour,  a  rise  of  would  scarcely  affect  the 

former  at  all,  while  it  would  add  materially  to  the  coat  of  producing 
the  latter.  They  would  therefore  no  longer  exchange  for  each  other, 
or,  in  other  words,  their  relative  value  would  be  altered.  The  general 
law  of  inch  variationB  ii  thus  stated  by  Hr.  lUcardo,  namely,  that  in 
the  meat  of  a  rise  in  the  prioe  of  labour, "  (uily  those  oommoditiea 
would  rise  which  Lad  leas  fixed  capita  employed  upon  them  than  the 
medhim  in  which  price  was  estimated,  tad  that  all  those  which  had 
mote  would  positively  fall  in  price  when  wages  rose.  On  the  contrary, 
if  wages  fall,  those  commodities  only  would  fall  which  had  a  less  pro- 
portion of  fixed  capital  employed  on  tham  titan  the  medium  in  which 
^ioe  was  eatiinaied ;  all  ttraae  yMsh  had  more  would  positively  rise 


.ITitb  all  these  causes  of  disturbance  in  tlie  relationi  which  the 
difibreat  products  of  labour  bear  to  each  other,  it  is  obvious  tltat  no 
commodity  can  be  a  perfect  standard  by  which  to  compare  the  varia- 
tions in  the  value  of  other  conuQodities ;  but  as,  in  an  advanced  stage 
of  society,  labour  cannot  be  the  ordinary  measure  of  value,  some 
representative  of  labour  must  be  selected,  by  whic^  to  oarry  on  the 
exchanges  of  faade,  and  the  more  nearly  it  represents  the  amount  of 
labour  expended  upon  it,  and  the  leas  that  amount  varies,  the  fitter 
will  It  be  for  a  common  standard  of  valuci 

i  The  precious  metals,  or  paper  convertible  into  them,  are  the 
itandards  usually  adopted.  They  are  however  artides  of  commerce 
varying  in  Bup|dy  and  demand,  and  in  the  quantity  of  Ubour  requited, 
lA  diHerent  times,  to  produce  them.  They  oaonot  therefore  be 
invariable  standards,  but  must  fluctuate  more  or  less  like  other  com- 
modities. Practically,  this  variation  is  not,  upon  the  whole,  bo  great 
OS  in  the  case  of  other  articles,  but  in  tiie  degree  in  whicH  it  prevails  it 
makes  gold  and  silver  imperfect  standards  of  value.  The  circum- 
stances and  results  of  tiiis  imperfection  and  the  means  of  obviating 
them  are  among  the  most  important  R>eculati<nia  of  the  political 
eoonomist,  but  are  more  fitly  treated  m  other  parts  of  Uui  work. 
[Bask;  Bankiko;  CuBfiEKOTi  ExoHAKai;  Waqeb.] 

(Adam  Smith,  Wealth  <^  Nalimi;  Iticardo,  Prin^fla  ttf  Pi^Uieai 
Eemamy  and  Taxation  j  ml,  Blemmia  ^  PoUtieai  AmioMy;  Say, 
Kiai£sge  det  Nattoru) 

VALVASOR.  [Vavasor.] 

VALVE.  A  moveable  partition  introduced  in  machinery  for  the 
purpose  of  altematdy  opening  and  closing  a  passage  through  which  steam 
or  water  maybe  intei^edto  pass,  is  ctulad  avafve;  and  this  generic 
name  receives  many  specific  designations  according  to  the  position,  or 
the  function,  the  valve  m#y  be  required  to  occupy,  or  to  perform. 
Thus  there  are  head,  or  feet  valves;  suction  valves;  deliveiy,  dis- 
charge, air-pump,  steam,  safety,  blow-off  valves ;  spindle,  cladc,  flap, 
slide,  cup,  crown  valves  j  stop,  expansion,  distribution,  tftuilibrium, 
and  countless  other  varieties  of  valves,  which  can  tmly  be  described  in 
the  detailed  notices  of  the  machinery  of  which  they  form  part.  It 
may  suffice,  tlien,  to  state  here  bri(^,  that  ^e  conditions  a  valve 
is  required  to  fulfil  are,  that  it  shall  open  freely  in  the  required 
directloa;  that  it  offer  no  obstruction  to  the  passage  of  the  fluid  it 
is  desired  to  pass  when  it  is  open ;  that  when  it  is  dosed  it  shall  not 
allow  the  fluid  to  return.  Valves  must,  therefore,  fit  closely  on  their 
seots ;  be  sufficienUy  strong  to  resist  the  pressure  to  whidbi  wsy  an 
be  exposed ;  they  must  be  composed  of  materials  which  should  not  be 
likely  to  suffer  deterioration  or  wear ;  tiiey  must  bo  accessible  at  any 
time  for  examination  and  repwr.  In  the  exceptional  forms  of  throtUe- 
valves,  the  majority  of  the  last-named  conditions  apply ;  though,  of 
couiH,  08  those  valves  are  not  intended  effectually  to  dose  the  passage 
of  the  fluids  they  mtercept,  they  do  not  require  the  same  amount 
of  strength,  or  the  same  perfection  in  the  seatiiub  as  the  otdlnarj 
valves  do. 

It  follows,  from  the  nature  of  the  work  performed  ordinary 
valves,  that  great  mechanical  perfection  is  necessary  in  their  execution. 
The  bearing  surfaces  are,  therefore,  carefully  planed,  turned,  and  fitted  j 
md  the  &ce  of  Uio  valve  itself  is  frequent^  covered  with  a  aemi- 
elastio  material,  for  the  purpose  of  more  effectually  excluding  the 
passage  of  the  fluids;  or  it  may  be  kept  close  a^inst  the  seating  by 
means  of  springs.  These  contrivancee,  however,  necessarily  give  rise 
to  considerable  friction  on  the  opening  and  shutting  of  the  valves,  and 
it  thence  becomes  necessary,  in  designing  machinery,  to  diminish  the 
wdght  and  the  number  of  the  valves  as  much  as  possible.  Moreover, 
«s  valves  onW  open  when  the  pressure  on  one  side  exceeds  that  upon 
the  other,  the  efibrt  required  to  open  them  may  become  a  question 
of  eenoos  importance,  and  t^e  reaction  which  may  ensue  upon  their 
being  suddenly  closed  may  frequentiy  exercise  a  powerful  ^^t  upon 
the  solidity  of  the  machinery;  as  for  instance,  in  the  cases  of  a  valve 
upon  the  rising  main  of  a  large  pump,  or  of  the  expansion  gear  of  a 
steam-engine.  It  is  for  the  purpose  of  obviating  these  sources  of 
uconvenience  and  danger,  that  the  cup-valves  and  the  equilibrium- 
TSlvw,  before  alluded  to,  under  Pump  and  Steam-Ekgihb,  are  intro- 
duced ;  for  orduiary  purposes  it  may  be  conudered  that  ^Awg-valves 
are  adapted  for  rough  work  and  for  dense  fluids;  that  Au^valves 
jtfesent  some  mechanical  advanti^  over  tiie  liftrng-valves:  and  tiiat 
vlien  there  is  a  necessity  fw  gradually  closli^  a  manage,  or  for  pre- 


venting ^the  escape  of  a  rare  fluid,  the  fltdu^Talves  should  be  re- 
sorted to. 

Flap-valves,  and  aoraw-valves,  are  occouonally  used  in  hydraulic 
engineering ;  the  former,  for  ti}e  purpose  of  securing  an  ai^nomic 
discharge  of  drainage  waters  whenever  the  internal  pressure  on  the 
valve  shall  exceed  the  external  pressure ;  and  tiie  latter,  for  the  purpose 
of  intercepting  the  flow  of  water,  or  even  of  gas,  in  pipes.  Self-acting 
balance-valves  are  often  used  for  ventilation,  and  occasionally  for  tho 
purpose  of  r^ulating  the  draught  in  furnaces,  chinmies,  &c  A  very 
ingenious  system  of  self-actingbolance  valves  was  introduced  by  Mr, 
Thorn  in  the  Qreenock  Water  Work%  to  ensure  the  uniformity  oi  flow 
of  the  mill  stRsuns  he  bad  there  to  ^al  witii :  a  full  account  of  tiieae 
contrivanoea  ii  to  be  found  in  the '  Annales  des  Fonts  et  Obausste ' 
for  1831. 

VALYL.  [BOTYL.] 

VAMPIRK  According  to  Dom  Calmet's  'Dissertatiott  sur  les 
Vampires,'  the  vampire  is  a  dead  man,  who  returns  in  body  and  soul 
from  the  other  world,  and  wanders  about  the  earth,  doing  every  kind 
of  mischief  to  the  living.  Generally  he  eMoka  t^e  blood  of  persons 
asleep,  and  thus  causes  uieir  death.  Those  who  are  destroyed  in  this 
way  become  vampires.  The  only  manner  of  getting  rid  of  such  un- 
wdcome  visitors  is,  according  to  the  same  author,  to  disinter  their 
bodies,  to  pierce  them  with  a  stake  cut  from  a  green  tree,  to  cut  off 
their  heads,  and  to  bum  their  hearts. 

The  belief  that  the  dead  sometimes  return  to  this  world,  in  order  to 
annoy  the  living,  was  prevalent  in  very  early  times.  Eastern  nations 
have  a  similar  superstition  about  malicious  ghosts,  called  "  guula,"  &c. 
The  belief  in  theee  apparitions  was  not  destroyed  by  the  intixxluctioii 
of  Christianity,  but  romained,  like  many  other  superstitions 
bequeathed  by  paganism,  in  full  force  during  the  middle  ages.  The 
laws  of  Charlemagne  Capitularium  pro  Paitibue  Saxonisa  )  oontoiii 
certain  enactments  respecting  apparitions  called  Striga  or  Masca  (this 
last  word  aignifles  a  shapeless  being).  This  oiroumstance  proves  the 
generality  m  tiiia  belief  during  that  period. 

The  advance  of  civilisation  in  modem  times  was  unable  to  destroy' 
a  BUT>erstition  founded  upon  a  fediog  by  which  the  great  mass  of  man- 
kind is  so  frequentiy  actuated — fear ;  and  many  authors  wrote  books 
on  the  subject.  Bemdes  Dom  Calmet,  whcnn  we  have  quoted,  ^  may 
mention — Philip  Berius^  an  author  of  the  17th  caituir;  Michael 
Rauft,  who  pubUehed  in  the  last  oentuiy  a  treatise  '  De  Utstioatione 
Mortnorum  in  Tumulis Ferdinand  von  Soheri,  *  In  Uagia  Posthuma,' 
OlmUtz,  1706,  4c 

The  siqteratition  about  the  vampires  Is  diiefly  preralent  in  some 
parts  of  Eastern  Europe.  These  apparitions  are  known  in  Poland 
under  the  name  of  "Upior;"  in  the  Ukraine, " Upeer ;"  in  Russia, 
"  Googooka ;"  in  Hungary,  Servia,  Gbeeee,  fto,,  "  Vronccdaokas," 
"  Vardoulacka,"  "  Broncolucka,"  Ac 

Of  all  those  countriea,  Hungary  and  its  dependencies  may  be  con- 
sidered  as  the  principal  seat  of  vampirism,  and  little  more  than  a 
century  has  elsjioed  luuce  all  Europe  was  filled  with  reports  about  the 
exploits  of  vampires  in  Hungary  and  Servia.  It  was  during  the  five 
years  from  1730  to  17S5  that  vampirism  reached  Its  height.  It  fras 
BO  general,  that  Louis  XV.  of  fVance  commisnoned  his  ambassador 
at  Vienna,  the  Due  de  Richelieu,  personally  to  ascertun,  in  Hungary 
and  other  Austrian  dominions,  the  reality  of  vampirism.  The  French 
difdomatist  denied  in  his  rf^Kot  to  the  king  the  existence  of  the 
vampirea,  and  he  infonned  him  at  the  ssme  time  that  the  anecdotes 
about  tium  were  inserted  in  tba  contemporary  records  of  the  Austrian 
tribunals.  This  supwstition  gained  ground  so  much  tiiat  the  chief 
periodicals  of  that  time  contaiu  acoounts  of  cases  of  van^irism  in 
Hungaiy ;  such  as,  lor  instanoe,  the '  Kercure  Historique  et  Politique,' 
for  October,  173S,  ^  408, 411 ;  and  the  Dutch  paper, '  Le  Glaneur/ 
No.  iz.,  for  1733. 

A  greafe  number  of  anecdotes,  mai^  of  which  had  been  t^fually 
regjstered,  are  related  oontempotary  wrtten;  stane  of  tbem  even 
described  the  manners  and  customs  of  tiiOM  vampires ;  as  for  instance, 
that  lying  in  their  graves  th^y  swA  and  chew  their  winding-sheets, 
and  that  it  was  therefore  necessary  to  place  under  their  chius  a  piece 
of  green  turf  in  order  that  they  might  not  be  able  to  reach  the  sheets 
vriu  their  teeth,  and  to  bind  their  hands,  that  they  might  not  turn 
about  in  their  coffins.  Many  believe  tiiat  the  viunpires,  notwithstand- 
ing all  tiie  means  used  to  destrc^  tiieir  bodies,  will  resume  their  shape, 
and  recommence  their  mischievous  wanderings  as  soon  as  the  rays 
of  moonlight  &11  on  their  graves.  This  superstition  is  chiefly  pre- 
valent in  Greece,  and  the  tale  of '  The  Vampire,'  written  by  Dr. 
Polidori,  was  founded  upon  it. 

It  may  be  supposed  tiiat  the  superstitwn  about  the  vampire  has 
derived  conmderabUstrengUi  from  cases  where  men,  supposed  to  be 
dead,  have  been  buried  alive.  Such  oases  have  ha[^>eneil  in  many 
countries,  as  has  been  shown  by  the  altered  position  of  the  body  in 
the  coffin,  spots  of  blood  on  the  torn  winding-sheets,  bites  on  the 
bonds,  and  other  marks  of  the  stru^le  and  despair  before  life  became 
extinct.  It  is  probable  that  such  signs  have  been  sometimes  interpre* 
ted  as  the  marks  of  vampLrism. 

VANADICACID.  fVAKADnru.] 

VANADIUM  (V).  A  tare  metd.  It  was  diaoovarod  in  1801  by 
Del  Rio,  and  in  1880  named,  1^  Safstiom,  Vanadium,  fhnn  VaauuHMt  a 
cognoDMB  of  the  Scandinavian  goddsH  Frda.  bi  esoeedingly  ndiuUe 
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HO 


qnantit;  it  ezistB  in  neoriy  all  '^^J^i,  Imb  occun  in  abuodsDce  in  s  lead 
ore  (vaaadiatfl  of  lead)  found  at  wwlodthead  in  Sootiand,  Zim^»a  in 
Mexico,  and  recently  In  Chili 

By  reducing  vanadio  anhydride  with  potMuum,  and  digeBting  the 
produeb  in  water,  vaDadimn  u  obtained  iB  a bdlliaaty  metalUo  powder; 
arable  in  nitrie  add  or  aqua  .regia,  but  unacted  upm  I7  bdlilig  boI- 
^orio,  hydrocfalorio,  or  nitric  acids. 

The  equivalent  of  vanadium  ia  68'48. 

VanaaiKm  and  oxyffen  combine  in  three  propoTtioD&  The  protoxide 
(VO)  tuts  tile  appearance  of  graphite,  and  la  formed  when  hydrogeil  is 
pueed  over  heated  vanadlo  add.  The  bimaiUU  (VO  J  la  a  black  powder 
produced  when  the  protoxide  ie  heated  in  the  air ;  it  combines  with 
acids  to  lofm  salts,  whidi  have  a  blue  colour.  The  teroxide  or  vaaatUe 
anhydnde  (VO,)  is  a  brownish-red  powder  tiiat  remains  on  heating 
bivanadiate  of  ammonia.  It  fuses  at  a  red  heat,  and  ia  aligfatly  soluble 
in  water,  to  which  it  communicates  a  yellow  tint  and  m  oold  reacMon. 
Vanadic  tKtd  (2  HO,  VO,)  &Ub  aa  a  ja«cipitate  when  nibio  acid  is  added 
to  a  hot  solution  of  a  bivanadiate;  in  appearance  it  mui^  resemUes 
Indntod  oxide  of  Iron.  Dried  over  suljAiuio  odd  it  loses  an  equivalent 
ol  water,  and  pnM^fdrate  (HO,  VO^  remains. 

FaMdtatet  are  obtained  on  deocwnpodng  Unnadkta  o£  ammonia  by 
aohloride.  ^ley  fxmtain— 


BlTanadlatatf  ioda  . 
„  stnnua 
llaa  . 


Barytn  Salt 


,  Ha(^STO,+SHO 

,  sro,  avo,  +flHO 

.    CsO,  ITO,  +*H0 
HgO,  STO,-f«HO 
3BaO,  STO,  +  ISSO 


To  produce  bivanadiate  of  ammonia  Hauer  reoonunenda  that  the 
crude  vanadium  compound  be  calcined,  the  residue  digeatad  In  water, 
the  insoluble  portion  fused  with  nitrate  of  potaah,  the  resulting  mass 
digested  in  water,  the  solution  concentrated,  and  vanadiate  oi  ammonia 
precipitated  adcUng  eseev  of  chloride  of  ammonium ;  it  Is  purified 
^  repeated  crystallisations  from  water  oontaining  aeetio  acid. 

Two  chlmde$  (VCl,  and  VCl,),  as  well  as  Buhdiidea,  bromidw,  iodidei, 
and  fluorides  of  vanadium,  have  been  obtained. 

Tutt  for  Vanadium.  By  reducing  agents,  such  aa  sulphide  of  hydro, 
gen,  or  a  boHing  mixture  of  sulunirio  add  with  alcohol  ot  augar, 
Tanadiatea  jlbldMantifiil  blue  solutions.  This  reaction  diitingniuiea 
them  from  ohtomatea,  whidi  under  the  nma  dronmatanoes  give  green 
Uquids. 

VAKDAL3.   [TeutoiHc  Nations.] 

VANILLA,  [VAimXA,  AronuOiea,  in  NaT.  Hist.  Dir.]  is  a  native 
of  BradL  The  fruit  is  the  only  part  of  the  plant  that  ia  used.  It  has 
a  balsamie  odour,  and  a  warm  agreeable  flavour.  For  then  pn^perties 
it  ia  indebted  to  a  peculiar  volatile  oil,  and  to  a  oonaidenble  quantity 
ot  bansdo  add.  The  fruH  is  gathered  when  tt  geta  yellow,  and  it  is 
flrrt  allowed  to  ferment  for  two  or  tiiree  days ;  it  ia  then  laid  in  the 
lun  to  dry,  and  when  about  half  dried  it  is  nibbed  over  with  the  oil  of 
cocoa :  it  is  agun  exposed  to  the  sun  to  dry,  and  died  again  a  second 
time.  The  fruit  la  then  collected  in  small  bundles,  and  wr^iped  up  in 
ttie  kares  of  the  Indian  reed,  and  sold  to  the  Europeans.  It  is  used  to 
flavour  chocolate. 

VANISH  (Mathenuties).  A  quantity  is  said  to  vaniidi,  or  to  become 
evanescent,  when  ita  arithmetical  value  is  nothing,  or  denoted  by  0. 
"When  the  evanescent  quantity  is  only  a  port  of  another,  tiiere  is 
fieldom  or  never  any  more  difficulty  about  the  case  in  whidi  it 
vanishes  tium  about  wst  io,  which  it  takes  any  other  spedfied  value : 
but  when  the  whole  of  what  is  under  consideratiott  vudahes,  any  or 
all  of  tiioae  views  may  be  required  to  render  tiiia  case  intelligiUa 
whldi  are  ezpUfaied  in  Nothhio  ;  Ikfihits  ;  Liurrs ;  Ratios,  Pbiub 
AKD  Ultimate  ;  kc.  And  in  particular  the  phrase  of  two  quantities 
vanishing  in  a  certain  ratio  is  to  be  referred  to  the  last  of  the  articles 
dted.  When  «  v^ue  given  to  a  letter  makes  an  expreBsion  vanish,  or 
reduces  it  to  0,  it  would  be  veiy  convenient  to  say  that  the  given  value 
nntlifiei,  and  la  a  mlUJler  of  the  expression ;  but  Hob  language  ia 
not  used. 

VANISHINO  FIIA(3TI0N3.  [FBAorioaa,  VANUnmra.] 
VANISHING  POINT,  LINE,  Sc.  [Pbrspsctivb.] 
VAPORISATION  is  the  process  by  which  a  liquid  on  being  suffi- 
dently  heated  passes  off  in  the  form  of  v^Ktar.    It  ditfota  from 
Evapobatio:t  in  being  geneiaUy  an  artificial  and  ft  quicker  proceea, 
while  the  latter  is  apontaneoua. 

VAFOUiEL  There  are  many  substances,  both  fluid  and  solid,  which 
wbsn  exposed  to  the  air,  or  to  the  mora  powerful  agency  of  heat,  are 
gradually  but  totally  dinipated,  owing  to  their  partidea  assuming  the 
state  of  vapour  by  what  ia  termed  ^xmttmemu  ew^oration,  A  vapour, 
then,  consists  of  ponderable  matter  combined  with  sufSdeot  roeciflc 
heat  to  enable  it  to  retain  its  agriform  existence :  we  have  uready 
[QasI  given  a  nmilar  deflnition  of  a  gas.  The  question,  then,  natu- 
rally anaea.  In  what  do  vapours  di^  from  gasee  t  The  answer  is, 
that  the  difference  ia  a  conventional  one,  being  of  degree  only,  and  not 
of  kind  :  thus,  when  atmospheric  air  containing,  as  it  always  doea,  the 
vapour  of  water,  is  suddenly  coded  by  exposure  to  a  colder  subatauce, 
the  water  which  it  contained  in  the  state  o£  invidble  vapour  ia  depo- 
dted  in  the  state  of  palpable  water  on  the  colder  body;  we  s^  then 
aqueous  vapour  or  tiie  ^poor  of  water,  and  not  aqueous  gaa.  No 


nmilar  change  is  produced,  by  this  abstraction  of  heat,  in  the  form  (tf 
the  oonstttnenta  of  the  afr,  and  they  are  tiierefore  termed  gaseolla 
bodies  or  gases.  The  difference,  however,  we  repeat,  is  one  of  degree 
only ;  for  many  gaseous  bodies  which  had  been,  not  many  years  dace, 
considered  aa  permanently  daatio  as  atmon^eric  air,  have  bemi  shown 
by  the  important  InvsaUgations  ot  Dr.  ^uaday  to  be  redudble  to 
liquids  [Gases,  Liqdefactiov  of]  ;  and  additional  experiments  have 
even  shown  that  carbonlfl  add  gas,  which  requires  a  pressure  of  SS 
atmospheres  to  render  it  fluid,  may  by  particular  management  be  con- 
verted into  a  solid.   [CARBono  Aau).j 

A  practical  difference  between  a  vapour  and  a  gas  is  illustrated  bj 
the  UBS  of  the  ■mpoat  ot  water,  and  its  subsequent  condensation,  as  a 
motive-power  in  tiie  ateam-engiiie.  [Stkam  and  SrcAlt-EltarosJ  No 
known  gaseous  body  oould  be  employed  with  the  same  advantage, 
owing  to  the  great  degreft  of  pressure  and  odd  required  for  its  con- 
densation. Nor  oould  toe  vapoUr  any  other  liquid  than  watear  be  so 
pofitab^  employed  aa  ft  ^inte  mover,  tor  the  reason  gtrea  ond«r 

It  was  fwmeriy  supttosed  that  tiie  dr  dissolved  vapour  and  hdd  It 
in  solution  as  water  holds  sugar  or  salt.  This  was  the  theory  of  Le 
Rol,  propounded  in  some  otherwise  ingenious  papers, '  But  I'f^^vation 
et  la  Suspendon  de  I'Eau  dans  I'Air  et  sur  la  Ros^'  ('Hem.  Aad. 
Btmle  das  Sotetices,'  1752 ;  and  alao  in  a  separate  volume, '  Melanges 
de  Physiqaa  et  de  Medicine,*  1771.)  This  tbaory,  however,  was  com- 
pletely dsmolidied  by  Dalton  at  the  commencement  of  we  present 
centuiy  ('  Maochestet  Kemoirs  *),  who  showed  tluA  a  v^iour  forms 
much  more  easily  fn  a  vacuum,  and  that  the  preesnre  air  retards  and 
obetructs  tiie  evaporation  of  a  liquid.  DaUon's  apparatus  consisted 
chiefly  of  two  barometers  placed  dde  side.  A  drop  ot  a  given 
liquid  was  amt  up  into  the  vacuum  of  one  ot  them,  when  it  became 
converted  Into  ft  tnnapanut  vapour,  and,  exerting  a  pressure  on  the 
mercurial  column,  lowered  the  mercury  in  tiie  tuba.  The  amount  <rf 
this  depreed<xi  was  measured  by  compoiiscm  with  the  adjacent  baro- 
meter, oiid  the  daatidty  of  the  vapour  was  expressed  not  bj'  that 
depresdon,  bat  bf  on  equal  quanti^  of  mercury  which  the  vapour 
would  support.  Thus,  if  the  summit  of  the  colutnn  <rf  the  mercury 
containing  the  vapour  stood  half  an  inch  bdow  the  mercury  in  th« 
adjacmt  boronattr,  the  pnasoro  ot  ttie  vuour  wonld  be  sooh  as 
would  BUTOicfft  a  oolnnm  of  meroarr  batt  an  inch  In  hd^t  In  esti- 
mating this  pressure,  soffldeot  liquid  must  be  sent  into  t^e  vacuum  to 
saturate  it,  and  it  is  tiien  found  that  the  elasfidty  of  the  vapour  Is 
directly  aa  the  temperature.  By  auirounding  U16  tube  wiUi  some 
veasd  capable  of  containing  hot  Water,  with  a  thermometer  for  indi- 
cating ten^erature,  the  temperature  ot  tiie  vapour  can  be  known,  and 
the  relation  between  its  temperature,  pressors,  and  density  aaoertained. 
[ETAPO&Anoir.]  Variooa  tmns  of  ftpparatoa  have  been  ooatrhed  by 
DaUott,  Oay-Luasao,  Arago,  and  Dulong,  and  BegnauH,  for  deter- 
mining the  imsBures  and  densities  of  Vapours,  and  obtaining  such 
results  as  are  given  in  the  table  under  Stbau  and  Steah-E»oise. 

The  Bpedflo  gravities  of  v^>oan,  like  those  of  gases,  are  referred  to 
air  aa  a  standard  at  the  tempetmtuie  of  83*  and  a  pressure  of  SO  inches; 
«r  the  dendty  d  ft  vqnnr  tn^  merely  express  tite  ratio  of  a  given 
volume  to  an  equal  volume  of  air  of  the  same  tempenture  and  pressunu 
In  the  esM  of  steam  above  260*  this  ratio  is  invariable,  and  indeed  the 
ratio  of  the  dendtles  ia  oonstaot  for  the  vs^ur  of  moat  liquida  above 
their  boiling  pofarte.  These  ratios  have  been  tiitu  detratnined  1^  Gay- 
LuasBc: — 

Air  ,     .     .     .  10,000 

Taposr  of  water  i,W 

„      aleobd  ,      .  10,11$ 

stttpharis  ether  •  •  .  .  •  S9,t80 
t,  snlptraret  of  earboa  ....  3B,447 
„      emenoe  of ttrpentlne        .      ...  SO.ISO 

„      ntereiUT  6,STB 

„      todina  8,flS 

When  a  gas  and  a  vapour  which  do  not  act  ehemicaUy  on  each  other 
are  inclosed  in  the  same  space,  they  will  exert  separatdy  on  the  sides 
ot  the  veasd  the  same  pressures  that  each  would  produce  if  it  oooupied 
tiie  same  space  in  the  absence  of  the  other,  so  that  the  total  pressure  of 
the  mixture  is  equal  to  the  sum  of  the  separate  pressures. 

When  vapour  receives  a  supply  of  heat  after  it  has  been  separated 
from  the  hquid  it  is  oalled  super-heated  vapour.  Such  vapour,  unlike 
ordinary  vapour,  may  lose  a  portion  of  ita  heat,  and  still  the  whole  of 
it  cont^ue  to  be  vapour.  If,  after  a  vapour  has  been  raised  from  a 
liquid,  it  be  compressed  into  a  smaller  space,  its  temperature  will  rise, 
and  if  expanded  It  will  fall;  but  the  temperature,  pressure, and  volume 
will  always  be  such  aa  the  vapour  would  have  had  it  it  had  been  raised 
directly  from  the  liquid  at  such  temperature  and  preseiu«.  Thus, 
vapour  raised  from  water  at  68*  has  a  volume  58'22t  times  greater 
than  the  «ater  tiiat  produced  it  If  this  vapour  be  eeparated  from  the 
water,  and  ita  volume  be  oompressed  until  it  is  only  1696  times  that  ot 
the  water,  its  temperature  wiU  riae  to  212%  or  that  which  it  would 
have  had  It  direoUy  ndsed  from  the  water  onder  the  inoreasod 
pressure. 

Evaporation,  both  spoataneoua  and  artlfidal,  and  especially  the 
lattOT,  is  employed  in  numoous  manufacturing  and  chemical  procesaea. 
Wh^,  tor  example,  common  sdt  is  prepared  from  sea^water,  it  is 
exposed  In  the  fint  instance  to  the  air  in  shallow  day  pits,  by  whioh 
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■pontaiaoiu  emporttiaa  tikM  {Aaoe ;  and  Qaa  ooonn  to  Uie  graate«t ' 
extant  in  hot  wmUmo:,  and  when  th«  Burfaoe  of  the  brine  ia  agitated  by 
thA  innd.  It  is  fonnd,  homvnr,  that  spontanMnu  evaporation  can  bo 
oaniad  on  with  advantage  to  a  oert^  extent  onl^ ;  and  vhen  this 
p<nnt  ia  arriTed  at,  the  operation  of  Balt-mafcing  ia  finished  by  remoTtng 
the  concentrated  brine  to  iron  TMaels,  in  which  the  eTaporation  ia 
atlafioiaUy  oondocted  bf  the  amlioation  of  heat,  the  Taporiaation  being 
gnater  aatiwtempeBabiiTeia  higher,  tUI  the  boiling-point  ia  arrived  at, 
when  it  ia  greatert. 

Evaporation  ia  used  toe  nomeroos  porpoeea  aad  proeeona,  and  in 
different  modea,  aooordiw  to  the  aaMtanoes  operated  <ai  and  the 
objecta  to  be  attained.  Wlien  contrivances  are  adopted  for  condenring 
the  whole  or  any  portion  of  an  evaporated  liquid,  the  prooess  ia  termed 
I>iSTiLLAVIOiT,  and  the  enda  accomplished  by  it  are  various.  When, 
for  tamjla,  water  ia  dietalled,  it  Is  tor  the'puipOM  of  saparalan^  the 
saline  and  earthy  impuritiea,  wbioh,  not  being  vaporiaable,  remam  in 
the  bod^  of  the  tUSl,  while  the  pure  vapour  of  the  water  is  condensed 
by  coolmg  in  the  worm  :  ao,  again,  when  wine  is  submitted  to  distilla- 
tion, it  ia  for  the  poipoee  of  evapcwattDg  and  sabeequently  condensing 
the  spirit  or  l»andy  nrom  the  water  and  the  colouring-matter.  When 
herbo,  as  lavender,  peppermint,  ftc,  are  heated  with  water  in  a  still, 
the  oU  and  water  rise  in  v^ioar  and  are  cowdenaed;  when  turpmtine 
ia  dmllar^  treated,  a  volatile  oil  liaM  in  vopovir,  vhile  the  nuui  or 
main,  not  being  volatile,  remains  in  the  atill.  V^ioriaation  in  the  form 
of  di8tillati<m  is  also  largely  emi^OTed  in  the  in^iaiation  of  various 
amda,  auch  as  the  nitric  add,  hydrouiloric  acid,  fto. 

Wlien  solid  bodies  are  vaporised  and  subsequentiy  condensed,  the 
Intention  is  termed  tubUmatiM,  aad  it  is  resorted  to  witii  ^fiinrent 
intentions,  as  for  the  purification  of  camphor  and  the  preparation  of 
oorroaive  gubliinate  and  calomel. 

It  wUl  be  evident  on  slight  oonnderation  that  veaaela  of  very  different 
materials  and  oonstruotion  must  be  employed  in  evapOTation,  distilla- 
tion, and  sublimation,  and  according  to  the  nature  of  the  aubstance 
operated  on.  Thus  the  flnt  stage  of  the  concentration  of  sulphuric 
aoid  is  conducted  in  lead,  the  oimcloding  one  in  glass  or  platinum ; 
■aline  scdnticHU  an  evapmted  to  the  oiyatalUaing  point  u  lead  or 
copper ;  the  caustic  alkafiea  in  iron  or  diver;  the  durUBation  of  spirits 
in  copper ;  that  of  adds  in  Iron,  earthenware,  or  ^asa ;  while  the 
mp8Tati<m  of  conunoQ  salt  is  completed  in  vessels  of  iron. 

For  further  infoimatiou  we  refer  to  Evapobatioh ;  Dew;  Hyoro- 
miBX ;  BoiUHO  or  Liqtiidb  ;  EBULLmon ;  DintiLLxttos ;  Steam 
and  Stuu-Ekoiki  ;  Latest  Heat  ;  Spbcivio  Heat  ;  TBASfiPiRATiOH. 

VAPOUB-BATH.   [Bath;  BATHma.] 

YAPOUB,  OPALESCENT.  This  appean  to  be  the  moat  oon- 
venient  nipdlaiUon  for  what  has  sometimee  been  termed  red  or  orange 
■team.  It  ia  a  condition  of  condensed  and  condensing  aqueous  Tiqionr 
which  was  fint  distinctly  recogniaed,  and  its  optical  properties  inves- 
tigated by  Dr.  Jamea  D.  Forbes,  F.B.a,  when  Professor  of  Natural 
Philosophy  in  the  Univeim^  of  Edinburgh.  Its  effects  in  nature 
have  been  obsOTred  from  time  inunenunial,  thoa{di  ascribed  to  other 
oaoses;  and  there  can  be  no  doubt  that  it  would  Iimg  ago  have  be^ 
reoogniaed  and  described  by  those  practically  conversant  with  steam  and 
ateam-enginea,  had  not  its  effect  on  luminous  bodice  beoi  confounded 
with  that  of  smoke,  from  which  it  is  in  fact  uudistinguishable  by  the 
eiye.  In  the  year  1888,  Profeesor  Forbes,  standing  near  a  locomotive 
eo^ne  which  was  discharging  a  laive  quantity  of  nigh-pressure  steam 
by  its  safety-valve,  chanced  to  lodt  at  the  sun  through  the  ascending 
column  of  mpom,  and  was  struck  by  seeing  it  of  a  very  deep  orange 
colour,  exactly  dmilar  to  denae  smoke,  or  to  the  ocJour  imparted  to  the 
Bun  when  viewed  through  a  common  smoked  glass.  The  same  he 
lonnd  might  be  observed  daring  tiie  ordinaiy  progress  of  the  engine  in 
the  iteam  thrown  into  the  chimney,  but  the  presence  of  smoke  itself 
rradered  the  experiment  less  satis&ctoiy.  He  afterwards  observed 
that  while  for  some  feet  or  yards  from  the  safety-valve  at  which  the 
ateam  blows,  its  colour  for  transmitted  light  is  the  <kep  orange  red,  at 
a  greater  distance,  the  steam  being  more  fully  condensed,  the  effect 
eutirdy  ceases.  Even  at  moderate  thickneeses  the  steam  cloud  is 
absoltttdy  tmaque  to  tiie  direot  sdar  rays,  the  shadow  it  throws  bdng 
aa  black  as  that  of  a  dense  body;  and  when  the  tiucknesB  is  veiy  small 
it  is  trandooent,  but  absolute^  oolouriees,  j  ust  like  thin  douds  passing 
over  the  sun,  wUoh  indeed,  according  to  Professor  Forbes,  have  a 
perfect  aaalon  of  structure.  When  the  ateam  is  in  this  state  no  in- 
dication of  colour  is  perceptible  in  passinK  from  the  thiokneea  correa- 
ponding  to  tmaiueoDay  to  that  whidi  is  abaolutdy  onaquei 

ProfesKa'  Forbes  [vooeeded  to  invedigste  this  novd  subject  by  means 
of  a  bu»^rearore  staam-boiler,  and  »  fheodoUte  with  a  good  prism 
placed  in  front  of  the  telesoopoy  and  from  the  experiments  he  made 
deduced  the  foUoiring  ooncluaions :—"  1.  Steam  in  its  puralymaeoos 
form  is,  as  commonly  suj^poaed,  colourless,  at  least  in  small  thioknemee. 
2.  The  orange-red  colour  of  steam  bv  transmitted  light  appears  to  be 
due  to  a  particular  stage  of  the  condendng  prooees.  Before  oondensation 
Bteun  ia  colourless  and  tranqwrent ;  it  is  naxt  tran^arent  and  smc^e- 
edonred;  finalfy  it  becomes  oolouriees  at  small  thicknesus,  and 
■bwdutdv  opaque  at  greater.  8.  The  state  of  tendon  of  the  steam 
seems  only  to  affect  the  phenomena  so  far  as  it  rmdera  the  critical 
^Siv  1?***"  ^*»^8nsation  more  or  less  completely  observable. 
4  TlM  absorptive  action  of  steam  on  the  spectrum  is  not  exerted  in 
the  same  way  as  that  of  other  gaseous  ooloured  bodies,  such  as  nitrous 


add  gas,  and  iodine  vapour.   It  cuta  off,  however,  iotdly  the  same 

Ert  of  the  spectrum  as  nitrous  acid  does.  Its  phenomena  perha^ 
ve  a  greater  andogy  to  those  of  opalescence  than  any  otiier."  *  PhiL 
Hag.,'  series  2,  vol.  xiv.,  p.  121-126 ;  the  paper  having  beoi  read 
before  the  Royal  Society  of  Edinburgh,  on  January  21, 1839. 

The  combination  of  a  variety  of  other  &cts  with  those  thus  made 
known  by  Professor  Forbes,  r^bting  to  the  nature  and  properties  of 
condendng  steam  with  reepeot  to  hght,  have  subsequentiy  led  other 
men  of  science  to  unite  in  the  oondusion,  that  the  structure  of  orange 
steun  is  in  reality  tiiat  of  opdescent  bodies,  with  the  phenomena  of 
which,  aa  we  have  seen,  he  recognised  the  anak^  of  those  presented 
by  it.  Innumerable  globules  of  water  are  formed  throughout  the  stiU 
gaseous  vapour,  by  the  joint  action  of  which  on  light  the  colour  of  the 
aggr^te  mass  is  i^oduced.  It  is  on  this  account  tiiat  its  absorptive 
action  cm  the  ^ecbum  is  not  exerted  in  the  nme  w^«s  nitrous  add 
gas  and  iodine  vapotir,  which  themsdvea  possess  true  colour.  The 
other  results  obtamed  by  Professor  Forbes  also  harmonise  with  this 
condudon. 

But  though  we  are  thus  obliged  to  rdinquish  the  idea  that  aqueous 
vapour  In  any  state  is  itself  truly  coloured,  the  observation  of  the 
existence  of  this  particular  condition  of  a  condendng  vdume  of  steam 
ia  of  great  value;  espedally  in  its  application  to  the  phenomena  of 
nature.  Professor  Forbes  at  onoe  inferred  frmn  his  invMtigation  of  it, 
that  the  condition  of  watery  vapour  he  had  observed  "  is  the  prindpat 
or  only  cause  of  the  red  colour  observed  in  douds; '  and  he  is  entitled 
to  the  credit  of  being,  in  foct,  the  discoverer  of  the  true  cause  of  the 
colours  of  dawn  and  sunset.  In  a  subsequent  elaborate  communication 
'  On  the  Colours  of  the  Atmoephm,'  he  investigated  the  history  of 
adence  on  thia  subject,  refuting  the  faOadoos  inferences  which  had 
prevailed,  and  applied  to  it  his  own  observations.  "Soon  after  the 
maximum  temperature  of  the  day,  and  before  Bunset,"  he  remarks, 
"  the  surface  of  the  ground,  and  likewise  the  strata  at  different  heighte 
in  the  atmosphere,  "begia  to  lose  heat  by  radiation ;  tiiis  is  the  cause  of 
the  depodtion  of  dew,  and  consequentiy  !n  severe  weather  we  have  vast 
tracts  of  air  containing  moisture  in  that  criticd  state  which  precedes 
condensation," — ^in  other  words,  in  the  red  tmalescent  conditiim,  bj 
which  tiie  raya  of  the  setting  Bun  are  coloured  accordingly.  For  toe 
details  of  this  subject  we  must  refer  to  Professor  Forbes's  paper  in  the 
'  Trans,  of  the  Boyd  Society  of  Edinburgh,'  voL  xiv,  But  we  cannot 
wholly  agree  with  him  aa  te  the  colours  of  tiie  morning  sky,  the 
phenomena  of  which  appear  to  ub  to  be  the  same  with  those  of  the 
evening,  but  in  the  reverse  order.  Kr.  Luke  Howard  had  long  before 
observed  the  connection  of  the  presence  in  the  d^  of  a  stratum  of 
vapour  having  the  peculiar  red  colour,  with  the  coming  or  actual 
formation  of  dew,  and  bad  given  to  it  the  name  of  the  dew-band,  of 
idiioh  many  observations  will  be  found  in  hia  '  Climate  of  London.' 

VAPOUR-PLANE.  Thia  term,  which  was  probably  adopted 
Luke  Howard  from  De  Luc,  denotes  a  r^on  of  the  atmosphere  hon- 
Kontal  in  its  general  direction,  though  subject  to  elevations  and 
depresdons,  at  or  on  and  above  which  c£)uda  form  hy  the  oondensation 
of  aqueous  vapour,  and  on  which,  therefore,  they  appear  to  float  Its 
podti(m  is  most  readily  recognised  by  the  eye,  by  obeerving  the  modf- 
Scation  of  cloud  called  cumvbu,  the  various  aggregatiims  of  which,  or 
dtstinct  clouds,  have  a  common  base-line,  or  have  their  inferior  surfaces 
at  the  same  height.  The  subject  has  already  been  noticed  in  tiie 
articles  Cloud  (ooL  981)  and  Dew-Pojnt  ;  but  in  the  latter  the  vapour- 
plane  is  erroneoudy  stated  to  be  the  aupraior,  instead  of  the  inferiw, 
umit  of  a  osrtun  stratum  of  the  atmosphere,  and  also  that  doud  forma 
below  instead  of  above  it,  when  it  is  r^arded  as  a  mathematical  plana 
But  there  are  in  fact  as  many  vapour-planes  in  the  atmosphere  of  any 
locality  on  the  earth's  surface,  and  at  any  time,  as  there  are  strata  of 
douds  at  di&rent  elevations ;  and  in  each  case  the  plane  becomes 
itself  a  phydcd  plane,  or  stratum,  tliroughout  which  doud  is  produced. 
These  suooesdve  sfarate  originate,  of  coarse,  in  dteroatitma  of  ten^e- 
rature  and  in  the  amount  of  aqueous  vapour  present  in  a  given  volume 
of  air. 

The  following  statement,  founded  upon  the  principal  results  deduced 
by  the  late  Mr.  J,  Welsh  from  experiments  made  by  him  and  described 
in  Us  account  of  meteorologiod  observations  in  four  balloon  asc^te 
made  in  1852  ('PhiL  Trans.,'  1853,  pp.  311-346), aheady  dted  under 
Cloud,  gives  a  gmerd  view  of  the  nature  of  the  alternations  in 
question^  which  may  be  compared  with  the  particulars  of  the  hde^t  of 
the  several  strata  of  doud  passed  through  in  those  ascoits,  and  statad 
in  that  artide,  col.  B88. 

The  tempwature  of  tiie  dr  decreases  uniformly  with  the  height 
above  the  earth's  surface,  imtil,  at  a  certain  devation,  varying  on 
different  days,  the  decrease  is  arrested,  and  for  a  space  of  from  2000 
to  SOOO^eet  tiie  temperature  remdns  nearly  constant,  or  even  increases 
by  a  smRl  amount,  the  regular  diminution  being  afterwards  resumed 
and  generally  maintained,  at  a  rate  slightiy  less  rapid  than  in  the  lower 
part  of  the  atmosphere,  and  commencing  from  a  hi^er  temperature 
than  would  have  existed  but  for  the  interruption  noticed.  This  inter- 
ruption in  the  decrease  of  temperature  is  accompanied  by  a  latge  and 
abrupt  &U  in  the  temperature  of  the  dew-poiut,  or  by  actud  condensa- 
tion of  vapour,  from  which  it  may  be  inferred  that  the  dieturbauce  in 
the  progreadon  of  temperature  arises  from  a  devdopment  of  heat  in 
the  nei^bouriiood  of  the  plane  of  ctmdenBation,  or  iupoHrj)&»i&  Th« 
subsequent  &Us  in  the  temperature  of  the  dew-pdnt  are  genetalty  of 
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an  ftlwupt  character,  and  produetiTe  of  as  many  vapourplaoea ;  corre- 
aponding  interruptioiu  in  the  deorawdng  progreoaon  of  temperature 
are  aometimes  distinguishable,  but  in  a  leu  d^ree,  as  might  indeed  be 
expected  from  the  fact  that  at  greater  elevations,  and  ooosequentljr 
lower  temperaturea,  the  TitiatiooB  in  the  abaolute  amount  of  aqueous 
Tapour  are  necconarily  Bmallo*,  and  thdr  thermio  effeoti  oonBequentty 
diminished. 

VAREC.   An  obsolete  name  fur  crude  oarbonste  of  soda. 

VARIABLE.  A  quantity  is  said  to  vary  yibm  it  changes  value, 
whether  gradually,  or  by  jumps  or  starts.  The  noticm  of  a  variable 
quantity  is  the  first  which  must  be  eatabliahed  in  teaching  the  DiSb- 
rential  Calculiu,  and  requires  a  little  explanation. 

One  magnitude  at  least  is  hardly  conceivable  without  the  notion 
of  TiU-iatton ;  we  mean  time  or  duration.  Reckoning  from  a  fixed 
epoch,  the  idea  of  tke  preteist  time  is  noUiing  but  that  of  the  other 
extremi^  of  a  variable  quantity,  the  variation  of  which  we  cannot 
suspend,  even  in  thought.  Again,  in  space-ma^tudes,  thoi^h  we  are 
not  obliged  to  consider  tiiem  oa  formed  by  variation,  yet  it  is  in  our 
power  to  do  so,  and  we  are  constantly  learning  the  variation  of  length, 
area,  or  solidity  conwquent  upon  motion.  And  we  con  even  consider 
this  variation  as  arising  from  no  act  of  our  own,  as  independent  of  us, 
and  out  of  our  power  to  stop :  though  even  when  this  is  physically 
true,  namely,  that  the  variation  is  out  of  our  power,  we  can  conceive  or 
imagine  that  it  does  stop,  and  trace  the  consequences  of  such  stoppage. 
Variable  magnitude,  then,  presents  natural  ideas,  such  as  we  not  only 
easily  acquire,  but  such  as  it  would  be  difficult,  if  not  impossible,  to 
suppose  tbat  we  could  help  acquiring.  ' 

But  when  we  come  to  speak  of  number,  the  case  is  much  altered. 
The  constant  phrase  of  an  algebraist,  "  let  x  be  a  variable  quantity," 
clear  as  it  may  be  when  quantity  means  magnitude^  is  not  quite  so 
plain  when  quaotity  means  number  as  the  representative  of  magnitude. 
There  is  something  to  be  stud  as  to  how  number  is  imagined  to  vary 
at  all :  and  still  more  as  to  its  gradual  variation. 

Number  is  an  abstraction  of  the  mind ;  ib  is  not  magnitude,  but  a 
mode  of  reference  of  one  magnitude  to  another.  If  we  might  dare  to 
say  it,  number  is  more  of  the  nature  of  an  opinion  about  magnitude 
than  of  magnitude  itself.  When  we  speak  of  a  symbol  representing  a 
variable  number,  we  know  that,  though  we  say  the  symbol  changes  its 
values,  it  is  we  ourselves  who  arbitrarily  chuige  the  meaning  of  the 
symbol.  We  can  ima^ne  (waving  all  question  about  the  possibility  of 
our  imagination,  or  its  metaphysical  truth)  everything  annihilated 
except  two  material  points,  one  or  both  of  which  are  in  motion  with 
respect  to  the  other :  but  we  csjinot  in  such  a  case  imagine  to  be  a 
symbol  of  a  variable  number.  Unless  some  intellect  be  in  existence  to 
mean  something  by  x,  or  to  make  a  symbol  of  x,  there  can  be  no  such 
thing  as  a  variable  number,  or  as  the  abstract  Idea  of  number  at 
alL  When  we  say,  let  »  be  a  variable  number,  we  must  always  be 
understood  to  mean,  let  x  be  a  symbol  which  at  one  time  we  may  be 
allowed  to  make  to  stand  for  one  number,  and  at  another  time  for 
another. 

Now  as  to  gradual  variation.  A  point  never  changes  its  distance 
from  another  hy,  say  a  foot,  without  making  every  assignable  lesser 
change  in  the  interval.  Or,  a  line  which  is  lengthened  from  a  b  to  a  0 
by  the  motion  of  a  point,  must  at  some  period  of  the  change  be  equal 
to  A  D,  if  A  D  be  anything  between  a  b  and  a  o.  At  least  it  is  a  neces- 
sary condition  of  our  existence  to  believe  this  to  be  as  evident  as  that 
two  straight  lines  cannot  inclose  a  space,  though  [Sfaob  and  Time] 
we  believe  some  would  be  found  to  deny  it.  But  in  the  case  of  number, 
we  cannot  form  anjrtbing  but  an  approximation  to  this  idea  of  gradual 
variation.  We  can  pass  from  I  to  2  by  successive  steps,  by  millions  of 
millions  of  steps  if  we  please  :  that  is,  A  representing  a  small  fraction, 
we  can  proceed  from  1  to  2  by  the  steps  1  + A,  1  +  1  +S>1,  &c.,  in 
such  manner  that  we  shall  not  arrive  at  2  till  a  million  of  million  of 
steps  have  been  mode.  But  this  is  not  gradual  variation,  such  as  is 
in  our  ideas  when  we  think  of  a  line  increasing  in  length  by  the  reces- 
irion  of  one  extremi^  from  the  other.  tSoi,  if  we  subdivide  our  steps 
ever  so  for,  can  we,  in  counting,  cense  to  make  steps ;  that  is,  we 
cannot  imagine  gradual  variation  of  number.  When,  therefore,  we 
talk  of  X  standing  for  a  number,  which  is  also  to  represent  the  number 
of  tmits  in  a  variable  length,  we  can  only  mean  tiiat  our  numerical 
progression  can  be  made,  if  we  please,  by  steps  so  small,  tiiat  whatever 
length  A  D  may  represent,  the  linear  represratatives  of  some  or  other  of 
the  numerical  steps  by  which  we  pass  mm  the  number  in  a  B  to  tiie 
number  in  a  0,  may  be  made  as  near  to  a  D  as  we  please.  It  is,  no 
doubt,  in  this  essential  distinction  between  the  ideu  involved  in  the 
variation  of  number  and  in  that  of  magnitude  that  the  existence  of 
Ikcohmessuraslb  quantities  takes  its  rise. 

The  first  steps  of  the  Difierential  Calculus  are  often  embarrassed  by 
a  mode  of  spraking  which  appears  as  if  two  difierent  symbols  were 
used  for  the  same  thing.  "  Thus,"  it  is  said,  "  let  z  be  a  variable,  and 
y  a  function  of  that  variable,  such  that  v  is  always  =X*.  Then  let  x 
be  changed  into  a;  +  A,  in  consequence  of  which  y  becomes  y  +  ^;  so 
that  y  +  k={x  +  h)*."  Now  if  x  be  the  symbol  of  the  variable  quantity, 
which  can  only  mean  this,  that  boUt  before  the  quantity  has  changed, 
and  after,  it  is  represented  by  x,  how  can  it  be  allowed  both  to  let  x, 
as  it  vrem,  imply  its  o»n  variation  in  its  veiy  meaning  and  yet  alter 
« into  «  + A  to  denote  tiiatx  changes  f  llieti-uthia  that  the  utuguase 
ie  incorrect;  it  Aould  be  as  follows:— Let  there  be  two  varialue 


qnantities,  one  of  which  is  always  the  square  of  the  other ;  let  x  be  the 
ralua  first  given  to  one  of  the  variables,  and  y  to  the  otiier,  so  that 
y=x'.  Then  let  a  new  value  x+k  be  (pven  to  the  first  variabla,in 
consequence  of  which  the  second  beoomee  y-i-k,  no  that  ]f-i-h^[x-Hl)\ 
In  fact,  X  does  not  represent  a  variable  quantity,  but  a  certajn  value 
given  to  a  variable  quantity. 

VARIABLE  STABS.  This  term  has  been  appHed  to  a  class  of 
stars  which  exhibit  variations  of  brightness  when  observed  horn  time  to 
time.  The  branch  of  astronomy  which  takes  cognisance  of  such  objects 
is  entirely  of  modem  origin.  The  first  star  ot  which  the  light  was 
found  to  be  variable  is  a  small  star  in  the  constellation  of  tiie  Whale, 
usually  designated  in  the  catalogues  of  astronomers  as  o  Ceti,  or 
omicron  Ceti.  This  star  was  observed  by  Daniel  Fabriciua,  on  the 
ISUi  of  August,  1596,  and  noted  by  him  as  a  star  of  the  third  magnitude. 
In  the  month  of  October  <d  the  same  year,  the  star  hod  vanished  frum 
observation,  as  it  it  had  been  extingiiished,  and  fur  some  time  after- 
wards it  does  not  seem  to  have  attracted  tlie  notice  of  observers, 
Bayer,  in  his  '  Uranometria,'  published  in  1608,  has  inserted  tSit  star, 
but  he  makes  no  allusion  to  its  previous  disappeanmce.  The  disoovery 
of  ihe  variability  of  its  light  is  due  to  Holwwla,  a  Dutch  astronomer. 
In  the  month  of  December,  1638,  Holwarda  perceived  the  star  during 
an  eclipse  of  the  moon,  when  it  exceeded  in  brightness  a  star  of  the 
tMrd  magnitude.  About  the  middle  of  the  following  summer  he  was 
unable  to  discover  the  slightest  trace  of  it.  However,  on  the  7th  of 
November,  1689,  he  again  detected  it  in  its  original  position. 

The  star  was  now  carefully  observed  by  several  individuals,  among 
the  rest,  by  the  famous  Hevelius.  The  d^oovery  of  the  peri<^  of  its 
variations  is  due  to  Bouillaud,  who  found  that  an  intervu  of  333  days 
elapsed  between  two  suooeeuve  disappearances  or  reappearances.  The 
results  ot  modem  observation  indicate  the  exact  period  to  be  331' 
16^  7". 

In  addition  to  the  star  to  which  we  have  just  been  referring  a  great 
many  other  stars  have  been  found  to  be  variable,  and  the  number  is 
rapidly  increasing  every  year.  This  important  result  is  due  in  a  great 
d^ree  to  tiie  practice  of  carefully  scrutinising  small  stara  in  connection 
with  the  searoli  for  asteroids  which  has  been  so  assiduously  prosecuted 
in  recent  years  by  a  number  of  individuals  in  difierent  countries.  We 
shall  now  allude  briefly  to  the  peculiarities  of  two  or  three  otlier  ex- 
amples of  variable  stars. 

0  Persei.  This  star,  usually  termed  Algol,  which  is  situate  in  the 
h^  of  Medusa,  was  found  by  Moutauari  and  Maroldi  ~  to  e^bit 
strangb  fluctuations  of  brightness,  but  the  period  of  its  variations  was 
first  established  by  Qoodricke  in  1782.  It  generally  appeara  as  a  stu 
of  the  second  magnitude.  In  the  short  space  of  three  houre  and  a  half 
it  descends  to  the  fourth  magnitude,  and  then  in  an  equal  interval  of 
time  regains  its  usual  brightitess.  It  shines  as  a  star  of  the  second 
magnitude  during  the  spaoe  of  two  days,  thirteen  hours,  and  three- 
quarters,  and  it  oonsequentty  passes  through  the  complete  cycle  of  its 
changes  in  two  days,  twenty  hours,  and  tluee  quarters.  According  to 
AigeUnder,  the  exact  period  is  2'  Zfi*'  H'^  52*. 

j8  Lyrce.  This  star  was  first  found  to  be  variable  by  Qoodricke  in 
1784.  It  is  an  object  of  great  interest,  inasmuch  as  it  possesses  a 
double  maximum  and  a  double  minimum.  When  it  arrives  at  its 
maximum  brightness,  it  resembles  a  star  of  the  third  niagmtud&  At 
one  of  its  mininuL  it  appears  between  the  third  and  fourth  magnitude, 
and  at  the  other,  between  tiie  fourth  and  fifth  magnitude.  Argelander 
has  found  that  it  passes  through  its  variations  in  12'  21''  55"  10*. 

9  Oephei.  This  interesting  star  was  also  first  discovered  to  be  variable 
by  Qoodricke  in  1784.  Argelander  determined  its  period  to  be  5'  8^ 
47"  39-S* ;  but  the  late  Mr.  Johnson,  director  of  the  RadcUfle  Obser- 
vatory, Oxford,  fixed  the  period  at  6'  6*  42"  18'4'.  At  its  minimum 
it  la  equal  to  a  star  of  the  fifth  magnitude,  and  it  hence  mcrenses  until 
it  resembles  a  star  between  the  third  and  fourth  ma^itude  at  its 
maximum.  The  interval  which  elapses  between  the  maximum  and  the 
minimum  is  3'  19'',  while  between  the  minimiim  and  the  maximum 
the  interval  is  only  l'  14^. 

Some  stars  have  been  discovered  to  be  variable,  but  their  fluctuations 
are  so  irr^^lar  that  it  has  been  hitherto  found  impossible  to  reduce 
them  to  any  fixed  law.  A  remarkable  example  of  this  kind  is  furnished 
by  the  bright  star  in  the  southem  hemisphere,  denominated  q  ArgOs. 
In  1677,  HoUey,  during  his  residence  at  St.  Helena,  classed  it  among 
the  stars  of  the  fourth  magnitude.  In  1751,  laculle  estimated  it  to 
be  of  the  second  magnitude;  however  Burofaell,  who  resided  in  South 
Africa  from  1811  to  1815,  again  tanlced  it  among  t^e  stars  of  the 
second  magnitude.  From  1822  to  1826,  it  was  estimated  to  be  of  the 
second  magnitude  by  Brisbane  and  Fallows,  who  observed  it,  the  former 
at  New  South  Wales,  and  the  latter  at  the  Cape  of  Qcod  Hope.  Li 
1827,  Burchell,  while  residing  at  St  Paul's,  Bnuil,  estimated  it  to  be 
of  the  first  magnitude,  and  almost  equal  to  a  Cruois;  but  in  the 
following  year  he  found  from  observatioos  made  at  Qoyer,  that  it  had 
again  descended  to  the  second  mognituda  Johnson,  who  observed  the 
star  at  St.  Helena  between  1829  and  1833,  estimates  it  to  be  of  the 
second  magnitude;  and  Taylor's  observations  at  Madras  during  the 
same  period  indicate  the  same  fact.  Sir  John  Herschel  also,  from  the 
time  of  bis  arrival  at  the  Cape  of  Qood  Hope  in  1834  till  1837,  ^ti- 
mated  it  invariably  to  be  between  the  first  and  second  magnitudei 
But  on  the  16tit  of  Deoember,  1837,  while  engaged  in  making  photo- 
metrio  observations  of  the  small  stan  in  its  vioinity,  he  was  surprised 
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to  find  that  it  had  rapidly  hicreaned  in  brightness.  It  was  now  equal 
to  (I  Centauri,  and  &r  surpassed  in  brightnees  all  the  other  fixed  stars 
except  CanopuB  and  Sirius.  It  attained  its  maximum  brightness  on 
ibe  2nd  of  Jonuaiy,  1888.  Shortly  afterwards  it  grew  fiunter,  and  it 
ooQlinued  to  dimioidi  in  farightnesi  till  March,  1848.  In  the  following 
month  it  again  isiodly  increased  in  brightness.  Aooordins  to  the  oh- 
serrations  of  Hadear  at  the  Cape  of  Qood  Hope,  and  oi  Uackay  at 
CUcutta,  a  now  surpassed  Canopus  in  brigbtness,  and  almost  rivalled 
Sirius.  It  continued  for  several  yeora  to  exhibit  this  great  degree  of 
brightness,  when  it  begui  to  fluctuate  as  before. 


The  new  stars  which  hare  appeared  in  the  heavens,  and  of  which 
several  instances  are  recorded  in  bistoiy,  probably  belong  to  the  class 
of  variable  stars.  The  moot  notable  objects  of  this  description  are  the 
new  star  which  i^peared  in  1 573,  of  which  Tyoho  Brahe  has  given  a 
detailed  account,  and  the  new  star  of  1604*  which  was  obeerred 
GFalileo  and  Kefder. 

The  following  table  of  vu-iable  stars,  drawn  up  by  Hr,  Pogaon,  il 
extracted  from  voL  xvii  of  the  '  Observatioiu  made  at  the  Kadclifis 
ObserTfttory,'  Oxford.  Mr.  Pogson  is  known  as  one  of  the  most  suo* 
cessful  expliwen  of  this  interesting  field  of  oatrouooiy. 
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SohOnfsld. 

Hind  . 

A.  M 

11 

Unen  tain 

Unknown 

BLeonls  .  . 

Kock      .  . 

« 

10 

Ivw^i  4AV*«  ml 

Pogaoa. 

B  Urs.  114.  . 

FOfMSt 

> 

IS 

lass  Uapnh  9a*i 

Pogeon, 

B  TlrRinte  -  . 

Hurdlpg  « 

6-S 

Cndar  11 

1896,  Jan.  13-ft7 

149-7S4  daya 

Argelander. 

S  Un.  URj.  . 

7 

IS 

I8SS,  Aug.  23-3 

333-89  daya 

Pogson. 

a  VirgtnU 

fflnd      .  . 

9-5 

11 

18S4,  Feb.  7-3 

SBO'tl  daya 

Pogjon. 

8  Serpentia  . 

Hirdlnf 

« 

Under  10 

1897,  AprU  5 

367  daya 

Argelander. 

B  Cor,  Bor.  , 

Plgott     .  . 

• 

18S4,  June  18 

818  days 

Argelander. 

«  Herenlla 

Herteliel 

1 

S-5 

18S6,  Umj  18 

86*38  daya 

Argelander. 

BSciUi  . 

Pigott     .  . 

S 

t 

ISSI,  Hov.  13 

71-73  days 

Argelander. 

0  Lyne 

Ooodridke  . 

1-S 

tl897,  Fet>.  6  0TM 

11-90630  daya 

Argelander. 

B  Aquil*  . 

ArgeUnder  . 

6-« 

IB97,  Juljr  20 

891 -9  days 

Argelander, 

BCygnl 

Fogm    .  . 

7-» 

Unte  14 

189S,  Ang.  ;-9 

416*71  daya 

Pogson. 

Fl(Ott  ■ 

1-6 

4*4 

1897,  Feb.  e-eoas 

;-17Ml  di^ 

Argelander. 

Jaxaoa    .  . 

i 

Voder  6 

Unceriain 

18  years 

Plgott 

14  Cepll.  [Hers.] 

Pogson . 

s 

11 

1807 

73  years 

Pogson. 

B  Caprlooml . 

Hind      .  . 

B 

11 

Unoerlaia 

Unkaown 

T  OHirleonil  . 

Hind  . 

9 

Under  14 

1895,  Oct.  33 

174  daya 

SchOofeld. 

ft  Ceplul 

HefseM  .  . 

* 

t 

18S7,  April  or  Ha/ 

Unpnbllahed. 

Argelander. 

»  Cephet  . 

Ooodricka 

J- 7 

4'S 

tlB57,  Feb.  6-0S16 

S -3 116436  days 

Argelander. 

0  Pegart  . 

Schmidt  .  , 

S 

Uneertain 

41  daya 

Schmidt. 

B  CSHiopdn  . 

Pofion 

B'O 

Under  14 

1SS8,  April  SS>8 

414*81  days 

Pogson. 

No  satisfiacto:?  explanation  of  the  phenomena  of  variable  stara  has 
hitherto  been  advaiuMd  by  any  Inqidrer.  Some  astronomers  have 
suggested  that  the  variations  of  fight  may  be  due  to  dark  bodies 

circulating  around  the  stars.  According  to  others,  the  fluctuations  of 
brightDess  may  arise  from  the  presence  of  dork  tracts  on  the  surfeces 
of  the  stars,  which  are  periodically  turned  towards  the  earth  by  the 
revolution  of  the  stars  on  their  axes.  The  phenomena,  however,  are  in 
general  so  insular,  that  neithet  of  these  bypoUieses  is  capable  of 
satis&ctorUy  accounting  for  them. 

V  ABUTIOIf .  Under  this  head  comes  the  explanation  of  a  part  of 
the  language  of  proportion  which  is  mucb  used,  and  which  was  once 
very  prominent  in  English  mathematical  writing  We  refer  to  such 
I'   J  following :— A  varies  as  B— a  vwies  mversely  as  B— the 

gravitatitm  of  particles  variea  inversely  as  the  squares  of  their  duttanoes 
— th*  time  of  oaullation  of  a  pendulum  varies  as  the  square  root  of  its 
lengtt,  ftc. 

When  we  say  that  one  thing  varies  as  another,  vre  mean  that  there 
are  tvro  variable  magnitudes  whidi  have  this  property,  that  If  when 
the  first  changes  irom  a  to  b  the  second  change  from  o  to  6,  l^en  A 
ie  to  B  in  the  same  proportion  as  a  to  6.  And  when  we  say  that  one 
thing  variea  inversely  as  another,  wa  mean  that  if  when  the  first 

changes  from  a  to  B  we  second  cbongee  from  a  to  6,  then  

1  1 


The  epochs  marked  thos  -f-  are  epochs  of  mini  mam. 

These  were  in  fact  hut  modes  of  writbg  the  equatiims 


■ah 


or  : :  ft  :  a. 


Th«  modes  of  denoting  these  laws  of  connection  used  to  be.  Id  Enriish 
works—  ^ 


A  s:  Cd  A  n  - 

a 

in  a  manner  which  should  recognise  their  existenoe  without  obliging 
us  to  think  of  the  particular  value  of  the  constant  e.  Accor^g  to  the 
preceding  equations,  if  we  take  tho  first,  and  suppose  that  a  changes 
mto  B  when  a  changes  into  b,  we  see  obviously  that  A-j-B  is  the  same 
as  a  6,  both  being  e^ual  to  e.  And  a  a  a  mf orms  us  that  A  -i-  a  is 
always  the  same  quantity,  without  saying  what  it  is. 

When  one  quantity  varies  as  both  of  two  others  joint^,  it  mesas 
that  if  either  of  the  second  and  third  mentioned  remain  constant,  the 
first  varies  as  the  other.  Thus  the  price  of  a  quantity  of  goods  varies 
jointly  aa  the  number  of  things  and  the  price  of  aaLh.  At  a  given 
{nice  per  article,  the  whole  price  varies  aa  tJie  number  of  tilings ;  for  » 
nven  number  of  things,  the  whole  price  varies  as  the  price  of  onau 
When  X  varies  as  y  and  z  jointly,  the  equation  X'^cyza  implied. 

We  ore  rather  inclined  to  regret  the  complete  disappearance  of  the 
notation  of  variations  which  has  taken  plaoo  within  the  last  thirty 
years,  though  the  phrateology  is  still  in  some  degree  of  use.  It  is  now 
usual  either  to  write  equations  at  full  length,  or  to  make  an  equation 
of  the  variation  itself,  which  can  always  be  done  by  a  proper  choice  of 
units.  Thus  Aoc  a,  or  k.~ca,  can  atn-ays  be  made  a= a,  if  such  ohoioe 
of  imits  be  made  in  which  to  measure  the  magnitudes  a  and  a  as  will 
make  c=  1.  This  must  be  done  by  eontriraig  that  a  and  a  shall 
become  unity  together.  But  this,  however  convenient  for  mere  calcu- 
lation, ia  hkely  enough  to  produce  confusion  in  the  mind  of  the 
learner,  and  actually  does  so  in  many  instanoes.  It  ia  obrious  enough 
that  of  two  different  kinds  of  magnitude  one  may  vary  aa  the  oUier  t 
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ibuB  tli«  height  of  the  barometer  (a  lengUi)  varieB  as  the  preaaure  of 
the  atmoBi^ei-e  on  a  given  surface  (a  veight).  But  it  ia  just  as  obvious 
that  one  magnitude  oannot  be  equal  to  another,  unleas  the  two  be  of 
ihfl  same  kuxL  When  therefore  a  writer  on  meohanica,  with  little  m 
no  previous  explauation  about  tiie  units  employtfd,  statee  that  the 
loeiffU  ot  a  body  is  its  vum  multiplied  by  the/oree  of  gravity,  or  that 
the  prftturt  on  »  mas  is  equal  to  the  nam  multiplied  by  its  accde- 
ration,  he  writes  efi^vely  oo^  for  a  reader  who  knows  the  subject 
already.  The  wei^t  ot  a  bo^  variee  jointly  as  its  mass  and  the 
aeoaleratloD  which  the  foroe  of  gravity  would  create  in  one  second. 
Alt«r  either  ot  those  aknie,  and  the  we^ht  Ii  altered  in  the  nme  pn- 
portion.  Henoe,  if  v,  «,  be  the  n ambers  of  units  of  their  several 
kinds  in  the  weight,  the  mass,  and  the  acceleration  caused  by  gravity, 
the  equa^on  w  =  em^  must  subsist,  where  e  is  a  numerical  constant 
depending  on  the  units  emidoyed.    If  the  weight  which  ia  called  10 

riunds,  ounces,  or  whatever  they  may  be)  belong  to  the  mass  oallsd 
.  whraaotedenl^iachgnnilyaaprodaoeaanMoalflratkHiof  4(feet, 
yardS}  ot  whatever  the  unit  cl  length  may  be)  in  the  tfane  ealled  1 
(second,  minute,  or  other  unit  of  time),  then  10-bcx  6x  4,  or  c»^. 
So  long  ss  the  same  units  of  length,  time,  mass,  and  weight  are 
employed,  the  equation  w=^tnff  must  subsist :  change  the  units,  and 
the  oonstant  e  must  have  another  value,  to  be  again  determined  from 
an  instance.  When  the  writer  above  mentioned  says  that  v  =  mff,  he 
means,  or  ought  to  m«ui,  that  it  is  an  agrewMot  between  him  and  his 
reader  that  whatever  mass  may  he  ouled  1,  and  whatever  may  be 
meant  1  of  length  and  1  of  time,  the  w«ght  whidi  is  called  1  shall 
be  that  of  the  mass  1  acted  on  by  the  force  of  gravity  1.  The  older 
writers,  who  used  variations,  needed  no  qteoifications  of  this  kind, 
since  the  actual  concretes  themselves  were  the  subjects  of  reasoning, 
and  the  TsriatioD  asserted  was  true  both  of  the  oonorete  msgnitudee 
and  of  any  system  of  units  whidi  they  might  adopt.  The  introductioa 
of  thcdr  ui^  was  natural^  and  ealrify  made ;  and  when  variatiniB 
became  equations,  the  student  oould  not  help  seeing  the  introduction 
of  all  con<Utions  depending  on  the  mode  of  measuremenL  In  dropping 
the  nctatifHi  of  variations,  our  writffis  pasMd  into  that  want  of  distinct 
explanations  of  primary  terms  which  was  the  disxaeteristis  of  many 
of  the  French  wntens. 

n>e  beginner  must  carefully  bear  is  mind  that  one  quantity  does 
not  Taiy  at  another,  beoause  it  variea  unth  thrt  oUwr.  A  square  and 
its  root  vaiy  together,  but  the  square  does  not  vary  at  its  root :  if,  for 
instance,  toe  root  be  doubled,  the  sqasie  is  not  douUad,  but  quad* 
rupled. 

It  is  however  most  imptniant  to  remember  that  when  two  quantitdes 
change  together,  in  any  maimer  whatsoever,  the  tnorement  of  the  tmo 
Tsries  as  the  incremoit  ot  the  other  very  nearly,  if  both  the  inerements 
be  smsll,  and  the  mora  nearly  the  smaller  they  are.  Thli%  if  we  know 
that  when  «  has  a  certain  value,  the  addition  of  -01  to  x  ^ves  an  addi- 
tion of  '001  to  its  logarithm,  we  may  be  sure  that  the  additi<m  of 
*01  X  A  to  X  win  give  an  addition  of  '001  x  A  to  the  logaiithm,  very  nearly, 
as  long  ss  '01 X  A  is  smalL 

VARIATION  OF  TBE  C0UPAS8.  [Covfass  Coesictiov  ; 
DiOLiKATioirj  UAOirn;  Terbistbial  Maqhetism.] 

VARUTIOir  OF  THE  MOON.   [Uoov.]  - 

VARIATION  OF  PARAMETERS.  A  paramOtr  was  a  name  origi- 
nally given  to  a  particular  line  oonneeted  with  a  ccmio  section:  being 
the  third  proportional  to  a  diameter  and  its  conjugate.  In  time  the 
word  was  applied  to  nnj^  line  which  serves  by  its  value  to  distinguish, 
or  to  help  to  distinguidi,  one  individual  of  a  family  of  curves  from 
another :  thus  tiio'radiufl  of  a  drcle,  the  axes  of  an  cUipB^  the  co-or- 
dinates ol  the  centre,af  either,  ware  called  parameters.  When  a  word 
gets  into  the  descriptive  name  of  a  method,  it  mav  happen,  as  part  of 
a  phrase,  to  outlive  its  own  sepante  use ;  and  snch  has  been  the  case 
with  the  word  parmneter.  As  tills  word  is  now  general^  abandoned, 
dment  ia  the  most  frequent  substitute  for  it,  and  It  woido  be  dedraUe 
to  speak  of  vorioiton  o/efeffleKtt. 

Whatever  phrase  we  may  use,  the  thing  occurs  both  in  ^^ynoa  and 
mathematioe,  In  modes  which  are  closely  connected  wiUi  each  other. 
A  planet  moves  in  a  curve  which  is  not  an  elHpee,  but  which  would 
change  and  become  an  ellipee  if  the  distorbing  Bttnotions  of  the  other 
planets  were  removed,  and  that  of  the  sun  only  continued.  The  easiest 
way  of  calculating  the  planetary  motions  ia  to  consider  the  planet  as 
moving  in  this  efiipse,  while  during  the  motion  the  elements  which 
determine  the  dlipse  are  perpetua^  changing;  so  that  the  form  and 
position  of  the  ellipee  both  Taiy.  This  is  done  in  such  manner  that 
tiie  ellipse  of  each  moment  is  that  which  the  planet  would  go  on  to 
move  ia,  if  at  that  moment  the  disturbing  attractions  were  all  removed. 
The  advantage  is  that  in  this  case  the  elements  will  vaty  very  slowly, 
or  it  will  be  long  before  the  disturbing  attractions  produce  much 
cSect.  In  theory,  any  curve  might  be  tai:en.  A  planet  for  instance 
might  be  suf^wMd  to  move  in  a  psmhola,  whlcA  variea  its  dimensions 
and  position  in  a  manner  to  be  determined.  In  Trochoidal  Cubtes, 
all  the  curves  {^ven  are  produced  by  a  point  nuiving  hi  a  circle  with 
variable  elements;  that  of  variable  centre,  thou^  given  radius.  If 
it  vtim  required  to  investigate  trochoidol  curves  with  loops  and  undu- 
lations of  difiereut  magnitudes,  the  best  way  would  be  to  coosider 
them  as  made  in  the  same  manner,  with  a  circle  of  variable  radius  also : 
or  else  to  make  both  drdsi  variable. 

In  the  difRmntial  calculus  the  variation  (tf  <l«nenta  is  introduced 


thus : — If  an  algebraical  expresuon  containing  some  variables  and  somq 
constant  elements  be  proper  to  answer  a  certun  purpose,  it  is  not  impoe- 
Bible  that  it  may  answer  the  Mme  purpoee  when  the  oonstauta  ore 
made  variable,  provided  they  be  made  to  vary  in  a  proper  manner. 
Now,  if  the  purpose  which  is  to  be  answered  hivolve  difiermtiatioa, 
the  infinity  of  the  number  of  suppositions  which  may  be  made  as  to 
the  variation  of  the  (former)  constants  is  equivalent  to  IntrodnolDg  an 
arbitraty  function  instead  of  each  constant,  to  be  determined  by 
the  conditions  of  the  question.  Two  species  of  eaBsa  hare  frequentiy 
arisen. 

1.  When-under  certafai  eiraumstanoM  »  problem  is  wA-nA  by  an 
expression  oontaining  certsin  constants,  and  tne  oinmrnstsnees  are  then 
altered ;  it  is  often  convoiient  to  inquire  whether  the  altered  problem 
might  not  be  solved  by  the  same  expression,  on  (he  snp|KiSit«ni  that 
the  constants  become  variable.  And  the  queetkn  then  how  tiie 
(former)  oonstants  ere  to  be  made  to  vary. 

S.  Without  any  alteration  of  the  eirBumstaPOBa,  h»hig  a  solution 
which  ocmtains  oonttante,  it  be  asked  how  to  sobstttnte  viriablee 
in  place  of  constants,  so  that  the  altered  expreasiwi  may  still  be  a 
solution. 

In  both  oases  it  is  obvious  that  so  soon  as  the  constants  are  made 
variable  the  difierential  oo-effldents  <A  all  expressions  into  which  they 
enter  will  receive  an  accesnon  of  terms  ^ve  what  thn  had  before. 
These  new  terms,  which  we  may  describe  as  functions  of  tlie  vsriafions 
of  the  elttoent^  must,  in  the  first  ease  above  noted,  be  so  token  as  to 
provide  for  the  effect  of  the  altered  droumetances.  But  in  the  second 
case  the^  must  destroy  one  another's  effeots  altogether.  We  shall 
take  a  few  instances  in  which  the  variation  of  elements  is  successful  or 
unsuccesefuL 

1.  The  equation    -fry- 0,  f  being  a  fnnotion  of  x,  is  solved  by 

0  being  a  constant.  Nowaltertheequationintoy'-i-pyMQ,aDdtomeefc 
the  alteration,  let  o  become  a  functicm  of  x.  On  this  auppositioa 
j^+iy  becomes 

-  mrrff^  +  tfrV  w»  +  op,/?* 
Bat  this  ought  to  be  Q :  therefore  we  must  have 

1  being  another  constant.  Here /-(-Fjrsg  is  solved  by jf'-fpyaO  and 
subsequent  vsriatiou  of  an  demenl 

Now  try  y'-n(*=0  and  v'-fy'-q  In  the  same  manner.  The  first  is 
solved  1^  y=-(x+6)->  and  if  o  be  made  variaUe,  and  y  thus  altered  be 
introduced  into  the  second,  it  la  found,  making  o,  to  require  the 
8oluti<m  of 

OS  difficult  an  equation  as  the  originaL   In  this  case  tben  we  are 

unsuccessful. 

dn    du  1 
^^dx  solution  of  this  is  u=  ^  a^-f  a(«— y) 

a  and  &  being  constants.  To  find  a  more  general  solatioo  of  this  same 
equation  let  i  be  a  fonotion  of  a,  a  h«ng  a  function  of  x  and  y:  We 

have  then 

d»  /  db\diit 

\-r- 


'^"^da/dx 
dh\dAk 
-y-^dH)^ 


and  tiie  equation  will  obviously  still  be  satlsflAd  if  ft  and  a  be  so 
related  that 

db 

db 

Now  as  ft  is  what  function  of  a  we  please,  so  also  1b      hence  it 

follows  that  if  h~^,  and  x—y~—f'a,  we  may  inake  a  what  function 
of  a:— y  we  pleases  Let  a=^(x-y)  and  let  xv/vi'vcfv.  We  have 
tiieo 

•=23^  +  +X{«~9) 

of  iriiudi  the  last  two  terms  merely  amount  to  an  lakiOnts  function  of 
x—Ht  to  that  the  oooi^ete  aolation  la 

»=?='+*(«-y) 

^  meaning  any  function  whatever. 

This  subject  has  many  developments.  We  have  introdueed  it  here 
under  the  idea  that  some  students  of  the  differential  calculus  may  be 
led  to  consider  ft  at  an  earlier  period  of  their  reading  than  booka  will 
give  it  to  them. 

It  is  to  be  remarked  that  this  method  does  not  merely  search  for 
mme  solutions  of  a  question  :  if  the  numbn-  of  constants  be  sufficient, 
it  goes  direct  to  the  most  general  solution.  In  our  first  example  there 
is  no  function  of  x  bat  what  is  citable  of  being  represented  by 
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fiao 


crVM*;  our  tltird  thoreis  no  fui.uUon  of  x  and  y  but  what  is 
capable  of  being  represented  enn  l^^'+a(a;—y)  org:i^-f  ^aod  alao 

h;f^a?+a(x—y)+h  with  a  relation  between  a  and  b.  Whatever 

functicm  of  or  o{  x  and  p,  will  solve  theee  equations,  ia  sure  to  be 
found,  if  the  method  be  succeeaful.  This  point  would  need  a  litUa 
more  development  than  we  have  here  space  to  give. 

VAKIATIONS,  CALCULUS  OF.  The  preoeding  woida  might 
seem  fit  to  include  every  organised  mode  of  dealing  with  the  variationa 
of  value  which  alg^Timioal  quantities  are  made  to  receive ;  Qie  difEbr- 
ential  caloulus,  for  example :  but  they  have  a  te<^nical  meaning,  which 
we  proceed  to  explain.  When  a  quantity  a  subject  to  one  BOTt  of 
variation  only,  the  oomddenition  of  that  variation  belongs  to  the  umple 
differential  (»lculus :  but  when  it  is  subject  to  two  or  more  distinct 
aorta  of  variation,  suppose  that  of  the  diff^ntial  calculus  and  another, 
then  the  mode  of  deuing  with  the  second  sort  of  variation  is  said  to 
belong  to  the  calculus  of  variations.  In  dynamics,  for  example 
[Virtual  TsLOOinsa],  there  are  two  distinct  species  of  motitni  to 
oonaider :  one  which,  at  the  end  of  tha-time  t,  the  system  is  about  to 
.take  during  the  ensuing  time  dt,  in  consequence  of  tbe  velocities 
acquired  by  its  particles  ;  and  another  which,  without  any  considera- 
tion of  the  first,  must  be  impressed  upon  it  for  the  examination  of  the 
conditions  which  express  the  equivalence  of  the  impressed  and  eSeotive 
forces.   Here  then  is  a  caae  for  the  calculus  of  variations. 

Suppose  a  ourva  ab,  witli  which  is  connected  another,  oft,  inflmtely 
near  to  the  first,  and  related  to  it  by  a  given  law,  in  such  manner  tiiat 
any  ptnnt  P  being  given  on  the  firat,  a  corresponding  point  p  can  be 
Ifuund  on  the  second.  If  the  coordinates  of  f  be  z  and  y,  and  those  of 
II  (infinitely  near  to  p)  be  a:  +  (ir  and  y  +  dt/,  and  if  we  signify  the  co- 
ordinates otp  by  ic+Sa:  and  y  +  Sy,  we  have  two  distinct  notations,  one 
toT  the  increments  which  the  coordinates  receive  in  passing  from  point 
^  point  on  the  first  oorr^  the  other  for  those  which  they  receive  in 
I>auing  from  a  point  on  the  first  curve  to  tiia  corresponding  point  on 
jhe  second.  Hence,  PR  being  dx.anAm-  what  dx  beoomaa  after  varia- 
(um,  we  have  S{dx)=pf-rB.  which  u  obrunudr  equal  to  ^H— pu. 


But  PN  is  Sx,  and  is  what  Sx  becomes  when  x  is  changed  into 
a;  +  fix,  whence  qn— PM=tI(Sx) ;  or  9dx=dix,  and  the  same  may  be 
proved  for  y.  We  shall  now  recapitulate  the  results  of  tiie  further 
application  of  this  method.  It  is  quite  b^ond  our  limits  to  att^pt 
to  prove  them ;  so  that,  refcoriug  to  works  on  the  differential  calculus 
for  further  information,  we  shall  content  ourselves  with  some  remai^ 
on  the  loose  manner  in  which  this  calculus  is  nearly  always  applied 
to  questions  of  maxima  and  njinimw^  and  to  a  verj  tew  words  on  its 
history. 

1.  The  operationB  of  differenUation  and  variatiim  are  Interchangeable 

in  order,  as  in  Sdx  =  dSx,  5 fydx  = J'S{ydx),  Ac. 

2.  If  y  be  a  function  of  x,  and  if  y',  y",  kc,  stand  for  sucoesaivo 
differential  coeflSdents  of  y  with  respect  to  x,  the  successive  differential 
coefficients  ot  8y  —  y'  Sx  taa  Si/ —  y'Sx,  Sy"  —  y"'Sx,  Sy"'  —  y^  tx,  4c. 

8.  Let  V  be  a  function  of  x,  y,  y',  y",  &a,  and  let /vdx  taken  from 

x^x  tox  =  x  he  i«iuired,  aad  let  y  Ac.,  and  y',  y"„ 

&c.,  be  the  values  of  y,  y,  y",  4c,  when  x  =  x^  and  a:  =  x, :  and  let 
moreover  «  =  »y  —  y'Sx,  which  becomes  and  «j  at  the  two  limits. 
Let  the  differential  coefiEcienta  of  v  with  respect  to  Xy  y,  y*,  y",  4c., 
separate^  made  variable,  be  x,  y,  p,  q,  4c.,  and  let  the  complete 
dUferenbations  of  these  with  respect  to  a;  be  denoted  by  accentuations, 
and  their  limiting  values  by  subscript  ciphers  and  units  as  before ; 

then  we  shall  have  for  5 /■<idx  the  following  formula  >- 

+  (P. -  Q'l  +  a",  -  4o.)     -  (Po-  Q'„  +  B"„ -4c.)  «o 
+  (Qi  -  a'l  +  B'\-  fta)  •/,-((!<,-  R'„  +  fl"o  -  ic.) 
+  (B*  -  "'i  +  »"i-4o.)  a**!-         s'o  +  T"„-  &c.)  < 
+  

The  most  wual  application  of  the  prosedii^  foiviuls,  in  its  nort 


general  geometrical  form,  is  as  follows  : — v  being  a  given  function  of 
y,  y*,  tus.,  it  is  required  to  draw  a  curve  such  that  J vdx  shall  be  the 
greatest  possible  or  the  least  possible,  provided  tluit  at  one  limit  of 
int^^ation  x„  and  y^  shall  be  coordtnatee  of  one  given  curve,  and  that 
at  the  other  limit  ar.  and  y,  shall  be  ooordinatea  m  another  piven  curve. 
Such  a  oaee  arises  wnen  it  is  required  to  draw  the  shortest  line  between 
two  giran  curves,  or  to  find  in  what  form  and  position  a  flexible  curvo 
of  g^ven  length  will  rest  when  its  ends  are  supposed  to  slide  upon  given 
curves.  We  have  pointed  out  (Differential  Calculus,  'Library  of 
Useful  Knowledge,'  ch.  xvi.)  that  the  ordinary  mode  of  treating  these 
questimiB  is  not  sufflcienUy  general,  and  must  in  oortain  oases  even 
lead  to  positive  oror.  We  mtend  here  to  enforce  this  oonolnsioii  by 
showing  Oat  even  in  more  wdinary  queetitHis  of  maxima  and  minima 
the  same  want^of  generality  may  lead  to  the  same  sort  of  &lse  oon- 
cluaon. 

A  maximum,  or  greatest  value,  means  one  which  is  greater  than  any 
neighl»iuing  value ;  so  that  when  a  function  is  at  its  maximum,  any 
allowable  sl^t  change  must  be  one  of  diminuUon..  For  greater  read 
less,  and  for  diminnUon  increase,  and  we  have  the  dranition  of  a 
minimum.  Kow  an  ordinary  question  of  maxima  and  minima  is  as 
follows  : — ^  being  a  function  of  a:,  what  ore  the  real  values  of  x  which 
make  ita  maximum  or  minimum  1  There  is  a  maximum  when  x=a, 
provided  that  »p  (a  +h)  and  p  (a— A),  when  both  are  possible,  are  both 
less  than  <pa :  but  if  one  of  the  two  ^  (a  +  h)  and  ^  (a— A)  be  impos- 
sible, there  is  a  maximum  if  valuta  of  the  other  be  less  than  ^ 
In  all  these  oases  it  ia  supposed  that  A  may  be  as  small  aa  we  jdeue. 
Now— 

1.  When  ^  (a  +  A)  and  ^  (a— A)  are  both  real,  the  theory  eiplMned 
in  Maxima,  and  Minik a  is  perfectly  sufficient :  there  is  a  maximum 
when  ^x  (diaitges  from  positive  to  n^^tive  in  passing  through  ^'a,  and 
there  is  not  a  nmTimiitin  in  any  other  case. 

2.  When  ^  (a  A)  is  impossible,  there  is  a  maximum  if  both  values 
of  <p'x  be  podUve  from  A  up  to  jc— a :  when  ^  (a— A)  la 
impossible,  there  is  a  maximum  U  both  values  of  ^'x  be  negative  from 
x=a  to  x=a  +  h.. 

It  is  the  neglect  of  the  second  case  which  has  led  to  the  oversight 
in  the  calculus  of  variations  which  we  shall  presently  mention.  We 
shall  now  propose  a  case  as  follows : — It  ia  required  to  find  the  maxi- 
mum value  of  y  in  the  equatioi 

y- (1— a;)^+ al= t  * 

The  form  of  the  cnrva  which  has  this  equation  is  as  in  this  diagram ; 
o  being  the  origin  and  o  a  (=  a  p)  being  unity. 
Now  it  ought  oertunly  to  be  said  that  a  p  is  the 
greatest  or&nate  of  the  curve,  but  neither  ia  ^'x 
here  equal  to  nothing,  nor  does  it  change  sign.  In 
fast  when  x=l,  we  have  ^  x=  1,  — 15.  The 
second  criterion  shows  that  ap  is  a  maximum ;  the 
first  shows  nothing  of  the  kind. 

Now  we  can  eanly  imagine  it  said,  that  in  such  a 
case  as  the  preceding,  a  p,  though  unquestionably  o 
the  greatest  ordinate  the  curve  am  have,  is  not  what 
ia  teohnically  called  a  tnuimum :  but  it  is  meant 
that  the  last  term  shocdd  be  restricted  solely  to 
denote  those  values  of  ^  in  which  ^  (x  -(-  A)  and 
^  {x~h)  are  hoth  pouiiU,  and  both  less  than 
To  this,  eetarii  parihvt,  there  could  be  no  objecticm : 
it  often  happens  that  the  technical  use  made  of  a 
foreign  term  will  not  bear,  and  ia  not  meant  to 
bear,  traoslation  into  our  own  language.  The  word  maxmum,  even  in 
its  widest  allowable  use,  and  if  all  we  aak  for  should  be  granted,  will 
not  answer  to  gnatat ;  for  there  may  be  several  maxima  and  minima, 
and  soma  of  ^e  Tninim*  tnay  be  greater  than  some  of  the  maxima, 
which  cannot  be  true  of  the  words  when  translated.  Suppost^  then, 
that  the  word  maximum  is  so  restricted  as  to  apply  to  no  ^ue  of  ^ 
except  when  f  (x  +  h)  and  ^  (x  —  A)  are  both  possible :  the  disadvantage 
will  be  twofcdd.  First,  in  everr j^blem  of  maxima  and  minima,  or 
in  evely  problem  which  ia  ra^uafale  to  one  of  and  minima,  we 

flhaJl  have  to  invent  an  addititmal  teim  to  signify,  perhaps,  the  very 
greatest  or  very  least  value  of  the  function.  Secondly,  in  applying  the 
same  limitation  to  the  calculus  of  variations  we  shall  frequenuy  bo 
obliged  to  forego  the  solution  of  which  we  are  in  search,  unless  we 
look  for  the  very  case,  as  an  answer  to  a  problem  of  maxima  and 
minima,  to  which  we  have  previously  refused  to  apply  the  term 
maximum  or  minimum* 

In  order  to  make vdx,  as  before  described,  a  maximum,  it  is 

generally  presumed  that  Sjvdx  muBt=Of  and  that  y  must  be  found  in 
terms  of  x  from  this  condition.  Now  the  truth  is  that  J'ydx,  after  the 
variation,  becomes  J" vdx  +  S J" ^dx,  and  all  that  is  absolutely 
necessary  is  that  S/V(fx  should  be  always  native,  for  all  values  of 
Sx  and  iy  between  the  limits,  and  for  all  values  which  are  con- 
sistent with  the  limiting  conditions,  at  t^e  limite.  It  is  eauly 
shown  tiiat  this  requires,  as  to  the  indefinite  integral  part^  the  follow- 
ing equation ' 

T-I'+^'-b"'+....  *0i 
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lod  if  va  be  nwdrsd  nol  to  oonudor  hay  points  of  the  limitiiig 
mm*,  except  thoee  »t  which  Sx^,  Sx^,  tjfgf  ^„  may  be  uther  poeitive 
or  negjrtiTe^M  we  plena,  then  it  a  euily  proved  that  the  rest  of  the 
apmrfoB  lor  s/rdx  miwt  b1k>  Tuiflh,  aai  this  limitation  ii  genenlly 
mede  In  on  the  nibjaot,  by  which  meaoB  eolationB  are  miaststed 
and  may  eren  be  loet  aiglit  of.  Thus  it  ia  generally  aaaerted  that  the 
shorteet  Ihie  between  two'currag  Is  always  a  strai^t  line  which  ia  per- 
pondiouhtf  to  the  tangents  of  both ;  and  that  a  flexible  chain,  allowed 
to  dlde  between  two  cnrree,  with  an  extramt7  on  eadi,  ia  in  eqoili- 
Mnm  whM  It  it  in  the  fmn  of  »  catenary  penwoiUciilar  to  the 
retaialsg  oorrea  at  the  points  of  soapenoion.  On  this  we  need  only 


dbaet  attention  to  tiie  aooompanying  figure.  The  shortest  line  that 
can  be  drawn  between  the  ourree  1.F  a  and  bqb  ia  ab,  which  ia  per- 
pendicular to  neitiier  of  the  tangenta  a.  o,  bd  ;  and  the  flexible  chain 
A I B  will  hang  from  ttM  ouspa  a  and  b  without  the  slightest  tendeooy 
to  become  perpendicuUr  to  a  o  and  B  D  at  its  extremities. 

The  fact  is,  that  owing  to  the  very  great  complexity  of  the  mathe- 
aoatiaal  part  of  tha  sabjaot,  the  part  at  the  caloolna  of  vartatiau  which 
nrlrtui  to  tha  »w™tn*  taA  minima  of  integral  fonna  is  In  a  Tery  inoom- 
vAete  state :  and  it  h  found  imposBlble  to  introduce  what  has  been 
done  into  elementary  woriu.  How  long  it  will  be  before  the  mere 
Tanlahing  of  a  difierential  or  variation  will  oeaae,  in  elementair  works, 
to  be  taken  as  the  oonolusiTe  evidence  of  a  maximum  or  minimum, 
dmanda  on  the  degree  in  wliich  ntathamatus  will  be  studied  as  a  di»- 
oipUns^  and  not  aol^y  as  an  instrument  of  ^ijrical  iaaxtirf. 

Tha  history  of  a  large  part  of  Ow  ealenhui  el  TamtionB  Is  nmply 
that  of  ^nuoiea  from  the  tiiae  when  I}*Alembert  jnvpoeed  his  cele- 
brated pnndple  (17i8).  But  Img  before  this,  the  questions  of  maxima 
and  m&uma  whkih  ultimatety  oame  to  occupy  the  greater  part  of  pro- 
fessed works  on  the  calculus  of  variationB,  took  their  rise  in  the 
reaearohea  of  the  two  Bemonllis,  and  led  to  their  celebrated  quarrel 
(Bdhovu^  in  Bioa  Div.]  The  first  problem,  namely,  to  &id  the 
curve  of  shortest  descent  between  two  gmax  points,  proposed  by  John 
Bemonlli,  was  quicUy  followed  by  others  of  Hie  same  Kind,  proposed 
br  JuMS  Bernoulli,  in  which  the  curve  to  be  found  was  required  to  be 
of  a  given  length.  The  prevalence  of  problems  in  whioh  this  last  con- 
dition was  oontained,  led  to  the  name  of  the  SotaHon  of  Itoperimetrieal 
BToblemg,  \if  which  the  calculus  in  questitA  was  long  distinguiahad. 
But  it  must  be  noted  that  the  first  who  solved  any  such  j^oblem  aa 
baa  anoe  been  referred  to  Hat  oalcnlns  (d  wriatimia,  iriiatever  nw 
baTa  iNMn  bis  meUiod,  was  ITewton,  who,  in  the  Scholium  to  the  9nL 
propodtiwi  of  bis  aeooid  book,  givee,  without  demonstntioD,  the  oon- 
stniotion  requisite  for  flndhig  the  solid  of  least  resistsnoe.  [Pamoim, 
ools.  789-40/)  The  subject  was  Buoceseively  token  up  by  Brook  Taylor, 
Suler,  Simpson,  Emerscm,  and  Uaclaurin,  the  second  of  whom  first 
gave  die  general  equation  irtudi  detenninee  tha  natora  of  the  funetion 
teqoited, independently <rf the liinita of  intef^atimi;  and  tda'lbthoduB 
inveniendi  lineas  ourvaa  propriotate  TMTimi  minimiTe  gaudeotes,' 
published  in  1744,  being  the  last  of  his  eSbrta  on  this  subject  which 
was  made  before  Lagnnge  came  into  the  field,  is  an  epoch  in  its 
history.  Lagrange's  &st  change  in  existing  methods  wss  the  intro- 
daolion  of  the  apeoiSc  symbol  5  to  stand  for  the  variation  of  x  (which 
auggeated  to  Euler  Uie  name  of  the  Oateuta$  of  Variatiom)  and  of  the 
formation  d  all  tliat  part  of  S  fvAx  whioh  is  free  from  the  integral 
iipL  Iteniafaad  wid)  anch  an  a^watna,  be  undsrtoiA  proUmos  of  a 
mooh  more  eonqdlcated  dsai  than  any  of  his  predeoeasora,  and  stamped 
npoa  the  aubjeot  the  form  whioh  it  has  never  sbce  lost,  at  the  some 
tbne  that  he  nva  it  an  extension  whioh  it  cannot  be  said  to  have  ilnoe 
greatly  exoeeded.  Lagrange's  memoirs  were  ooatained  in  ^  first  and 
fourth  volumes  of  the '  HisceUanea  Tourinensia,'  published  in  1760  and 
1778.  The '  H4canique  Anolytique'  fA.  Lwraoge  (fiivt  editifm^  17S8) 
moat  alao  be  i^^ed  as  the  fliat  w(»k  In  whioh  tha  eakulus  of  varia- 
tkma  waa  folly  a{^>tied  to  looblania  of  atatiea  and  dynamics,  in  the 
manner  since  universaUy  followed.  A  complete  and  moet  exoellent 
history  of  the  tiae  and  [aiiniw  of  the  brazrah  of  this  calculus  whi(di 
treats  <rf  the  maxima  and  minima  of  undetermined  integrala  ia  oon- 
tained in,  and  forms  the  aubetanoe  of^  Woodhooae's '  Treatise  on  bo- 
psrimatikal  Problemo,'  Cambridge,  1810.  Thia  work  oairies  on  the 
nlatoiyto  tha  and  of  the  last  osnbuTiand  fa  worthily  aooeaedod  by 
Hr.Todhnnter^  recently  pnUidted  '  msbny  of  tha  Osloolus  of  Tari»- 
tioaa/  Oambndge,  18dl,  6to,  which  deacribes  what  has  been  dma  by 
tha  aaocasBaa  of  Lagrange  down  to  the  present  time.  Acoordingjy, 
there  is  now  no  tnneh  of  mathematice  of  which  all  tha  history  is 
ao  well  written  as  the  calculus  of  variations.  The  <Bily  oomplete 
andaqpaiate  dementaty  w<H-k  on  the  subject  ii  JeUett'a'Calcu^  of 


Yariaticnis,'  Dublin,  1850,  ao  aUa,  elaborate,  and,  tba  aobjoot  oni- 
aidered,  intdligible  work. 

VARICELLA,  or  FonceSa  lyw^uil&ea,  is  the  eruptive  dfaaasa  omn- 
monly  called  ohioken-pox,  and  which  has  been  deeoribed  by  different 
writeia  under  the  names  of  e&r^o^,  vanoUt,  pmiUla,  varietiB,  ^urke, 
fta  It  is  almost  peculiar  to  mianta  and  young  children;  and  the 
eruption  ^>pears  either  without  [semonttoiy  signs,  or  after  two  or 
three  days  of  slight  illness.  The  empUon  oonunenoaa  on  tha  ahooldan, 
neck,  oiul  breast ;  on  the  scalp  and  Mok  it  is  usually  abundant,  but 
the  face  is  oni^  aligbtjy  affected.  It  ctHisistB  of  vesicles,  about  as  large 
as  a  ^ilit-pea,  full  of  transparent  fluid,  and  lenticular,  conoid,  oe  globular 
in  their  form.  They  are  snirounded  by  a  slight  superficial  redness,  and 
suooessive  crops  of  them  aj^iear  for  two  or  three  wa,  the  old  vwolea 
shrivelling  up  as  tha  new  <mes  are  formed.  Host  <i  the  Tardea  bniat 
naturally,  and  the  outiole  ndiidi  covered  them  bUa  to  the  level  of  the 
sunounding  Ain ;  but  some  shrink,  the  fluid  within  them  becoming 
whey-Hke,  or,  if  they  be  much  irtite^ed,  purulent,  AAk  drying  they 
form  snuiil  scabs,  whioh  fall  off  in  gnuns,  and  sometimes  leave  smoU 
superficial  scars.  The  whole  course  of  the  disease  occupies  about  a 
weu,  and  is  not  attended  by  any  important  oinistitutional  disturbanoe. 
It  tluref OTO  rejiuirea  no  partaoular  treatments 

The  first  writers  on  varicella  considered  it  as  only  a  mild  form  of 
varioU,  or  smaU-pox,  and  the  same  view  is  maintained  by  acme  modem , 
authors,  e«>edally  by  Dr.  Tliomson  of  Edinburgh.  It  is  however 
more  probable  thi^  chicken-pox  and  small-pox  are  essentially  different, 
on  thaae  grounds :  1.  They  aometiraea  prevail  in  distinct  epidemios, 
no  ease  of  genuine  small-pea  occurring  among  many  of  chicken-pox. 
2.  The  ohimcterB  of  the  oiiicken-pox  eruptbn  are  altogether  different 
from  thoee  of  small-pox,  even  in  Ha  mildest  and  most  modified  form. 
8.  Chioken-pox  fa  not  inoculable,  though  the  mildest  small-'pox  iai 
4,  Chioken-pox  fa  (dtogether  unaffected  oy  previous  Taooinatioo,  and 
doea  not  preveot  the  actitm  fd  vaccine  matter. 

YARICOSB  VBIK&  {Ymaa,  Dbusm  ow  tbm.} 

VAKIOLA.  JBhailPox.] 

VABIOLARIN.   A  subatanea  axtoaotad  btm  UdMOib  K  la  aop* 

posed  to  be  idoitioal  wiQi  haounam  Aom. 
YARIX.  [Vims,  DisBAan  or  thx.] 

VAIInISH,  a  flu^  appfied  to  the  surfaces  of  various  arttdea,  as 
wood,  Ao.,  and  whioh,  qy  tlis  eiiqiwatioQ  or  ohamioal  diange  of  a 
portion,  faaves  xgcnthcmnahiniagonaMi^innwrftopa  to  air  and  to 
moisture. 

Varnishes  may  be  divided  into  three  nliainn  :  slooholio  or  spirit 
nishes,  volatile-oil  vamiihes,  and  fixed-oil  varnish ea. 

Spirit  or  aUoAoUe  varnishes  are  in  general  prepared  very  readily,  are 
eauy  applied,  soon  become  dry,  and  emit  no  disagreeable  smell :  they 
are^  however,  liable  to  crack  or  scale  of^  and  are  inoapable  of  resisting 
friotioii  or  blows.  One  kind  u  mode  as  follows ^ilastio  8  ounoea, 
aandarae  8  ounoea,  reduced  to  fine  powder,  and  4  ouncea  of  oooraely- 
powdeted  riass ;  digest  in  a  quart  of  tpirit  of  wine,  eonUined  in  a 
iooae^-oonked  vessel,  for  three  days  in  a  warm  room,  shaking  the  mix- 
ture frequent^ ;  thra  add  8  ounces  of  melted  Venice  turpentine  to 
the  warm  stdution,  stirring  thoroughly  tiU  mixed ;  let  the  mixture 
remain  in  a  worm  room  for  about  a  week,  and  then  strun  it.  Thfa  u 
a  itni^  wniah  anpBed  to  obain  and  other  artiolas  of  fumitor& 
Another  oonaista  of  oc^ial,  whioh  has  been  liquefied  and  afterwards 
very  finely  powdered,  8  ounoes,  maetio  2  ounoea,  and  afami  1  ousee; 
digest  in  a  warm  room  in  a  quart  of  qdrit,  and  whan  the  solatloii  ia 
oomplete  add  2  ounces  of  V«uoe  turpratine.  Thfa  fa  stated  to  fcmn  a 
good  varnish  for  violins  and  otiier  musical  instrununta.  For  different 
purpoaes  tlie  ingredfanta  of  aplrit-TaRifahea  ara  ocmaideraUy  varied ; 
seed>lac,  benacan,  aumoL  fraokinosnse,  mAeaag  into  tha  ooD^oaitiaB, 
aooording  to  tha  naa  to  be  mads  at  then. 

The  only  eumtiat  or  9oIcUile  oil  largely  used  in  Tamishea  fa  oil,  or,  aa 
it  fa  commonly  called,  ^nrit  of  turpoitine ;  and  one  of  the  hot  var- 
nishes  into  the  oomposition  of  which  it  enten  fa  copal  varaialL  [Cofal 
Vabkish.]  Thu  fa  chiefly  used  for  pictures.  Another  powerful  var- 
nish fa  prepared  by  adding  to  hij^y-rectified  oil  of  turpMitine  about 
an  ei^th  of  its  w«ght(rf  caoutchouc  i  this,  indesd,  fa  the  vanrish  now 
generally  employed  in  waterproofing  the  garmenta  well  known  in  tiia 
name  of  MacKintoehea ;  sometimes  gas-oil,  or  cooi-naphttia,  fa  empu^ed 
for  the  same  purpose,  but  its  smell  fa  more  disagreeable,  and  longer  in 
going  o£  l4ie  preparatian  of  thfa  varnish  doea  not  require  the  ^pli- 
cation of  heat 

In  ftf  or  jbwt-ggvamiahea,  the  aolvent  undergoes  a  cJiSBiiealchang^ 
and  dries  with  the  substanoe  dissolved  :  these  are  somaUmsa  termeC 
fat  vamiahes.  We  shall  mention  two  kinds,  first  the  moet  oolouriess  : 
thfa  fa  prepared  by  mixing  4  ounoea  of  oopal,  which  has  been  Uquefiad 

and  finely  powdered,  with  dl  of  turpentine  and  dnring  linseed-oil,  of 
each  lOounoes;  digeat  in  a  gentle  heat  till  the  whde  la  dfaeolvad ;  atnin 
it  after  standing  a  raw  days.  Thfa  forms  a  stdid  and  neariy  oolouriess 
gissing,  snd  dues  easily  at  common  temperaturea.  The  bfack  vamidi 
used  by  ooaohmaksn  fa  tfana  prepared  :  take<rf  amber  16  ounces,  malt 
it,  and  add  to  it  haU  a  pint  m  diying  linaeed-oil  boiling-hot,  8  ooneas 
eadi  of  anhah  and  roain,  both  in  fine  powder;  stir  the  materials 
togrther  tiU  ^bsr  are  thorou^ily  melted  and  incorporated,  add  to  the 
mixture  a-pint  of  warm  oil  of  turpentine :  this  vamiah  fa  intended  to 
dry  to  a  very  hard  c<maistence. 
J>r,  CattoU,ittl890,^posad  to  manufaotuTe  Tatniah  bjr  diaaolving 
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puna  in  two  Undi  of  HqnUb,  etliylBted  ftnd  mMl^Uted.  Buma 
are  of  the  onial  kinds ;  but  the  varniahei  are  gronped  in  oae  or  other 
of  two  clasBoB,  aocording  to  the  clan  of  Bolv«it  employed.  Alooholi, 
wood  ipirit,  methylated  Bpiiit,  peat  <nl,  sbala  oil,  Denaole,  and  ooal 
naphtha,  are  among  the  Bolveota  named.  Various  proportions  are 
named  between  the  ingredients,  aooordiog  to  the  Und  of  ▼anlsh 
Jatonded  to  be  pnthioed.  We  may  here  montion  that  Mr.  Coolqr 
deeotibea  no  leas  l^an  rix^-four  Unas  of  Tarnish,  of  which  the  <id«t 
are  placed  nnder  the  headings  of  amber,  baUo<»i,  blaok,  body,  book- 
tnndeia',  carriage,  Chinese,  oopsl,  crystal,  drying,  Duteh,  etehiog, 
flexible,  fomHure,  g^ass,  gun-burd,  hair,  indfa^bber,  Italian,  Jmgm, 
bo,  mahogany,  mastic,  oak,  oil,  leather,  plotnre,  printanV  qiri^  *oiy, 
tosnsfer,  tutpnitioe,  and  wax  Tarnish. 

Two  special  kinds  of  varnish  are  eonneoted  with  the  proeossss  of 
PretehpolMi»gmA  laeqtierii^. 

Fmeh  poiUking  depends  on  the  use  of  a  TsnUsh  which,  from  the 
ingrecUents  in  its  oompositioD,  admits  <d  being  rubbed  until  great 
smoothness  and  gloss  are  produced.  The  beet  FVenoh  polish  is  made 
of  pale  shellao  and  rectified  spirits  of  wine ;  in  the  next  beet  quality, 
wood-naphtha  is  substituted  for  the  spirits  of  wine.  Sometimes  mas- 
tie*  gum  elemi,  or  gum  sandarao  are  used  instead  of  shellao ;  and  a 
Utile  Ibiseed-oil  or  copal  is  mixed  with  the  spirit.  When  intended  to 
modify  the  oolour  of  the  wood  to  which  the  French  polish  is  to  be 
ap[died,  small  proportions  of  other  ingredients  are  added,  auch  as 
dragon's  blood,  altutnet  root,  red  sandalwood,  turmeric,  gamboge,  &c 
ftench  polish  is  neror  required  to  be  so  limpid  as  otiier  TamisheB. 
When  an  article  of  wood  is  to  be  F^ch  polished,  the  surface  is 
broui^t  to  a  Teiy  smooth  and  dean  statei  A  rubber  is  made  by  rolling 
up  a  sbip  of  thiw  woollen  doth,  and  using  the  soft  elastio  edge  of  the 
««L  Toe  rubber,  being  wetted  with  the  French  polish,  is  inclosed  in 
a  douUad  doth  of  soft  linen,  the  outer  surface  <^  which  is  slighUy 
toiuihed  with  a  drop  of  raw  linseed-oil,  and  the  workman  rubs  it  steadily 
OTor  the  wood,  until  the  rubber  and  linen  become  nearly  dry. 
suppliea  a  second  time,  and  again  a  third,  and  p«^pe  a  fourth  time, 
mbmnK  the  wood  steadily  until  each  portion  of  poliui  is  worked  in. 
Yeiy  httle  of  the  compositi<m  is  actually  laid  on ;  the  dFect  bdng 
due  ratiter  to  skilful  manipulation  than  to  a  thidc  layer  of  glossy 
nateiisl. 

Latquer  differs  from  odinsty  rsmiah  and  from  IFVenoh  polish  in 
being  applied  either  to  metal  or  to  hard  wood;  in  other  respecta 
laequcn  may  be  regarded  as  s[nrit-Tamishes.  One  kind  of  hard  wood 
lacquer  is  made  in  the  proportion  of  21ba.  of  ahellae  to  1  gallon  of 
sjnnt  of  wine ;  and  anotheo',  in  that  of  1  lb.  of  seed  lac  and  I  lb.  of 
mite  resin  to  1  gallon  of  spirit  of  wine.  Among  many  kinds  of  lacquer 
for  metal,  one  conststs  of  1  lb.  of  the  best  pale  shdlao  to  S  gallons  of 
spirit  of  wine.  Hard  wood  laoquer  is  mostly  used  for  turned  woi^ : 
It  is  qiplied  on  a  wad  or  rag  wbm  the  turned  artide  is  rotating,  with 
*  few  dn^ttfliiueedKdl  to  enaUe  it  to  work  smoothly.  Forflatwood- 
woA,  lacquer  is  applied  muoh  In  the  same  way  as  (ndmary  spirit- 
Tsmish,  mth  osmel-hair  brushes.  Laoqaw  for  metals  diflSras  somewhat 
in  ita  oompodti«i  from  that  tcr  wood.  The  metal,  whan  about  to  be 
lacquered,  is  deaned  from  all  grease  and  oil,  then  heated  to  about 
SOO*  Athr.,  at  a  laoqnering  stove,  or  <m  a  [date  heated  \^  gas,  <a  otct  a 
ehartoal  fire,  on  a  red-bofe  eleoa  o(  iroo,  or  on  a  vessd  <d  boiling 
water  or  sMam;  Ods  hea«ii«  is  neeeMiyto  enable  flio  lacquer  to 
ittadi  itsdf  firmly  to  the  metal,  mi  to  the  agMt  vnporate 

quickly.  The  laoquer,  which  li  aomrtliiMa  ooloared  to  gbe  it  a  rioh 
tint,  is  wtpHed  win  a  brush. 

YABMISH<TRBES.  This  name  has  bean  vppUti  to  sevetal  trees 
iriiioh  exude  liquid  reahia  naturally  or  from  inmaions.  These  become 
di7  in  tiM  air,  end  are  empkiyed  for  preesrring  Tariooa  articles  from 
tbt  inflwnoe  (rf  tin  ilr,  water,  or  insects,  as  weU  ae  lor  giving  them 
greater  biillianey,  and  also  for  vanishing  pictures.  Host  of  tiiem  are 
foimd  in  India,  Burm^  and  China.  Some  of  these  exude  an  acrid 
rsainona  juice,  which  on  drying  becomes  Uaok,  and  ii  used  as  a  vamiah, 
aa  titat  of  the  Anaeardiuin  ocadentaU,  at  esshew-nut  tree.  The  marie- 
inff-not,  or  Semeear/na  anaeardUm,  has  ita  outer  ooat  oov«Md  with 

«e&s  flUad  witii  a  shnihr  black,  oUy-kokbu,  aorid  jnkM.  lAfaih  b  nndi 
nsedaaamaiUng-ink.  .^lyw  sMowb  of  Lonreiro  b  ssid  to  produee 
the  genuine  Chinese  varnish  witii  wUob  the  different  £knoy  articles  are 
boquered,  and  which  is  black  vAan  simp^  dried,  but  becomes  oolouied 
by  the  admixture  of  differoit  {dgmenta.  The  Jt^sm  varnish  of  Knmp- 
fer  and  Thnnbea^  b  Shu$  vernix,  and  that  of  the  Uabyan  islands 
StagwMria  vmUciifitia,  Dr.  findianan  InfMnis  os  that  the  juios  of 
BcKoanM  Im^oKs  b  used  In  Mslabar  for  vandddng  diMdB.  The 
vandsh-tree  of  the  Bnnnese  b  deaortbed  nnder  HnuvosBaOA,  in 
Nat.  Hin.  Dir.  A  very  fine  liquid  varnish  b  also  yielded  by  VaUria 
mkUemaaA  V.laiuea^tiia. 

VA8BS>  derived  from  the  Latin  eu,  analogous  to  the  Qerman  fim, 
n  word  in  its  widest  sense  c<nnprising  all  vesseb  intMided  to  contain 
flidds  or  other  anbetances,  and  made  of  various  materiala.  In  andrat 
wt  tin  term  la  applied  to  aU  andsnt  vesseb,  hot  in  modem  it  b 
lAdted  to  thoae  used  for  ornament  The  di^ws  of  vMea  are  various, 
from  a  enp  or  muoer  to  that  called  vaae  or  um  in  the  narrower  aense 
of  the  word.  Those  of  aodent  nations  are  distingrdshed  1^  their 
duM  form,  and  material,  and  mav  be  elassed  faito  vasss  deatmed  to 
Md  and  preasrve  fluids  or  other  snbstaooes,  eomi»ising  craters,  jara,  and 
wms;  jugisnderueta  for  pouring  out  Uquidi)  and  cups  for  drinking. 


In  Egypt,  from  the  scenes  r^tresented  in  the  t(»nbs  and  tamplea^ 
degant  large  vases  of  the  precutus  metab  inlaid  with  laiua-laauB  or 
enamel,  and  diased  with  figurea  of  animds  or  flowers,  seem  to  have 
been  manufactured;  and  also  by  the  neighbouring  nations  of  Ada, 
subdued  by  the  arms  of  Bgypt.  Of  similsr  forms  were  veaseb  of 
bronze,  used  for  culinary  and  other  purposes.  Serpentine  basalt  and 
arsgonito,  or  oriental  alabaster,  eapedally  the  latter,  were  £sTourito 
materials,  and  enamdled  frymce,  or  porcdain,  ptindpally  of  blue 
colour,  and  opaque  glaai,  were  used  for  smaller  vases  for  the  toileb 
Pottery  was  employed  for  all  purposes.  Peculiar  vases,  p<n>ularly 
called  eanopi,  were  used  for  hdding  the  viscera  of  the  dew£  The 
forms  of  Egyptian  vases  are  simple,  the  prevdent  being  the  ovd  and 
expanding  lotus  sh^ie ;  the  deoorations  are  plain  and  uie  omMnenta 
few.  Toe  Assyrian  vases  resemble  in  their  form  the  Egyptian,  but 
are  sometimes  omamentiMl  with  relief  subjects.  There  are  no  vases  of 
the  other  orientd  raoea  of  antiquity,  and  aUhon^  Sidon,  in  the  days 
of  Homer,  was  funous  for  its  silver  vases,  no  spedmeos  have  survived 
time  or  destruction.  Abbsster  vases  are,  however,  known  to  have 
been  used  by  the  Assyriaos  and  Fersisns,  and  have  also  been  found 
in  the  early  sepulchres  of  Qreeoe  and  Etruria.  Severd  remarkable 
vases  of  abbaeter  ezis^  insoribed  with  the  names  of  Persian  monarobs 
in  hieroglyphic  and  cundfmn  vrriting.  In  Asb,  vaaes  were  often 
made  of  laedous  Bt<»ieB,  as  agato  and  onyx,  and  one  of  the  kinga  of 
Pontus,  Hithridates  YL,  had  a  collection  <^  2000.  The  anthrax,  or 
carbtmde,  and  duysoprase,  and  especially  crystal,  wen  often  used  for 
voBBs  of  small  dimendoQs.  Beddes  the  larger  vases  of  marl:de,jprin- 
dpally  urns,  amphon^  cups,  bvera,  and  bbra  of  brge  siae,  and  enncbed 
with  reliefa,  were  in  use  during  the  latter  days  of  Qreeoe  and  tho 
Roman  em^are.  In  the  best  days  of  the  Athenian  conuDonwedth, 
lar^  lecythi  of  Pontelic  marble,  frw^uenUy  embellished  with  sepulchral 
reheb,  were  placed  on  the  graves  of  the  dead. 

One  of  the  most  remarkable  classes  of  andmt  vases  was  the  myrrhine, 
mjfrrhia,  nj/rrhiita,  the  materid  of  whidi  has  been  a  souroe  of  con- 
troversy since  the  rerivd  of  letters.  It  b  suppoaed  to  have  been 
Chinese  porcelain  by  Scdi^r,  jade  by  Hager,  sanlonyx  by  Le  Blond, 
abbaster,  onyx,  soapetone,  jade,  opd,  motiier  of  pearl,  a  kind  of  amber, 
meerscluumi,  or  an  indurated  resin ;  but  the  opinion  of  Rod^  and 
Thiersch,  that  it  vras  fluorepar,  b  moat  bvourabW  recdved.  llie 
difficulty,  however,  of  reconciling  the  deecriptioD  of  Pliny  vrith  the 
appeaiaoce  of  tiie  substances  supposed  to  be  the  true  nqrnhine,  does 
not  appear  to  have  beoi  entirely  overoome.  Aocwding  to  Pliny, 
it  was  first  brought  to  Rome  from  Ada,  by  Ponmy,  and  orbited 
in  hu  triumj^,  b.o.  62.  The  oountriee  whoe  it  waa  found  were 
Porthb  and  Carmania,  and  it  was  dug  out  of  the  earth  like  rodt 
crystd,  or,  according  to  popular  report,  l^ed  in  Parthian  f umaoea,  and 
u  often  mentioned  in  connection  with  g^ass,  as  if  some  variety  id  that 
materid  [SchoL  ad  Lucan;  and  Oudendorp,  t.  L  p.  292;  toL  ii,  v. 
380],  as  semi-tranroarent,  with  an  opdescent  ^oss.  The  most  valuable 
kind  had  spots  changing  into  purple  and  white,  or  into  both  these 
colours,  and  others  whidi  were  iridescent,  whib  any  tranducencj 
diminidied  its  vdue.  The  materid  was  ezceedioglT  frsgile,  and  pei^ 
fumed  with  myrrii,  but  thb  was  probaUy  owing  to  the  former  ooatento 
of  the  vases.  The  materid  did  not  admit  ot  the  making  of  vesseb  of 
large  dse,  it  rarely  being  found  bigw  thsn  small  plimui,  oiaci,  or 
thi<Aer  than  goblets.  Pompey  indeed  dedicated  to  the  C^dtdine 
J ufuter  small  jugs,  eapida,  and  cups  of  thb  substanoe,  which  aotm  after 
became  fashionable  and  the  most  predous  of  all  materials,  ooatly  oupe 
of  it  being  used  Inr  the  vredthy,  out  of  iduch  th^  drank  the  wanned 
FUemian  wine  (Martid,  ziv.  118).  The  vdue  of  eups  of  brge  siae 
was  immense ;  one  of  the  c^Mdty  of  8  sextarii,  or  i\  pints,  beiqg  sold 
for  70  sestertia,  or  (Ss.  Id,  and  a  fragmmt,  in  the  dsys  of  Kero 
deemed  a  rarity,  dthough  aocording  to  the  jurists  th^  were  not 
considered  gems,  laptUi  ;  and  thb  emperor  gave  10  seetertia,  or  about 
iiOL  \(>*.  for  a  small  jug,  copu,  ot  thb  matmsL  Still  mora  predous 
was  the  myrrhioe  bowl,  of  the  vdue  of  800  sestertia,  or  Si,225Z.,  which. 
T.  FetroniuB  destroyed,  when  on  the  point  death,  in  <vder  tiiat  it 
should  not  Ml  into  the  hands  of  Kero.  A  kind  of  fabe  s^rriiine,  ot 
opaque  {^aai,  with  Uue^  yellow,  white,  and  pur|le  bands,  waa  mano- 
faetnred  in  later  timea  at  Alexandria  ('Thiondi  uebar  die  TaaaVynte 
bins,'  Bayer,  Akad.  Wissensch.,  1. 1  4to.  1S56,  85,  p.  448). 

Vases  of  gbas  of  small  dimwidons  were  in  very  early  uae :  amon^ 
the  Egyptians  small  amj^om  and  jugs,  sad  toUet  pniab  of  opaqoe 
glaas, dated,  as  early  as  B.a  1450,in  ths  reign  of  Thowmes  IIL ;  wlule 
tile  earliest  known  dated  spedmen  of  transparent  gbss  b  a  small  dicta 
found  at  Nimroud,  bearing  the  name  of  tbigina,  B.a  711.  Tarious 
vaasa,  cups,  phials,  and  jugs,  vrere  in  extradve  use  anungst  the  Cfaredks 
and  Ronuos;  and  in  the  mMdIe  pmtod  of  the  Empire^  AJexandria  and 
Sidon  suf^sd  Rome  with  glass  vsses,  eapedally  the  maken  Irennua 
and  Artaa  of  Sidon.  To  this  age  are  to  be  ruerred  the  cdebrated 
Portland  and  Auldjo  vases  in  tiie  British  Museum,  made  of  transpmnt 
deep  blue  glass,  with  frieies  and  arabesquea  of  opaque  whito,  exquisitdy 
polidted^  grodnoed  1^  cutting  down  the  upper  stiata  of  white  glass  in 
the  manner  of  a  oameo.  About  the  8rd  century,  A.D.,  and  later,  re- 
niBibble  g^ass  cups  vrith  undncut  letters  in  relief  or  patene  engraven 
with  subjects,  appear,  the  so-(»lled  tUatreta.  To  tbu  and  aa  earlier 
period  bdtmg  the  remarkable  vases  of  madrepore  glass,  chiefly  paterte. 
At  a  later  age  dass  veasds  were  ornamented  with  gilded  aubjeots  at 
the  bottnUj  enofoeed  by  two  liters  of  glass.   Qlass  vasee  of  a  rMOwrlt 
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able  naa  and  fabric,  principal^  deep  oupe,  are  fmmd  in  the  Saxon 
gravea,  ornamented  with  undercut  projeotiona  at  ibe  aides,  a  rude 
inuiatiGn  ot  the  more  arliBtio  dutlreta. 

biOreeoe,  from  the  earlieat  ages,  gold  and  aUver  Tases  were  used  for 
aaorifidal  and  other  pnrpoaee^  and  they  ahotinded  amongst  tiie  Eellanio 
and  other  raoea  of  Ana  Minor,  the  moat  renowned  in  early  times  being 
those  dedicated  by  Crceaus  at  Deli^,  some  the  works  of  the  Samian 
TheodoTus.  AA«r  the  conquest  of  Alexander  immense  numbers  of 
toreutto  meA*,  some  inlaid  with  gems,  were  oommw  all  over  Greece ; 
and  in  two  xeaaaikatde  fmii-n&,  one  ctf  Ptolony  Philadelphus  at 
Alexandria,  lite  oth«-  of  Antiochua  Epiphanea  at  Antioch,  were  ex- 
hibited immense  numbers  of  these  vases ;  and  great  services  of  plate 
were  possessed  by  the  Gresoo-Asiatio  monarohs,  which  subsequently 
became  the  booty  of  the  Bomana,  and  were  exhibited  in  their  iriumphs, 
or  plundered  by  their  ofBcers.  The  most  celebrated  metal  vases  were 
those  of  Boethus,  Hysj  and  Mentor.  A  few  gold  vases  exiat  in  the 
museums  of  Europe,  the  most  remarkable  bemg  the  ancient  Oreek 
phiaU  from  Agrigentum,  in  the  British  Museum;  and  thai  of  the  age 
of  Samnis,  djaoorered  at  Sennea,  in  Bretagne,  now  in  the  Blblioth^ue 
Imp^riale  of  Fans,  and  the  gold  vaaea  at  Vienna  Silver  vases  en  leas 
rare,  and  were  more  often  diued  by  ancient  artists,  and  many  q>eoimens 
of  ancient  plate,  some  found  in  witain,  are  preserved  in  the  difiermt 
museums  of  Europe^  Slver  vases  were  often  used  for  sacred  purposes. 
Bronae  vaaea  are  still  more  common  and  of  larger  dimensions,  and  are 
geneimtty  thin  and  hammered  out  in  npotaa^  work,  ot  else  omsmented 
with  eiagant  east  reliefa,  aMemata;  or  detached  tmaments,  enula. 
Etmria  and  Uapia  Grtsoia  were  celebrated  for  bronze  vaaea,  and  bi^ily 
ornamented  specimens  from  the  sepulohrea  of  Oreeoe  and  lUHj  are  in 
the  principal  museuma  of  Europe.  Th^  are  prino^MkUy  eraten,  p^ 
for  holding  wine;  mhocAooi,  jugsforpouring  itout;  ^tAi,  for  strain- 
ing it;  and  jiAtoto^  eauoen;  oryfotnas,  Udka ;  and  lyfwes,  oupa;  ory- 
baUi,  <nl  cruets;  lAeta,  pots  for  boiUng;  podanipira,  foot-baths. 
Bronze  vases,  called  eekea,  were  also  used  for  sounding-boards  in  the 
theatres.  Etruria  was  celebrated  for  its  bronae  lamps  and  canddabm; 
and  Pompeii  was  full  of  btonze  vessels.  Considerable  taste  waa  shown 
by  ihe  andenta  in  their  bronze  vessels,  the  lips  being  often  decorated 
with  the  oTolo  ornament,  the  handles  sometimes  in  shape  of  the  human 
lum,  aitiatioaUyBdwted  for  the  pnrpcae,  and  generally  terminating 
in  animal  heads,  pnJamoi,  at  the  mouth,  while  Uie  phtoe  of  insertion 
on  the  body  of  the  vaae  was  ornamented  with  mytholo(||ical  aulgeot^  or 
heads  in  baa-reliel  Subjecte  in  outline  wen  sometimes  indsed  on 
vases,  and  a  magnifloent  Ubei  from  Capna,  in  the  Britiah  Museum,  has, 
in  addition  to  the  figurea  in  full  relief  on  the  mouth,  an  incised  frieae 
rtfund  the  body,  representing  aune  of  the  laboura  of  HerculsB.  These 
omamnita  wen  oitan  tiHur  modelled  hy  aitiata  of  merit,  or  copied 
from  celebrated  works  of  art  In  the  4th  and  5th  oeoturiea,  damas- 
cened Roman  vases  were  made ;  enamelled  about  the  aanw  tuat.  The 
temples  of  Greece  abounded  with  [oeeents  of  Uieae  vaaea,  along  with 
bipods,  statues,  and  other  objects  of  bronze.  Leaden  vases  were  used 
by  the  andenta  to  hold  unguent^  perfumes,  and  ooUyrinma. 

The  moat  nnmsrona  and  remarkable  andent  vaaea  are  those  of  baked 
eb^,  flMuid  in  reoani  yeats  -all  over  Qreee^  Italy  and  ita  isles,  the 
north  coast  of  Africa,  and  the  Crimea,  In  fact  throughout  the  settle- 
meats  of  Greece.  Some  of  them  appear  to  have  hdd  die  ashes  of  tlie 
dead,  and  all  were  made  for  use  or  ornament  These  vaaes  are  ]painted 
with  a  brown  or  black  eilicated  glaae,  and  touched  up  in  parta  with 
flat  unglased  colours.  They  were  dther  made  on  the  wheel  or 
moulded,  then  dried,  the  subject  or  omamentatiMi  tnuiad  out  with  a 
pointed  instrument^  the  black  or  Inown  oolonr,  wUeh  ia  a  dUoated 
gbae,  filled  in  with  a  reed  pencil,  and  the  mosdea  and  other  details 
inoiwd  throuidi  the  black  colour  to  the  ground  of  the  day  with  a 
ahaip  knife.  Their  paste  varies  from  a  pale  straw  to  a  darir  red,  and  is 
very  soft,  ligjit,  and  porous.  The  vaaea  KppeKt  to  have  been  careftilly 
dried,  painted,  end  baked  in  dose  funuoes ;  the  ooloura  used  in  the 
deoontion  being  all  minenls^ — black  oxide  of  manganese  and  irtni  being 
need  frv  the  Maek;  osidaa  of  in»,  oopper,  and  pipeclay  for  the  other 
cdoora  The  g^aae  is  a  flns  aiUoate  <tf  soda,  periiapa  produced  by  aalt 
The  style,  abape,  and  cmamenta  of  thaae  vaaea  vary  in  the  diocvent 
localitiea  where  they  are  found.  The  eariieat  of  large  shape^  <AiaBy 
juga,  amphone,  and  lekane,  found  on  the  most  andent  dtes  of  Asia 
Minor,  aa  at  Mount  Sifi^lns  and  the  ao-called  treasury  of  Atreus  at 
Mycenae,  era  ornamented  with  frieces,  nuoandeta,  aigsagi,  and  auch 
simple  ornaments,  with  animal  forms  of  snail  proportiona  Ixitroduoed 
aa  bUmm,  or  matope&  Theae  vaaea  of  the  heroie  period  oi  Oreeoe, 
probablr  of  the  8th  or  (Hh  oentury  B.a,  ware  sucoeeded  by  anoUwr 
class,  which  has  been  extensively  found  at  Atitcos,  Corinth,  Italy,  and 
the  lales,  duttinguidied  fay  frieses  of  animals  of  larger  size,  of  black  or 
brown  odour,  with  indsed  linea  upon  a  palestnw-ocSoured  ground,  still 
aconnpanied  'by  ornaments,  and  the  area  of  the  frieaea  are  of  M<Tn«.la, 
aome  with  flowers.  A  lew  vaaea  of  this  a^a  have  hnman  figurei^ 
eombats,  and  n^tbs,  dsrived  inm  Heaueiio  poema,  wlUi  inscriptiona 
as  okl  or  oldo-  than  the  fith  century  B.O.,  their  art  resembling  the 
oldest  sonlptore  of  Selinus  and  .Sfffaa.  By  degreea  the  vase  art 
improved,  the  potten  introdudng  a  aUghtiy  warm  tone  into  their  clay, 
aband«iing  the  excesnve  use  of  ornament  and  the  flowers  in  the  field, 
and  giving  more  importanoe  to  the  human  figures,  althou^i^  still 
ntalung  frisna  of  aninali.  The  prindjal  ahi^  of  theae  vassa  are 
tti»p4ik»,tmoekom,mi  olaimitrM.  ftom  the  shspe  of  theinMoribed 
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letters  found  upon  them,  and  thdr  art,  thne  vases  appear  to  be  as  old 
as  the  fith  century  B.a  The  great  improvement  in  style  consisted  in 
mtrodudn^  a  wanner  tint  mto  the  paste  of  the  day,  which  became  of 
a  light  bright  red,  while  the  odour  of  the  figutea  becama  irf  a  jet 
black,  with  the  same  detaib  aa  theae  of  dia  pnvioaa  rliw,  ukd 
occasional  use  of  white  aooeiaoriea.  The  vaaea  of  tiie  atMallel  old 
a^le  are  distinguished  by  thdr  superior  art  and  size,  and  the  intereating 
mythdogical  subjects  with  which  thnr  are  painted,  and  are  often  oi 
large  size.  Hydria,  water  vases  with  three  handles,  amphora,  two 
handled  jars,  oiMxhaU  wine  jugs,  Uejflhi,  dl  cruets,  eraUret,  bowla  for 
holding  wine,  cyUca,  fiat  shallow  cups,  and  emthi,  cups,  occur  in  this 
style.  The  eyes  of  the  figures  are  painted  oUiqne,  the  hands  and  faA 
long,  the  forma  muscular,  the  attitudes  rigid.  The  subjects  are  prin- 
cipally derived  from  the  myth  of  Bacchus,  the  Qlgantonuchia,  tba 
Amazonomaohia,  and  the  war  of  Troy.  'Sha  figurea  are  aometimei 
explained  by  accompanying  inscriptions.  Beddes  the  names  of  flgurei^ 
the  name*  of  beautiful  youths  and  females,  and  of  the  artists  who 
painted  and  the  potters  who  made  the  vases,  are  painted  on  them, 
while  memoranda  relative  to  the  proprietora  of  the  vases  an  often 
found  incised  on  the  foot 

The  style  with  black  figures  seems  to  have  flourished  tiU  the 
4th  oenttuy  B.a  The  prize  vases  given  in  the  Fanathenna  having 
on  one  side  a  Fhllaa  Athene  and  on  the  otiier  the  differmt  games,  and 
inBoribed''niaaB  from  Athens,"  were  of  the  hard  bhuik  style,  which 
was  conventionally  retained  till  the  time  of  Alexander  the  Great,  the 
vases  bdng  then  inscribed  with  the  names  of  the  Athenian  aichons. 
But  this  style  of  peinting  was  by  no  means  kee|Nng  pace  with  the 
devdopment  of  art,  and  the  vase  painters  towards  the  dose  of  the  4Ut 
century  b,o.,  or  even  earlier,  changed  the  colour  of  the  figures  to  a 
brij^t  orange  re(L  and  painted  the  baokground  entirely  black.  The 
inner  musdea  of  the  figurea  were  indicated  by  fine  lines  of  a  light  brown, 
the  ooaiaer  onea  byluuk  colour,  and  the  prindpd  aoceeaoriea  were 
in  blue  and  white.  The  ityle  omsiderably  improved,  but  still  rem^iMd 
"  severe,"  by  whldi  it  is  known ;  the  prindpal  shapes  were  anip&enr, 
ouukkoai,  (^ftea,eBpeciBlly  the  last;  inscriptions  continued  to  be  used ; 
the  names  of  artists  are  frequently  seen.  Hetuwforth  the  transitions 
are  no  Itmger  those  of  odour,  but  of  art  and  drawing.  The  eyes  of 
figures  half  a  century  later  are  not  represented  oblique  but  fuU  eye- 
lashea  appear,  the  limbs  are  Ixoader,  tiie  faces  grander,  and  the 
influence  of  the  school  of  Zeuxis  in  painting  be^ns  to  show  itadf ;  the 
vases  are  prindpally  kal^det,  am^ac.  l^^wrybaUMt  and  laige 
eratan,  often  with  odumnar  faandlea.  Tba  subjects  repreaented 
contdn,  in  addition  to  those  of  the  preceding  daases,  many  of  the ' 
ezpldta  of  Perse ui  and  Ttieaeus,  and  other*  derived  from  the  Trage- 
dians, espedaUy  tiie  Oresteid.  But  this  s^le,  about  the  time  al 
Alexando-,  or  B.a  SSO,  began  to  decline,  and  in  the  days  of  Fyrrhus 
had  paaaed  into  the  florid  style,  distinguished  by  considerable  artistie 
^fibranoea.  The  figures  are  taller  an  d  more  degant  in  their  propor* 
tions,  their  hair  curiously  fine,  and  the  detuls  minute  and  numerous, 
the  backgrounds  being  charged  with  arabesque  and  floral  ornament 
The  dis^  the  vaaes  too  are  diatinguished  by  narrow  necks,  thicker 
bodies,  and  taller  handln :  laige  cnlun,  amphora,  and  cu^ndet  are 
oommoB.  Perqwetiva  aVPS""  "  ^  'omwing;  gilding  is  common 
smongat  the  aooessories.  The  inscriptions  are  sometimes  indeed,  but 
the  vases  are  often  without  them.  Contemporaneous  with  theae  vases 
were  tiie  pdychromatio,  chiefly  Uesthi,  made  for  sepulchral  purposes, 
although  daocAooi  and  cyU^  occur.  They  all  have  a  /eaconu^  or 
coating  <rf  fine  atuooo,  on  which  the  artist  drew  the  subjetA  in  red 
ouUine^  and  aabasquanitly  filled  in  the  dnmeries  with  i^aqua  oolonr,  or 
elae  flndj  tnoed  the  sobjeet  in  a  aienuo  Ustre-i^ourad  outline; 
The  subjects  are  chiefly  from  the  Oresteid  or  other  sepulohtal  sources. 
There  are  few  inaoriptaona  on  any  of  these  vases.  Towards  200  years 
B.a  the  art  was  rapidly  declining,  and  the  fiorid  gave  way  for  one  far 
inferior  in  merit,  the  figurea  being  often  ooarady  drawn,  androgynoua 
in  their  character,  and  ovo-Iaden  with  white  colour,  while  the  subjecta 
are  derived  from  the  Bacahanalift,  the  low  oomedy  and  bnfiboneriea 
of  the  Athanhm  stage.  On  the  last  vasss  eg.  this  style  the  dtawing 
degenerates  into  a  scrawl,  and  tihese  ware  succeeded  by  ornaments  ia 
opaque  white  upon  a  red  ground,  and  these  by  others  with  nwuldod 
ornaments.  The  inscriptums  on  vases  are  in  diflerent  dialects,  often 
incorrect,  while  the  number  of  inscribed  vases  is  much  leas  than  those 
without  From  some  memoranda  inscribed  Inr  the  potten  upon  the 
vaasa  the  prioea  paid  lor  vaaea  of  inferior  fcinda  aca  known.  A.^ix, 
or  flat  pamtod  ouj^  cost  a  drachma,  which  at  the  dif^nnt  value  ol 
money  in  andent  times  amounted  to  about  Sf. ;  a  crater  4  oboli,or  St. ; 
ulee^thtu  1  obdoa,  cn-6d. ;  a  small  pot  4  ^  obolos,or  3d. ;  and  a  saucer 
I  oboloB,  or  2d.  It  is  curious  to  contrast  this  with  the  sums  paid  for 
valuable  ancient  vases  in  modem  times.  The  Durand  collection  alone, 
prindpally  vaaea,  realised  13,521^ ;  in  1836  a  vaae,  with  the  subject  ^ 
the  dMtii  of  Oreetes,  sdd  fMr  i<Ul. ;  and  other  important  vasea  for  aa 
mudi  ss  2801.,  HQl,  and  ilOL  each.  Yet  these  aums  are  far  inteior 
to  those  [laid  for  remarkable  vases  by  the  Naples  Museum,  a  vase  witil 
the  last  night  of  Troy  h&vine  been  acquired  for  lOOOf.,  and  the  same 
sum  was  pud  by  the  late  Mr.  Edwards  for  a  large  vaa^  now  in  ie"giMn| 
The  characteriaticB  of  E^nisoan  uiA  Botnaa  vasaa  ham  beu  altwdy 
mentioned.  [Pottxrt.] 

One  of  the  moat  difficidi  portiona  of  the  histoiy  of  vaaes  baa  bean 
tiwir  nunaoalatura,  obaouiad  by  the  diffieolty  aaongit  the  andanlt 
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fhemratvea  of  desaiUng  or  dtBnIng  vaaa,  and  th«  vuiona  oMiaot  In 
xm  A  different  periods.  The  names  of  vases  have  been  classed  under 
thtiir  employment,  w  the  pit&o$,  $tamnoi,  tnJcoi,  hifr<Ae,  lagynot,  jpjftine, 
ocio*,  oinopkom,  amjtkonm.  iadct,  Aydria,  halpu,  kroitoi,  for  contain- 
ing liquor ;  the  kothtm  and  rhgton,  bma,  btmbjfUot,  for  whu ;  the 
la^thut,  olpe,  alabiutn$,  for  oU;  the  enOer,  ptycUr,  and  ^i»oa.  Sat 
mixing  wine;  the  iebei,iA]ftra,thermanUep,  for  warming  liquids;  the 
dum$,  oiNoeftor,  pnAo»$,  mdtgtu,  for  pouring  out  wine ;  the  ari/taina, 
arybattoa,  eotyle,  and  ei/aatot,  tor  drawing;  the  louUrwm,  tuammtkoi, 
pyelot,  teaiJu,  Ueanu,  podatupter,  holkaum,  perin^amteriw,  airdamUm, 
for  wediiDg;  the  d^pat,  alatm,  kmybion,  Jcypdlon,  eym&wM*  aeuphm, 
emiMantt,  Mrekmim,  ^ie,  tierHdaet,  jMaU,  aeatm,  ktriu,  for  diiiddiu; ; 
ud  the  emHom,  dtiM^  pimax,  ptuvpm,  trybtion,  ox^hapkon,  nd  oxit,  ait 
hoidiitg  food.  A  few  ancient  vaaea  have  been  identified  with  their 
jtunes,  but  many  stiU  remafai  obecura.  The  names  of  the  Roman 
Tiaee,  with  some  exoeptions,  are  equally  difficult  to  deteimine.  The 
dishes  for  the  table  were  tike  patina  and  patella,  tiie  e<UtUu»  and  the 
lamx;  pots  for  cooUng,  the  otia  and  etuaiu ;  and  drinldnff  veMKle,the 
calue,pal€ra,  ot&orttrai,  aeuttOa,  and  eoncAa;  ttie  oO  ju^  mo  aviptUIa, 
jfuttu$,  ffuttultu,  gittturiium,  and  eondka  ;  while  for  mizmg  and  pouring 
out  wme,  the  ampkora,  lagena,  eadta;  and  for  keeping  it  in  the 
oellare,  the  huge  dUia  or  vatii  were  in  constant  use.  The  eapa,  capedo, 
•tfl^wfitm,  and  suHpitvuHR  were  sacred  vessels,  and  often  of  earthen- 
ware. The  Roman  poets  indeed  often  use  the  Greek  names  of  vases, 
hut  these  were  apparenth^borrowed  from  the  poets  of  Qreeoe,  whose 
•Sbiiooa  they  hmtated.  The  Roman  vasea  are  of  metak  and  earth«i- 
mre  [Poribt],  lead,  pewl«r,  and  box-wood. 

AmongBt  oriental  naUons  the  vases  iA  China  are  most  remarkable 
for  their  antiquity,  sise,  and  beauty;  the  principal  shapes  of  the 
metallic  vases  are  wine-jugs,  tnm  ;  cups,  e  /  puis,  yew  ;  teapots,  Aoo  ; 
inoense  vases,  Ui/ng  ;  aua  tripods,  ting.  Some  of  the  metallic  vases  are 
of  great  antiquity,  as  old  as  tiie  Emperor  Chingtang,  of  the  Slxang 
ctynssty,  &a  1748,  and  Migiaved  with  bhaiaetere  of  a  hieroglyphio 
natnte.  Some  ware  given  as  honocaiy  rewards,  those  offered  to  the 
emperor  being  made  of  ^d,  while  the  nobility  received  vessels  of  fine 
copper,  and  uie  literati  iron.  Others  were  need  for  anoeatral  worships 
or  for  hdding  sticks  of  inoense  in  the  Bnddhist  and  other  temples. 
Ak  aa  esHy  period  honorary  vases  were  buried  with  the  dead,  but 
about  B.O.  200,  Ghe-hwang-te,  of  the  Tain  dynasty,  exhumed  the  gravea 
of  aoeient  sagea,  and  many  ancient  vases  were  aisoovered.  The  vases 
with  three  feet  are  supposed  to  allude  to  the  stars  presiding  over  the 
prince,  mandarin,  and  people.  Those  with  four,  to  those  stars  pre- 
idding  over  the  four  oivil  offiom.  The  device  of  the  eyes  of  a  tiger 
is  supposed  to  iram  against  drunkenneas  or  gluttony ;  the  nucander,  or 
'  thunder  pattem,'  to  agriculture ;  the  characters  cow,  ntv  ;  sheep,  yang  ; 
hog,  «Ae  y  to  agricnltural  merit.  The  inscriptions,  generally  in  nndent 
Mu  duaactcra,  are  the  names  of  the  person,  the  vessel,  the  date,  the 
object  for  which  it  was  given,  and  other  detaUs.  Many  of  the  Ch^eee 
vases  of  later  pniods  are  beautifully  enamelled  in  various  colours,  and 
of  great  value :  others  are  elegantly  damascened  with  gold  and  silver 
patterns.  The  vasea  dated  in  the  years  of  Seuentlh,  aj>.  1426-86,  are 
said  to  be  made  of  a  mixed  meUl  of  gold,  silver,  and  brass,  acd. 
dentally  produced  at  the  bandog  of  the  palace.  Those  of  porcelain 
ham  bean  already  deaoribed.  [FoiraBT.]  Other  vaaoi  are  made  of 
jada,  aoapstone,  and  the  horn  <^  the  lUnoowoa,  iHiloh  was  su[^oaed 
to  be  an  antidote  against  poison. 

In  Europe,  during  the  middle  ages,  vasea  of  nx^  ozyBtal  continued 
to  be  made  till  the  capture  of  C<nuteDtinople  by  the  Turks  in  the  Ifith 
century,  when  the  art  was  transferred  to  Western  Europe;  and  rock 
orysUl,  heliotrope  and  jasper  were  need  b^  Italian  artiita  lot  this  pur^ 
poae  till  the  17th  oentunr,  when  the  art  waa  abandoned,  although 
•ubaequenUy  revived  in  the  18th  century.  Tb»  goldsmiths  indeed, 
from  UM  12th  century,  had  introduced  vases  ornamented  with  damas- 
cene and  niello  work,  and  many  elegant  examplea  were  made  in  Italy, 
especially  by  CellinL  As  eariy  aa  the  12th  oentuiy  vases  «E 
fllagrae  wort,  niada  bj  a  peculiar  prooMf,  im«  proAioad  at  Teni^ 
tha  nuBralMtare  waa  oii^  abandoned  in  tiie  18ul  Kany  of  theae  weie 
<rf  fsntaatie  du^tea,  G«nnanvaae^of<n4indrioalih^,wtthaiaiiMiIled 
paintinBi  of  armotiai  bearings  and  other  devioss,  were  invented  at  a 
later  period. 

The  Arabian  vaaaa  of  the  middle  ages  are  chiefly  of  metalHo  or 
glacedware.  [PomBT.]  The  fint  kind  oonaisU  ohiefly  of  ewers  and 
harinalorvaiifingthe  hands,  and  are  ganardlT  of  Jattan,  a  ndzture  of 
oonper  and  tin,  chaaed  or  stamped,  and  embellUMd  with  knobs, 
arabesques,  mosaic  and  damask  work  slidit^  tooled  out,  dbimpfev^,  or 
chaaed  out,  the  ground  lowered  and  priokea  pounced,  and  the  silver 
pressed  upon  it.  Many  were  made  at  Hossoul,  in  Hfaopotamla,  as  early 
as  the  ISth  emtuiy. 

In  modem  arte  vases  atUl  oontinue  to  day  a  part,  althou^  not  so 
important  aa  tboae  of  the  ancient  w^cL  Russia  ts  probably  the 
eounby  where  the  largeit  and  oosOiest  apedment  are  pn>dnced,  in 
wpcr,  malachite,  qtiarta,  and  other  hard  rocks,  chiefly  from  stonw 
found  at  Orak,  in  Orenburg,  in  Siberia,  tlu  sites  of  the  mannfitotures 
being  ^aoed  at  Perm  and  Tomsk.  The  island  of  Malta  also  [voduoes 
mau  vases  in  hard  atone,  carved  in  the  style  of  the  renaissance ;  and 
TuBoany  is  remarkable  tor  ito  vases  of  the  pure  white  alabaster  of 
Volten*,  very  elabontdy  and  tastefully  carved,  for  the  purpoees 
of  deootatbn.    Eu^and,  ftanoe,  and  A^isbia  alio  prodooa  ele^ 


vases  of  cut  Mid  oolonTed  (^ass,  the  snocessors  of  the  old  filagree  glass 
vasea  of  the  Venetians  ;  and  the  European  nations  bbiicate  ornamental 
vasea  in  all  metals  for  prizea,  mesente,  or  decorations,  each  in  their 
pecuHar  itnrle  of  art  and  taste.  The  invention  of  eleetrolTping  and  the 
flaor— aa  (tf  Inxany  have  givMi  a  new  atimalna  to  this  bnuicih  of  tiia 
flnearti^ 

(Bir^,  Butoiy  of  AneiaU  Pottery,  8to,  Lond.  1868 ;  Hems,  IHaer- 
tation  OH  Aneiaa  Ohinm  Vatea,  8vo,  Lend.  1851 ;  Labarte,  IlUttraUd 
ffandbooi  ^  tkt  Artt  t&e  MidtUa  Aga,  Svo,  LmuL  1858 ;  Kramer, 
Uebir  den  Serhmft  OrUiA.  bmaktt.  Fol,  Svo,  Brealao,  18M;  Krauasb 
AiuaOyie,  Halle,  1864.i 

YAflSAIfc  JTEtowu.  STBnK,] 

TAUDBTILXiB.  Aval,  or  A-vm,  fa  »  phnss  amrag  navigrtot^ 
implying  the  reverse  of  amoiU.  Avau  de  Fea»  is  used  adverUsUy  to 
express  drifting  dovm  a  stream : — "  Personne  ne  ramoit,  nons  nous 
laianona  aUer  )t-vaa  de  rean."  Vaudeville  appears  origtoally  to  have 
been  apfjied  to  designate  any  song  or  ballad  borne  along  on  the  onrrent 
of  town  goanp  or  popularity — A-nw  de  viBe.  It  has  been  ouetomary 
among  alymuogiBta  to  miintain  that  the  word  waa  oiiginalfy  vati-de- 
virt,  from  the  valley  of  Vire  in  Normandy,  "  where  gay  and  malldous 
songs  were  OMnposed  centuries  sgo,  which  had  great  ouirency."  Ko 
evidence  has  ever  been  adduced  in  support  of  tliis  legend,  and  tite  kind 
of  rhymes  originslly  designated  by  the  word  vaudeville  are  quite  aa 
likely  to  have  orighiated  in  populous  towns  and  thetr  goasirang  crowds, 
as  in  a  Notmsn  vsUay,  "  Vaudeville,"  wo  read  in  the  '  Diotionnure 
de  TAcadiAnie/  "aJguflee  a  popular  aong,  the  air  of  which  k  eaat^ 
sung,  and  the  words  oompoeed  upon  soow  atoiy  of  tiie  d^y."  n<om 
songs  the  term  was  extendeii  to  pan^hleta  and  theatrical  pieces  founded 
on  ephemeral  goarip.  At  present  the  theatrical  a{>phcation  of  the 
name  has  supetaeded  the  otiiers.  Theatrically  speaking,  a  vaudeville 
is  a  short  drama,  tiie  dialraues  of  which  are  interspersed  vrith  short 
songs  set  to  popular  airs.  The  principal  chann  of  the  vaudeville  oon- 
sists  in  its  covert  alludone,  its  delicate  nulleiTOO  the  leading  chanetcn 
and  events  of  tiie  time.  Hie  plot  oof^  to  be  smple— rather  dcetehed 
or  indicated,  than  developed— «nd  the  chsraeteia  presented  in  the  same 
slight  manner.  The  interest  ought  never  to  be  sufficiently  serious  to 
divert  attention  from  the  Interehange  of  playful  sarcasm  and  simple 
melodies  which  all  can  api»eeiate.  The  nudevUle  charms  by  ita 
MUiant  and  easy  dialogue,  its  snatch ee  apparently  impromptu 
motio  and  aong,  and  its  least  ponible  spioe  of  inalioe :  any  attempt  to 
give  a  show  or  reality  to  the  story  and  persons  ot  the  drama  would 
render  tiie  elegant  trifle  ponderous  and  stujad.  Hitherto  French 
authors  atone  (with  pertiaps  the  exoeption  of  Qothe)  have  suooeeded  in 
c<nnpoBing,  ana  French  aotMs  in  repreaenting,  these  charming  nothings : 
tiie  graceful  levi^  of  the  vaudeville  can  scucely  ever  bear  trandation 
ioto  the  more  sinewy  languages  of  Europe.  Among  all  French  author* 
of  vaudeville,  the  pum  is  undoubtedly  due  to  the  late  H.  Scribe  of  the 
thousand  draiuas. 

VAUDOIS  (Waldensea,orValdenBea;  in  Latin  VaUeti;  Valdiii'm 
Italian ;  Vavdia  in  their  own  dialect),  a  remarkaUe  people^  who  form 
a  communion  swarate  from  the  Churoh  of  Some,  and  who  live  in  three 
high  vall^  of  Piedmont,  cm  the  eostem  or  Italian  mde  of  the  Cottian 
aSs,  between  Mount  Vieo  and  the  Col  de  Seatrieree,  in  the  province 
of  PigneroL  Tbe  valleys  are— 1,  that  of  Lnoema,  through  which  flows 
the  Police,  an  alpine  torrent  which  rises  in  the  Col  de  la  Croix,  near 
Mount  Viso,  and  flowing  eastward,  falls  into  the  river  Clusone ;  2, 
Valley  of  Perosa,  through  which  paaaes  the  Clusone,  which  rises  in  the 
Col  cte  Seatrieree,  flows  in  a  south-east  direction  Fmeatrdle,  Perosa, 
and  near  Fignarol,  and,  alter  recdving  the  Pdioe,  Jehia  the  Po  a  lew 
mllea  further  down;  t,  Valley  of  San  Hartino,  idiidt  branehea  out  of 
the  vall^  of  the  Clusone,  along  the  eoune  of  a  torrent  called  Qermsn- 
asoa,  which  rises  in  the  Col  d'Aliries.  The  Vaudois  are  distributed  in 
thirteen  pariahea,  each  having  its  pastor,  called  hartte  in  thdr  dia- 
lect. One  of  the  pastors  bears  the  titie  of  moderator,  being  euperior 
in  anthori^  to  the  reab  In  former  times,  when  the  Vaudois  commu- 
nion was  much  more  extended  than  it  fa  now,  they  had  bishops,  who 
are  meotiooed  in  several  old  documents.  In  every  pariah  there  is  a 
Vaudois  churdi  and  a  sdiool,  beddas  a  church  for  tiie  Roman  Catholic 
population.  The  Vaudois  dergy  are  allowed  to  marry.  They  take  no 
feee  for  buriak,  baptisms,  or  marriages.  The  Liturgy  now  in  use  fa 
that  of  Geneva,  in  the  F^ch  language :  fcamerly  they  made  use  of  a 
Liturgy  in  ItaUan.  11m  qx^en  dialeot  of  the  people  resembles  the 
other  dialeoti  d  Ffodmont  The  tni^  of  the  name  VaMenasa,  or 
Valded,  fa  found  in  the  word  voAi*,  and  means  inhaUtanto  d  the 
valleys.  Its  derivation  from  Peter  Wddo,  or  Valdo,  of  Lyon,  a  mer- 
chant of  the  lath  century,  who  was  a  religious  reformer,  caused  por^ 
ticms  of  the  Bible  to  be  twulated  into  FVmch,  and  was  the  founder  of 
the  aaet  called  the  Poor  Men  ot  Lyon,  is  now  abandoned.  Wddo, 
beiiw  condMnned  by  the  archUahop  of  that  dty,  A.O.  1172,  and  after- 
wanfa  by  Pope  AMcander  IIL,  emunted  to  a^nany,and  fa  asid  to 
have  died  In  Bdiemia.  Vaudds  of  Piedmont  however  exfated  aa 
a  reUjpous  community  Itmg  before  Waldo,  whom  Beaa  even  suspects  of 
having  derived  hu  tenets,  if  not  hu  name,  bom  them.  Fnnn  him, 
however,  the  aeparatasta  tnan  Rome  in  the  south  of  France  have  been 
called  Waldenses,  and  this  has  oaused  them  to  be  oonfouDded  with  the 
Vandefa,  or  Vau^Ms,  of  the  A^,  dthou^  the  doctrines  and  disi^iline 
of  acHne  of  the  former  were  not  dwaya  in  aooordanee  with  thoae  of  th* 
Vaaddi,  Tbm  leal  Vandda  rcmdned  In  the  nUsgn  eaib  and  met  of 
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tlie  Cottku  Alps.  ThaAIbigaMNinopertyioeinedTeraqiiitediiUnct 
from  the  Vaudda.  [ALMOBKBn.] 

This  little  oommunitj  is  renuurnUs  tat  hning  kept  itsdf  from  time 
ImmemoriBl  Mparato  from  the  Churoli  of  Bome,  in  ages  when  tiut 
church  is  generally  considered  as  having  been  the  only  KwiKtan^  ohtirdh 
in  Uia  West,  and  fur  being  the  only  Itidian  church  which  oontinues  to 
this  day  separate  from  Rome.  We  hyre  memorials  of  the  doetriiMe  ol 
the  Vaodcris  written  in  die  eeriy  part  of  the  18th  oentuiy :  their 
tenets  were  then  sndi  as  they  axe  now.  Hie '  KoUk  L«79cm  ^Is  ft  ewt 
of  abridgment  of  the  histt^  and  doctrine  of  the  Old  and  New  Testa- 
ments. It  speaks  of  the  mission  of  the  Apostles  and  of  the  primitive 
dtunA,  and  of  certain  praotioes  that  were  introduced  afterwarda  in  ita 
boeom :  af  nmony,  the  institution  of  maaaes  and  pnyen  for  the  dead, 
of  alMwIutioa,  and  other  tenets  of  the  Churah  of  Rwne,  whtoh  it 
rejects.  It  is  a  poem  in  the  Vaud^  disleot,  nawty  llie  same  as  that 
whidi  is  Bp(Aen  at  the  present  time,  and  reooi<ds  In  the  text  tti  having 
been  composed  in  the  early  part  of  tlw  12th  oentiur. 

There  la  also  a  oonfesnon  of  futh  of  the  Valdenaee,  bearing  date 
A.D.  1120,  acknowledging  the  Apostles'  Creed  and  the  canonical  bodu 
of  the  Old  and  New  Testaments,  recognising  no  other  mediator  and 
advocate  with  God  the  Father  but  Jema  Christ,  denying  potgrtoiy, 
admitting  only  two  nonniantB— Bntism  and  the  Lord's  Supper— as 
aigtw  or  vWUe  forms  al  the  Inviidue  giaoe,  diaoarding  the  fasns  and 
vigils  of  saints,  the  abatinenoe  from  fleeh  on  certain  days,  tiu  mass,  Ac 
And  anoUier  manu^oript  dated  1100,  speaks  of  the  Valdensea  as  having 
mainlined  the  same  doctrines  from  time  immemorial  in  continued 
deecent  from  &iher  to  son,  even  from  the  times  of  the  Apostles. 
Beddes  theoe,  there  an  two  oontrovendal  trsatisee,  «m  entitwd  '  Of 
Antiehzist,'  and  the  othw  upon '  Hm  Invocation  of  Sainta/  wUdi  seam 
to  bear  this  internal  evidenoe  of  their  anUqui^,  that  in  enumsntiiw 
the  various  tenets  and  practices  of  the  Bonun  Church  vidiieh  the  Yu- 
denaee  reject,  th^  speak  of  the  doctrine  of  the  real  presence,  and  of 
the  ador^ion  of  the  Vii^  Mary  and  the  Saints,  but  m  so  doing  they 
do  not  use  the  word*  tnmsubstantiation  and  csaonisation.  Now  the 
tenn  transubstantiaticHi  was  fint  introduced  nnder  Pope  Innoosnt  III., 
and  ecmflnned  in  the  oonnoil  ol  Latami,  A.&  1S15,  and  the  fhlt  pqpal 
boll  in  wfakh  the  word  osnoidsBtitHii  ooeim  fa  datod  116S.  Kor  do 
these  treatises  speak  of  the  devotimial  exeroiee  of  tlie  Rosair  introduced 
by  St.  Dominie,  nor  of  tiie  Inquisition,  wliich  began  in  tike  18th  oen- 
tury.  Had  those  institutions  existed  when  the  tnatises  were  written, 
they  could  hardly  have  eso^wd  the  notioe  of  the  writer.  Manuscript 
copiea  of  these  snd  other  ancient  documenta  rafattive  to  the  Taudois, 
amonnting  to  twanfy-oaie  Ttdnma^  were  teoo^  to  bi^end  by  Sir 
Samuel  Xorland,  who  was  sent  by  the  Protector  Cromwell  as  envoy  to 
the  Doke  of  Savt^  in  16fiS,  and  were  by  him  preeented,  in  1668,  to  th« 
library  of  the  University  of  Csmlmdse.  Ut^and  wrote  a '  History  oi 
the  Evangelical  Churches  of  the  VaUeys  of  Piedmont,'  Ltmdon,  16S8, 
raving  a  tisDBoript  and  English  trsmuation  of  the  'Nobla  LCTfon.' 
P.  AUiz,  D.D.,  who  puUishad '  Bemsrks  upon  the  Eoeleaiaatioal  History 
of  the  Antient  CbundiM  of  Kedmcnt,'  in  ]690,notlDeBtbamaimaeripts 
brought  by  ICorland.  But  now  tnly  fourteen  out  of  the  twen^-one 
volumes  are  existing  in  the  University  Library,  and  nobody  can  tell 
irikat  is  become  of  tbe  rest;  The'NobIa  Ley9on '  is  one  of  tiiose  wUdi 
are  mining  In  1649,  Jean  Leger,  a  pastor  of  the  ValdeDsss,  puUished 
at  Leyden, '  Histmre  OAn^rale  dee  Eglises  Bvang41iques  des  vall^  du 
Piimoat,'  in  two  books,  the  first  of  which  treats  fd  the  eariy  date  and 
eoutmuity  trf  their  dortrine,  and  he ^rai  teneoi^iti  of  H"nnl  oC  the 
manuscripts  t»ou|^t  to  Ei^sad  hj  HoilBiid. 

nkequertbm  about  the  early  date  <d  the'  NoUaLey^,'11keTaiiddB 
confession,  and  the  other  manuaetipts  above  mentioned,  is  of  eoiatder- 
aide  importanoe  in  an  historical  a»  well  as  a  religious  point  of  view. 
There  is  however  further  evidence  brought  forth  for  the  antiquity  of 
the  Vaudois  dootrinss.  The  name  of  VaUensee  does  not  aj^iear  in 
histcricat  reoorda  tiU  the  end  the  XSth  or  earfy  part  of  the  IStii  em- 
tury,  bat  we  find  alluairas  as  eariy  as  tiie  9th  century  to  tlie  existeooe 
of  non-c(mtbrmist  diurdies  on  the  borders  of  Italy.  Jonas,  Ushop  <d 
Orieana,  in  hk  work  'I>e  Cultn  Imaginum,'  addressed  to  Charles  the 
Bald,  A.I}.  840,  speaks  of  Italian  ohurohes  which  he  aocusee  of  hetero- 
doxy because  th^  refused  to  worahip  images,  and  he  charges  Claudius, 
Ih^P  of  Turin,  witJi  enoouraging  uie  peoj^  of  his  dioceee  in  their 
■elation  fiwn  the  Oathdic  mSltj. 

The  fragments  exutin^  of  thewo^of  Clmdhis  show  his  odnions 
oonoemiDg  faith  and  mente,  prayerB  after  death,  the  worBhip  of  unagee, 
the  invocation  of  saints,  traiutioo,  and  church  authority,  to  have  been 
the  same  as  are  expreaaad  in  both  the  old  and  modem  Vaudois  cate- 
chisms, as  well  as  in  the  oatebhisms  of  the  modem  roformed  churches. 
And  it  is  worthy  of  rema^,  that  Claudius  in  his  einstle, '  Ad  Theode- 
mirum,'  mfB,  in  np^  to  tiie  diatge  cS  promnlgating  nov^^  in  reUgicD, 
"  I  teacb  no  new  Beott  bat  keep  n^self  to  we  pore  tentn,  snd  I  will 
persdat  in  opponng  to  the  uttermost  all  superstitiou  and  schisms. " 
Claudius  died  about  A.i>.  840,  and  contemporary  with  him  Agabardus, 
bishop  of  Lyon,  as  appears  by  his  *  Treatise  against  Pioturee,'  edited  by 
S.  B^iuEe,  was  also  preaching  against  the  worship  of  imagea  The 
vaU^  of  the  Cottian  Alps  must  lum  been  under  (me  or  the  other  of 
these  Ushops,  In  the  s^nod  held  at  Arraa,  a.d.  10S£,  ft  was  repre- 
sented to  the  veriden^  Bisht^  Oerard,  that  eertain  petmais  had  oome 
from  the  bnden  of  Italy  and  had  introduced  hnetieal  do^oDae  about 
tiM  nature  of  justification,  the  real  preseooe,  and  sfsinet  images  rdiss, 


altars,  fte.  About  1140,  Bernard  <4  Clairvaux,  in  his  sizty-Bixth  sermcn 
opon  the  Canticles,  apesking  ol  heretics  who  then  wet*  disturbing  tiie 
wnreh,  menti<nu,  among  others,  "a  sect  iriiieh  oalli  Itadf  after  no 
man's  name,  which  affisots  to  be  in  the  direct  Hne  <^  ^lottblieal  sno* 
oessitm,  and  rustic  and  unlearned  though  it  is,  yet  it  contends  that  we 
are  wrong  and  that  it  only  is  right.  It  must  derive  its  origin  from  the 
devil,  naoe  there  is  no  other  extiaction  which  we  can  oerign  to  it." 
The  ValdeaBes  have  alwaya  rejected  any  distinctive  sectarian  appella< 
tion,  and  have  boasted  of  adhering  from  we  to  age  to  the  primitive 
faith.  In  the  boll  td  Papt  Lndw,  AJt.  1188,  tour  yean  after  tbe 
Latmn  oounofl,  in  which  tiie  Alb^ienses  were  anathsoiatised,  several 
scnrts  of  heretics  sre  mentioned,  Oathari,  Paterini,  the  Poor  lien  of 
Lyon,  and  the  Panagini,  or  men  of  the  passes,  as  lying  ui^er  a  per- 
petual anathema.  And  in  1194,  Alfonso,  king  of  Angon  and  marquis 
of  Prarenoe,  ianed  an  edict,  commanding  the  Taldeneee,  the  Insab- 
batati,  who  otherwiee  are  oaUed  the  Poor  Hen  of  Lyon,  and  iJl  other 
heretioB,  to  depart  oat  of  his  dominions.''  About  1280,  RonertM,  a 
Dominican,  who  states  that  he  had  been  himself  a  hereti<^  wrote  a 
treatise  against  heretics,  'Opusculum  de  Heretuna,'  in  iriiich  he 
spesks,  among  others,  of  the  Leoiiists,  or  Poor  Men  of  Lyon  {"  Heota 
Pauperam  de  Lugduno  qui  etiam  Lecmistn  diountur'^,  and  describee 
their  tanata,whidh  are  ezaetfy  tbe  lame  as  lliose  oontained  in  the  old 
records  of  the  VaWensee  as  well  as  in  their  modem  catetdiism.  The 
TaldMises  and  the  Poor  Mmi  of  Lyon  (Valdeoses  sive  Lugdoneoses) 
are  confounded  togethw  in  the  duc«iiolea  of  that  age ;  and  in  the 
Chronicoo  of  Abboa  Ursbergensis  (ajj.  1S12)  tJie  Pauperes  de  Lugduno 
sre  represented  ss  an  ancient  order  vriiich  arose  in  Italy  long  auo. 
Behwus  hef^  by  saying,  that  these  Leonists  or  Pauperes  were  tiw 
mostpsndmousof  all  the  eects,  fbr  three  reasons :  1,  because  th^  an 
the  most  aadeot — more  oadent  than  the  Manicbgeans  m-  Ariana,  datiiw 
their  origin,  aoeording  to  some,  from  the  time  of  Pope  Sylvester  L,  mm 
according  to  others  from  the  thne  of  the  Apoetlee ;  2,  because  th^  are 
mora  universal^  spread ;  8,  because  they  have  the  character  of  betog 
fdous  and  virtuous,  as  th^  believe  in  the  Apostles'  Croed,  and  are  guilty 
of  no  other  erime  than  thrt  of  blaaphen^  against  the  Bcmun  Chumi  and 
dargy.  Hill  bocA  of  Baineras  u  vsbt  impcntant,  but  we  must  refer 
thoee  who  wllh  for  farther  informatlm  to  the  Rev.  W.  S.  Gilly's 
'Second  YUt  to  the  Vaudois  of  Piedm<»t,'  section  iii.,  where  tin 
author  hss  plaoed  in  iiarallel  columns  paseages  from  Reinw's  text, 
the  corresponding  opinions  of  Italian  wrttsn  wevioas  to  the  12tb  oen- 
tory,  and  those  of  the  indent  and  modem  Valdamss  oonoemlng  the 
same  topics. 

When  Hmus  Aunlhn  Ronnoo,  gnnd-prior  of  St,  Roch,  was  sent 
by  Duke  Chsries  Emmanuel,  aboot  ue  middle  of  lia  17tfa  century,  to 
nuke  inquiries  oonceming  the  Vaudois,  he  reported  that  "  Ibeee  Apoe- 
tdioals,  as  they  call  thnuselves,  were  of  an  origin  of  which  nothing 
certain  could  be  said,  furthermore  than  that  Bishop  Claudius  might 
have  detached  them  from  the  diurch  in  the  8tii  century,  and  that  ther 
were  not  a  new  eeot  in  tbe  9th  and  lOtii  oentui^"  And  the  mcmk 
Belvidere,  -who  went  to  the  vallm  of  the  Cottian  Alps  on  a  rimikr 
inquiry,  rfported  "that  heretics  nave  been  fbund  in  the  vall^  of 
Angrogna  m  all  periods  of  history."  Claude  Seissel,  archbishop  of 
Turin,  A.D,  IffOO,  spoke  of  them  as  "  the  Vaudois  sect,  whidi  originated 
with  one  Leon,  a  4Wvont  man,  in  the  time  ol  Ctmatantine  the  Ureat" 
From  all  the  above  teetimonies  it  is  contended,  with  considerable  show 
(rf  argument,  1^  the  Vandcds,  that  tiiey  an  not  a  aect  that  sprung  up 
intbelSthoantnry,  crwasfaitrodtioed  by  emignnti  fmn  alnoad,but 
tbife  tiiey  are  an  aborjj|lnil  Alpfaie  oonunotdly,  tbe  dl^iring  of  early 
Christianity  imjdanted  m  these  remote  districts.  "Sha  ee^er  edicts 
(rf  the  dukee  of  Savoy  q>eak  of  the  "men  of  Qua  v^eya"  and  their 
"andent  faith,"  which  "it  had  been  found  impossible  to  eradicate 
from  thence,  and  which  tbe  dukea  had  bem  constrained  to  tolerate." 
An  ediet  of  16S4  qMaks  of  [«ivileges  granted  by  former  dukes,  and 
ottes  edioU  of  1448  and  14S8.  In  the  'Tbestmm  Statuum  B.  a 
Babaiidke  Duels,*  imbliBhed  in  1682,  it  is  ststed  that  treaties  foor 
hundred  years  cHa  secured  peramal  and>reli^as  freedcMn  to  the 
Vaudois. 

It  is  an  historical  fact  that,  some  time  in  the  14th  century,  a  colony 
of  emigrants  from  North  lUly,  ^fessing  the  tenets  of  the  Vaudois, 
settled  in  Calabria,  where  they  cleared  the  ground  of  wh<de  districts, 
and  bscame  tbiMiw  tenants  of  tiw  great  landlords.  Tlu^  buUt  the 
towns  of  La  Quarani  (which  Is  still  called  Ouonfia  Lomborda),  San 
Sisto,  La  Rooco,  and  others,  not  far  from  Coaensa,  where  they  lived  in 
peace  and  unnoticed  for  about  three  oaituries.  But  after  the  spreading 
of  the  Reformation  in  the  16th  oentuiy  they  began  to  correspond  with 
Qetteva  and  other  places,  and  invited  some  PrcXestant  divines  to  oome 
among  them.  This  exdted  the  attention  the  local  authnitiee;  Mid 
the  Duke  oi  AkaU,  vieeroy  oi  N^lee,  sent  commissiraws  and  monks 
with  troops  to  convert  or  dertroy  than.  They  resisted,  and  wen 
destroyed  with  circumstaQOes  of  great  barbarity,  in  1561.  (Bobta, 
'  Storia  d'ltalia,'  book  x. ) 

At  one  time  tiie  valleya  of  the  Vaudois  were  subject  to  the  marquises 
of  Selnszo ;  and  the  Vaudois  have  repeatedly  asserted,  witiiout  being 
contradicted,  that "  thdr  anceston  profeaeed  tlieir  andent  faith  long 
before  the  dyaaafar  of  Savoy  waa  eetablished  in  Fiedtmonk"  Tbtat 
religioas  eommuuity  ^tended  then  over  nuu^  other  viU^  on  both 
ddes  of  lite  Alns;  to  the  southwaid  bqrondihe  Po  over  part  of  lbs 
naapSmtiaal  BmMto,  wuitiimli  in  thoviDciy  of  th*  DttnnNM&r 
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u  Embrun  and  Briao^,  and  nortbvardB  to  the  bonks  of  the  Don. 
The  x-alleys  of  Qiieiras  and  Frassmi^re  in  France,  and  that  of  Pragelk 
in  the  prxivinoe  of  Suso,  at  the  foot  of  Uount  Qen&rre,  professed  their 
communion  till  within  oomparatiTely  recent  times.  In  the  two  former 
Tallcfya  there  are  atill  scattered  eTangelioai  oongr^;ationfl,  m  the 
villages  of  Dormilleuae,  FrasBini^,  and  Violiii. 

CoQceming  the  persecutions  which  the  Taudois  bare  soiit^ed,  aod 
which  fill  up  a  large  portion  of  their  hiatoty,  we  must  not  trust^pli- 
oitly  either  to  L^r  and  the  other  Vaodds  writers,  who  were  than- 
selves  actors  or  sufferers  in  these  occunenoes,  nor  to  the  accounts  of 
thur  persecutors.  We  prefer  following  a  modem  historian,  Botta,  a 
PiedmoDtese  and  a  Roman  Catholic,  but  a  temperate,  dieoriminating 
writer,  fiu-  removed  from  those  scenes  of  strife,  and  f»m  the  pasrions 
irtddi  excited  them  or  were  the  coneequenoe  of  them.  The  eaiiier 
persecutions  of  the  Vaudoia  were  the  woi^  of  the  inquisitors  sent  hj 
Kome.  Pope  John  XXIL  issued  ahull  apinst  them  in  1832.  Walter 
Lollard,  who  was  burnt  at  Cologne  in  1S50,  was  a  Vaudois  dersjrman. 
About  the  year  1400  a  paraecutum  is  recorded  agunst  the  inbi^tants 
of  Progelk  and  the  valley  of  Perosa,  in  which  man^  perished.  In  1487 
Innocent  YIII.  issued  a  bull  to  Alberto  de  Capitaneis,  papal  nuncio 
and  commieuoner  for  the  dominions  of  the  Duke  of  Savoy  on  both 
sideB  of  the  mountains,  enjoining  "  him  to  extirpate  the  pemioious 
sect  of  malignant  men  called  the  'poor  people  of  Lyon,'  or  tiie 
Waldenso^  i^o  have  loos  andeavourea  in  Piedmont  and  other  neigh- 
bouring parts  to  ensnare  ue  dieep  belonging  unto  ()od,  mider  a  fd^ 
jvetcoM  ot  htdiness,"  Ac.,  and  li  expedient  "to  preacb  the  crusade 
against  them."  But  it  was  not  untu  fhe  following  century  that  a 
nnenl  proacription  took  place.  When  Luther,  Zwingli,  and  Calvin 
began  preaching  thdr  reformed  doctrines,  the  ValdenBea  atAnowledged 
them  to  be  similar  to  their  own.  Francis  I,  of  France,  who  was  also 
posseased  of  Fiedni<«it>  persecuted  all  heretics  indiscriminately,  whetiter 
of  the  new  Beformad  nitli,  or  of  the  old  Waldenus  or  Vaudda  oun- 
mmoion,  mi  deteradned  on  extirpating  them.  The  massacres  ui 
Saujdtin^  and  Provence,  espedalty  at  Herindol  and  Cabriare,  are 
recorded  in  history.  He  at  the  same  time  wrote  to  the  parliament  of 
Turin,  enjoining  it  to  enforce  religious  «nifortQjty  within  its  juris- 
dicticsL  The  Taudoia  of  Piedmont  then  drew  up  a  ust  of  their  artides 
of  &ith  and  laid  it  b^ore  King  Fkanois,  bagging  to  be  allowed  to  retain 
their  andent  form  irfwmhip;  to  whiahF^rMKnsr^ied,tlutaBhawaa 
putting  to  death  the  heretios  in  nance,  ha  ooold  not  tolerate  them  (» 
the  other  side  of  the  Alps.  The  pariiament  of  Turin  oommanded  the 
Taudda  to  drive  away  their  barbas,  or  pastors,  and  to  receive  Roman 
Catholic  priests,  who  would  be  sent  to  instruct  them.  The  Vaudoia 
refused,  and  persecution  followed.  Seveaal  Vaudfas  who  refused  to 
renounoe  Uieir  fsith  were  burned  alive.  (Botta,  b.  iv. :  aj>.  ISil-i] 
Still  their  oonunaniai  wai  mt  axtiniatadi  and  yean  after,  Fiednumt 
having  been  laatored  to  the  honsa  of  Savoy,  DukeammanaelFliilibert, 
after  heiiw  repeatedly  urged  by  the  inquiBitor  Oiaoomello,  aent  by 
Pope  Pkal  It.,  ordered,  m  1560,  the  Vaudoia  to  attend  the  Roman 
Cktholio  service,  and  forbade  them  the  ezerdse  of  Uieir  own  form  of 
worah^  under  penalty  of  100  golden  "scudi"  iot  the  first  tranagresMon, 
and  of  the  perpetual  galleys  in  ease  of  relMse.  The  Vaudois  wrote  an 
humlde  suj^IimtioD  with  ao  wolcgy  for  ttieir  futh  to  the  duke,  iriio, 
being  little  oimveraaiit  wiUt  tSedogJeal  oontrovern,  proposed  a  oon- 
lerenoe  between  the  Vaud<^  and  Runan  Cathdio  divines.  But  Pope 
Paul  IV.  disapproved  of  this ;  and  at  last,  being  importuned  by  toe 
inquisitor  and  the  Qundo,  and  the  court  of  S|>ain,  the  duke  resorted  to 
arms  to  enforce  obedieuce.  He  aent  into  the  vailays  7000  men  under 
the  Count  of  La  Trinith,  to  whom  the  French  king  joined  two  regi- 
ments on  the  dde  of  Fnnet.  The  Fkvnoh  oonit  at  that  time  was 
persecuting  the  Hugoenota,  who  ware  numcnras  in  Daoidiin^  and  who 
were  dispceed  to  make  common  cause  with  the  Vaudois.  The  Vaudois 
defended  themselves  bravely,  and  hi  one  instance  d^eated  the  ducal 
troops  at  Pn  di  Torre.  Many  atrocities  were  ocsnmitted  in  ttus  desul- 
tory war&re,  and  women  and  children  were  not  spared.  Soma  of  the 
Misonen  were  burnt  alive  ^  Carignano,  Suae,  and  Pi&erc^  At  kst 
Duke  Bnmiaauel  Philibert,  dinistsd  with  this  war.  Into  which  ha 
had  been  pressed  against  his  wiih,  uid  urged  the  inteneasion  of  his 
wife,  Ifargaret  of  Fianoe,  who  pitied  the  Vaudoia,  granted  them,  in 
June,  1661,  peace  and  an  amnesty,  with  the  exeroiaa  of  thcdr  religion, 
within  ontain  atated  limits,  in  tike  valine  of  Luoenia  and  San  Hartino, 
on  eondltion  that  the  Roman  Oatbdio  aervioe  should  also  be  pwfonned 
rimuhaneoudy,  in  ohuTohea  iqf^mxniated  to  the  purpose  in  toe  various 
TiUagea.  This  edict  was  ngned  by  Philip  of  Savoy,  lord  of  Raooooigi 
Ml  me  part,  and  by  two  of  the  principal  past<»«  of  Uie  Vaudois  on  the 
other.  The  court  of  Rome  aod  the  munks  in  PSetfaoont  dediumed 
loudly  against  these  ooncesdons  of  Duke  g-'nmMiiwl  Philibert^  aod 
almost  called  him  a  heretic.   (Botta,  b^  x.) 

In  1601  and  1603  Charies  Emmanod  L  oonfirmed  to  the  Vaudois 
thdr  rdigioui  immunities,  but  the  Inquisition  was  moleeting  them  at 
the  same  time,  and  even  imprisoned  some  individuals,  and  when  re- 
monstrances were  made  to  the  ducal  mittisterB,  tiiey  replied,  "  These 
matters  do  not  concern  hia  highnesB."  (Botta,  b.  zv.)  Toe  duke  how- 
ever issued  two  rescripts,  dated  1603  and  1620,  guaranteeing  to  the 
Vaudtaa  the  exerdae  of  their  religion  within  the  limits  prescribed  in 
the  thrse  valleys  of  Luoena,  Jirom,  and  8.  Uartino.  The  Vaudois 
had  aaked  tiw  same  favour  for  their  oo-nUgiaidsts  in  the  Uaiquisate  <d 
Sahiaao, hot  this  was  lebHid.  GharieslTof  Errand  Mnt  twioa  an 


embassy  to  Uie  duke  to  intercede  for  the  Vandoia,  in  1627  and  1629. 
(Appendix  to  Gilly'a' First  Bxouniui  to  theJIount^ctf  Piednumt 

hi  182S.') 

Victor  Amadous  L,  who  succeeded  Charles  Emmaoud,  published  an 
edict  enjoining  the  non-conformists  of  the  Uarquisate  of  Baluxzo,  who 
were  chiefly  in  the  oommunee  of  Pieaana,  PravigUelmo,  Bioleto,  Bre- 
tonni,  and  Croesao,  to  embrace  the  Roman  Catholic  rdi^oo,  under 
penalty  of  death  iad  confiscation  of  property ;  and  this  edict  was  so 
strictiy  enforoed,  tliat  not  <me  noO'Ooniormist  remained  in  those  parte. 
But  at  the  same  time  the  duke  issued  an  edict  to  protect  the  Vandoia 
of  the  valleya  uf  P^erola,  who  have  always  been  held  distinotbom  tha 
oUiers,  and  to  dieck  the  prevuling  practice  among  the  RcMDan  Oatlu^ 
priests  and  laity  of  kidni^[ung  the  childreo  of  the  Vaudois  in  order  to 
bring  them  up  in  the  Rtunan  f*itJi.  (Botta,  b.  xzi)  After  the  death 
of  Victor  Amadens,  and  during  the  civil  war  which  raged  in  Piedmont, 
the  Vaudois  remained  fiuthful  to  their  lawful  ipka,  and  oppoaed  W 
arma  the  factious  marquises  of  Luceraa  and  AngI«gni^  who  aided  with 
Frinoe  Thomas  and  the  other  pretenders  to  the  Regenoy,  and  they  were 
aocording^  confirmed  in  their  privileges  hj  the  Dudbesi  Regent,  and 
by  the  young  Duke  Charles  Emmanuel  II.  But  the  same  Charlea 
Emmanud  afterwards  directed  a  most  fierce  peneoution  agunst  the 
Vaudois.  Botta  attributes  the  origbi  this  freah  stonn  to  the  turbu- 
lent diapodtion  of  Jean  L^er,  a  pastor  of  some  name  among  the 
Valdenaes,  who  had  mon  aeal  than  jprudence.  In  Uarch,  1663,  the 
inhalHtaota  of  VUlaro,  in  the  valley  of  Lucenia,  rose  in  a  tumult,  and 
drove  away  th«  Capnehins  from  thdr  convent,  to  which  they  set  fire. 
Tba  daoal  temps  repaired  to  the  spot,  and,  after  some  bloodshed,  pesrcs 
was  re-established.  But  this  afhtr  led  to  further  investigations,  when 
the  ducal  government  found  out  that  the  Vaudois  had  tauugressed 
against  their  engagements  by  purchadng  proper^  and  eatabiishing 
sdioobi  and  jdaoea  of  worBhip  beyond  the  lunits  fixed  hy  fwmer  edieta. 
In  Jannaiy,  165S,  the  duke  oaused  hia  auditor  Andrea  Gastaldo  to 
twoceed  to  Luoema,  when  he  israed  a  manifiBato  wdering  all  Vaudoia 
families  to  evacuate  within  three  days  the  communea  of  Lueema,  San 
Oiovaoni.  Ia  Torre,  Bibbtana,  Fenile,  Campiglione,  Biioheraseo,  and 
Baa  Secondo  in  the  lower  part  of  the  valley  <»  the  Police,  and  retire  to 
the  hitler  part  of  the  nlley,  to  the  commones  of  ViUaro,  Bobbio, 
Bori^  Angr^na,  and  BonetL  Withm  twen^  d^  thc^  were  either  to 
sdl  their  t»i>usrty  dtuated  in  the  farmer  diatriots  or  to  embmoe  the 
Roman  CathoUo  bith.  The  Taudtris  resisted  this  oommand,  and  the 
duke  sent  Uie  marquis  of  Pianeaza  ,with  a  body  of  reeulars  and  soma 
militia  in  the  foUoiring  ApriL  The  Vaudtua  deserted  thdr  villages, 
oanying  their  provisions  to  the  mountuns.  The  marquis  followed 
them  wien,  but  he  could  not  subdue  them;  and  his  soldiers,  findii^f 
nothing  to  eat,  withdrew.  Ilie  Vaudds  then  issuing  from  their 
reoesseyonder  two  determined  leaders,  J^er  and  Janavc^  fell  upon 
several  Roman  Cathdic  viUagee,  and  plundsrad  and  burnt  thim.  'nay 
then  entered  La  Torre^  but  being  surprised  FiantniL  they  fou^t 
despentdy  and  moat  of  them  fdl,  but  not  without  kiUfaig  nnmben 
of  the  duosi  troops.  In  this  warfare  crudtin  were  committed  by 
both  parties,  but  the  Vaudoia,  being  the  losing  party,  were,  with 
their  families  the  greatest  sufEerers.  Many  atrocitiea  were  oommitted 
aainst  the  woman  and  ohUdren  by  tiis  nedmontCM  Mldian,  bat 
mQ  mon  by  the  meresnary  Aouih  and  Irish  scddian  bi  theatrviea 
irf  the  doke,  whidi  haron  Jean  Leger,  who  was  an  actor  in  the 
atnigg^e,  has  detailed  at  length,  and,  Botta  thinka,  has  exaggerated 
in  his  '  Karrative.'  But  there  is  a  document  in  the  Univenuty  Library 
at  Cambridge  which  tells  sbongly  against  the  marquis  of  Pianesaa 
himadf.  It  is  a  declaration  hy  CMtain  Du,  Petit  Bourg,  who  was 
■nring  in  a  FMnoh  ooipa  nnder  nanena,  wotostlng  against  tha 
onidtiei  i^di  ha  saw  committad, and  §or whidihe  retired  and  quMtod 
his  ocnpa.  He  saya  that  the  marqais  ordered  to  give  no  quarter, 
Bering  tiut  his  bigness  was  determmed  to  have  none  of  their  reli^on 
in  his  dominions.  This  protest^  a  copy  of  which  is  given  by  Oilly  in 
hia  first  work,  is  dated  Pifierola,  25th  November,  16S6,  snd  is  attested 
by  other  officers.  It  appeara,  however,  that  Pianesaa  ordered  the 
women  and  ohildran  to  be  apared,  and  he  rescued  mai^frnn  the  handa 
of  the  iHiital  sddiera,  and  distributed  them  hi  the  ndj^iboaring  dt»> 
tricta  of  Piedmont  A  number  of  Vaudds  took  refuge  acroas  tho 
mountains  in  the  Trenish  valley  of  Queiras,  and  returned  aftor  tho 
fury  of  the  massacre  had  abated.  Others  perished  in  the  snow,  and 
others  lurked  for  a  time  in  the  recesaee  of  the  mountuns,  under  tiieir 
chief  Jsnavd,  who  carried  on  a  partiBan  warfare  until  he  was  killed 
Bome  yean  after. 

The  newa  of  the  maasaoo  M  the  Vandoia  apttad  far  aod  wido 
throughout  Europe.  The  Protestant  oantons  oC  Switeerland,  the  Pro- 
tector Cromwell,  and  the  States  of  Holland,  aoit  enrc^  to  Oie  duke  of 
Savoy,  to  remonstrate  in  &vour  <^  the  Vaudois.  Cromwell  seat  Sir 
Samuel  Horland,  who  collected  numerous  documents,  and  published 
them  in  his '  Hirtory  of  tha  Evangelical  Churches,'  foL,  1658.  Crom- 
well's Latin  letten  to  the  duke  and  other  princes  on  the  subject  were 
written  by  Hilton,  who  in  one  of  his  sonnets  has  feelingly  lamented 
tha  crudties  committed  against  the  Vaudois.  Subscriptions  were 
made  in  England  and  other  countries  for  the  survivors.  At  last,  at 
Cromwell's  request,  Louis  XIV.  oflTered  hia  mediation,  which  the  duke 
accepted,  and  a  convention  was  cooduded  In  August  of  the  same  year, 
1656,  at  Pifiwola,  whidi  thaa  bdonged  to  FVanoe,  by  whidi  a  general 
•mnM^  m  grantee^  and  the  Vaudois  were  allowed  to  remidn  on  tht 
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Ml  iMak  of  ttw  FdiM  witUn  ceiiidB  fii«d  bonndviai^  and  to  liav»  tba 
«z€roiM  ai  their  nligitsi,  but  »t  the  lame  time  it  wu  agreed  that  the 
BomAQ  Catholic  worship  should  be  performed  in  the  same  Tillages, 
■ad  CaUwIio  misdonaries  be  sent  to  preach  there,  but  no  Vaudoia 
ihonld  be  ocmstrained  to  become  a  Roman  Catholic,  and  no  girl  under 
ten,  and  no  hoy  under  twelve  nan  of  age,  should  be  taken  from  thdr 
pvanti.  nilaoonTentloawMvgiMdbr  Jean  Leger  and  otiierVaudoia 
pwtorf.  But  after  aome  yeara  new  complaanta  and  disputes  broke  oat, 
irtiidt  Count  Bagndo,  tb.9  goranor  of  the  j^vinoe,  wanted  to  aetUe  in 
an  arbitraiy  manner.  Freeh  resiataiioe  and  a  new  persecution  took 
^aee  in  1668  and  1664,  followed  by  a  new  edict  of  the  duke,  bjr  which 
the  Tandois  were  forbidden  to  perform  their  worship  in  the  Tillage  of 
8.  CKovanni.  Jma  Leger  emi&nted,  and  visited  various  countries, 
■mfpag  the  elainu  of  tlw  Vaudm  and  ooUeotiog  auhMriptioiM  for  theoL 
B«  waa  at  last  appointed  ot  the  WaDoon  Church  »t  L^den, 

lAcre  he  died.  (Botta,  b.  xxr.) 

Victor  Amadeoa  IL  suoceeded  Cbarlee  Emmanuel,  and  took  the 
rdns  of  gorerment  at  the  end  of  1684,  being  then  eighteen  ^eara  of 
age.  Piedmont  was  than  the  humble  ally  of  the  imperious  Louis  XIV., 
VRio  about  this  time  resolved  to  abolish  Fiotestantism  in  France  by 
tiw  Tsvoeafcion  of  the  Edit  de  Nante^  and  he  ordered  Victor  Amadous 
to  do  tlM  same  with  rward  to  the  Vaudois.  After  some  demur  the 
duke  was  induced  to  submit,  and  in  January,  1686,  he  issued  an  edict 
ordoing  the  Vaudoia  either  to  abjure  their  tenets  within  fifteen  days, 
or  leave  their  country.  Driven  to  despair,  the  Vaudois  determined  to 
rei^st  Tluij  were  attacked  on  one  ude  by  the  ducal  troops,  and  on 
Ae  other  by  those  U  Louis  XIY.,  comnunded  hj  Catinat.  After  a 
pUutt  stntgi^  tba  Tandoia  wera  ovtrpowered,  and  the  snrvivtm  were 
oUigad  to  snhndt  unooDdititmalfy.  Th^  whda  property  was  oon- 
fiaeatad,  and  given  to  Bomw  Cathoho  colonists,  the  old  inhabitants 
with  their  funiUes  tiddng  their  departure  for  Switserland.  Those  who 
had  been  takni  prisonen  were  distributed  in  varioiut  prisons,  in  which 
a  number  of  them  died.  At  the  expiration  of  three  years,  a  band  of 
800  erf  theae  emigrants,  under  the  oonunand  of  one  of  their  ^lastors, 
Hmuj  Anmud,  undertook  <me  of  the  most  daring  and  romantic  e^e- 
ditioDS  ever  attempted  by  men.   [Abbauii,  Hkbbi,  in  Bioo.  Dir.] 

This  waa  the  last  persecution  against  the  Vaudois;  who  however 
remained  subject  to  various  disabilities  and  exposed  to  several  vexa- 
tions, which  are  detailed  by  Gilly  in  his  first  excunrion,  p.  116 ;  and  in 
the  eeoond,  p.  546,  and  foL 

In  the  wan  of  the  EVeoch  revolution  tiie  Vaud(ua  remained  loyal  to 
thMT  mxnnAmf  and  hnvelr  defmded  for  years  the  mountain-paasea 
throng  wlddk  tike  French  tiiroatened  to  invade  the  vall^  ot  the  Po, 
which  ultimately  they  reached,  but  not  on  Uiis  aide.  In  June,  1794, 
King  Victor  Amadeus  IIL  published  an  ordinance,  in  which,  after 
adaiowlec^Lng  the  oonstaat  and  distinguished  proofs  of  tiieir  attach- 
ment  and  fiddity,  he  laomised  to  redress  nevaraJ  grievaQcee,  among 
others,  tlMtt  of  taking  aw^r  of  chiidrai  of  the  Vaudtns,  with  tibe  view 
of  oblif^nstham  to  emfaraee  die  BeinaaCath<dio  religion.  Heforbade 
the  practice,  and  ordered  those  who  bad  been  ao  taken  away  to  be 
restored.  "  Those  who  at  the  prescribed  age,  giris  at  ten  and  boys  at 
twelve,  voluntarily  mter  the  hoB|Htal  of  ^benila,  must  be  under  ^e 
direction  of  ecclesiastical  judges;  but  no  difficulty  wiU  be  made  in 
permitting  the  parents  to  see  weir  children  under  proper  precautions." 

WhenBtnaputa  annexed  Piedmont  to  France,  he  placed  the  Vaudois 
on  a  footing  of  equally  with  their  Roman  CathoUo  countrymen,  and 
■nricnnd  funds  tor  the  sui^iort  of  tiiur  dergy.  At  the  restoration  in 
1814  the  Vaudoia  were  sgun  placed  under  thwr  fonner  disabilities, 
and  those  who  bad  pnrchued  land  beyond  the  limits  of  their  valleys 
wwa  oUigsd  to  sell  it  to  Roman  Catholics.  King  Charles  Felix,  who 
■uooeeded  to  the  throne  in  1821,  showed  some  more  indulgence  towards 
the  Vaudoia.  Under  the  present  king  of  Italy,  Victor  Emmanuel,  they 
have  been  admitted  to  an  equaUty  of  rights  with  their  fellow  subjects. 

VAULT,  VAULTING.  Tb»  o<mtinuation  of  an  arohed  oovering 
over  a  oonsidendile  snrboe  is  commonly  spoken  of  in  the  Arts  undo- 
the  name  of  vaulting  ;  and  occasionally  the  word  xavit  is  applied  to  the 
actual  assemblage  of  the  Touesoirs  ot  an  arch,  in  contradistinction 
to  ib»  haunohes,  spendrils,  or  other  supplementary  parts.  Both  of 
theae  rignifications  may  be  retained  wiuiout  inconvenience,  because 
they  exjnees  conditions  it  may  oftm  be  necessary  to  refer  to  in  praotioe, 
and  for  which  it  is  deairable  to  ponees  names. 

There  is  little  to  be  added  to  wlukt  has  been  already  and  under  Aboh 
and  Bridob,  with  respect  to  the  mcohanical  principles  of  vaulting, 
excepting  that  in  the  case  of  intersecting  arches  it  may  be  desirable 
occasiim^ily  to  itxm  the  lines  of  intersecSion  by  arohed  ribs,  springing 
from  the  reepective  abutments,  but  even  in  tiiis  case  the  resolution  of 
the  thrust  must  ultimately  be  the  same,  in  principle,  as  in  any  ordinary 
anih.  It  is  customary  in  piactical  woriu  on  arohitecture  and  engineer- 
ing, to  class  tiie  various  descriptions  of  vaults  as  follows : — 1,  'Vf^iggcnt- 
headed  and  semicircular  vaults ;  2,  Domiosl  vaults ;  8,  Pointed  arched 
vaults ;  4,  Qroined  arches,  which  in  their  turn  may  be  made  to  pass 
through  numberless  modifications,  according  to  the  positions  assigned 
to  the  various  ribe,  pillars,  or  points  of  support.  It  is  in  the  latter 
form  of  vaulting  that  tiie  fon  tracery  so  much  admired  in  Gothic  archi- 
tecture occurs ;  and  the  skill  with  which  the  medieoval  architects  con- 
centrated the  strengtii  of  the  vaulting  in  the  ribs,  whilst  they  reduced 
the  thickness  of  the  apandril  filling,  enabled  them  to  secure'  efiects  of 
the  most  elaborate  and  pictorial  cbaraoter.    In  the  sin^  square 


grdn  the  ribs  new  the  wall,  and  tiiosB  at  tiw  liitMMolioB  (rf  tiie  aidua, 

perform  the  office  of  supporting  the  vaulting ;  in  the  more  omato  fan 
tracery,  other  ribs  are  introduced,  so  as  to  form,  on  {dan,  a  star  of  four 
points,  at  the  |wimitive  arohea  may  rise  to  different  heights,  either 
ultimat«^  meeting  by  intersection,  or  truncated  in  t^e  middle  of  the 
space.  Polygonal  qwces  were  coveted  in  the  medinval  period  either 
by  means  of  a  series  of  fsn-^pad  ribs,  atartii^  fnmi  anhea  applied 
■gainst  the  external  wall,  and  from  a  central  column,  as  in  the  oases  of 
many  of  our  chapter-houses,  or  by  groined  arches  spanning  the  whole 
s^aoe  between  the  walla ;  «  by  pendentive  roofs,  when  the  internal 
dimensitHis  are  not  veiy  great  Excellent  examines  of  the  first  of 
these  systems  of  vaulting  over  polygonal  bidldings  are  to  be  found  at 
Winohester,  Salisbury,  Wells,  Linooln,  Ae. ;  of  tlu  seeond^  at  Durham, 
Yorit,  Ao. ;  and  of  the  third  at  Oaudebea  In  many^  of  Sir  C.  Wnn'a 
churches,  tiie  system  of  groined  vaulting  has  been  allied  with  as  much 
boldness  and  artistic  suocees  as  in  the  buildings  of  the  mediaaval  arohi- 
teots ;  but  the  compulsory  use  of  the  semiciroular  arch  in  the  Italian 
architecture  rendered  the  intersections  of  the  side  vautts  with  the 
principal  ones  less  susceptible  of  ornamental  deooration  than  is  the  case 
with  the  diagonal  ribs  of  tiw  preceding  style.  The  vaulting  of  St 
Paul's,  and  of  St  Peter's  at  Boine,  may  be  referred  to  aa  illustiations 
of  the  most  effective  spe<»meUB  of  this  mode  of  oonstruction  as  apjdied 
to  modem  cathedrals.  It  must  not  be  forgottm,  however,  that  the 
ancient  Romans  bad  proved  themselves  to  be  perfectly  able  to  overcome 
all  the  j»«ctioal  difficulties  Of  vaulting ;  -  and  tiw  ruins  of  tiie  ptJiwwii  <^ 
'  Nero  and  of  Diocletian,  the  reservoirs  of  Poe^ppo  and  of  Constantinople, 
'  and  the  great  ohuroh  of  Sta.  Sophia  may  be  cited  as  illustrations  of  the 
various  solutions  they  had  discovered  to.  the  problem  of  vaulting  large 
areas. 

It  may  be  advisable  to  call  attention  to  themode  of  vaulting  adopted 
in  some  parts  of  the  London  Docks,  in  which  the  space  covered  is 
vaulted  by  means  of  groined  arches  of  brickwork,  of  elliptical  form, 
springing  from  granite  pillars.  In  cases  where  tits  vaults  are  intended 
to  store  combustible  goods  of  great  value,  there  are  such  mawifartr 
advantsgaa  in  the  use  of  the  granite  pUlan^  instead  Ol  oast-iron  ones, 
that,  writing  under  the  impressions  produeed  bpy  the  fearful  misfntone 
of  June  22nd,  1861,  the  author  may  be  pwdoned  for  dweliiog  on  ti>i« 
detail  of  fire-proof  oonstruction. 

(Ware,  TraeU  m  Fanto  and  Bridgm;  Willis,  ArOitMtwn  cf  Ute 
MiddU  Aga  ;  Q wilt's  Snefdopttdia  ArOiteettms  Bandelet,  Z'Arf 
tU  Bdtir,  AC,  Ao.) 

VAVASSOR,  VALVAS30R,  a  tenn  applied  in  the  ancient  record 
of  Rn^and,  Scotland,  France,  Lombardy,  Mid  Aragon,  to  persiHis 
holding  fiefii  not  immediately  under  the  king  or  other  persons 
posseesing  jun  regalia  (aa  the  duke  of  Nomaandy,  tiie  earl  of  Chester, 
or  the  Uahop  of  Durham),  but  under  some  intermediate  lord.  It 
appears  also,  that  to  constitute  a  vavassory,  it  was  necessaiy  that  the 
\  pwty  should  have  subordinate  freeholders,  as  vassals  holding  of  his 
I  vavassory.   (Wilkins,  'Leges  An^',  247;  Bnoton,  0  b,  ^  93  b; 
,  Ducange.)  In  Eogjand  vavassories  were  generally  held  by  knighted 
service ;  but  in  Kormandy,  beeidea  the  franohes  vavasscoies  or  vavajh 
Bories  nobles,  there  were  socage  vavassories  held  \fj  the  rent  of  a  roae, 
a  q>ur,  or  a  glove,  and  also  vmnmorie*  vilaata.   The  poasessora  of 
these  inferior  vavassories  were  sometimes  called  "  valvassins." 

Vavassors  are  twice  mentioned  in  Domesday,  pp.  63  and  1469 ;  and 
in  the  laws  of  William  the  Conqnenff,tiM  reuef  from  a  vavaasor 
to  his  liege  lord  is  described.  (Kdhui,  40.)  A  charter  of  Heiiiy  L 
directe  that  pleas  of  the  divi^on  of  land  between  the  vavassors  of  two 
different  l«ds  be  determined  in  the  ooun^  court.  In  the  great  Roll 
of  the  Pipe  of  81  Henry  L,  mention  is  made  of  the  vavassm  betcmgitw 
to  the  bunny  of  the  archbishop  of  York.  In  the  laws  of  Heniy  IL 
the  jurisdiction  of  vavassors  is  specified.  Msdox  ('  Baronia  Angli'™*,' 
note,  p.  1S6),  sets  out  a  writ  in  which  tiut  prinoe  requires  ue  resi- 
dence or  otHistont  attendance  of  all  barons  snd  vavassors,  iriio  owa 
service  of  castie-guard  at  Rockingham  oastie.  Franoia  de  Bohun,  in 
the  tune  of  Richard  L,  was  seised  of  two  honours,  one  that  of  Bohun 
in  Normandy,  which  he  held  of  the  king,  as  duke  per  ftaroataM,  the 
other  in  Enf^and,  consisting  of  the  manor  of  Fordes,  &c.,  in  Sussu, 
which  he  held  m  taoaatmd.  ^'  Abbrev.  Plao.,  in  Dome  Cvp.  Weetm.'  88.) 
In  the  next  reign  Alice  Bnewiere  claimed  PUmtree  in  Devon,  aaa 
Depeworth  in  Somwaet  and  Dorset^  assigned  to  her  by  her  late 
husband  Roger  de  Pole,  on  the  day  he  set  out  for  Jerusalem,  for  the 
full  third  put  of  three  vavassories,  namely,  for  the  vavassories  of  the 
earl  of  Sahsbury,  the  earl  of  Vernon,  anid  of  the  vavaasory  of  Earl 
William  de  B<dtun  ('  lb.',  61  b).  In  the  close  rolls  of  4  H.  IIL  is  a 
writ  to  the  sheriff  of  Wiltshire,  directing  him  to  jpve  seisin  to  W. 
HandevUl,  R.  Maudut,  W.  Comyn,  and  W.  de  FontilHis  iA  thraa 
vavassories  of  the  fee  of  the  Earl  of  Clare,  belonging  to  the  1»nmy  of 
Funtell  (FonthiU),  which  barony  Andrew  GifEud  had,  witik  the  assent 
of  King  John,  resigned  to  those  pentons  as  the  right  heirs  (presump- 
tive) of  the  barony,  reserving  the  vavaastnies,  which  vavassonee  would 
aj^pear  to  have  been  edsed  into  the  king's  lands  upon  the  death  of 
Qitbrd  under  the  advice  of  tiie  arown  lawyers,  the  oouudl  of  the 
minor  king  being  afterwaids  of  opinion  that  such  sedsura  ought  not 
to  have  been  made.  Here,  vavassories  held  of  the  honour  u  (3are 
^>pear  to  have  become  in  some  way  annexed  to  a  barony  held  of  the 
crown.  In  the  record  and  prooeas  of  the  ratunoiation  of  Ritdtard  IL, 
that  prince  abaobes  all  oukea,  mazquesses,  earia.  faanms,  kni^ts^ 
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TsanlB,  and  *avatiar$,mi.  otlier  his  Uage-men,  from  their  o«Uu  of 
fidelity  (3  Bot.  FarL,  410) ;  and  about  the  same  period  Cbauoer,  after 
deaoribipg  his  FranUin^  aaya, 

"  Wu  no  where  twlehs  a  worthr  MBMOMr.** 

From  this  time  m  lose  ai^t  of  the  English  vaTaasor.  Kumeroiu 
Bubeeignioriea  however  still  exist,  the  owners  of  which,  though  not  so 
designated,  are  in  truth  TaTassoTB.  From  the  inalienaibJe  quali^  of 
theDtichy  of  Cornwall,  many  manon  in  Deronshlre  and  Cornwall  are 
bdd,  though  the  name  is  no  longsr  oontiniia^  as  wnssoriea  of  the 
duchy;  of  which  there  are  many  in  the  fonner  comity,  h(ddsn  of  the 
dudiy  honour  of  Bradninoh. 

The  breaking  up  of  the  old  feud^  baronies,  and  the  frequent 
forfeitures  incurrea  by  tiioss  who  held  Immediately  of  the  crown, 
brought  tfie  great  and  many  of  the  lesser  vaTsasors  into  the  poution  of 
fanme^te  tenants  to  the  crown.  But  as  the  extinction  of  TaTassories 
was  gradual,  no  new  class  of  crown  tenants  arose,  ss  was  the  case  in 
Germany  where  the  disappearance  of  the  dukecknns  of  Suabia  and 
Franconia  (caused  1^  the  extinction  of  the  House  of  Hohenstauffen  in 
the  person  of  Conradin,  beheaded  upon  the  failure  of  his  attempt  to 
ntoorer  the  kingdom  of  Naples  from  Charies  of  Anjou),  mte  rise  to  a 
new  order  in  the  state,  namely,  the  immediaU  chivaOry  (noblesse 
immediate)  of  the  empire,  the  reudisrittenohaft,  a  body  nediatited  by 
the  Congreas  of  Vienna. 

When  James  I.,  imitating  the  pimotioe  of  Fi«noe,  introduced 
hereditary  titles  without  peerages,  a  proposal  ioc  fstripa  to  ih»  new 
order  the  designation  of  TavaBBors  was  rejected,  and  Uie  novel  but 
more  appn^riate  title  of  Butomr  was  adopted. 

(Terrioi,  CotU.  tU  Normandie ;  Tata  de  NeviU,  166  a ;  Seldea's  Tiiia 
of  Honour,  518,  S20 ;  Cragii,  /us.  I^eud.,  100, 141 ;  Manning'a  Servient 
nd  Legem,  185, 291  a.) 

VKADAB.  The  name  of  this  month  is  literally  '*  and  Adar,"  mean- 
ing "  another  Adar."  It  oocurs  only  in  intercalaiy  years,  immediately 
after  Adar.  [Adar.]  TMb  month  has  twenty-nine  days,  and  the  feast 
of  Purim  and  fast  of  Esther,  usually  obserred  in  the  month  Adar, 
are  transferred  to  Veadar  in  the  years  where  this  month  is  inserted. 
The  last  time  ai  this  insertion  was  in  185d,  when  Veadar  b^an  on 
the  7th  of  March  and  ended  on  the  4th  of  April  The  next  will  be  in 
1862,  when  it  will  extend  from  the  Srd  to  the  31st  of  Mutih. 

VEDA.  This  word  (from  the  Sanskrit  radical  vid,  'to  know'— 
Undred  with  the  Latin  vid-,  Greek  tS-,  Gothic  vaU)  literally  means 
'  knowing,*  or  '  knowledge ; '  but  Ib  onphatiadly  used  as  the  name  of 
those  anoisit  Sanskrit  irorfcs  which  constitute  the  basis  of  Brahmanic 
beliaf,  and  are  held  by  the  Hindus  to  have  been  revealed  to  them  by 
their  dwtiek.  These  work*  wete  originally  three,  namely,  the  Rigveda, 
the  Y^fwneda,  and  the  Sdmaveda.  At  a  mon  recent  period  a  fourth 
Teda  was  added  to  them,  but  it  never  obtained  tltat  d^ree  of  sanctity 
which  was  allowed  to  its  predeoesson;  itiBnotntentioned,forinstance, 
futheninth  verse  of  the  FurusluM&kta  of  theBlgveda,  which  epeaks  of 
fha  B'ig-,  Slma-,  and  Tajnr^veda;  nor  in  the  ChhfliKhwTa-npanLBhad ; 
nor  evoi  in  the  Isw  book  (4  Hanu^  for  though  the  Mter  refers  on 
several  oocaslons  to  the  three  Vedas,  it  speaks  only  once  (xl  83}  of 
"  the  revelations  of  the  Atharvftngirasas,"  by  this  expression  alluding  to, 
but  not  naming  by  name,  tiie  Awarvavada;  and  even  the  writers  on  the 
Kim&nsft,  a  doctrine  that  has  for  its  object  to  dear  up  doubtful  passages 
and  to  reoondle  dlsciepanciea  of  vidd^  tbxts,  are  merely  oonoemed  in 
tiMiB  of  the  three  former  Vedas,  not  in  those  of  the  Atharvaveda. 

Eadi  of  then  four  Vedas  consists  of  two  distinct  porta  :  a  Sanlatd 
or  conedion  of  Mamtraa,  and  a  portion  called  BrOJman'a. 

Manira  (fromauM^'to  think,'  literally  '  tiiat  by  which  thinking  is 
effected)  means  a  hymn  or  prayer.  Aoocvding  to  the  deflni^^^^en 
by  HAdhava-SfyanV  the  odebrated  commentatol'  of  the  VedaB,^m  his 
week  on  the  Hhnftneft,  the  Jatminh»-nyiya-niAl&-vistaia,  and  in  his 
inlrodaetiam  to  the  Xigweda  and  AitJiya-brthmaa'a,— a  Mawtn  is 
aometimes  addressed  to  the  divinity  with  a  verb  in  the  first  person ; 
flometlmesit  ends  with  tite  verb '  tlkou  art,*  or  with  the  woid  'thee;' 
now  it  mentiona  the  peifmnanoe  of  ritual  a!ot«,  then  it  oontains  praises, 
invooations,  injonotionB,  reflections,  oomplabits,  puts  questions  or  re- 
turns answen,  Ac  (Colebrooke, '  Miac  Ess.'  i.  p.  808 ;  UUller,  'Ancient 
BsDskrit  Literature,'  p.  843 ;  OoklstUoker, '  Introduction  to  the  SUnava 
IUlpaafttra,orPteSni/p.«9.)  The  author  of  a  Jfonirw,  as  we  should 
aay— ores  the  Hhidu  anthoritiea  state,  the  saint  "  by  whom  it  was  first 
BptAen,"  the  "seer"  or  "  rememberer"  of  Us  text— ^  ahcot  the  person- 
to  whom  the  Mantra  is  supposed  to  have  been  revealed,  is  owed  its 
Xieki.  The  dei^  to  whom  "  the  JftsU  seeking  for  the  aocompliabment 
of  his  objects,  addressee  his  praise,"  Is  its  Devoid  (Y&Bka's  '  Nirukta,' 
viL  1).  But  nnce  there  are  ManOrtu  which  oontMu  neither  petition 
nor  adomtkoi,  1^  subject  of  muh  MwKtreu  is  oooudared  ai  the  deity 
that  is  i^dken  <rf;  for  exanmle,  the  praise  of  generosity  is  the  IheaXA 
of  many  entire  hymns  adcbreued  to  prinoes  from  whom  gifta  w 
reoeived  1:^  the  authon.   (Colebr., '  Hue  Eas.'  1.  p.  22.) 

A  Br^mauia  (neuter,— not  to  be  confounded  with  the  masculine 
wtnd,  or  the  name  of  the  sacerdotal  caste),- from  ftroAmon,  prayer,  is 
twofold ;  according  to  H&dhava,  it  contains  "  either  oommandincnts  or 
•xpbaations ; "  in  other  worda.  It  gives  direotaona  for  the  performonoe  of 
aaoriflcial  acts,  and  explamathe  origin  and  obieet  of  the  lite,  by  aiving 
tftationa  of  hymns,  illustratifliis  and  Iffen^arr  uamtiTW,  alio  by 
■pMulatloni  of  a  mystioil  and  rhitawrhial  kbd.  The  AfUnoii^a 


pwtion  of  the  Vedaa  ia  therefore  the  foundation  of  the  Vudik  ritual, 
which  became  fully  developed  and  systematiBed  in  the  ritual  wtvka 
called  the  f  o^a-Mfnu.-  and  it  is  also  the  source  whence  wrang  thoee 
mvBtical  and  theosobhical  writtogs,  the  A''rm'yQha  and  ^natwAacff, 
which  at  a  later  period  expanded  into  the  orthodox  FoidiUa  pnilosnthy, 
and  which  are  frequentiy  referred  to  even  by  the  other  philoeo^ical 
Bchoob,  thou^  their  orthodoxy  is  extremely  doubtful  and  widely 
difi!Br«it  from  that  of  the  Vedflnta  doctrine, 
[nbat  tlure  was  originally  but  one  text  of  each  of  the  four  Vedas  ia 
moug^  Tradition  reoorda  that  the  son  of  Parfa'ara  R'ishi, 
fcr%bn'a  DwaipAyana,  aumamed  Vy&aa, "  having  compiled  and  arranged 
the  acripturea,  titeogonies  and  n^rtiiologioal  poems,  taught  the  several 
Vedas  to  as  many  disciples,  namely,  tiie  R'igveda  to  Paila,  the 
Tajurveda  to  Vairampftyana,  the  Stinaveda  to  Jaimini,  and  the 
Atharvaveda  to  Sumantu."^  (Colebr.,  'Misc.  Eaa.*  L  p.  14.;  WOaan, 
B^greda,  L  p.  xx.)  But  inaamuoh  as  these  saints  taught  the  lessons 
they  had  learned  to  thair  punK  who  in  their  turn  communicated 
thdr  knowledge  to  their  disdpfes,  and  ao  forth,  it  is  obvious  that  great 
variations  muBt  have  crept  into^the  text ;  and  we  know  as  a  faot,  that 
gradually  many  schoob  or  Chana^m  arose,  each  nvingpreferenoe  to  its 
own  reading,  and,  as  particularly  in  the  ease  of  the  Tajurveda,  to  its 
own  arrangement  and  distribution  of  the  eacred  text  Hence  it  came 
to  pass,  that  each  of  these  Vedas  branched  off  into  various  STttAA 
(branchea),  or  as  wa  mij^it  say,  into  various  editions,  which  though  in 
the  main  otmcunfaig  in  th^  oontents,  nevertheless  contained  veriKiI 
differences  enough  to  account  for  the  divisions  of  their  reflective 
schools.  A  wc^  which  treats  of  these  schoob,  the  Chanm'aty&ha, 
enumerates  several  of  them  by  name,  and  states  tliat  five,  Bixty-«ght, 
a  thousand,  and  nine  were  tiie  respective  numbers  of  the  Charan'aa  of 
the  S^iff-j  Yi^vf-,  SAna-t  and.  JfAarvaWo.  Ve^  few  only  of  these 
editifloa  have  «nne  down  to  u%  and  the  losa  of  the  greatest  part 
^  them  is  the  more  to  be  de^wed,  as  they  would  probably  have 
enabled  us  to  account  for  some  (and  important)  differences  in  the 
verses  common  to  some  or  all  of  these  Vedas,  and  perhaps  also  for 
superstitions  of  later  times,  which  are  aaid  to  be  founded  on,  but  are 
not  eountananoedtiy,th«tex^aaifs  pOMOBB  it  now.of  the  Rigvedir 
SanhitA. 

If  in  order  to  gain  an  indght  into  the  peculiar  character  of  each  of 
these  Vedas,  ve  oonsolt  the  view  entertained  of  it  by  the  native 
— itings,  little  aid  will  be  afibrded  uB  by  the  mythological  narrative  of 
)  S'atw^ha-br&hman'a  (xL  5, 8, 1),  and  Manu's '  Law  Bo<A,'  (L  28), 
which  tell  us,  in  the  same  words,  that  (Brahmi),  "  for  the  due 

Eirformance  of  the  aaorifice,  drew  out  the  threefold  eternal  Veda^  the 
'igveda  from  fite,  the  Tajiurveda  from  air,  and  the  SAmaveda  from  the 
sun ; "  nor  will  our  knowledge  be  more  advanced  by  a  passage  from  the 
BhAgavata  (iii.  12-87)  andtheVishnu-Purin'a,  whioh  inform  us  (L  c^.  5) 
that  "Brahmi  created  the  Bigveda  ....  from  his  eaetem  mouth,  the 
Yajurveda  ....  from  hU  southem,  the  SAmaveda  ....  from  hia 
western,  and  Uie  Atharvaveda  ....  from  his  northern  mouth."  But  of 
greater  importance  is  evidentiy  •  statement  of  the  KsnshttaW' 
brAhmvi'a  which,  while  omitting  to  meotion  the  Atharvaveda,  oaUs 
the  Tajur-  and  SAma-veda  "  the  attendants  of  the  R'igveda  "  (Uiiller, 
'  Ana  Sansk.  Idt.',  p.  457).  The  real  bearing  of  the  latter  words,  how- 
ever, becomes  dear  from  what  SAyan'a  ssya  m  hu  introduction  to  tiie 
Bigveda.  After  having  inferred  from  the  ninth  verse  of  the  Puruaha- 
atikta,  mentioned  before  (comp.  Muir's '  Original  Sanskrit  Texts,*  i.  p.  6), 
the  precedence  in  rank  of  vie  R'igveda  before  the  other  Vedas,  m 
oontuuea :  "  the  Taittirlyas,  or  followers  of  the  Black  Tajurveda,  reoord 
that  whatever  sacrificial  act  is  performed  by  means  of  the  SAma-  and 
Tajur-veda  is  (oomperatively)  uender,  whatever  ia  done  by  means  of 
the  R'igveda  is  strong ; "  and  ..."  among  the  hysms  found  in  the 
Yajurveda  there  are  many  B'igveda  hyoms,  which  are  to  be  employed 
by  the  Adhwaryu  priest;  all  the  hymna  <A  the  SAmaveda  come  from 
Uie  Blgveda,  and  evm  those  who  make  use  of  the  Atharvaveda  read  in 
their  own  SanhitA  to  a  considerable  extent,  the  very  hymns  of  the 
R'igveda"  (Sdyan'a,  in  Mflller's  ed.  of  the  'Blgveda,'  I  p.  2).  It 
reaults  from  this  statement,  not  only  that  the  Blgveda  was  held  to  be 
prior  in  tank  to  the  other  Vedas,  but  that  it  was  oonsidered  to  be  older 
than  they,  and  that  the  hymns  of  the  SAmaveda  were  entire^,  and  those 
of  the  two  other  Veiba  to  a  considerable  degree,  extracted  from  the 
R'igveda-SanhitA.  And  this  information  of  the  celebntad  oommen- 
tator  u  fully  borne  out  by  a  oomparisem  of  the  hymns  of  the  four 
Vedas.  For,  though  Professor  Benfey  has  shown,  in  his  edition  of  the 
SAmaveda  (p.  xix),  that  seventy-one  vetees  of  the  latter  are  not  met 
with  in  the  present  text  of  the  B'igveda,  and  that  many  readin^^  of 
thu  Veda  differ  from  those  of  the  SAmaveda,  it  does  not  follow  "  that 
the  i«cenBion  of  the  B'igveda'SanhitA  took  place  at  a  later  period  than 
that  of  the  SAmaveda,"  nor  "  that  the  Blgveda  Tetaes  ooouiring  in  the 
SAmaveda  are  older  tiian  those  of  the  preeant  B'igveda  texf^  (Pro- 
feHcr  Webw.  in  hia  '  Akademische  Vorieeungen,^p.  8.  62)  ;  but,  as 
ProfeMor  MiiUer  justly  observes  ('Auc.  Stuuk.  Lit.'^p.  476),  that  this 
dUferenoe  "  may  posubly  be  accounted  for  by  the  &tot,  that  we  do  not 
possess  all  the  S'&khAa  of  the  B'igveda." 

The  true  nature,  however,  of  this  relation  between  the  Blgveda  and 
the  other  Vedas,  appears  from  the  purposea  ^lioh        were  made  to 
serve,  puiposes,  winch,  according  to  the  aoDMineut  itatenisnt  of  dl 
native  authors,  are  of  a  ritual  or  sacrifidal  tdiancter. 
ATiMikaMrifioeia»pit9iofMiwhtotyotawy  oomito^ 
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A  knowledge  id  itia  Imported  by  a  oUfn  of  wriUnga,  the  Kalpa  worfcs, 
which  will  be  treated  of  hereuter.  Oood  core  waa  tokwi  bv  their 
authcoB,  or  the  authoritiefl  whence  their  contents  are  derived,  uiat  no 
man  who  intended  to  peifonQ  a  regular  aaorifioe  (a  yajamdna),  oould 
satie^  hia  religious  want — which  was  always  oonneoied  wiu  some 
woriiw  denre^  auoh  aa  the  birth  <rf  a  ion,  inoKSHe  of  oaide,  attainment 
of  military  renown,  oooqneflt,  and  the  like — without  the  aaifHtstioa  of 
one  or  more  priests,  who  as  a  matter  of  course  always  belonged  to  the 
BriUuDan'a  oaate.  There  were  sacrifioes  whioh  lasted  one  £y,  oUiers 
whioh  wmt  on  from  two  to  eleven  days,  others  whioh  took  up  ss 
many  as  a  hundred  daya.  Aooordioglyj  to  perform  some  saorifioes  one 
Xttwy,  or  priest,  snSoed ;  or,  to  oomplebe  othen,  four,  five,  or  six 
iniMts  mn  vaommsrj}  their  fullart  eomdemoit*  howerer,  is  tiw 
number  of  aizteen,  for  a  MT«iteeii1&  B'itii^ — ^ths  Sadana,  or  supers 
mtsndent— is  not  admitted  hy  all  authorities ;  and  the  nsiWiaiitB  ci.  the 
priests— the  slayer,  the  botcher,  the  ladle-holder,  the  chcaisten,  tut, — 
are  not  counted  amcmgBt  the  R'itwlja  or  real  priests. 

This  full  ocmtingent  of  prieata  ia  enumerated  by  Aa'waUyana  (S^uta 
Sfltra,  ir,  1)  in  ^e  following  way<  finfc  oomee  the  Hoti'i,  who  has 
under  him  three  men  (pvnuAa),  the  HaitrdTanm'a,  Aohehh&vAka,  and 
Orftwtat;  ■eooiidhr,the.4(tt«mYii,withthePratlpnsl^ 
uid  Unnetrl ;  thirdly,  the  Brahfaan,  with  the  Br&hmaa'&ohchhuisin, 
Agntdhra  (or,  Agatdh),  and  Potri ;  lastly,  the  UdgSiri,  with  the  Piaa- 
totr'i,  Pratihui'ri,  and  Subrahman'ya  (comp^  MiUler, '  Ano.  Saoak.  Lit,' 
pp.  469,  where,  by  a  mistake,  some  of  the  jiHrtuAoi  of  the.£raA- 
man  and  the  Vdg&ln  have  changed  their  plaoee).  The  same  class 
arrangement  thovKh  sometimes  in  a  different  rader,  occurs  likewiae  in 
other  aathoritka  (for  ezunple,  K&tyftyana  S'r.  8.  vii.,  1,  8 ;  MAdtiaTa 
Jaimlntyanyfty,  iiL  7, 17 ;  see  also  the  note  to  p.  209,  in  Wilarai's  second 
volume  of  his  tronalatioa  of  the  R'igveda). 

Now,  of  these  R'itwi ja,  the  Ealpa  works  enjoin  that  the  Adhwaryu 
has  to  perform  his  duties  with  the  Tajurveda,  the  Udg&t'ri  with  we 
S&maveda,  the  Hotr'i  with  the  R'igveda,  and  that  the  Brahman  "  has  to 
■et  right  any  defidency  that  may  havo  ocouired  in  t&e  rdigiou  acts  of 
the  three  former  priests ;  he  most,  therefore,  be  acquainted  with  all 
the  three  Yedas— -the  Big-,  Yajnr-,  and  S&ma-reda  *  ('  MAdhaTa  Jaimt 
nlyanyiy,'  iii.  7, 17;  vL  8,  li;  Mttller,  'Anc.Sansk.  Lit.,' p.  469,  ff.)  It 
may  be  added,  moreover,  that  the  Adhwaryu  had  to  mutter,  inaudibly, 
the  verses  of  the  Yajurveda,  that  the  Udg&f  ri  had  to  chant  tiiose  of  the 
Sdmaveda — probably  in  the  aame  manner  as  the  Fentateooh  is  intoned 
up  to  thia  day  by_  the  offldathig  Jews  in  Vnxiit  qmagogaas— sad  that  the 
Hiotrl  had  to  recite  in  a  load  voice  the  Tetses  of  the  Klgreda. 

It  follows,  therefore,  that  each  of  these  Vedas  had  its  diatinot  oere- 
monial ;  but  that  no  ceremonial  was  osedgned  to,  and  that  no  dis- 
tinct priest  or  olaas  of  priests  had  to  use,  the  hymns  of  the  Atharra- 
▼eda.  "  The  Atharvaveda,"  says  UadhusAdana,  "  is  not  used  for 
thetoorrflce;  it  only  teaches  how  to  appease,  to  bleBa,to  curse,  Ac." 
"  Its  aonga,"  aa  Profesaor  Hiiller  ohswves  (*  Ano.  Sanak.  lit'  p.  447), 
"  formed,  probably,  an  additional  part  of  the  sacrifloe  from  a  voy  early 
time.  I^ey  were  chiefly  intended  to  counteract  the  influence  of  any 
untoward  event  that  might  happen  during  the  saorifioe.  They  also 
contuned  imprecations  and  blessings,  and  various  formulae,  such  as 
popular  superstition  would  be  sure  to  sanctifm  at  all  times  and  in  all 
countries."  And  the  same  scholar  infers  that  it  ma  probably  pert  of 
the  office  of  the  Brahman  priest,  also,  to  know  snd  to  i^ply  these  aonga, 
whenever  their  effect  was  supposed  to  be  required  for  remedying  any 
mistake  committed  by  the  otJxer  three  classes  of  priests.  At  all  events, 
it  is  oertiun  that  the  Atharvaveda  ia  not  oompnsed  among  tite  saori- 
fieial  Vedaa,  and  that  its  later  date  may  be  safely  concluded  from  its  not 
being  mentioned  in  those  works  which  regulate  the  ancient  rites,  even 
if  such  posteriorit?  were  not  recogniBable  hosa.  the  language  of  those 
of  its  hymiis  which  do  not  occur  in  the  oUur  Tedas. 

By  comiparing,  however,  t^e  oontcnts  of  the  three  saoriflolsl  Yedas 
with  the  ritual  precepts  of  the  Ealpa  works,  we  may  ascertain  another 
important  &ct.  All  the  veraeu  of  the  Yajurveda  tuid  all  Uie  verses  of 
the  S&mareda  are  used  in  one  sacrifloial  act  or  another.  Sudi,  how- 
ever,  is  not  the  case  with  the  verses  of  the  R'igveda.  Many  of  the 
latter,  indeed,  are  likewise  {ndispMisaUe  for  eaorifloial  purposes,  as  we 
are  tau^t  Inr  the  ritual  books  oMmeoted  wUh  tUi  Veda;  yet  a  good 
number  remslu,  wbidi  stand  quite  aloof  from  any  ceremony.  This 
dogs  bean  purely  a  poetical  or  myatJoal  character ;  and  It  may  be  foiriy 
Inferred  that  even  the  sb^mg  tendnu?  of  later  agea  to  impress  an 
entirely  sacrificial  stamp  on  each  of  these  Yedas,  broke  down  bafore 
the  natural  and  poeticu  power  that  had  evidentiy  called  forth  these 
songs,  as  it  could  not  incorporate  them  amongst  the  lihuvic  hymns. 
We  may  quote,  for  instance,  a  hymn  from  the  tenth  HaQoala  of  tlie 
Rigveda  (from  Colebrooke^  *  Mbc  Ess.,'  t  p.  83),  aa  an  Illustration  of 
those  whic^  belong  to  the  mystical  poetry  of  this  Yeda.  It  runs  thua 
"Then  there  woa  no  entity  nor  nonentity;  no  world,  nor  aky,  nor 
aught  above  it;  nothing  anywhere  in  the  happiness  of  any  one, 
involving  or  involved ;  nor  water  deep  and  dangerous.  Death  was 
not  j  nor  then  waa  immortality ;  nor  diatinctioa  of  day  or  night.  But 
Tdat  lonthed  without  atOMion,  single  with  {Swadkd)  her  who  is 
witUu  him.  Other  than  him,  nothmg  existed  (wUoh)  since  (haa 
Darkness  there  was ;  (for)  this  universe  was  enveloped  with 
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daricnesB,  and  was  undistinguiahable  (like  fluids  mixed  in)  waters ;  but 
that  mass,  whioh  was  covered  by  we  husk,  was  (at  lei^gth)  moduoed 
by  the  power  of  contemplation.    F^rst,  dflrin  ms  iormsa  In  his 
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mind,  and  that  became  the  original  productive  seed;  which  the 
wise,  recognidiug  it  by  the  inteUeot  in  t^eir  hearts,  distinguish,  in 
non-entity,  as  the  bond  of  entity.  Did  the  luminous  ray  of  these 
(creative  acta)  expand  in  the  middle?  or  above!  or  below?  That 
productive  seed  at  onoe  became  providence  (or  sentient  souls)  and 
matter  <<ar  the  elements) :  ahe,  who  is  sustained  within  himself,  waa 
inlMor;  and  he,  who  heeds,  waa  superior.  AVlio  knows  exactly,  snd 
who  shall  in  this  w(n-ld  dedare,  whence  and  why  this  creation  took 
place?  The  gods  ue  subsequent  to  the  production  of  this  w<a4d; 
then  who  can  know  whence  it  proceeded  ?  or  whence  this  varied  wwld 
aroae  T  or  whether  it  uphold  itaeU  or  not  ?  He  who  in  the  highest 
heaven  ia  the  ruler  of  this  uniTens,  does  indeed  know;  but  notanother 
can  pcHsas  this  knowledge." 

An  instance  of  another  kind  of  Rigveda  hymns,  which  cannot  have 
served  any  sacrifidal  purpose,  ia  given  by  Profesaor  Hflller  in  his  excel- 
lent work  on '  Ancient  SanBkrit  Literature '  (p.  496).  Itbears  a  satirlod 
character,  inasmuch  sa  it  lidioules  the  elaborate  ceremonial  of  the 
Btahmons,  and  ia  rendered  by  him  thus :  "  After  lying  prostrate  for  a 
year,  like  Brahmans  performing  a  vow,  the  frt^  have  emitted  their 
Toioe,  roused  by  tbe  showers  of  heaven.  When  the  heavenly  waters 
fell  upon  them,  aa  upon  a  diy  fish  lying  in  a  pond,  the  music  of  1^ 
froga  comes  together  like  the  lowing  of  cows  with  tiieir  calves.  When 
at  the  approodi  of  the  rainy  season,  the  rain  has  wetted  them  as  they 
were  longing  and  thirsting,  one  goes  to  the  other  while  he  talks,  like  a 
sou  to  his  father,  saying,  'akkhalal'  (^xcxtf  xoi^oi^).  One  of 
them  embraces  the  other,  when  th^  revel  in  Uie  diower  of  water;  atul 
the  brown  frog  jumping  after  he  haa  been  ducked,  jdns  his  speech 
with  the  green  one.  As  one  of  them  repeats  the  speech  of  the  ether, 
like  a  pupU  and  his  teadier,  every  limb  of  them  is,  as  it  were,  in 
growth,  when  they  converse  eloquentiy  on  the  suri^  of  the  water. 
One  of  them  is  Cow-noise,  the  other  Qoa^noise ;  one  ia  Brown,  the  other 
Green ;  they  are  different  though  they  bear  the  aune  name,  and  modu- 
late their  voices  in  many  wa^s  aa  they  apeak.  Idke  Brahmans  at  the 
'  Soma  sacrifloe  of  Atir&tra,  sitting  round  a  fuQ  pond,  and  taUcina^  you, 
0  frogs,  celebrate  this  day  of  tite  year  when  the  lainy  season  bt^ina. 
These  Brahmans  with  their  Soma  have  had  thdr  say,  performing  the 
annual  rite.  These  Adhwatyun,  sweating  whilst  uiey  cany  the  hot 
pots,  pop  out  like  hermits;  Ttwy  have  always  obeorved  the  order  of 
the  gods  as  they  are  to  be  worshipped  in  the  twelvemonth ;  tiiese  men 
do  not  ue^ect  their  season ;  the  frogs  who  had  been  like  hot  pots 
themselvee,  are  now  released  when  the  rainy  season  of  the  year  seta  in. 
Cicw-noise  gave,  Qoat-noise  gave,  the  Brown  gave,  and  the  Oreen  gave 
ns  treasures.  The  frogs,  who  give  us  hundreds  covn,  lengthen  our 
life  in  the  rich  autumn."  In  another  hymn  of  tiie  last  ManiT*!^  a 
gambler  laments  over  tua  evil  passion,  woioh  b^;uileB  him  into  sin. 
Ail  these  and  similar  hymns  are  evidently  of  quite  a  different  charac- 
ter than  those  whioh  praise  the  power  of  tm  elementary  gods,  and 
oould  find  their  place  in  sacrificial  aota. 

But  there  is  nirther  cvidenoe  to  show  that  the  eoUeotion  of  the 
R'igveda  cannot  have  borne  originally  a  ritual  stamp.  When  songs  u« 
intended  only  for  Uturglc  purposes,  they  are  sure  to  be  arruiged  in 
conformity  wiUi  the  ritual  acta  to  which  th^  4>ply  i  when,  on  the 
contrary,  they  flow  ffom  the  poetical  or  pious  longings  of  the  soul, 
they  may,  in  the  course  of  time,  be  used  at,  and  adapted  fo^  religious 
ritM,  hut  they  will  never  submit  to  that  systematic  arrangement  whioh 
is  insaperable  from  the  dass  <rf  litui^gic  scmgs.  Now,  such  a  systematio 
arrangement  oharactajses  the  collection  of  tiie  Yajorreda  and  Sftma* 
veda  hymns ;  it  is  foreign  to  the  R'igveda-SaQiut&. 

With  tiie  exc«ition  of  the  last  book,  which  is  of  a  mystical  nature 
all  the  other  books  of  the  whole  Yajurveda  contain  verses  whioh  are 
classified  aooording  to  the  special  aaoriflcea  at  the  performing  of  which 
th^  were  muttered.  The  SaahitA  of  the  SAmaveda  conaista  of  vmes 
which  had  to  be  intoned  especially  at  the  mwm-plant  aaorifiee.  The 
artangement  of  the  Rigveda  hymns,  however,'  is  quite  of  a  diffuent 
kind.  It  resisted  tiu  order  of  a  finished  ceremonioL  The  Rigveda 
hymns  are  not  distributed  with  reference  to  sacrificial  acts ;  they  are 
partiy  arranged  according  to  the  divinities  to  whom  they  are  addr^sed, 
and  partly  aooording  to  their  authors,  the  Riabls,  who  mode  them 
known.  They  mnst  tiierafbre  have  preoedsd  the  completion  of  that 
ceremonial,  wnicb  is  the  indiqiaiBBble  otmdition  ol  the  BftmaTcda-  and 
YajnrTeda&nhitAs. 

Having  estaUiahed  the  geneial  diwaeter  of  the  four  Yedas,  we  diall 
now  ^ve  a  Mef  outline  of  their  apeclal  features  and  of  the  principal 
works  which  owe  them  thetr  origin. 

The  Rig-,  or  the  first  and  twindpsl,  Yeda»  we  possess  onhr  in  the 
recension  irf  the  S'AkhalasdiocL  Its  SanhitA,  w  collection  d:  hymn^ 
is  arranged  on  two  methods.  The  one  has  merely  r^;ard  to  the 
material  bulk  ;  the  other  seems  to  be  based  on  the  authorship  of  the 
MantiBS.  Both,  however,  run  psrallel  with  one  another,  without 
difiaiing  in  the  order  of  the  hymns  which  constitute  the  SanhitO. 
According  to  the  first  method,  the  SanhitA  ia  divided  into  eig^t 
A^t'aJcat  or  eighths,  each  of  which  is  again  subdivided  into  Adhydya* 
or  lectures,  an  Adhy^  consisting  of  a  number  of  Vwrgai  or  sectioni^ 
and  a  Yarga  of  a  number  of  JfteA  or  verses,  usually  five.  According  to 
the  second  method,  the  SanhitA  is  divided  Into  ten  Man'iHaUu  or 
circles,  subdivided  into  eighty-five  AnnvOkae  or  lusons,  which  consist 
aaa  thousand  and  seventeen  (or,  with  eleven  additional  hymns,  of 
osM  thffTHwM  and  twmtjr^c^t)  JMbtos  or  hymns,  these  sgain  oontaiiung 
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ten  thoonnd  five  hundred  and  eight;  uid  a  half  Steh  or  Tenea.  The  first 
eight  of  theae  Haa'd'alaa  begin  'vritii  hynma  addreased  to  Agni,  which 
are  followed  by  l^mna  addresaed  to  Indra.  After  the  Utter  oome 
generally  hymna  addrened  to  the  Vi^vx  Devdt,  or  the  gods  coUeotively, 
imd  then  those  whldn  are  devoted  to  othier  divinitiea.  The  ninth 
Han'd'ala  ia  antirdy  addraaBed  to  the  Boma-plaut,  aud  ia  eapecially 
connected,  tlierefore,  with  the  £UUna,Teda-Saiuiitft ;  while  the  tenth 
Uau'dalft  hu  oU^y  aerved  for  the  collection  of  the  Atharvftveda 
hynma.  Again,  aa  r^juds  their  author,  the  second  Afon'd'ala  contatna 
hymna  which  are  attributed  to  the  R'iahi  Q/itsamada;  the  third  is 
Bsid  to  belong  to  Viafw&mitn,  the  fourth  to  V&modeva,  the  fifth  to  the 
Atria,  the  aizth  to  Bharadwllja,  the  aerenUi  to  Vaatsht'lia,  the  eishth 
to  Kuva,  the  ninth  to  Angiras.  The  Arab  and  the  tenth  Man^'al* 
■re  aaoribed  to  the  anthoralup  of  TariouB  R'iahia. 

"The  wtnhip  which  the  SOktas  describe  comprehends  o&bring 
prayer  and  praise  :  the  former  are  chiefly  oblations  and  libations, — 
clarified  butter  poured  on  fire;  and  the  expressed  and  fennented  juice 
of  the  Soma-plant,  presented  in  ladles  to  the  deities  invoked, — in  what 
manner  does  not  exactly  wpear,  although  it  seems  to  have  been 
■piinklad,  somrtimM  on  the  fire,  aometimea  on  the  ground,  or,  n&er, 
on  the  JTv^a,  or  nored  gran,  stoewed  on  the  floor,  and  in  all  cases  tha 
reuduo  was  dnihk  by  tha  naaistants.  The  ceremony  takea  place  in  the 
dwcWng  of  the  worabipper,  in  a  chamber  appropriated  to  Ulo  purpose, 
find  probably  to  the  maintenance  of  a  perpetual  fire,  although  the 
frequent  allufiions  to  the  occaeionol  kindUng  of  the  sacred  fiame  are 
rather  at  variance  with  this  practice.  There  is  no  mention  of  any 
temiile,  nor  any  reference  to  a  public  place  of  worship,  and  it  is  Qlesr 

that  the  worship  was  entirely  domestic  That  animal  victims 

were  oS'ered  on  particular  occaaiona  may  be  inferred  from  brief  and 
obscure  allusions  in  the  hymns  of  the  first  book ;  and  it  is  infe^ible 
from  some  passages  that  human  sacrifices  were  not  imknown,  although 
infrequent  and  sometimeB  typical :  but  thoee  are  the  exceptions,  and 
the  habitual  offerings  may  be  regarded  as  oonsistiiig  of  ohuifled  butter 
and  the  juice  of  the  Soma-plant. 

"  The  86tta  alniost  invariably  combines  the  attiibtdM  ot  jnjm  and 
■pniao :  the  power,  tho  vostnesB,  the  generosity,  the  goodness,  and  even 
the  persoDM  beauty  of  the  deity  addressed  are  described  ia  highly 
laudatory  strains,  and  his  past  bounties  or  exploits  r^earaed  and 
glorified ;  in  requital  of  which  commendations,  and  of  the  libations  or 
oblatiiais  which  he  is  solicited  to  accept,  and  in  i^proval  of  the  rite  in 
hia  honour,  at  which  his  presence  js  invt^ed,  he  is  implored  to  bestow 
UeauDgs  on  the  parstni  who  has  instituted  th«  ceremony,  and  some- 
times, but  not  so  commonly,  also  on  the  author  or  redter  of  the 
prayer.  The  blessings  prayed  for  are,  for  the  most  port,  of  a  tMnpotal 
and  personal  description, — wealth,  food,  life,  puiterity,  cattle,  oows,  and 
horses ;  protection  against  enemies,  victory  over  them,  and  sometimes 
their  deetrucUon,  particularly  when  they  are  represented  as  inimical  to 
the  celebration  of  religious  rites,  or,  bi  oOier  word%  peofde  nob  pro* 
fessing  the  same  rdigioua  ioith.  lliere  are  a  few  Indicaticms  of  a  hope 
of  immortoUty  and  of  future  happiness,  but  they  are  neither  frequent 
nor,  in  genenu,  distinctly  announced,  olthou^  Uie  immortality  of  the 
gods  is  recognised,  and  the  poasibUity  of  its  attainment  by  hiuuan 
beings  exemplified  in  the  case  of  l^e  demigods  termed  R'ibhus,  ele- 
vated for  their  piety  to  the  rank  of  divinities.  Protection  a^unst 
evil  spirits  {Sd^atat)  is  also  requested,  and  in  one  or  two  passages 
Yama  and  bis  office,  as  ruler  of  the  dead,  are  obscurely  alluded  to. 
There  is  little  demand  for  moral  benefactions,  although  in  some  few 
inetonces  hatred  of  untruth  and  abhorrence  of  sin  are  expressed ;  a 
hope  is  uttered  that  the  latter  may  be  repented  of  or  expiated;  and 
the  gods  are  in  one  hymn  solicited  to  extricate  the  worshippers  fnmi  sin 
of  every  kind.  The  main  object  of  the  prayets,  however,  are  benefits 
of  a  more  worldly  and  physical  character :  the  tone  in  which  these  are 
requested  indicates  a  quiet  confidence  in  their  being  granted,  as  a 
;retum  for  the  benefits  which  the  gods  are  supposed  to  derive  trom  the 
offirings  made  to  them,  in  gratifying  their  bodily  wants,  and  from  the 
l^aiaes  which  impart  to  them  enhanced  energy  and  augmented  power : 
there  is  nothiog,  nowevM-,  which  denotes  any  particular  potency  in  the 
prayer  or  hymn,  so  as  to  compel  the  gods  to  comply  with  tiie  desires  of 
the  worshipper ;  nothing  of  that  enforced  neoessity  which  makes  so 
conspicuous  and  characteristic  a  figure  in  the  Hindu  mythology  of  a 
later  date,  by  which  the  pei-formance  of  austerities  for  a  oontmued 
period  constrains  the  gods  to  grant  the  desired  boon,  although  fraught 
with  peril  and  even  destruction  to  themselves."  (Wilson, '  R'ijrvedik' 
TOLip.ndii,ffi)  ,     ^  ™, 

If  we  ask  what  divinities  were  worshipped  by  tiie  authors  of  the 
It'igveda  hymns,  an  answer  is  givm  by  Ydska,  the  ddest  Yiddik  es^pite 
of  those  whose  writings  are  preserved,  in  the  following  mawmq- _ 
"  The  Vaidik  eiegote  says  thot  there  are  three  Devatls,  vii.,  Agni,  who 
resides  on  earth ;  V&yu,  or  Indra,  who  resides  in  the  intermediate 
rc^on  (betwera  heaven  and  earth) ;  and  SAtya,  who  resides  in  heaven. 
Because  each  of  these  Devatfis  has  a  variety  of  attributes,  there  are 
indeed  many  names  of  them  "  (vii.  5) ;  and  of  the  Devat&  there  is 
but  one  soul;  but  the  DevatA  having  a  variety  of  attributes,  it  is 


earth,  the  intermediate  rq^on,  and  heaven  :  (namely)  fire,  air,  and  the 
mm.   They  are  pronounced  to  be  (the  deities  of  tiie  mysterious 


severally) ;  and  (Fmj&pati)  the  lord  of  creation  Is  (the  duty)  ot  them 
collectively.  The  syllable  Om  intends  every  dei^;  it  belong  to 
(Paramesht'h'i)  him  who  dwells  in  the  supreme  abode ;  it  appertains  to 
(Brahman)  the  vast  one;  to  (Deva)  Qod;  to  (Adhy&tmau)  the  supor- 
intanding  souL  Other  deities  belonging  to  tiiose  several  regions  are 
portitms  of  the  three  gods;  for  they  ore  variously  named  and  described, 
on  account  of  th^  various  operations :  but  (in  fact)  there  ts  only  one 
deity,  the  Oreal  Soul  (HaMn&tm&).  He  is  called  the  Sun ;  for  he  is 
the  soul  of  all  beings :  (and)  that  is  declared  by  the  sage :  '  the  sun  ia 
the  soul  of  (jagat)  what  moves  and  of  (taathivot)  that  which  ia  fixed.* 
Other  deities  are  portions  of  him."  (Colebrooke,  *  Misc.  Ess.,'  L  p.  27.) 

If  we  took  this  account  for  a  correct  representation  of  the  Vaidik 
ereed  we  oould  not  but  draw  the  inference  that  it  was  based  on  the 
belief  in  one  god,  or,  at  least,  one  prindple  of  .creation,  and  that  the 
many  gods  met  with  in  the  Vudik  hymns  are  merely  poetical  allegories 
of  Uie  One  Qreat  SouL  We  have  quoted  indeed,  before,  a  mysti- 
cal hymn  of  the  R'igveda,  which  would  seem  to  countenance  this 
view.  But  an  unbiassed  examination  of  the  E'igreda  poetry  must 
lead  to  the  conclusion  that  religion  did  not  take  this  course  io  India ; 
Uiat  we  must  distinguish  between  one  or  more  hyoms.  evidently  the 
{vodoot  <^  a  later  and  {diilosophical  age,  and  the  bulk  of  that  ooUection 
which  contains  notiiing  but  the  adoration  of  the  eirauentary  powers 
in  their  various  manifestations  and  degrees.  Nor  can  we  give  an 
unqualified  assent  to  the  threefold  classification  of  the  Vaidik 
divinities,  as  fnvea  by  Tilska,  and  repeated  by  the  Anukramani ;  for 
neither  is  Agnis  abode  restricted  to  earth,  nor  oould  Indra  be  identified 
or  idaoed  on  the  same  level  urith  Tdiju,  nor  would  it  be  ooirect  to 
asrign  to  SArya  such  a  place  in  the  Taidik  pantheon  as  would  equalise 
his  rank  with  I3iat  of  A^  or  Indra.  The  real  position  and  quality  of 
the  principal  Vaidik  <iUvimtie8  of  the  R'igveda  is,  in  short,  this : — 
The  chief  deitiee  are  Agni  and  Indra,  the  two  gods,  as  we  have  noticed 
before,  to  whom  the  first  series  of  hymns  is  addressed  in  eight  out  of 
the  ten  Uan'd'ahia  of  tiie  SanhiUL  Agni  (from  <v,  "  to  move,"  Latin, 
^pa-)  is  the  Qod  of  Fire,  under  a  threefold  aspect  of  this  element : 
as  it  exists  on  earth,  in  its  daily  use  and  in  its  aacrifitoal  capadty,  as 
well  as  the  heat  of  digestion  and  the  priuciple  of  animal  and  ve^^ble 
life ;  secondly,  as  the  fire  of  lightning ;  and  thirdly,  as  tha  fire  of  the 
sun.  Agni  is  prused  therefore  as  the  originator  of  the  sacrifice,  and  as 
the  mediator  between  gods  and  men:  be  conveys  ofieringa  to  the 
fonuOT,  and  brings  the  gods  to  the  worshipper.  During  the  night  he 
protects  mortals  from  the  demons  who  haunt  the  altars  and  are  hostile 
to  religious  rites.  On  the  other  hand,  as  the  fire  of  lightning,  Agni 
is  the  "  son,  or  the  grandson,  of  tiie  waters ;"  and  as  the  fire  of  the 
sun  he  grants  wealUi,  food,  health,  and  life,  destroys  and  revives  all 
things.  Kot  many  subordinate  divinities  are  mentioned  in  his  train ; 
sometimes  the  MaruU,  or  Winds,  are,  but  they  are  more  frequentiy 
the  attendants  of  Indra;  and  the  Apris,  female  divinities,  which  also 
include  insensible  objects,  such  as  the  dooia  of  the  aaorifleial  haU.  The 
proper  ofiering  to  Aa33i  is  gku  (ghrita),  or  clarified  butter. 

Indra  (a  word  of  doubtful  e^rmoloCT,  probably  from  an  obsolete 
radical or  tHd,"  to  see  "or*' to  know^)u  the  powerful  god  of  the 
firmament  He  bestows  blesoings  and  riches  when  propitiated  by  the 
juice  of  the  Somo-plont,  which  is  his  appropriate  offering.  He  bos 
elevated  the  sun  and  fixed  the  ooDsteHations  in  tiie  sky ;  but  above  all 
he  is  the  ooiquaror  Fr'tfrn  ("the  envelc^er"),  tiie  denum  who  hides 
the  sun,  and  A  the  clouds  whidi  threaten  to  withhold  their  waters  from 
the  earth ;  he  pierces  them  with  his  thunderbolt  and  the  waters  are 
let  down.  He  is  also  repreeented  as  discovering,  and  rescuing  with  his 
thunderbolt,  the  cows  which  had  been  stolen  and  were  bidden  in  the 
hollows  of  the  mouutains  by  a  demon  named  Fan'i  or  Vala.  It  U 
possible  that  these  cows,  as  Prof essor  Whitmg' believes  ('Journal  Amer. 
Or.  Soc.'  iiL  p^  820),  are  meant  for  an  allegoiy  of  the  resnvoirs  of  water 
which  are  freed  by  Indra,  like  the  waters  in  the  myth  of  Yr'itra ;  but 
it  is  poatdble  also  that  this  le^nd  Is  mere\y  a  poetical  record  of  an 
occurrence  of  pastoral  life,  such  as  we  frequenUy  meet  with  in  the 
R'igveda  poetty.  A  subordinate  class  of  gods  who  are  naturally 
associated  with  Indra,  are  the  Marutt,  or  Winds ;  they  assist  Indra  in 
bis  batUes  with  Vr'itra  and  the  production  of  rain.  "  They  ride  on 
spotted  stags,  wear  ahiiitng  armour,  and  carry  spears  in  t^eir  hands ; 
no  one  knows  i^tho:  they  ccHue  nor  whither  they  go,  their  voice  is 
heofd  aloud  as  Ubey  come  rushing  on;  the  earth  Zombies  and  the 
mountains  shake'  before  them.  They  are  called  the  sons  of  Hudra, 
who  is  conceived  of  aa  peculiar  god  of  the  tempeet."  (lb.  p.  315.) 
Besides  them  a  god  of  wind,  Vdyu,  is  named ;  "  he  drives  a  thousand 
steeds ;  his  breath  chases  away  the  demons ;  he  comes  in  tiie  earliest 
morning,  as  the  first  breath  of  air  that  stirs  itself  at  day  break,  to 
drink  the  Soma,  and  the  Auroras  weave  for  him  "bintng  garments." 
This  god  is  amnetimes  identified  wiUi  Indra;  but  there  are  veraes  in 
which  both,  Indra  and  Yiyn,  ore  invoked  oonjointly  to  share  in  the 
sacrifica 

AmongBt  the  gods  assigned  by  Y&aka  to  the  sphere  of  heaven,  we 
have  to  notice  in  the  fiist  rank  the  Adit]/aa,  or  the  sons  of  the  Aditi. 
The  latter  word  means  "indeetractil^ty,"  and  the  Adityas  are  di»- 
cribed  as  "  elevated  above  all  imperfection ;  Ihey  do  not  sleep  or  wink ; 
their  character  is  all  truth  ;  they  hate  and  punish  guilt ;  to  preserve 
mortals  from  sin  is  their  highest  ofKce."  One  of  these  Adityas,  is 
Si2rt/a,  the  sun,  who  is  deacaribed  as  driving  a  chariot  drawn  by  seven 
golden  steeds,  and  is  also  peraonified  as  the  ornamented  bird  of  heaven. 
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But  he  does  Dot  occuot  that  prommflnt  rank  among  Yaidik  gods  which 
we  might  expect,  and  which  Beems  to  be  allowed  to  him  hj  Ydska. 
It  must  be  obflerved,  too,  that  some  other  words  which  mean  "  sun " 
in  dasncol  Sanakritj  especioUy  Savitr'i,  PAthan,  and  Aryataaa  are 
Ukewise  KiSiyaB  in  VaixJik  mythology;  and  that  ViMu  also  is  an 
Adit^  when  ha  u  identified  with  the  axm  in  its  three  stages  of  risej 
culmination, and  setting  ('Kigveda,'  i.  22,17).  Of  other  Adityas  more- 
over we  point  out  Varma  (&om  m'i  "  to  surround," — Greek,  Otiptam). 
He  is  the  "  all-embiacdng  heaven,  the  orderer  and  ruler  of  tiie  universe; 
he  established  the  eternal  laws  which  goven)  the  movements  of  the 
world,  and  irtuoh  neither  inunortal  nrar  mortal  may  break;  he 
TBgolKtod the  mmmib;  qppoiuted  sun,  mooo,  stan,  and  thrirooones; 

Sve  to  etch  oreatuie  that  which  is  peoaliaifychszaeteristio ....  From 
I  station  in  heaven  Varun'a  sees  and  hears  eveiytidng,  nothing  can 
remain  hidden  from  him."  He  is  said  to  be  the  divinity  presiding  over 
the  night>  to  support  tite  light  on  high,  and  to  make  wide  the  path  of 
the  sun :  he  grwts  wealth,  averts  evil,  and  protects  cattie.  He  is  fre- 
qnently  invoked,  together  with  Mitra,  another  Aditya,  who  is  the 
(uvini^  presiding  over  tin  day,  and  a  diapeniar  of  WMcr,  (WHson, 
'B'lgveda,'  i.  p.  zxxiv.) 

The  adoration  of  the  sun  is  naturally  connected  with  that  of  Vihai, 
"dawn,"  or  rather  ot  Uihaatu,  "  many  dawns."  "  She  is  addressed  as  a 
virgin  in  glittering  robes,  who  chases  away  the  darkness, ....  who 
prepares  a  path  for  the  sun,  is  the  signal  of  the  saorifice,  rouses  all 
beings  from  slumber,  gjves  sight  to  the  darkened,  power  of  motion  to 
the  proataata  and  he^^iesB.'*  (Whitney,' Joomal  Anw,  Or.  Soo./  iii 
p.  822.) 

The  last  divinitjes  which  deserve  our  special  attention  are  the  two 
At'-miu.  They  are  the  sons  of  the  sea,  and  are  represented  as  ever 
young  and  handsome,  travelling  in  a  golden,  three-wheeled,  tziaogular 
chariot,  drawn  by  an  ass  or  two  horses,  and  the  praoursore  of  the 
dawn.  They  are  called 2>afra«,"deatix>yerB  of  fevert^  of  diseases,"  for 
tiiey  are  tiie  pfajialoians  of  the  gods^  and  Ndtat^, "  never  \uitrue." 
Many  legends  are  oonneoted  with  their  oareer :  they  brought  back  to  a 
father  his  lost  child,  thOT  restored  the  blind  to  ught ;  tiiey  relieved 
one  man  of  lus  old  body  by  giving  him  a  new  one  instead;  tbey  sup- 
plied another  with  a  metal  leg  to  replace  the  one  he  hod  lost  in  battie ; 
they  assisted  sea&rers  in  their  perils,  and  so  on.  They  are  probably 
the  two  luminous  points  which  precede  the  dawn ;  some  compare  them 
witb  the  IKoaeuri  of  the  Greek. 

The  omatellationB  ore  never  named  as  objaota  of  wordiip,  and 
althoufi^  the  moon  appears  to  be  occasionally  Intended  under  the  name 
SfMM,  particularly  when  spoken  of  as  scattering  darkness,  yet  tiie  name 
and  tiie  adoration  are  in  a  much  leas  equivocu  manner  applied  to  the 
Soma^plMit.   (Wilson, ' R'igvada,'  i.  p.  xxvi) 

The  great  gulf  which  lies  between  this  etenentary  wotahip  of  the 
Bigveda  and  the  later  mythology  need  not  be  pcrfnted  out;  but  it  will 
not  be  widiout  interest  to  observe  liiat  we  alrea^  meet  in  its  poetry 
witii  some  of  those  names  whidi  assume  so  different  a  ohatacter  in  tiie 
e^no  poems  and  the  Puran'as.  Thus  Rudra,  the  &ther  of  the  Winds, 
becomes  in  the  later  mythoIoCT  another  name  for  S'iva,  who  is  un- 
known to  the  Taidik  hymns.  Their  Vjshn'u,  a  name  of  tiie  Sun,  and 
mw  of  the  Adityas,  is  the  aeoond  person  of  the  later  Hindu  triad;  and 
Uie^tlMtTixvikriun^OT''hewlio  takes  three  itepa/' wbidi  means, 
as  we  have  seen,  the  sun  in  its  three  stages,  gives  rise  to  the  myth  of 
the  fourth  AvatAra  ot  Vishn'u,  when,  aa  a  dinrf,  he  strides  over  the 
three  worlds— earth,  intermediate  space,  and  heaven — and  compels  Bali, 
who  threatened  the  sovereignty  of  Indra,  to  seek  refuge  in  Tartarus. 

From  the  nature  of  this  worship,  and  from  the  dedre  for  food, 
oattle,  and  the  like,  so  frequenUy  expressed  in  tiie  hymns,  it  has  some- 
time* boen  infoETed  that  the  conditim  of  life  as  depicted  in  these 
hymns  was  that  ot  a  nomadic  and  pastoral  people.  There  can  be 
nothing  more  erroneous,  if  we  look  upon  the  actual  oolleotion  of  the 
hymns  as  a  whole ;  as  we  did — and  in  the  present  state  of  Sanskrit 
^ilolt^  are  compelled  to  do — when  drawing  the  previous  sketch  of 
the  andent  Hindu  belief.  This  collection,  on  the  contrary,  gives 
abundant  proof  that  the  Hindus  of  the  R'igveda  were  settled  in  vilhlges 
and  towns,  tiiat  they  were  a  manufacturing  jwople ;  for  weaving,  tiie 
melting  of  metallic  substanoes,  the  fabricmon  of  golden  and  iron 
mails,  of  ornaments,  and  the  like,  are  not  unfrequenUy  alluded  to.  It 
is  remarkable  also  that  they  were  a  seafaring  and  a  mercantile  people. 
Even  a  naval  expedition  against  a  fordgn  isUnd  is  meotionod  in  a 
hymn  (i.  116,  8).  Tugra,  a  friend  of  the  As'wins,  we  are  told,  "sent 
(his  son)  Bhujyu  to  sea,  as  a  dying  man  parts  with  his  riches ;  but  you 
(As'wins)  brouj^t  him  hack  in  vessels  of  your  own,  floating  over  the 
ocean,  and  keeping  out  the  waters.  Tliree  nights  and  tiiree  days, 
Nfisatyar,  have  you  conveyed  Bhujyu  in  tiiree  rapid  revolving  cars, 
having  a  hundred  wheels,  and  drawn  by  six  horses,  along  the  wateiy 
bed  of  the  ocean  to  the  ijiore  of  the  sea.  This  ea^oit  you  achieved, 
As'wins,  in  the  ocean,  where  there  is  nothing  to  give  support,  nothing 
to  rest  upon,  nothing  to  cling  to,  that  you  wonght  Bhujyu,  suling  in 
a  hundred-oared  ship,  to  his  fatiier's  house."  We  find  them  in  pos- 
session of  musical  instruments,  practising  medidne,  oomputing  the 
division  of  time  to  a  minute  estent;  and  tiiere  is  sufficient  evidence 
in  the  hymns  to  show  that  they  had  not  merely  laws  of  buying  aud 
selling,  but  even  such  complicated  laws  of  inheritance  as  we  meet 
with  in  the  most  advwced  period  of  Hindu  life.  According  to  the 
latter,  for  instance,  a  son  is  the  heir  of  the  paternal  pn^nty,  to  the 


exclusion  ot  a  daughter,  as  she  transfers  her  property,  by  way  of 
dower,  to  another  family.  But  in  default  of  a  direct  male  heir,  the 
sou  of  a  daughter  may  perform  the  funeral  rites,  or,  what  is  equi- 
valent, inherit  the  pattKmal  property,  provided  that  tiie  daughter  be 
app<n»ted  for  sudi  a  purpose  when  given  in  marriage.    (See  Colo- 


lation): — ^"The  sonless  father  regulating  (the  contract)  refera  to  his 
grandson  (the  son)  of  his  daughter,  and  relying  on  the  efficiency  of 
tiie  rite,  honours  his  (son-in-law)  witii  valuable  gifts ;  the  father,  tanst- 
ing  to  the  impregnation  of  the  daughter,  supports  himselt  with  a 
tranquil  mind,  (A  sod)  bom  of  the  body,  does  not  transfer  ^tenial) 
wealth  to  a  sister;  he  has  made  (her)  the  receptacle  of  tiie  embryo 
of  the  husband;  if  the  parents  procreate  children  (of  ather  sex), 
one  is  the  performer  of  holy  acts,  tiie  other  is  to  be  enriched  (with 
gifts)." 

That  so  advanced  a  state  of  social  life  oonld  not  remain  without  its 
evils  and  vices  is  obvious ;  we  find  hymns  wlii<^  deacaibe  gambling^ 
which  speak  of  robbers  and  thieves,  m  secret  births,  lA  youths  asso* 

ciating  with  courtesans. 

This  sketch  of  the  religious  and  social  condition  of  ancient  India 
rests,  as  mentioned,  on  the  supposition  of  the  R'igveda-SanhiUl  having 
always  been  that  which  it  is  now — in  fact,  on  the  native  theory  of 
the  eternity  of  the  Veda.  In  the  beginning  we  quoted  some  passagea 
from  the  'Purfla'as' which  show  tiuttheseute  wodootioai  n  Hindti 
religim  look  upon  all  the  Vedas  as  created  by  Brabm&;  but  we  also 
pointed  out  that  the  poets  of  the  hymns  are  held  even  by  the  oldest 
authorities  to  be  inspired  seers,  who  received  them  from  the  deities. 
Mr.  Muir,  in  one  of  the  most  interesting  and  elaborate  works  of  Sans- 
krit philology,  the  '  Original  Sanskrit  Tests,'  has  given  other  and  very 
copious  proof  that  the  dootrioe  of  the  eternity  of  the  Veda  pervaded 
the  poetry  and  the  philosophical  reasoning  onc^t  and  medinval 
India ;  and  we  must  contnt  ourselves  witti  refeiTing  for  further  detell 
to  the  third  volume  of  this  excellent  record  of  the  '  Original  Texts.* 
It  may  suffloe  therefore  to  add  that  even  the  difierences  which 
between  the  various  editions  of  the  sacred  texts  were  explained  away 
by  an  ingenious  theory.  It  says  that "  the  Vaidik  texts  got  lost  in  the 
several  Prala^raa,  or  destructions  of  the  worlds;  and  muoe  eadil£an- 
wantara  hod  its  own  revelation,  which  diflfered  only  in  tiw  ex[M:eaBi<ni, 
not  in  the  sense  of  the  Vaid^  texts,  the  various  vodons  rnaesent 
these  successive  revelations,  which  were  remembered  tiirough  their 
excessive  accomplishments  by  the  R'iahis."  ('  Orig.  Sanak.  Texts,'  iiL  p. 
281,  282.)  In  ^ort,  thou^  according  to  this  theory,  a  succession  of 
revelations  is  admitted  by  the  Hindu  divines,  they  are  conceived  of  as 
a  reproduction  of  the  fijst  revelation,  which  comprised  t^e  whole  bulk 
of  the  saored  text. 

The  utter  imt«obabili^  of  an  mig^nal  oontemporaneousness  of  all 
tile  hvmns  of  the  R'igreaa  is  such  that  a  theory  founded  on  it  would 
scarcely  require  a  remark  for  the  non-Brahmanic  student  of  Hindu 
antiqmty.  In  reading  tiiese  hymns,  such  a  student  would  not  foil  to 
perceive  that  some  descrilM  the  most  primitive  features,  and  others — 
as  we  have  shown — the  most  compli^ted  mechanism  of  sodal  life ; 
that  in  some  the  first  bud  td  religious  life  is  peron)tiU^  while  otiun 
c<mtain  "the  full-grown  fralt  of  long  experience  in  though  or  mufc 
the  end,  not  the  beginning,  of  a  phase  of  religious  development.'  In 
other  words,  he  would  perceive  the  gradual  and  historind  growth  of  that 
oldest  document  of  the  Brahmanio  creed,  the  R'igvedo-SaohitA  But 
even  the  Brahmanio  student  could  not  remain  indifferent  to  the  faat, 
that  the  Iqrmns  themselves  destroy  this  theory  of  the  eternity  of  the 
Veda,  built  sp,  as  it  was,  in  a  priestly  and  systematiaing  age,  iWe 
are  passages,  for  instancy  in  which  the  Rlshis  themselves  deeoribe 
themselves  as  oompoecTB  or  "fabricators"  or  "generators,"  not  as 
"seers"  of  the  hymns.  "This  hymn,"  we  read  in  one,  "has  been 
made  to  the  divine  raoe  by  the  sages."  "  Thus,  0  Indra,"  says  another, 
"have  tiie  Gotamas  made  for  thee  pure  hymns;  "  or,"desinng  wealth, 
men  have  fcuhioned  (lit.  fabricated)  for  thee  this  hymn,  as  a  skilful 
workman  (wnicates)  a  car ; "  or, "  ^us  have  the  GrltaomadaB,  desiring 
suooour,  fatkitmed  (lit.  fabricated)  for  thee  a  hymn,  as  men  make 
roads ; "  or, "  the  sages  generaUd  a  pure  hymn  and  a  prayer  to  Indra; " 
"  Wise  Agni  B&tavedas,  I  generate  a  hymn  for  thee^  who  reoeivest  it 
with  favour ; "  and  so  on  in  numerous  other  instances,  (Muir, 
'  Orig.  Sansk.  Tuts,'  iii.  [m.  128-140.) 

In  other  hynua,  says  Hr.  Muir  (lb,  p.  117),  "the  .  .  .  ,  passages 
from  the  R'igveda  either  expressly  distinguish  between  contemporoiy 
R'idiis  and  those  of  a  more  ancient  date,  or,  at  any  rate,  make  reference 
to  the  one  or  the  othw  class.  This  recognition  of  a  succession  ot 
R^shis  constitutes  one  of  the  higtorical  elements  in  the  Veda,"  If  this 
aucoessiim  were  simply  one  of  the  poets,  it  might  seem,  from  a  Brah< 
manie  pcnnt  fA  view,  to  be  not  incompatible  with  the  theory  men- 
tioned DefcHw:  but  it  appeois  in  conjunction  irith  the  narration  of 
ovents,  and  thus  excludes  the  possilulity  of  their  original  oo»vity. 
"  Those  gods,"  we  read,  for  instance,  "  who  fonneriy  grew  throu^ 
reverence,  were  altogether  blameless.  They  caused  tiie  dawn  to  rise, 
and  the  sun  to  shine  for  VAyu  and  tiie  afflicted  Manu ; "  or,  "  listen  to 
S'y&vAswa  pouring  forth  libation^  in  the  same  way  as  thou  didst  listm 
to  Atri  when  he  celebrated  saOTod  rites."  (CoDp,  ICoir,  '  Orifr  SaiuJb 
Texts;  iii.  pp.  1 111-128.) 
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AVIiiohoTpr  Tiow,  therefore,  one  takes.  It  u  dear  that  thsrs  ore 
perioda  in  the  ■mogemMit  of  thoee  thousoDd  and  tweuty-dght  hymns 
which  form  the  preseat  fi'lgreda^SanhitA,  and  that  tlie  growth  <^  tiie 
rdigioua  and  social  life  of  anoient  India  cannot  be  fully  nndentood 
until  we  have  a  knowledge  of  iho  reli^Te  age  at  least  of  theae  hymna, 
aince  their  real  date  may  perhapa  for  ever  remain  aa  much  beyond  the 
control  of  philolo^eal  reaeanh  aa  it  has  remained  hitherto.  In  some 
casaa  the  deserifm<m  of  erenti  or  the  allusion  to  institutions  of  a 
domestic  or  public  kind,  in  others  the  character  of  the  religious  notions 
fxpreased  and  the  detail  of  the  ritea  explained,  may  lead  to  a  aurmise 
as  to  the  chronological  relation  of  certain  hynma ;  but  since  the  aonnd- 
ness  of  a  criteri(m  of  this  kind  will  m<n«  or  leas  dntend  on  personal 
feelings  or  views,  a  safer  footing  is  obtaiiwd  in  those  hymns  where  the 
R'ishi  himself  refem  to  »  predeoegacg  who  is  the  poet  of  another  hymn, 
or  to  events  anterior  to  mm,  met  with  however  in  other  portions  of 
R'igTeda  poetiy.  For  there  it  ia  paniUe  at  onoe  to  establisn  a  relative 
order  in  time  between  such  hymna.  But  as  instanoea  ot  this  deaorip- 
tuHi  are  rare,  the  real  burden  of  proof  will  probabiy  always  rest  with 
the  linguistic  fadia  that  may  be  gathwed  from  the  various  hymns. 
They  are  the  stubborn  monumenta  which  ruse  their  heads  above  the 
coufuiioQ  created  by  the  syatematising  arrangement  of  later  times. 
As  yetj  however,  Sanakrit  philology  baa  dmie  little  or  nothing  to 
enable  us  to  see  dearly  in  the  mist  of  the  gradual  develc^nnent  (rf  the 
Vddik  age.  It  is  struggling  even  at  in«sent  to  save  the  very  meaning 
of  the  Vaidik  words,  as  handed  down  to  us  by  native  achohunihip, 
and  the  grammatical  explanation  of  the  Vaidik  commentaries,  from  a 
conceit  which  strives  to  substitute  its  own  fanciful  notions  for  the 
traditional  lore — the  onfy  real  means  we  poasoas  for  nnderstanding 
these  anoieDt  texts. 

If  now  we  turn  to  the  SaohitAs  of  the  next  two  Vedaa,  our  attention 
will  be  particularly  engaged  by  the  purpow  for  which  they  wwe 
collected,  or,  as  observed  before,  for  which  they  were  either  entirely, 
or  for  the  most  part,  extracted  from  the  R'igveda-SanhitA.  This  pur- 
pose, we  stated,  was  a  liturgic  one.  The  verses  of  Uie  Sftmsveda  weie 
mtoned  at  those  sacri&dal  acta  which  were  performed  with  the  juice  of 
the  Somarplaut.  A  short  acoonnt  of  the  manner  in  which  t^e  libations 
of  this  juioe  were  prepared  and  offered  to  the  gods  is  given  in  the 
introduction  of  Stevenson's  translation  of  Uie  Steuveda.  "  Tlw  first 
thing  to  be  done  is  to  collect  the  Soma,  or  moon-plant,  and  the  aranl- 
woodfor  kindling  the  sa<»«dfit«;  and  this  must  be  done  inamoonli^t 
night,  and  from  the  table-land  on  the  top  of  a  mountain.  The  moon- 
planta  must  be  plucked  up  from  the  roots,  not  out  down ;  and  after 
Ddng  stripped  of  their  leaves,  the  bare  stems  are  to  be  laid  on  a  oait 
drawn  by  two  nuns  or  he-goats,  and  by  them  to  be  brought  to  the 
house  of  the  Tajamina,  the  mstitutor  of  the  saorifioe,  for  whose  a 
dal  benefit  and  at  whose  expense,  all  the  oeremoniea  are 
The  stems  of  the  plants  are  now  deposited  in  the  hall  of  oblaHon  .... 
bruised  by  the  Bndunons  with  stones,  and  then  put  between  two  planks 
of  wood,  that  they  may  be  thorou^Uy  squeeaect  and  the  jnloe  ex- 
pressed. Thestalka,  with  their  emivsaed  juice,  are  then  placed  over  a 
strniner  made  of  goats'  hair,  sprinkled  with  water,  and  squeesed  by  the 
fingers  of  the  ofBciating  Brahmans,  one  or  two  of  which  must  be 
adorned  witi  flat  gold-rings.  The  jnioe,  mixed  with  water,  now  makes 
its  way  through  the  strainer  and  drope  into  the  Dron'a  Kalaao,  the  re- 
ceiving veesd  placed  below,  and  situated  at  that  part  of  the  Yajnavedi 
(orsacrifioialground),  called  the T(Hii,<»r  womb. .. .  The  juioc^  already 
diluted  with  water,  is  in  the  Dron'a  EaJasa  furtiur  mixM  vrith  barley, 
clarified  butter,  and  the  flour  <a  a  grain  called  by  the  W^tj^—  ^gari, 
tile  Sanskrit  names  of  which  ore  tUvdra  and  tr'n/adhdnva-  It  is  now 
allowed  to  ferment  till  a  spirit  is  formed,  after  which  it  is  drawn  off  for 
oblations  to  the  gods  in  a  scoop  called  tnuh,  and  in  the  ladle  colled 
chuMua,  for  consumption  by  the  officiating  Brahmans.  The  vessd, 
scoop,  and  ladle,  are  all  nude  of  the  wood  of  the  cateohu-tree  (ifimoaa 
eattxMu).  Ninedi^  ore  mentioDad  in  the  BhAshya  as  required  for  the 
putificatoiy  ritea. ...  There  are  thne  oblatlonB  ofSarA  doUy;  oat 
eai^  in  the  morning,  one  at  noon,  and  one  at  night," 

Tne  sacrificea  at  which  such  oblations  were  offered  are  Very  nume- 
rous The  prindpol  one  seems  to  have  been  the  JgotiaUoma,  a  great 
■oorifice,  which,  if  complete,  consisted  of  seven  laiuASs  or  stages,  each 
occupyine  the  space  of  sevenl  days.  The  MlmAmdstB,  however,  pro- 
bably yielding  to  the  neoeaeity  of  drcumstoncM,  otmsider  the  Ag»i- 
Acoma  only,  the  first  stage  of  the  Jyotaahf  oma,  ss  oUigi^oiy  for  the 
performance  of  this  rite;  while  they  look  upon  Uie  six  others— the 
Atyagnishf oma,  Ukthya,  ShodWin,  Atirttra,  Aptoryima,  and  VAja- 
I5y»-«  voluntary  and  supererogatory.  "  The  Soma  ofiering,"  says  Dr. 
Wmdischmum,  in  his  'Dissertation  on  the  Soma  wor^p  of  the 
Ariaas,  "was  unquestionably  the  greatest  and  the  holiest  oifering  of 
tiie  ancient  Indian  worship.  The  sound  of  the  triiAling  juice  is 
regarded  as  a  sacred  hymn.  The  gods  drink  the  (^Eared  beverage ;  thOT 
long  for  it  (as  it  does  for  them) ;  they  are  nouridiad  hy  it,  and  thrown 
into  a  joyous  intoxicaticHi ;  this  is  the  case  vrithlndra  (who  performs 
hu  great  deeds  under  ita  infiuence),  witii  the  As'wins,  the  Haruts, 
sod  Agni.  lie  bewage  is  divine,  it  purifiee,  it  inspires  greater  joy 
than  ^cohd.  it  mtoxicates  S'ukra,  it  is  a  water  of  life,  protects  and 
nouruhes,  gives  health  and  immortalU?,  prepares  the  way  to  heaven, 
destroys  enemies,  ic  The  SAmaveda  distingnishes  two  kinds  of 
Sonu,  the  green  and  ^yellow;  but  it  is  the  n^Een  edour  whidi  is 
for  the  mart  pstcdehnted."  (Uuir, '  Orig.  SsaA  T^zts,'  liL  ^  ilh) 


And  these  exhilarating  and  inebriating  properties  of  the  plant, 
divested  from  their  poetical  association  witii  the  gods,  suffideotlj 
explain  the  religious  awe  in  whioh  they  were  held  hj  a  pat^e  which 
learnt  to  expoienoe  their  inflneoce,  and  Moribed  them  to  some 
mysterious  cause. 

Having  explained  before  that  the  SAmavoda  verses  are  entirely  taken 
from  the  R'igveda-SanhitA,  we  may  now  show  the  artificial  manner 
in  which  these  eztraoto  were  brought  together  for  the  purpose  described, 
and  how  little  value  they  posBoss  as  a  poetical  anthdo^.  The 
SonhitA  of  the  SAmaveda  otsnsts  of  two  separata  portions.  The  first, 
called  AnAika,  or  (Mmdogmtka,  is  composed  of  five  faimdnd  and 
eight^'^ve  verses ;  the  seoond,  called  SUuiihika,  or  UttarAgraoAa, 
contams  twdve  hundred  and  twenty.five  verses.  The  verses  of  the 
fint  are  arranged  into  flfty^iine  Da^atij  or  decades,  subdivided  again 
into  Pra'pStKaka*,  or  chapters,  with  another  subdivision  intoJrdAo* 
prapdt'iialeat,  or  half-ohapters.  The  second  portion  is  also  divided 
into  iVopdt'Aaia*  with  Jrdj^prop^AaJsat/ these  howev^  fm-the 
most  part  arranged  according  to  triplets  of  verses,  the  first  <tf  whidi  is 
already  contained  in  the  Archika  portion,and  thus  appears  twice  in 
the  Staiaveda-SanhitA.  This  first  verse  is  called  the  roni-verse,  or  the 
womb-verse,  that  in  whioh  the  two  otiiers— the  VttarSt — are  generated, 
because  all  the  modifications  which  take  plaoe  during  the  intonation  of 
the  former^the  modulations,  disruptions  of  letters,  stoppages,  Ac. — 
must  be  likewise  observed  at  the  '*»»*'"g  tA  tiie  latter.  These 
modifications  are  taught  in  the  QAnas,  ot  song-boi^,  t^  V^ogAna 
and  ^Ttm'yagdM,  which  contain  the  compoution  of  the  Arnhika,  and 
the  Uhag&na  and  Vhyagdna,  which  comprise  that  of  tiie  SUubhika.  In 
the  Ardiika  ptM^n,  the  verses  of  the  R'igveda  are  nearly  always 
disjoined  from  the  connection  ia  whioh  they  originally  stood,  while  a 
somewhat  greater  continuity  ol  extracto  is  oDserved  in  the  StaubUfco. 
In  a  very  Taluable  qmopsis  given  Profeoaor  Whitney  (in  the  seoond 
vdnme  of  rrofaasor  Weber's  *  Indische  Studien  '\  it  is  shown  in  what 
proporticm  these  extracts  were  made  from  the  R'igveda ;  it  enables  the 
student  moreover,  by  oomporing  both  cdleotitms,  to  ssoertdn  that 
the  compilers  of  ihe  SAmaveda  oompletdy  lost  sight  of  the  origiiMl 
nature  of  the  Rigreda  hymns,  and  of  their  poetical  worth ;  that  no 
respect  was  paid  to  the  intenity  of  the  poeta'  thoughts,  or  to  the 
motives  whidi  called  forth  their  lays.  Still,  however  inferior  the 
collection  of  the  SAmaveda  is  to  that  of  the  R'igveda,  so  powerful  in 
the  poetical  greatness  of  the  prindpal  Veda,  that  it  ooiud  not  bd 
entirdy  destroyed,  even  in  the  fprbled  aseemUags  of  its  verses  in  the 
SAmaveda. 

But  even  this  mite  of  eestbetical  praise  can  soarody  be  bestowed  on 
the  Y^^jurvedaSanMtd.  Like  the  SAmaveda,  it  also  is  a  lituigio  book : 
it  also  has  largdy  drawn  on  the  R'igveda  hymns.  Bat  the  ntst  diifo- 
rence  we  obsove  is  that  ita  contents  are  not  eotfady  taken  from  tha 
prindpd  Veda,  and  the  second  is  marked  by  the  dnnimstanoe  that  ii 
often  combines  with  verses  passages  in  prose,  which  are  called  yq;K« 
(lit.  "  that  by  which  the  sacrifice  is  effected  "),  and  have  Biven  to  the 
Yajurveda  ita  name.  Beside^  the  oerwnonial  for  whidi  tms  Yeda  waa 
made  up  is  much  more  divwsified  and  daborate  than  that  of  tha 
SAmaveda,  and  the  mystical  and  pbilosophicd  alludons  which  now  and 
then  i^pear  in  the  Bigvedo,  probably  m  its  latest  portions,  assume  a 
mora  prominent  place  in  the  Yajurveda.  In  one  word,  iti»  the  saori- 
fidd  Veda,  as  its  name  indicates.  Henoe  we  nnderatand  wl^  it  wis 
looked  upon  in  tiiat  period  of  Hindu  dvilisatim  which  was  engnased 
snparstitions  and  rites,  oath*  prindpal  Veda, superior  in  iaei  to  tha 
R^gveda,  where  there  is  no  system  of  rites.  To  EUyan'a,  for  instance,  the 
great  oommoitator  of  the  Vedos,  who  lived  only  four  centuries  ago, 
the  poetry  of  the  Bigveda,  and  even  tha  collection  of  the  SAmaveda, 
are  of  fiur  less  importance  than  the  Yajurveda.  "  The  R'igveda  and 
SAmaveda,"  he  says,  in  hia  introduction  to  the  Tdttiilva-SanhitA, 
"  are  like  fresoo-paintingB,  whereas  the  Yi^urreda  is  the  waU  on  whidi 
they  stand"  (HfUlar,  'Ana  Sansk.  UV  p.  17ff};  and  it  ia  on  tha 
ritud  worfci  eonneeted  with  tbe-oldest  raoennon  of  this  Veda  that  (he 
speculations  of  the  MtmAnsists,  who  refer  their  doctrine  to  the  SAtzas 
(A  Jaimini,  are  based.  (Qoldstttoker, '  PAnlni,'  p.  9.) 

There  is  one  remarkable  foot  to  be  noticed  in  the  history  of  this 
Veda,  which  has  no  paralld  in  that  of  the  other  Vedas,  a  sdiism  to 
whioh  its  oolleotkMi  gave  dm,  and  which  ended  in  tha  putting  forth  trf 
two  Yajurveda  texts,  tha  one  aasoming  the  name  of  the  Hladc,  the 
othw  that  of  the  Whits  Tajnrvada.  Tb»  '^din'u-ParAn'a,  iiL  5.  2 
(and  nesr^  in  tiie  same  manner  the  V^u-PurAn'a),  contain  the 
following  legend  concerning  the  origin  of  this  schism :  "  YAjnavolkya, 
son  of  BiahmarAti,  was  Vois'ampAyana's  disoiple,  eminently  vereed  in 
duty  and  obedient  to  his  teacher.  An  agreement  hod  formerly  been 
made  by  the  lluius,  that  any  <HW  of  their  number  who  should  fsil  to 
attend  at  an  snnmnhlT  on  Mount  Mara  cm  a  certain  dur  should  Incur 
the  guilt  of  Brahmantdde  within  a  period  of  seven  nij^tsL  Vala'am- 
pAyana  was  the  oiily  person  who  infringed  this  agreement,  and  he  la 
oonsequoioe  occasioned  the  death  ot  his  dater's  dbild^  hj  tooshing  iSt 
with  his  foot.  He  th«i  deared  all  his  disdples  to  perform  in  his 
behalf  an  axpoatim  which  should  take  «wty  his  guil^  and  forbade  any 
hedtation.  YAjnavatkya  then  said  to  him, "  Reverend  sir,  what  is  the 
neoossity  for  these  fiunt  and  ieeUe  Brahmans  f  /  will  perform  the 
expiation."  The  wise  tsadur,  incsused,  replied  to  YAjnavalkya, 
"  UontfliBner  of  Brahmans,  nva  up  all  that  thou  hast  learnt  from  me ; 
I  hare  do  need  of  a  disobe&eiA  disdple,  irtio,  like  thae^  itigniatiies 
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theM eminent Brahnuuis as  feeble."  Tujosvalkya  rejoined,  "It  was 
from  devotion  (to  thee)  that  I  said  what  I  did;  but  I,  too,  bare  done 
with  thee;  here  is  all  that  I  have  learnt  from  thee."  Having  sjioken,  he 
Tomited  forth  the  identical  Yajua  texts  tiuntedwith  blood,  and  giving 
them  to  hia  murter,  h«  departed  at  his  will  The  other  pupils  having 
HMD  beooma  tnnaformed  into  partridges  (ftftM)  ^eked  ap  the  Tajtu 
texts,  and  were  thence  called  xdttlrlyaa.  And  thorn  irha  had  by  their 
teacher's  command  performed  the  expiation,  were  from  this  perform- 
anee  {eharan'a)  calwd  CSwraUdhwaiyus.  Yijnavalkya  then,  who  was 
halntuated  to  Qa  exerdse  of  suppreasiiig  his  breath,  devoutly  hymnod 
the  smi,  desiring  to  obtain  Yajua  texts.   [The  hymn  follows.] 

Thus  oslebnted  with  these  and  other  praises,  the  son  assumed  the 
krm  of  a  horae,  and  said,  "  Ask  irtiatavar  boon  thoa  derirestk" 
TJ^naTalkya  tiun,  prostoiting  himsaU  before  the  lord  of  the  di^, 
RipBed,''OiTeme  aoeh  Yajus  texts  as  my  teacher  does  not  jposseBS." 
ThtiB  snpplioatad,  the  son  nve  htm  the  Yajus  texts  called  Ayatay&ma, 
whidi  were  not  known  to  bis  master.  Those  by  whom  these  texts 
were  studied  were  called  V&jios,  because  the  sun  (when  he  gave  them) 
aammed  the  shape  of  a  horse  (v&jin)."  (Uuir,  'Ortg.  Sansk.  Texts/  iiL 
pp.  82,  88.) 

However  absurd  this  legend  may  be  oonoeived  to  be,  the  two  recen- 
sions of  the  Yajurveda  which  preserved,  plainly  b«ir  out  the  &ct, 
that  the  "  White  "  Yajurveda  is  more  recent  than  the  "  Black,"  and 
that  the  former  is  evidently  intended  as  an  improvement  of  Uie  latter 
— whence  it  is  but  reasonable  to  infer  that  such  an  infringement  on  an 
existing  text  cannot  have  taken  place  without  some,  and  probably  a 
great,  conflict  between  the  followers  of  the  one  and  the  originBtors  of 
the  other.  To  understand,  however,  the  natore  of  this  Improvement, 
we  must  advert  to  the  character  (tf  tiie  older  text. 

It  has  been  stated  before,  that  each  Veda  consints  of  a  collection  of 
hymns  —the  SanhitA  portion — and  of  a  BrAhmau'a  portion,  which  is 
especially  intended  for  the  explanation  of  tiie  rites  at  the  performance 
of  which  the  hymns  were  emplOTed.  This  division  is  maintained  in 
its  pntity  ao  far  as  tiie  K'Jg-  and  silma-veda  are  oomeerDed.  It  is  greatly 
obioarecC  however,  in  the  1Uttirtya-Sanhit&,  or  that  of  tiie  *'Black^ 
Yajur-veda.  Tliere,  verses  and  deacription  of  ritual  occur  promis- 
cuoualy ;  it  is  in  reality  a  textbook  for  the  guidance  of  the  Adhwaryu 
priest,  i^iile  the  Hotr'i  and  Udg&tri  had  to  study  their  speoal  ritual 
txxJcSfin  order  to  knowwhen  any  particular  veiHo  of  their  Sanhitfta  ought 
to  come  in  at  a  ceirtain  rite.  This  motley  character  of  the  Taittiilya- 
Saahitft  ia  probaUy  indicated  the  epithet "  Black,"  or  "  Dark,"  which 
Is  given  to  the  oldeet  reoenmon  of  the  Yajurveda ;  and  though  the 
nttiria  may  be  a  reel  proper  name,  tite  meaning  of  this  word  being 
"parbidge,'  it  ia  not  impossible  Uiat  this  coincidence  suggested 
the  etymological  legend  mentioned  above.  Now,  the  impurity  of  this 
text,  as  intimated  by  the  legood,  its  "  darkness,"  as  it  were,  is  removed 
in  the  "White'  Yajurveda,  which  is  ascribed  to  the  B'isbi  Yftjna- 
valkya;  (or  in  the  labtar  we  poaaasa  a  "  dear  "  SanfaitA  and  a  "  dear  " 
Bifthmaa'a. 

The  topics  treated  of  in  both  redactions  are  on  the  whole  the  same, 
but  they  are  differmtly  i^aoed,  and  vary  sometimes  in  detail  Tlie 
A^wamedka  or  horse  sacrifice,  which  is  merely  alluded  to  in  a  few 
hymns  of  the  It'igveda-Sanhit&,  ia  dwelt  upon  m  the  Yajurveda  with 
considerable  detaU.  The  &ct  of  ox  hundred  and  nine  animals  of 
wioaa  JasuiptionB,  domestic  and  wild,  indoding  birds  and  reptiles, 
being  tied  to  twenty-one  posts,  and  the  intervals  between  them,  at  the 
performance  of  tiiis  sacrifice,  may  convey  an  idea  of  the  complicated 
ritual  which  existed  at  the  time  when  thia  Veda  was  compoeed.  Of 
ceremonies,  unknown  to  the  other  Vedas,  we  may  mention  also,  the 
pHTtuka-nedha  or  m^-sacriflce — an  emblematic  ceremony,  in  which  a 
hundred  and  eigh^-five  men  oi  various  speoifled  tribes,  characters, 
and  profeanona,  are  boond  to  deren  posts,  and  consecrated  to  various 
ddtiea— tiie  JSarvcMMitta  cHT  aU-saorifioe,  and  tiie  iSlri^^ 
to  the  manes.  It  is  worthy  of  notice,  too,  not  only  that  all  tiie  four 
castes,  the  institution  of  which  cannot  with  certain^  be  traced  to  the 
period  of  the  R'igveda-SanhiU,  make  their  distinct  ajmearance  in 
the  Yajurveda,  but  also  that  it  ooatains  many  words  which  in  the 
mythology  <^  spio  poems  and  the  Purin'aa  are  names  of  S'iva,  the 
tlufd  god  of  the  later  Hindu  triad. 

The  TutUr^r^^anhitA  of  the  Blai&  Ynurveda  is  arranged  in  seven 
Kdntd'a  or  books,  with  forty-four  Prapdfhaka  or  chapters,  containing 
dtogether  six  hundred  and  fifty^one  AnuvSka  or  sections,  divided  into 
two  thousand  one  hundred  and  ninety-eight  iLon'tfitd  or  portions. 
The  Vi^tuaiuyi-SanhitS  of  the  White  Yajurveda,  in  the  Mftdhyandina 
reoeosion,  is  divided  into  forty  Adhj/Sj/a  or  leotores,  with  three 
hundred  and  three  Anmdka  or  sections,  ocm^oising  one  tiionsand  nine 
hundred  and  aeven^yflye  Kanfd'ikd  or  pmrtiona.  Ottiar  achods  con- 
nected with  either  form  of  this  Veda  adopted  other  divisions,  which, 
however,  need  not  be  adverted  to  here. 

That  the  SoMhitd  of  Atharvaveda  ia  not  a  sacrificial  collection 
in  tiie  sense  of  tiiat  of  the  Sam&-  and  Yajur-vcda  we  have  explained 
already.  It  is  divided  into  twenty  KAn,'d!a  or  book^  the  first  eighteen 
of  which  otmtain  thir^ouriVq^dCAaia  or  chapters,  which  comprise 
ninety-four  AmmnUea  or  sections :  the  seventeenui  KAn'd'a  eonusting  of 
one  Pn^t'haJca  only,  which  has  no  further  subdivision ;  the  nineteentii 
Kan'd'a  is  not  divided  into  FrapAt  hakas,  but  simply  into  seven  Anu- 
T&kaa  ;  and  the  twentieUi  contains  nine  Anuv&kas,  the  third  of  which 
liaa  tuea  PetryttgaM.    The  AnuvAkas  in  their  tam  oonsiBt  of  about 


six  thonaand  venee.  **  Its  first  eighteen  booka,"  of  which  alone  it  was 
originally  composed.  Professor  Whitney,  the  learned  editor  of  the 
'  Atharvaaanhitft,'  observes  ('  Journal  of  ute  American  OrienttJ  Society,' 
voL  iv.  p.  251),  "  are  aimnged  upon  a  like  system  throughout :  the 
length  of  the  hymns,  and  not  either  their  subject  or  their  alleged 
auUunahip,  bong  the  gulcUng  principle ;  those  of  about  the  same 
number  ot  verses  are  combined  togetaer  into  books,  and  the  books 
made  up  of  the  shorter  hymns  stand  first  in  order.  A  sixth  of  the 
mass,  however,  is  not  metrical,  but  consists  of  longer  or  shorter  prose 
pieces,  neariy  akin  In  point  of  language  and  style  to  passages  of  the 
Brahman'a&  Of  tiie  remainder,  or  metrical  portion,  about  on&«ixth 
is  also  found  amongst  the  hymns  of  the  R'ik,  and  mostly  in  the  tenth 
book  of  the  latter;  the  rest  ia  peoullar  to  the  Atharva.  Respecting 
tlieir  auUkorship  the  tradition  has  no  information  of  value  to  give; 
they  are  with  few  exceptions  attributed  to  mythical  personages. 

"As  to  the  internal  character  of  the  Atharva  hymns,  it  may  be  said 
of  them,  as  of  the  tenth  book  of  the  R'ik,  that  they  are  the  pro- 
ductions of  anotiter  and  a  later  period,  and  the  expressions  of  a  different 
spirit;,  from  that  of  the  earlier  hynms  in  the  other  Veda.  In  the 
latter,  the  gods  ore  i^proached  witti  reverential  awe,  indeed,  but  with 
love  and  confidence  also;  a  worahip  is  paid  tiiem  that  esalts  the 
offerer  of  it ;  the  demons,  embraced  under  the  general  name  SaiJiat, 
are  objects  of  horror,  whom  the  gods  ward  off  and  destix)y ;  the 
divinibes  of  the  Atharva  are  regarded  rather  with  a  kind  of  cringing 
fear,  as  powers  whose  wrath  is  to  be  deprecated  and  whose  &vour 
curried  tot ;  it  knows  a  whole  host  of  impa  and  hobgoblins,  in  ranks 
and  classes,  and  addiesns  Itself  to  them  directly,  oflEering  timn  homage 
to  indnoe  them  to  abstain  from  doing  harm.  The  manira,  prayer, 
which  in  the  older  Veda  is  the  instrument  of  devotion,  is  h«re  ratiier 
the  tool  of  superstition;  it  wrings  &om  the  unwilling  hands  of  the 
gods  the  favours  which  of  old  their  good-will  to  men  induced  them  to 
grant,  or  1^  ma^oal  power  obtains  the  fulfilment  of  the 

utterer^B  wishes.  The  most  prominent  cbaiacteristic  feature  of  tiie 
Atharva  ia  the  aioltitude  of  incantations  which  ft  contains ;  tiiese  are 
pronounced  dther  by  the  person  who  is  himself  to  be  benefited,  or, 
more  often,  by  the  sorcerer  for  Um,  and  are  directed  to  the  procuring 
of  the  greatest  varia^of  deairalde  ends;  most  frequently,  perhaps, 
long  life,  or  recovery  from  grievous  sickness,  is  the  object  sought ; 
tiien  a  talisman,  such  as  a  necklace,  is  sometimes  given,  or  in  very 
numerous  cases  some  plant  endowed  with  marvellous  virtues  is  to  be 
the  immediate  external  means  of  the  core  ;  fitrther,  the  attainmant  of 
wealth  or  power  is  aimed  a^  the  downfall  of  Miemies,  sucoess  in  love 
or  in  phgr,  the  removal  of  petty  pests,  and  so  on,  even  down  to  the 
growta  of  hair  on  a  bald  pate.  There  are  hymns,  too,  in  which  a 
single  rite  or  ceremony  is  taken  up  and  exalted,  somewhat  in  the  aame 
strain  as  the  Soma  in  the  P&vamftoya  hymns  of  the  R'ik.  Others  of  a 
speculative  mystical  character  are  not  wanting;  yet  their  number  is 
not  so  great  as  miriit  nattmlly  be  expeoted,  considering  the  devdi^ 
ment  wnidi  the  Hmdn  rdigion  reodvad  in  the  periods  following  after 
that  of  the  primitive  Veda.  It  seems  in  tiie  msin  that  the  Atharva 
is  of  popular  rather  than  of  prtoetlf  orig^ ;  that  ia  making  the  tnnsi- 
tion  from  tiie  Vedio  to  modem  times,  it  forms  an  intermediate  step, 
rather  to  the  gross  idolatries  and  superstitions  of  the  ignorant  mass, 
than  to  the  sublimated  pantheism  of  the  Krahmans,"  (lb.  voL  iii. 
p.  807.) 

The  general  ohaiaoter  of  the  BrSkmanCa,  or  dogOMtio,  portion  of  the 
Vedas  having  been  explained  before,  a  short  notice  of  the  pijncipal 
works  of  that  class,  am  a  few  extracts  from  them,  will  illustnte  the 
position  tiiey  hold  between  the  coUecUon  of  hymns  and  the  remainder 
of  the  Vaidik  literature. 

The  Brfthman'a  of  the  Bahvr'ichas,  or  the  priests  of  tiie  R'igveda,  ia 
still  peaerved  in  two  editioas.  The  former — ^Uie  A  UareyiU'Brdhmai^a — 
consists  c/l  ei^t  PiauMUL  or  peatades  of  AdhySyaa,  thus  compri^ng 
forty  Adhyftyas  or  lectures,  which  a^^in  are  subdivided  into  two 
hundred  and  eighty-five  Kha%'d!a  or  portions.  The  latter,  the  8  d»- 
khdjfona-BrSkman'a,  which  bears  also  the  name  of  the  KauAUaki- 
Brdkman'a,  ctmsista  of  thirty  AdhyAyas,  likewise  subdivided  into  a 
number  of  Khan'd'aa.  Both  BrAhmau'as  contain  on  the  whole  the  same 
matter ;  but  the  di&renoe  of  tiie  manner  in  which  their  subjeota  are 
arranged  and  treated  leads  to  the  supposition  that  the  first  thirty 
lectures  of  the  Aitareya-BrAhman'a  are  older  than  those  of  tiu 
S'AnkliAyana,  whereas  the  last  ten  lectures  of  the  former  contain  rites 
not  explained  in  the  latter,  and  are  probably  therefore  more  recent 
than  the  S'&nkhAyana.  Tiiese  Br&hman'as  do  not  follow  the  order  of 
the  hymoB  of  the  R'igveda-SanhitA,  but  quote  them  as  they  would  be 
required  by  the  Hotr^priest  for  the  performance  of  the  ritea  deaeribei 
In  order  to  give  an  idea  of  the  elaborate  oeremonial  which  called  theee 
BrAhman'a  into  life,  and  of  the  mysticism  which  connects  them  with  a 
subsequent  class  of  works,  we  will  first  give  an  absti^ct  of  an  import- 
ant ceremony,  treated  of  with  great  detail  in  the  last  books  of  the 
Aitareya-Br&hman'a,  and  several  times  alluded  to  in  the  epic  poetry 
of  the  Mah&bhirata  and  RAmAyaa'a, — the  AMiitluka  or  inauguration  m 
akin^ 

This  ceremony  is  dther  part  of  a  RAjasfiya,  and  peiformed  by  a 
king  at  tiie  end  of  thia  sacrifice,  or  it  is  not  part  of  a  sacrifice,  and  then 
occurs  at  a  king's  accession  to  the  throne.  For  celebrating  tiie 
former  ceremony  there  must  have  been  prepared  a  tiirone^ea*  <a  the 
wood  of  the  nduti^ara  {Fieiu  ^omerata),  resting  oa  four  legs  a  ^an 
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higb,  TTitli  boarrta  placed  on  them,  and  eddQ-boarda  of  the  dimensions 
of  a  cubit  or  two  spans;  tbe  whole  well  fitstened  together  with  a 
texture  made  of  corde  of  munja  gmas  (Saccharum  Munja) ;  a  tiger  bIuo, 
wlueh  is  placed  on  the  seat  with  the  bur  upward  and  the  neck  to  the 
sast,  a  la^e  four-cornered  ladle  of  vidv,inhara  wood,  and  a  brooch  of 
the  same.  In  the  ladle  have  been  put  eight  things :  curd,  honey, 
slarifled  butter,  water  prooeeding  from  rain  during  sunshine,  before  it 
has  fallen  down,  blades  of  Sy&ma  grassi  aproute,'  spirituous  liquor,  and 
Da'b  grass  {Pannean  daO^Mt).  To  prepare  a  site  for  the  throne  three 
lines  nave  been  drawn  on  a  plaoe  of  saorifloe ....  one  southwards, 
another  westwards,  and  a  third  northwarda ;  the  one  to  the  south  is 
that  on  whidi  ^e  throne  is  to  be  placed,  with  its  front  towards  the 
east,  so  that  tibe  two  feet  to  the  north  come  to  stand  within  the  Vedi 
or  sat^ficUl  ground,  and  the  two  to  the  south  without ;  tiiis  latter 
spot  occupied  by  the  throne  seat,  is  called  iSV<  {comm.,  as  a  type  of 
happiness  or  proeperi^).  The  place  within  the  Vedi  bdng  nnul,  but 
tiiat  witiiout  being  illunited,  this  portdon  of  the  throne  indicates  that 
the  aacrificQ'  may  obtain  definite  and  indefinite  wishes  within  and 
without  the  Vedi.  The  tiger  skin  is  the  t^pe  of  increaee  of  military 
power,  for  the  tiger  is  Uie  hero  of  the  wild  b^tsts ;  the  udumbara  wood 
of  the  throne,  ladle  and  branch,  is  the  type  of  nouriBhing  juice  and  of 
food  (which  the  sacriflcer  is  supposed  to  acquire  by  this  symbol)  ; 
curd,  honey,  and  dailfled  butter  tjrpify  the  essence  of  water  and  fJants 
(curd  and  butter,  as  the  commentator  obeenret,  because  they  originate 
in  grass  and  water,  which  are  the  food  of  cattle ,'  boney,  because  it 
originates  in  the  juice  of  plants  collected  bees);  water  prooeeding 
from  rain  during  sunshine,  before  it  has  fallen  down,  l^ifies  lustre  (or 
energy);  and  run  (being  the  consequence  of  oblations  to  the  gods) 
holiness;  gran  KoA  i^routa  typify  food,  hence  t»t>Bperity  and 
progeny;  spiritnoiiB  hquor  is  the  type  of  a  Ksnatriya's  power 
(conmi.,  on  account  ot  its  fleroeness  or  hobiess)  ;  Dull  grass  (being 
the  Kshatriya  of  the  plants,  and  firmly  establi^ed  in  the  soil  wiu 
its  many  roota^  is  the  type  of  military  power  and  of  a  firmly  established 
rule.  The  principal  features-tif  the  ceremony  itself  are  the  following. 
The  king,  who  perfonns  the  sacrifice,  kneels  down  at  the  back  part  of 
Uie  thr^e-seat  witii  his  face  to  the  east,  and  his  right  knee  touching 
the  ground.  He  then  touches  with  his  bands  the  thnme-Beat,  and 
invites  the  gods  to  ascend  it  together  with  varioue  miAxta—Agni  with 
the  metre  Q  Ayatri,  Savitt'i  with  the  TTshnih,  Soma  with  the  Antubfubh, 
Br'ifuupati  with  liie  Biihatt,  liitra  and  Faritn'a  with  the  Pankti,  Indra 
with  the  Trishf  ubh,  the  VWm  Dtxdt  with  the  Jagatt— for  the  pur- 
pose of  obtaining  "  kingly  power,  righteous  goremment,  increase  of 
enjc^meaife,  independent  rule,  attainment  of  more  distinguished  quali- 
ties than  those  possessed  \iy  other  kinn,  coming  (after  death)  into  the 
world  of  Brahman,  and  obtafadng  there  dominion,  a  mighty  rule, 
mastership,  independence,  and  a  long  residence  there."  The  gods  have 
arrived,  and  the  king  now  ascenda  himaelf  the  throne-seat,  first  with 
his  right  and  then  witit  his  left  knee.  The  next  ceremony  is  the  pro- 
pitiauon  of  the  liquid  in  the  ladle,  which  is  performed  by  the  priest, 
who  will  poor  it  orer  tiie  king  ^  reciting  these  versoa  (from  the 
AtharraTsda) :  "  Waters,  behold  me  with  a  favourable  eye;  with  a 
favourable  body  touch  my  skin ;  all  fine,  for  they  reride  in  water,  I 
invoke  on  your  aooount ;  do  you  produce  in  me  beauty,  bodily  strength, 
and  energy ; "  and  by  the  king  repeating  these  words  after  him.  If 
this  pro^tiation  did  not  take  place,  the  liquid  would  destroy  the  vigour 
of  the  Ung.  Aftor  this,  the  priest  covers  the  head  of  the  kmg  with  the 
udumbara  branch,  and  pouis  the  liquid  over  him  while  reciting  the 
following  three  B'igreda  Terses :  **  These  waters  are  most  propitious ; 
tb^  have  healing  power  to  free  from  all  dlseaee;  they  are  the  aug- 
mentors  of  km^  power  and  its  Bu|q>ort««;  they  are  immortal." 
"  With  which  najiipati  (the  lord  of  creatine)  sprinkled  Indra,  the 
king  Soma  and  Manu,  with  Uieae  I  sprinkle  thee,  that  thou  becomest 
king  of  kings  in  this  world."  "  The  queen,  thy  mother,  bore  ^ee  to 
be  great  amongst  the  great,  and  a  righteous  ruler  over  men ;  an  aus- 
picMoB  mother  bore  tbesk"  And  this  Yajurveda  verse :  "  The  divine 
Uavitr'i  has  given  his  consent,  thwetore,  I  pour  {this  liquid)  over  thee 
with  Uie  arms  of  the  As'wins  (comm.,  not  wiUt  my  own),  with  the 
hands  of  POehan,  with  the  beauty  of  Agni,  with  the  radiance  of  SOrya, 
and  with  the  senses  of  Indra,  for  the  rake  of  strength,  prosperity, 
gloiy,  and  increase  of  food."  After  the  recital  of  oQier  verses,  by 
which  ^iritiious  liquor  and  S<m)a  are  intended  to  become  iduitified, 
the  king  drinks  the  liquor,  and  presents  the  rest  to  a  friend.  He  then 
places  Hm  udumbara  brandi  on  the  ground,  and  prepares  himself  for 
ilescending  from  tiie  throne-seat ;  but  while  he  is  still  seated,  and  puts 
his  feet  on  the  ground,  he  says  ;  "  I  firmly  stand  on  heavm  and  earth. 
I  firmly  stand  on  exhaled  and  inhaled  air,  I  firmly  stand  on  day  and 
night,  I  firmly  stand  on  food  and  drink ;  on  what  is  Br&hman'a,  on 
what  is  Kshatriya — on  these  three  worlds  stand  I  firmly  I "  He  liien 
descends,  sits  down  on  the  ground  with  his  foce  towards  the  east, 
utters  thrice  the  words,  "adoratitm  to  what  is  BrAhman'a  I "  and  offbrs 
a  gift  (comm.,  a  cow)  to  a  Bitiunan'a.  The  object  ot  this  iB  ^e 
attainment  of  victory  in  eveiy  quarter,  and  over  every  description  of 
enemies;  and  his  threefold  expression  of  adoration  to  what  is  a  Brilh- 
man%  implies  that  a  kingdom  prospers  and  has  valiant  men  when  it  is 
under  the  control  of  the  Br&hman'as,  anA  that  a  valiant  eon  will  be 
bom  to  him.  Then  the  king  rises,  puts  fnel  into  the  sacrificial  fire, 
and  takes  three  steps  to  the  east,  north,  and  to  the  north-east,  while 
raoitii^  several  verses  specified.    Upon  this  he  sits  down  by  the 


domestic  fire,  and  the  Adhwaryu  priest  makes  for  him,  out  of  a  goblet, 
four  times  throe  oblations,  with  clarified  butter,  to  ludm,  while  reciting 
other  Rigveda  verses.  "  A  king  for  whom  these  libations  are  made  to 
India  in  tiie  indicated  manner,  becomes  free  from  disease,  cannot  be 
injured  by  enemies,  is  exempt  from  pover^,  everywhere  protected 
against  danger,  and  thus  becomes  victorious  in  all  the  quarters,  and, 
after  death,  established  in  Indra's  heaven." 

The  rites  of  the  Abhisheka  ceremony,  which  are  performed  at  a 
kin^^a  accasnon  to  the  tiirone,  ue  founded  on  the  prDcaedinn  which 
are  described  as  having  taken  ^oe  when  Indra  was  oonsscrated  \!j  ttia 
gods  as  l^eir  supreme  ruler.  The  latter  are,  as  a  matter  of  course, 
an  entirely  mystical  kind.  Thus,  the  eight  parta  of  his  throne-seat  are 
said  to  have  consisted  of  SAmaveda  versee ;  of  the  threads  of  the  tex- 
ture which  was  to  hold  this  structure  together,  those  that  went  lei^th- 
wise  were  made  of  RWeda-,  and  those  that  went  crossways  of 
Sflmavsdsr,  ths  intervals  being  Yajurreda-verses ;  the  covering  of  the 
throne  was  the  goddess  of  GI017,  the  pillow  the  goddess  of  Happinees ; 
Savitr'i  and  Brihaspati  supported  the  fore-l^,  YAyu  and  POsban  the 
hind-legs,  Mitea  and  Vorun'a  the  two  top-boards,  and  the  two  A^wins 
the  two  side-boards,  of  the  throne-seat,  &a.  The  inauguration  of  the 
mortal  king  begins  with  the  priest  calling  upon  htm  to  take  the  following 
oath "  If  I  (the  king)  do  ever  harm  to  thsa,  thou  (Uie  foiest)  mayst 
deprive  me  of  all  pious  acts  which  I  have  done  from  tiw  time  of  my 
birth  up  to  that  of  my  death,  of  heaven,  and  whatever  else  good  has 
been  accomplished  by  mo,  of  long  life  and  ofitii«ing."  He  then  orders 
his  attendants  to  bring  four  kinds  of  fruits:  tiie  fruit  of  the  NyagrodJta 
[Fiaitlndica),  of  the  Udambara  {^ciu  fflomertOa),  of  tiie  A^vxoiha  {Fiau 
rtligioaa),  and  of  the  Pldksha  (Fiau  infectoria) ;  besides,  four  kinds  of 
sndn :  rice  with  small  grain,  rice  with  large  grain,  JPrhfaMffu,  and 
barley.  Next  they  bring  at  his  oommand  a  throue-seat  of  udombara- 
wood  (made  in  the  manner  as  described  before),  a  ladle  of  udumbara 
(or,  instead  of  tiw  Uttw,  a  veael  of  udumbara),  and  an  udumbara 
branch.  Then  they  put  the  various  kinds  of  fruit  and  grain  in  the 
ladle  or  vessel,  and  pour  over  them  curds,  honey,  clarified  butter,  and 
wator  proceeding  from  rain  during  sunshine,  before  it  has  fallen  down ; 
afterwords,  havmg  placed  the  ladle  or  vessed  on  the  ground,  tiiey 
address  tiie  tiirone-seat  irith  a  Mantra,  wfaioh  reooUs  the  component 
parts  of  bidra's  thnme,  and  thus  tends  to  idmtify  both.  Then  the 
priest  asks  the  king  to  ascend  the  throne-seat,  inviting  the  Van  us, 
Rudras,  Adityas,  and  the  other  divinities  which  were  invited  by  Indra 
at  bis  inauguration  to  ascend  his  throne,  with  the  same  metres  and 
Bougs,  and  for  the  same  purposes.  Upon  thia  the  relatives  of  the  king 
proclaim  his  bi{^  qualities  ut  the  same  words  as  the  gods  produmed 
the  greatness  of  India ;  priest  redtes  a  owtain  B^eda  vme,  and, 
placing  himself  before  the  tmtme  with  his  face  towards  the  west^  covers 
the  hrad  of  the  king  with  the  udumbara  branch,  the  leaves  of  which 
have  been  wetted,  and  with  a  gold  Pavitra,  and  S|ffinkleB  him  with 
the  liquid  (in  the  ladle  or  vessel)  while  reciting  the  three  U'igveda 
verses,  and  the  Yajurveda  verse  quoted  above,  and  uttering  the  three 
sacred  words  BMr,  Bhuvar,  Suar.  Lastiy,  he  addresses  the  king 
with  the  prayM-  that  the  Vasus,  the  Bndias,  and  the  other  divinities 
who  perframed  this  ceremony  for  India  in  tiie  east,  south,  ftc,  may 
sevemly  do  the  same  for  him  in  thirtiy-one  successive  days,  an4  to 
the  same  effect  as  they  did  it  for  him.  Of  the  ingredients  of  the 
sacred  liquid,  tiie  Nyagrodha,  being,  on  accoant  of  its  wide  spread, 
the  king  of  the  trees,  and  rice  with  small  grains,  being  among  plants 
principally  productive  of  strength,  the  fruit  of  the  former  and  the 
grun  of  the  latter  aze  the  type  the  qualities  of  a  Kshatra ;  the  fruit 
of  the  udnmbara  and  the  grains  <^  the  Priyangu  are  the  type  of 
increase  of  enjoyment ;  tiie  fruit  of  the  AVwattha  and  rice  wi^  large 
graiuB,  the  type  of  righteous  government;  the  fruit  of  tiie  Phdtsha, 
the  type  of  independent  rule  and  attainment  of  more  distinguished 
qualities  than  those  possessed  hy  other  kings ;  barley  is  the  type  of 
militaiy  commandenhip ;  curds,  that  of  sharpness  of  the  sensra ; 
honey,  tiiat  of  the  essence  of  plants  and  trees;  and  water  is  the  ^pe  of 
freedom  from  deatii,  or  that  of  long  life  (because  it  nouriihes).  The 
ceremony  having  been  completed,  the  king  has  to  moke  a  present  to 
the  inaugurating  priest,  namely,  a  thousand  nishkas  of  gold,  a  field,  and 
cattle  ;  but  tins  amount  seems  merely  to  constitute  a  minimum 
acknowledgement  of  the  exertions  of  the  priest,  for  the  text  of  tiie 
Aitareyo-BiAhmau'a  adds  ^t  "  tiiey  say,  a  king  should  give  innume- 
rable, illimited  presents,  rince  a  king  is  iliiinited  (in  wealth),  and  tiiiu 
will  obtain  illimited  benefit  to  himself;"  and  it  adds,  too,  several 
instances  in  which  kings  bestowed  unbounded  wealth  on  the  chelating 
priests.  After  the  priest  baa  received  the  gift,  he  hands  to  the  king  a 
goblet  of  spirituous  liquor  in  reciting  an  appropriate  B'igveda  hymn, 
which  has  tiie  power  of  transforming  the  qualities  of  the  liquor  drunk 
by  the  king  into  those  of  the  juice  of  the  Soma-plant.  Lastly,  Uio 
king  recites  some  other  verses  specified.  (For  a  fuller  aoooimt  of 
this  ceremony,  compare  Goldsttiiiskflr's  *  Sanskrit  Diethnuir,'  kt. 
'Abhisheka.') 

As  an  illustration  of  tiiose  passages  of  the  Aitoreya-Br&hman'a,  which 
partake  more  of  an  incantatory  nature,  we  may  quote  the  deacription 
of  a  rite  which  occurs  in  its  last  chapter,  and  relates  to  rites  to  be  pw^ 
formed,  under  the  direction  of  a  proper  Purohita  or  chaplain,  for  ths 
destruction  of  the  king's  enemies.  "  Foes,  enemies,  and  rivals,"  we 
read  there, "  periah  around  him  who  is  oonveimnt  with  these  rites. 
That  which  (movea)  in  the  atmos|d^rae  is  ur  (Brahman),  around  whiidi 
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mridi  At*  deities — lightning,  nun,  the  moon,  the  eun,  and  fire, 
ijghtning  having  flashed,  disappears  behind  rain :  it  vaiushes,  and  none 
koows  (whither  it  is  gone).  When  a  man  dies,  ho  vanishea ;  and  none 
knows  (whither  his  soul  is  gone).  Therefore,  whenever  lightning 
flashes,  pronoance  this  prayer :  '  May  my  enemy  perish :  may  he 
disappear,  and  none  know  (whero  he  is).'  Soou,  indeed,  none  will 
know  (wlutibsr  he  is  gone).  Rain  having  fallen  (evaporates  and),  dis- 
appears within  the  moon,  &a  When  nun  ceases,  pronounce  this  (prayer), 
Ac  The  moon  at  the  conjunction,  disappears  within  the  sun,  &c. 
When  the  moon  is  dark,  pronounce,  Ac  The  sun  when  setting,  dis- 
appears in  fire,  ko.  When  the  sun  seta,  pronounce,  &c.  Fire,  ascend- 
ing, diuppeors  in  air,  iio.  When  fire  is  extinguished,  pronounce,  tec. 
These  same  deities  are  again  produoed  from  tlUs  very  origin.  Fire  ia 
bom  of  air ;  for,  miged  with  force  by  tiie  breath,  it  increases.  Viewing 
it,  pronounce  (this  {irayer),  '  May  fire  be  revived :  but  not  my  foe  he 
reinoduoed ;  may  he  itepart  averted,*  Therefore,  does  the  enemy  go 
far  avray.  The  sun  ia  bom  of  fire.  Viewing  it,  say, '  May  the  sun  rise, 

but  not  my  foe  be  reproduced,*  Sec   The  obaervance  (enjoined) 

to  him  (who  tmdertakes  these  rites,  is  as  follows) :  let  him  not  sit  down 
earlier  than  the  foe ;  but  stand  while  he  thinks  him  atanding.  Let 
him  not  lie  down  eariier  than  the  foe;  but  ait  while  he  thinks  him 
^tting.  Let  him  not  sleep  earlier  than  the  foe,  but  woke  while  he 
thinks  him  waking.  Though  his  enemy  had  a  head  of  stone,  soon  does 
he  slay  him :  he  does  slay  mm."  (Colebrooke, '  Misc.  Kss.,'  i.  p.  45.) 

The  legends  narrated  in  this,  as  well  as  in  other  Br^man  aa,  intend 
always,  as  indicated  before,  to  explain  Uie  origin  of  a  rite,  or  to  illus- 
trate ita  ^cacy.  Among  those  met  with  in  the  Aitareya-BriLhman'a, 
we  may  point  particularly  to  one,  as  it  is  remarkable  in  several  respects. 
It  had  to  be  recited  by  the  Hotr'i,  sitting  on  a  gold-embroidered  carpet, 
to  a  king  whose  inauguration  had  been  completed ;  and  another  priest, 
sitting  on  a  similar  cari>et,  had  to  repeat  the  words  of  the  Hotr'L 
But  a  victorious  king  is  likewise  recommended  to  have  this  l^;end 
recited  to  him,  though  he  may  not  have  performed  the  aacrifioe ;  and 
a  man  deairous  of  progeny  is  promised  the  birth  of  a  son  if  it  is  pro- 
perly read  to  him.  We  mean  the  legend  o£  ffunah's'epa.  Ita  substance 
is  as  follows : — 

Once  upon  a  time  there  lived  Haris'chandra,  a  son  of  Vedhse,  and 
a  descendant  of  IkshwAku.  Though  he  had  a  hundred  wives,  be  did 
not  obtain  a  son  from  them.  His  desire,  however,  of  having  one  became 
still  stronger  than  it  was,  when  Farvata  and  N&rada  visited  him,  and 
when  If drada  explained  to  him  the  boons  a  man  derives  from  being 
blessed  with  the  birth  of  a  son.  Following  the  advice  of  Nflrada, 
Baria'ohandm  addressed  himself,  therefore,  to  Vomn'o,  and  promised 
tiie  god  to  sacrifice  him  his  son,  if  he  granted  Mm  one,  Varun'a 
assented  to  the  offer.  Kow  a  son,  who  received  the  name  of  Rohita, 
being  bom  to  Haris'chandra,  Varun'a  presented  himself,  and  claimed 
the  fulfilment  of  Uie  compact.  But  Haria'chandra  said :  "  Cattle  is 
fit  for  a  sacnifice  when  it  is  ten  days  old ;  let  him  then  become  ten  days 
old  and  I  shall  sacrifice  him  to  thee,"  Varun'a  assented ;  but  the  ten 
days  having  passed  awi^,  Haris'chandra  again  said :  "  CatUe  is  fit  for  a 
sacrifice  when  it  has  got  teeth ;  let  him  tiien  get  teeth,  and  I  shall 
sacrifice  him  to  thee."  Once  more  Varun'a  assented ;  but  when  Rohita 
had  got  his  teeth,  his  Either  said  to  Varun'a :  "  Cattie  is  fit  for  a  sacri- 
fice wlien  it  loses  again  his  teeth ;  let  him  then  lose  his  teeth,  and  I 
shall  sacrifice  bim  to  thee."  Agjiin  Varun'a  assented;  but  Rohita 
having  lost  his  teeth,  his  father  said  to  Varun'a :  "  Cattle  ia  fit  for  a 
Bfeariflcewhen  it  recovera  its  teeth;  let  him  then  recover  hii^  teeth, 
and  I  shall  sacrifice  him  to  thee."  Varun'a  assented;  but  Rohita 
having  recovered  hia  teeth,  his  father  said  to  Vafun'a ;  "  A  warrior  is 
fit  for  a  sacrifice  when  he  is  able  to  use  his  weapon  ;  let  him  then  learn 
to  use  his  maipaa,  and  I  shall  sacrifice  him  to  thee."  Agun  Varan'a 
assented ;  ud  when  B(^ta  knew  how  to  use  his  weapon,  his  father  said 
to  him :  "  Varun'a,  my  sen,  has  given  thee  to  me,  and  I  shall  aacrifice 
thee  to  him."  But  Rohita  refused,  took  bis  bow  and  went  to  the  forest, 
where  he  wandered  about  during  a  whole  year.  Varun'a,  however,  now 
adzed  Haris'ohandra,  and  mode  him  awail.  On  hearing  this,  Rohita 
went  about  and  met  Indra,  who  encouraged  him  to  wuider  first  for 
anoUier,  tlwn  a  third,  a  fourth,  a  fifth,  and  a  aixth  year. 

At  tike  md  of  this  period  he  saw  in  tbe  forest  aR'iaU  of  the  name 
of  Ajigarta,  the  30a  of  Suyavaaa,  who  lived  there  in  great  poverW  with 
his  thne  sons,  Suna^uthefiha,  S'maf^iepa,  and  Sunddnffula.  Itohita 
offered  him  a  hTmdred  cows  if  he  gave  up  one  of  his  sons  to  be 
sacrificed  instead  of  him  to  Varun'a.  Ajigarta  accepted  the  offer, 
but  retained  his  oldest  son ;  and  his  wife  claiming  the  youngest,  both 
■gi«ed  to  gire  up  S'unah'^epa.  Rohita  then  took  him  to  his  father, 
HarisFohanora,  and  VaTun''a  also  having  oonfirmed  the  barter,  dnoe,  he 
thought,  a  Br&hman'a  is  of  greater  value  than  a  Kshatriya,  Haria*- 
chandra  in  celebrating  the  rite  of  the  R&jasQya  substituted  S'unoh'e^epa 
for  the  victim  to  be  immolated  at  this  sacrifice.  The  Hotr'i  priest  who 
officiated  at  it  was  Via'w&mitra,  Jamadagni  fulfilled  the  functions  of 
the  A^waiTu,  Vasishfha  those  of  the  Brahman,  and  AyOsya  those  of 
the  Udgatr'L  Yet  the  preliminary  rites  having  being  fulfilled,  no  one 
could  be  foimd  who  would  tie  S'unah'i^epa  to  the  samflcial  post.  Upon 
whidi  Ajlmrta  ofibred  to  do  this  if  they  gave  him  another  hunched 
00 W3.  They  did  so ;  but  though  S'unah's'epa  now  was  tied  to  the 
post,  no  one  would  immolate  him.  Agun  Aj!^rta  came  forward  and 
promised  to  immolate  his  son  if  th^  would  give  him  a  third  hundred 
o£  cows.  They      ao,  and  Ajigarta  sharpened  his  knife  and  appnKtohed 


his  son.  Now  S'unah's'epa  resdved  to  implore  the  gods  to  releaae 
him.  Ho  addresed  himself  first  to  PrajApati  with  an  appropriate 
R'igveda  l^mn,  but  the  god  told  him  to  pray  to  AgsL  Agni,  invoked 
wiUi  another  hymn,  told  him  to  pray  to  Savivi ;  and  Savitr'i  told 
him  to  address  Varun'a ;  but  Varun'a  aont  him  once  more  to  Agni,  who 
now  recommended  him  to  pnuse  all  the  goda  with  an  appropriate 
hymn.  S'unah's'epa  obeyed;  his  ties  were  released,  and  Horu'chudm 
was  restored  to  health.  S'unah's'epa,  on  his  part,  now  instituted  a  new 
sacrifice.  But  when  he  placed  himself  at  the  side  of  Via'w&mitia,  and 
Ajigarta  claimed  him  back,  Via'w&mitra  replied :  "  No,  the  gods 
((Uvdi)  have  given  him  {arSaata)  to  me ;"  and  from  that  time  (he  was 
no  longer  S'unah's'epa,  that  is,  Dogstail),  but  Devarftta  (8foSoTos), 
the  son  of  Vis'w&mitrik  (For  a  literal  wd  excellent  translatiiKt  of 
this  legend  by  Professor  BoUi,  see  Weber's 'Indisohe  Studien/i.p. 
458,  ET. ;  and  for  some  additional  renurics,  {bid.,  iL  p.  112,  £) 

After  these  instances,  which  will  convey  an  idea  of  the  contents  of 
the  Brflhmon'a  in  general,  we  must  cont^t  ourselves  wiUi  giving  the 
names  of  the  other  pnneipai  works  of  this  category.  For,  theoiffer- 
ence  which  exists  between  them,  however  great,  would  be  intelligible 
only  if  we  could  enter  into  the  detail  of  the  Vaidik  rites,  and  into  the 
growth  of  the  le^iendary  life  which  pervades  this  portion  of  the  tmirfwit 
literature  of  India. 

Suflice  it  therefore  to  state  that  the  Br&hman'a  literature  has  found 
its  greatest  development  iu  the  train  of  that  Veda  which,  as  we  might 
expect,  would  require  more  than  any  other  Veda  an  explanation  of  ihe 
purposes  for  whidi  it  vras  formed — the  Tajurveda.  On  tiie  other  hand, 
since  the  Sanhit&  of  the  Black  Yajurveda  is  already  a  ooml^iation,  as 
we  have  seen,  of  hymnsand  Br&hman'a,  it  is  intelligible  that  we  find  in 
connection  with  the  White  Tajurveda  ^tat  BrOhman'a  whidi,  though 
probably  the  most  recent,  still  is  the  most  systematic  and  the  most 
com|>lete  of  all  the  Br&hman'a.  It  is  called  the  Satapatha-BrSimtm'a, 
and  IB  ascribed,  like  the  SanhitA  of  the  White  Yajurveda,  to  Y&jnaval- 
kya.  It  is,  like  the  SanhitA,  preserved  in  tiie  edition  of  the 
Mddhmndina  and  in  that  of  the  KSnwa  school  The  former  ia  divided 
into  fourteen  Kdii^a  or  books,  which  contain  one  hut^red  AdkgSya 
or  lectures;  or  into  sixtf -eight  Prapdtfkaid  (seotiona)  with  four 
hundred  and  thirty-eight  Brdhman'a,  and  aeven  thousand  tax  hundred 
and  twenty-four  Kand'ikd  (portions).  In  the  Ednwa  edititsi  it  com- 
prises seventeen  Kdn'd'a,  with  a  hundred  and  four  Adhy&ya,  four 
hundred  and  forfy-dx  Brdhman'a,  and  five  thousand  eight  hundred  and 
sixty-six  Kan'c£ikd.  The  first  nine  K&n'd'a  of  tius  BiAmnan'a  foUow  the 
first  eighteen  books  of  the  Sanhittl  almost  step  for  step,  in  quoting 
their  verses  and  explaining  their  application  St  the  Baorifioes.  The 
last  five  KAn'd'as,  however,  refer  only  partially — some  even  not  at  all 
• — to  the  contents  of  the  ^nhitA,  and  may  therefore  be  a  later  increase 
<A  this  extensive  Brfthman'a,  which  is  extremely  rich  in  antiquarian 
and  mytholo^cal  contents;  but,  on  aocount  of  its  purely  ritual 
oharactOT,  cannot  be  understood  without  tiie  complete  and  ezceUenk 
commentary  of  SAyan'o. 

The  Brdhmaa'a  of  the  Black  Yajurveda  is  preserved  in  the  school 
of  the  Taittirtyaa,  and  bears  the  name  of  the  Taittiriya-Brfihman'a, 
difibring  but  little  in  character  from  its  Sanhitft. 

As  regards  the  S&maveda,  S&yan'a  enumerates  eight  BrAhman'as  con- 
nected with  it,  namely,  the  Prau^ha  (also  called  Tdn'dfyor  or  PancAo- 
vin/a),  the  Shadtvirula,  the  Bdvumdhi,  Arihe^a-BrdAmitn'a,  the  Devo' 
tlLdhyayorBrSlmtu^a,  and  the  Upaniikad,  vdiieh,  according  to  Frofessw 
MiiUer  ('Anc.  Sansk.  Lit'  p.  349)  is  {vohably  the  Chhdndogya- 
Upanuhad.  The  first  two  are  the  most  important  of  these  worka,  the 
Panchavini^a  treating  of  the  aacriflcea  which  are  performed  with  the 
juice  of  the  Soma-plimt,  in  rites  which  last  from  one  to  one  hundred 
daja  The  8lu£dvau(a  Is  remarkabls  on  aeoount  of  the  iucantatory 
ceremoniea  It  describes ;  it  ends  with  a  chapter  on  omens  and  the  rites 
to  be  performed  on  unlucl^  occasion^  such  aa  diaeaaes,  or  at 
portentous  oocurrraees,  such  as  esrthquakes,  unusual  phenomena,  and 
the  like. 

The  Brfthman'a  of  the  Atharvavoda  is  the  Gopatka-BrShman'a. 
"  That  it  was  composed  after  the  schism  of  the  Cluirakas  and  VAja- 
saneyins  (the  followers  of  the  Black  and  White  Yajurveda),  ud  after  uie 
completion  of  tiie  VA^asaneyi-Sonliitft,  may  be  gatiiered  from  the  fact 
that  where  the  first  Imea  of  the  other  Ve^  are  quoted  in  the  Qopatha, 
the  first  line  of  the  Yajurveda  is  taken  from  tiie  VAjasoneyins,  aad  not 
from  the  Toittirtyas.  It  is  more  explicit  on  the  chapter  of  acoidmts 
than  the  Br&hman'os  of  the  other  Vedas  ....  The  ceremonial  in 
general  is  discusaed  in  it  in  tiie  same  manner  as  in  the  other 
Brihman'ss."   (MUllsr, '  Ana.  Sonsk.  Lit.,'  pp.  461,  4ff3.) 

The  Sanhitft  or  eolleetion  of  Hantra,  and  the  BrAIunan'a,  eonstituta 
that  whidi  is  properly  called  the  sacred  literature  of  the  Hindus,  tie 
Feifa,-  tiiey  ore  also  comprised  under  the  name  of  Sruii  or  revelation. 
But  in  speaking  of  the  Veda  we  should  not  feel  justifled  in  leaving 
unnoticed  that  class  of  worka,  one  portion  of  which  La  so  inti- 
mately  connected  with  it  that  it  was  held  by  later  generations  in 
the  same  awe  as  the  Veda,  whereas  another  portion  has  become  so 
essential  an  appendage  to  it,  that  it  was  j  ustly  odled  VedAnga  or  "  limb 
of  the  Veda." 

The  former  category  comprises  the  theologioal  or  theoeophiesl  writ- 
ings, which  have  sprung  from  the  BrAhman'a,  and  are  perhaps  more 
popular  among  European  students  thou  any  other  portion  of  the 
Vaidik  literature — the  UpaaithiKU.   The  word  Upaninad  is  rendered 
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by  tha  native  dkUcuuriM  "mjntetj."  ffankara,  ih«  great  VedAnta 
j^ilosopher  and  gloeaator  of  the  UpaniBhadfl,  usumea  that  the 
word  being  derived  from  the  radical  tad, — with  the  prefizee  upa  and 
ni, — which  amongBt  others  haa  also  the  aenge  of  "  destroying,"  literally 
meaae  the  soienoe  which  distroya  erroneout  ideas  or  ignonince. 
Eun^teao  aoholara,  on  the  cmitnuy,  have  expressed  the  beli^  tiiat  it 
"meanBoriginaUytlta  art  of  sitthigdown  near  a  teacher,  of  aubmia- 
■lyely  Uatemag  to  him"  (from  ttfia  "  below,"  ni  "  down/'  and  sad  "  to 
lit"  (for  inatanoe,  Utiller, '  Ano.  Sansk.  Lit/  p.  819).  But  there  is  a 
strong  prohabilil^  that  the  word  haa  been  already  used  by  a  Hiadu 
grammarian,  who  preceded  the  existence  of  the  Upaniahad  works,  in 
the  sense  of  "secret"  (Goldstiioker,  'P&nlm,'  p.  141,  note  164);  and 
■ince  this  meaiung  ia  not  incompatible  with  the  elTmology  of  the 
word — which  may  signify  "  entering  into  that  which  ia  hidd^  " — it 
seems  certain  that  at  no  poiod  the  Upanishads  were  looked  upon  as 
mere  lessons  imparted  to  their  puiufa  by  old  di^iaes,  but  as  the 
mysterious  science  which,  through  beetowmg  real  knowledge  on  the 
human  mind,  lead*  to  the  attainment  of  eternal  blisa. 

For  such  is  the  objeot  of  all  the  Upanishads ;  and  die  knowledge 
they  intend  to  convey  is  diiefly  that  of  the  i»x>daotion  and  nature  of 
the  world,  of  the  properties  of  a  Supreme  Divinity,  and  of  thoae  of  the 
human  soul,  which  they  conceive  to  be  part  of  it.  The  a^me  object  is 
pursued,  and  the  same  view*  of  the  oat  are  of  Uie  divine  and  the  human 
soul  as  in  the  Upanishads  are  entertained  by  the  Ved&nta  philosophy. 
We  perceive  therefore  at  once  the  close  connection  which  exists  between 
the  Upanishads  and  this  orthodox  system  of  Hindu  philosophy.  Their 
difference,  indeed,  ia  merely  that  wluoh  separatee  the  b^jinnlng  £rom 
the  end  of  a  owtain  kind  of  phOosophical  reasoning.  In  the  VedAnta 
the  Hindu  mind  pceseeses  »  ayatem  which  endeavours  to  deduct  and  to 
connect  its  ideas  on  the  orestion  o£  the  world,  on  the  identity  of  the 
absolute  and  individual  souL  Its  method  would  not  stand  fJie  test  of 
o»r  philosophical  reasoning;  but  its  explanations  evidNitJy  aim  at 
ioimtifie  precision  and  ahorbiesB  of  axpreesion ;  and  they  are  generally 
free  from  mythological  mysticism.  In  the  Upanishads,  aa  the  con* 
tnu^,  there  is  merely  the  material  for  a  system  of  philoeophy.  The 
subject  treated  of  by  them  is  frequently  dealt  wiUi  in  a  desultory 
manner;  it  is  intercepted  by  l^ends  and  allegories;  it  ia  adapted  to 
the  form  of  dialogues ;  it  abounds  in  repetitions  and  verbose  phrase- 
ology. But  all  these  negative  featuree  of  the  Upaoiafaads  must 
be  viewed  in  the  mirror  of  the  Hindu  mind ;  and  then  we  easily 
comprehend  that,  aoceasiUe  to  the  popular  undarstaodtng  of  the 
educated,  they  became  the  booia  of  that  more  enlij^tened  belief 
which  at  all  periods  of  Indian  liistoi7  has  itrug^ed  agidnst  the 
idolatry  and  tha  gross  practices  producfld  1^  •  mlsooniiaption  of 
the  sacred  texts,  and  doubtieaa  abo  by  the  intoratad  motivM  of  a 
degenerated  olaaa  of  prieeta. 

Within  ttie  drole  of  the  Upaniahad  literature  several  periods  are 
dearly  diatinguiahable,  though  Sanskrit  philology  poaaossea  no  means 
of  rendering  them  into  intelligible  daiea.  The  first  ia  thai  of  tiw 
Jran'yaia.  As  tho  name  indicates,  and  M  It  ia  esidained  by  JTAy^Mna 
in  one  of  liia  oriticiams  on  the  great  grammarian  Pdn'iiti,  this  olaaa  of 
Upaniafaods  was  studied  in  the  solitude  of  the  forests,  apparently  be- 
cause it  was  thought  oeoessary  that  the  mind  should  divest  itself  from 
aU  oontaoi  with  vne  world  when  meditating  on  the  mysteries  of  life. 
These  Jran'ifaia  ore  mora  immediately  connected  with  the  BriLhman'a 
than  the  Upanishads  properly  so  called.  The  &'ihad-Xna'yaka,  for 
instance,  is  a  part  itself  of  the  S'athapatha  &Ahman'a  of  the  Vhuie 
Tajiurveda;  the Aitaren-Araa'yakaisaddedtothe Aitareya-Br&hman'a, 
and  the  Chhftndogya- Upaniahad,  aa  we  have  aieea,  thou^  not  bearing 
the  name  of  an  Arai^aki^  is  counted  amongst  the  BrAhman'a  of  the 
S&maveda.  Theae  woriu  combine  their  speculations  wiUt  a  consider- 
able amount  of  legeodair  detail,  in  the  same  way  as  the  &-Ahman'a  them- 
selves ;  and  they  are  held  in  especial  reapeot  on  account  of  the  obacure 
allusions  in  which  thvy  abound.  A  second  clan  is  much  lees  burdened 
with  mythological  and  allegorical  debut ;  it  is  brief,  and  addreeaea  itself 
more  to  the  philosophical  mind ;  it  comprises  tiie  greater  moss  of  tiie 
Upanishad  literature,  and  ia  ^^larmtly  more  recent  than  theAian'yaka. 
A  third  and  last  oateginy  ia  marked  by  the  tendency  it  haa  to  reconcile 
the  dootrinee  of  later  seeta  with  Vaidik  theology;  Upanishads  belonging 
to  it  identify  the  universal  Spirit  with  one  or  the  other  form  of  the 
gods  of  the  TrimOrti^  as  it  appears  in  sectarian  belief.  This  Utter 
descripticm  of  Upaaishods  is  cuefly  connected  with  the  Atharvavedo. 
We  choose  as  an  msUnce  of  tike  Araa'^^  dass  tiie  following  passages 
from  the  Aitareyo-AiMiya;— "This  (world)  verily  was  before  (tiie 
creation  ol  the  wixld)  soul  alone,  and  nothing  ebw  whatsoever  active 
(or  non^fltive).  He  reflected :  '  Let  me  create  the  worlds.'  He  created 
these  worlds,  namely,  the  ophere  of  water,  the  ^i«re  of  the  sun-beams, 
the  sphere  of  death,  and  the  sphere  of  the  watera.  The  sphere  of 
water  lies  above  the  heavens,  the  heavms  are  its  resting  place ;  the 
sphere  of  the  sunbeams  is  the  atinospluuv ;  the  earthtiie  world  of 
death ;  the  worlda  which  are  beneath  it,  are  the  sphere  of  the  waters. 
He  reflected :  These  worlds  indeed  are  created.  Let  me  create  the 
protectors  of  the  world.  Taking  out  from  the  waters  a  be^  of 
numaa  shape,  he  formed  him.  He  heated  him  (by  the  heat  of  hia 
meditation).  When  he  was  thus  heated,  the  mouth  burst  out  as  the 
egg  (of  a  bird),— from  the  month  sp6ech,— from  speech  fire.  The  ' 
nostrils  burst  out, — from  the  noetrils  breath,— from  breath  the  wind.  ■ 
The  eyes  bunt  out,— from  the  eyes  sight,—frDm  the  sight  the  ann.  1 


^e  ears  burst  out, — from  the  ears  hearing,— from  hearing  the  regiwis 

of  space,  Jte.   He  reflected :  Those  worlds  and  proteotom 

of  tiie  worlda  (have  been  created).  Let  me  now  create  food  for  them. 
He  heated  the  waters  (with  the  heat  of  his  refieotion).  From  them 
when  heated,  a  being  of  organised  form  sprung  forth  J  tlie  form  which 
si»img  forth  ia  vnily  food.  'When  created  it  cried  (by  fear),  and  tried 
to  fiee.  He  (the  first-born  male)  desired  to  adae  it  by  speeoh.  Had 
he  edaed  it  by  speech  (all)  would  be  satisfied  by  {nonoundng  food. 
He  desired  to  seise  it  by  breath ;  he  oould  not  sdse  it  hj  breathing. 
Had  he  taken  it  by  breathing  (all)  would  be  satisfied  b^  smelling  food, 
ka. . ...  Of  what  nature  is  the  mkJ  which  we  worship  1^  the  words 
'  this  Boul,*  and  which  of  the  two  (the  univenal  and  individual)  is  the 
soul  T  (Are  the  instnuoeDts  Iff  whidi  objects  ara  perceived  the  aoul,  or 
thepercdverf  not  the  instruments).  Ia  it  that  1^  which  the 
aoul  sees  form,  by  which  it  hears  sound,  by  which  it  ^prehenda  smella, 
by  wbidi  it  exi»esses  q>eedt,  by  which  it  diatinguiahes  what  is  of 
good,  and  what  ia  not  of  good  taste  t  The  heart  and  the  mind,  know- 
ledge about  one's  self,  knowledge  about  one's  power,  the  knowledge  of 
the  aixty-fbur  adencea,  the  knowledge  of  what  is  praotioaUe  at  this  or 
another  time,  nndentaoding  of  instruction,  perception,  enduraaoe  of 
pain,  thinking,  independence  of  mind,  sensibility,  recollection,  deter- 
mination, perseveraooe,  demre,  submission — all  these  are  names  of 
knowledge  (as  an  attiibute  of  the  soul  in  its  modification  as  life,  <^  the 
inferior  Bnhman,  not  attributes  of  the  supreme  Bnhman,  which  ia  of 
no  form  whatsoever).  This  soul  is  Brahman  (the  inferior  Brahmau), 
this  fridrttj  this  Pntj&pati,  this  all  gods  and  the  five  great  dements  and 
the  light ....  All  this  is  brought  to  existence  by  knowledge  is  founded 
on  knowledge;  the  worid  ia  brought  into  existence  by  knowlsc^; 
knowledge  itself  ia  the  foundation;  Brahman  is  knowledge."  (Bover'a 
'  Translation  of  the  Upan.  BibL  Ind.,'  vol  xv.  p.  28,  £} 

In  the  Br'ihad-Aran'yaka  it  is  told  that  Janoka,  the  king  of  the 
Videhas,  perfonned  a  sacrifice  at  which  many  Ekahmans  were  assemUed. 
The  king  having  a  great  desire  to  know  who  among  those  Brahmons 
knew  bast  the  Vedos,  tied  a  thousand  cows  in  a  stable,  and  covered  the 
homa  of  each  of  them  with  ten  ptda  <dF  gold.  He  then  aaid  to  the 
pious  men :  "  0  venerable  Brahmana,  whoever  amongst  you  ia  the 
beet  knower  of  Brahman  diall  drive  home  these  cows."  The  Brahmana, 
however,  did  not  venture  to  come  fwward.  Then  said  Yftjnaval^m 
to  hia  student :  "  Drive  home  those  cows."  But  the  Brahmana  became 
angiy,  and  h^an  to  examine  the  sage  aa  to  his  knowledge  of  the  Veda, 
"  Then  asked  him  Udddlaka,  the  son  of  Arun'a,''  tiie  l^end  continues, 
— " '  Yftjnavalkya,'  said  he, '  in  tiie  country  of  tiie  Madras  we  abode  in 
the  house  of  Fuitchala,  of  tiie  family  of  Kapi,  for  tiie  sake  of  studying 
the  science  of  offering.  Hia  wife  waa  poasessed  by  a  Qandharva.  We 
asked  him  (the  Oandharva), '  Who  art  thoul'  He  said, '  Kohandha, 
the  son  of  Atiiarvan's.'  He  said  to  Patanchabi,  of  the  family  of  Kapi, 
and  to  (us)  priests, '  0  EApya,  knowest  thou  that  Thread  by  which  this 
worid,  and  the  other  wotid,  and  all  beings  are  bound  together  T  * 
Pwtanfthaln.  of  the  famify  of  EafH,  said,  '  I  do  not  know  it,  0  Vener- 
aUe.'   He  aaid  to  Fantonchala,  and  to  (us)  priests, — '  Knowest  thou, 

0  K&pya,  that  Inner  Ruler  who  within  niles  thia  worid,  and  the  other 
world,  and  all  bdngaf  Fataochala  sud, — 'I  do  not  know  this,  O 
Venerable.'  He  said  to  Patanchola,  and  to  (us)  priests, — '  O  Kftpya, 
whoever  knows  the  Thread  and  the  Inner  Ruler,  knows  Brahman, 
knows  tiie  worlds,  knows  tiie  gods,  knows  the  Vedas,  knows  the 
eUmfinta,  knows  the  soul, — knows  all.'  Then  (Uie  Qandharva)  said 
(all  about  the  Thread  and  the  Inner  Ruler)  to  them.  '  Therefore  do  I 
know  this.  If  thou,  0  YAjnavalkya,  ignorant  of  the  Thread  and  the 
Inner  Rider,  hut  taken  away  tiie  cows  (destined  for  the  best  knower  of 
Brahman),  thy  head  will  certainly  drop  down.'  'I  know  verily, 
Gautama,  the  Thread  and  the  Inner  Huier.'   '  Any  one  m^  say  this, 

1  know,  I  know,  but  tell  the  manner  in  which  thou  knoweet.'  He  said, — 
*11ie  wind,  OOautama,  is  the  Thread;  bv  the  wind,  as  by  a  thread,  are 
thia  world,  the  other  worid,  aU  beinga  bound  together,  O  Gautama. 
Theref(ff«,  0  Gautama,  it  ia  said  of  a  dead  man,  tiiat  his  members  are 
relaxed;  for  It?  the  wind,  0  Gautama,  as  bya  thread,  they  oro  bound 
tMether.'  '  Iliis  ia  ao,  0  Yftjnavalkya ;  now  explain  tiie  Inner  Ruler.' 
'  He  who  dwdling  In  the  earth  ia  within  the  earth,  whom  tha  earth 
does  not  know,  whose  bodv  is  the  earth,  who  within  rules  the  earth, 
is  thy  soul, — the  Inner  Ruler — ^hnmortaL  He  who  dwdling  in  the 
watera  ia  within  die  watera,  whom  the  waters  do  not  know,  whcee 
body  ore  the  waters,  who  within  rules  the  waters,  is  thy  aoul,— the 
Inner  Ruler— ImmoiaL  He  who  dwdling  in  the  fire  is  within  the 
fire.  Sec  ... .   he  who  dwelling  in  the  atmosphere,  &&  ....   he  who 

dwelling  in  the  wind,  ftc  ....   in  the  heavens,  &o   in  the  sun, 

Ac. ...  in  the  regions  of  space,  Ac  ... .  in  the  moon  and  stars, 
Aa. . ...  in  the  ether,  Ac. ... .  in  the  darkness,  Ac. ... .  in  the 
light,  &a  ....  in  all  demmta,  Ao. ....  in  the  vital  air,  kc  .... 
in  speech,  ftc. ....  in  the  eye,  &c ....  in  the  ear,  Ac. ....  in 
the  mind,  kc  .. ..  In  the  skin,  &c. ....  in  knowledge,  ftc. . . . . ; 
he  who  dwelling  in  the  seed  ia  within  the  seed,  whom  the  seed  does 
not  know,  whose  body  is  the  seed,  who  from  within  rules  the  seed,  la 
thy  soul — the  Inno-  Uiiler — immortal.  Unaeen,  be  sees ;  unheard,  he 
hears;  unminded,  he  minds;  unknown,  be  knows.  There  ia  none 
that  aeea,  but  he ;  there  ia  none  that  hean>  but  he ;  there  ia  none  Uiat 
minds,  but  he ;  there  is  none  that  knowl,  but  he.  He  is  thy  aoul — 
the  loner  Ruler— immortal  Whatever  is  different  from  him  Ij  perish* 
able.'"  (Ib.,Tol.iLpartiiL,p.l88,ff:} 
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AnUpa^dkadctf  tJieieooBdoIa8ai8,CoriiutaDce,ttie  ra'a-UpaniHlwil 
which  derivn  an  additional  interest  fnon  the  oircumataaoe  utat  it  is 
the  only  Upauiahad  which  fonuB  part  of  a  SanhitA  itaeU,  namaly,  <A 
tliat  at  the  White  Y^ur?«da,  aod  thus  strengthens  the  proob  whioh 
xo«  be  allaged  fw  the  htnr  Teosnnon  oi  this  Veda.  It  mns  as  follows  : 
"wliateTerezlitoiailiiiworldistobe  «nTelopadby  (the  thought  of) 
Qod  (the  Baler).  By  renouncnng  the  vwld,  thou  shalt  save  (thy  soul). 
'Do  not  ooret  the  riohes  of  any  one^  Perfcntning  aaored  w<HkB,  let  a 
man  dewre  to  live  a  hundred  years.  If  Uwu  thus  (desirest),  0  man, 
there  is  no  other  mumer  in  which  thou  art  not  tainted  by  work.  To 
the  godleas  worlds,  oorsrad  with  gloomy  Harkiwi,  go  all  the  people, 
whan  dworting  (fimn  thia  winid)>  who  an  alayen  of  their  souls.  He 
(the  soiu)  does  not  more,  is  swifter  than  the  mind,  not  the  gods  (Qta 
aensee)  did  obtain  him,  he  was  gOM  before.  Sfen^ng,  he  outstripB  all 
the  otier  (gods,  sensea),  how  fwt  they  run.  Within  him  the  ruler  of 
the  atmosphere  upholds  the  vital  actions.  He  moree,  he  does  not 
move ;  he  is  far  and  also  near ;  he  is  within  this  all,  he  is  out  of  this 
■U.  Whoever  beholds  aU  beiiws  in  the  soul  alone,  and  the  soul  in  all 
bon^,  does  hence  not  look  down  (on  any  onatnre).  Wbm  s  man 
knowi  thai  all  beings  are  even  the  soul,  when  he  behwds  the  unity  (of 
the  soul),  then  there  is  no  delunon,  no  griet  He  is  all-pervading, 
brilliant,  irithout  body,  inTulnerable,  without  muscles,  pure,  untainted 
by  sin,  he  is  allwiae,  the  Ruler  of  the  mind,  above  all  Mings,  and  self- 
existent.  He  distributed  aooording  to  their  nature  the  things  for 
everlaatitig  ysan.  Thoee  who  worahip  iffxanaoe,  enter  into  gloomy 
dai^esa,  mto  still  greatv  darkn—  woee  who  axe  devoted  to  know- 
e^^  Thoy  say,  (fiffiarent  Is  the  effbci  <rf  knowledge,  difTerent  the 
effect  of  inioraiKe;  thus  we  heard  from  the  sa^  who  explained  (both) 
to  us.  wltoever  biowa  both,  knowledge  aod  ignorance  together,  over- 
comes death  bv  ignorance,  and  enjoys  immortality  by  knowledge. 
Thoee  who  worahip  unoreated  nature,  enter  into  gloomy  daikneas,  into 
still  greater  darkness  Uwse  who  are  devoted  to  created  nature.  They 
s^,  different  is  the  eflbot  from  (wonA^^ng)  nnareated  nature,  difoent 
from  (worahipptng)  created  nature.  Tms  we  heard  from  the  sages  who 
explamed  (IxAh)  to  us.  Whoever  knows  both,  created  nature  and 
destmetion  together,  overoomes  deat^  by  destniotion,  and  enjoys  im- 
mortality  by  created  nature.  To  me  whoee  duly  is  truth,  open,  0 
FA^ao,  the  entranoe  to  the  truth  conoealed  by  the  briUiant  disk,  in 
order  to  behold  (thee).  O  Pfishao,  R'isfai  thou  alone,  O  diq>eiiBer  of 
justioe  (Tama),  O  Son,  offlqaing  of  Piaj&pati,  disperse  tlv  nv*  (Bod) 
ooUeetwy  light;  let  me  see  tiiy  most  au^idous  fonn ;  for  the  same 
soul  whiui  is  in  thee,  am  L  Let  my  vital  spark  obtain  the  immortal 
air;  then  let  this  body  be  ooosomed  to  aahee.  Om.  O  my  mind, 
remember,  remember  (thy)  aots,  O  mind,  remember,  remember  thy 
acts.  Quids  us,  0  Agni,  by  the  road  of  bliss  to  enjoyment ;  (guide  us), 
0  Qod,  who  knowest  all  acts.  Destroy  our  crooked  sin,  that  we  ofEier 
thee  our  beet  salutation."    (lb.,  toL  xv.  p.  71.) 

The  principal  AranVaka  and  Upamshads  connected  with  each  of  the 
four  Vedas  are  the  foUomng:  to  l^e  Rlgveda  belong,  the  Aitareya- 
Ann^aka  and  the  KauBhttaka-Aranyaka,  the  third  book  of  which  is 
the  ^tuDshltal^-Upanishad.  The  Upanishads  of  the  S&maveda  are  the 
ChhAndogyft-  and  the  Kena-UpaiUBlukl.  To  the  Blaok  Tajurveda 
belongi  xa*  Taittiilya-XTan'yaka,  the  four  last  books  of  whioh  contain 


I'yaka 

Tajurveda,  has  been  stated  already. 

The  bu^eat  number  of  TJpajiiahada,  however,  has  grown  up  in  oon- 
nection  with  the  AtharraTeda,  which  seems  to  have  favoored  more  than 
the  sacrificial  Yedas  the  tendmioy  for  mystical  reasoning.  Among  them 
we  name  especially  the  Muu'd'alu-,  Pras^,  Br&hma-,  and  HAn'Sfklcya- 
TTpenishad,  as  trmting  of  the  nature  of  the  divine  and  human  amiL 
The  J&bali-,  Sannytea-,  As'rama.,  and  Hansa-npaolshad  are  some  of 
thoee  which  deeoribe  the  means  by  which  deep  meditation  or  the 
abstract  union  with  the  Supreme  Soul  can  be  obtained.  A  third  class, 
aa  mentioned  above,  has  a  sectuian  ohaiactar,  1^  identifying  the 
Supreme  Soul  with  Yishn'a  or  Siva  in  their  various  forms ;  among 
those  referring  to  Yishn'u  we  notice  the  N&rftyan'a-,  and  the  Nr'tBinha. 
tapantya-UpaniBhad ;  among  those  oonneoted  with  the  worahip  of  S'iva 
we  find  the  S'atarudriyo-,  Kaivalya-,  Skanda-Upeniahad,  and  one  called 
Atharvas'iras.  (For  a  fuller  account  of  this  class  of  works,  see  Pro- 
fessor Weber's  'Akademisohe  Vorleeungon  iiber  Indisohe  Literatur- 
geschiohte,'  and  his '  Indische  Studleu,') 

While  the  TTpanishads  are  the  intermediate  link  between  the  Vedaa 
and  the  later  eystenu  of  Hindu  philoaophy,  the  Veddngtu  show  us  how 
scientific  research  grew  up  In  India  from  tiie  soil  of  uie  aaored  texts. 
If  we  oonuder  the  bulk  of  literature  whioh  is  comprised  by  the  SanhitAs 
and  Brfthman'as,  and  the  anxious  desire  which  every  Brahmanio  believer 
must  have  felt  to  pmserve  it  in  its  integrify,  it  is  eanly  understood 
that  in  the  course  m  time  various  veans  were  devised  for  securing 
oorreotoess  of  the  aaored  texts,  for  guarding  their  sense  against  erro- 
neouB  interpretations,  and  fw  "*""*'""'»g  in  its  puri^  a  "P^^yp^  prac- 
tice of  the  rites  which  were  taught  in  the  Br&nman'a.  Thia  ia  the 
object  of  the  Ved&nga  works.  The  Br^man'a  ot  the  SAmaveda  i^teak 
of  aix  Ved&nga  or  "  limbs  of  the  Yeda,"  in  other  words,  of  six  works  or 
olasses  of  works  which  wera  instrumental  in  maintaining  the  int^rity 
of  the  Teda.  Bat  it  is  Dok  OMteln  whether  this  BiAhman'a  means 
tiie  same  rix  TedtngM  which  have  eome  down  to  us;  Tfiska,  again^ 
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alludes  to  Yed&ngas,  but  does  not  state  that  they  were  six.  We  must 
distinguish  therefore  between  categories  of  worits  which  were  called 
YedAngaa,  and  between  certain  works  which  are  the  surviving  repre- 
sentatives of  these  oategoriea^  but  need  not  We  been  Ma  first  Yedftngr 
works. 

The  dootrinee  oomprised  under  this  name  are  the  following: — 
SUcshd,  (^ikandai,  Vyakartm'a,  NimJeta,  JjfoUtha,  and  Kalpa. 

S'^e^  is  the  soienoe  of  a  proper  pronunciation.  One  little  treatise 
only  ia  considered  as  representing  this  Yed&nga,— the  S'ikshA  ascribed 
to  the  authorship  of  the  great  grammarian  P^lni.  It  oonaiBte  in  one 
recension  of  thuty-fivor  in  another  of  fifty-nine  verses,  and  treats  oi  the 
nature  of  the  letters,  of  the  acoeuto,  and  the  proper  mode  of  aoundiug 
them.  Aeb^teroftheTaiUMyfr-AranVakatnatelikewIeeof  SIksU 
but  though  it  ii  poadble  that  nn'ini's  Sikdi&  may  not  be  the  original 
Yed4n^  of  this  olaas,  it  is  more  than  doubtful  that  this  obiter  ol  the 
Aran'yaka  was  over  considered  as  such. 

CMondtu  means  "  metre ; "  wid  the  Yed&nga  whioh  is  quoted  by  this 
name  ia  referred  to  the  authwship  of  Fin^^uanftga.  But  as  the  work 
of  tiie  latter  trsats  of  Pnkrit  as  mU  «  of  Sanskrrt  metra^  ik  beoonksa 
doubtful  agun  whether  we  poneea  in  ii  an  ori^nal  Yedlnga  work. 

Vydkaran'a  dgnifies  "grammar,"  but  literally  meana  "  undoing,"  that 
ia, analysis;  for  to  the  Hindu  scholar  grammar  ialttu[aistk) analysis; 
his  grunnur  vin-doet  words  and  wi-dtMi  sentenoea;  it  examinee  the 
component  parts  of  a  word,  and  therefore  teaches  the  properties  of  a 
base  and  affix,  and  all  the  linguistio  pheoomeoa  oonneoted  with  both ; 
it  examines  the  relatitn,  in  sentence^  of  aoa  worA,  to  another,  and 
likewise  unftdds  all  the  linguistia  phenomena  whidi  are  ineepKaUe 
from  the  meeting  of  words.  The  most  renowned  representative  oi  this 
Bcienoe  is  Pdnfini,  who  wrote  a  work  in  dght  ofaapters,  comprising 
thirty-two  secticHis  and  three  thousand  nine  hundred  and  ninety'Six 
rules,  three  or  four  of  which,  however,  probably  did  not  belong  to  nim. 
And  BO  great  was  the  renown  of  this  wonderful  labour,  which  may  be 
pUoed  (A  ibi  nde  of  the  best  granunatioal  woib  of  any  nation  and  any 
ag^  that  Ffat'ini  waa  looked  upon  as  a  Blshi  who  had  reoalTBd  it,  by 
inqiiration,  frttm  the  god  S'iva  himselt  F&nini,  it  is  true,  quotes  in 
lus  work  various  grammarians  who  preceded  him,  but  Yy&kjmta'a  ia 
typified  by  the  gravunar  of  P&n'ini,  which  has  remained,  up  to  this 
dayr  the  standard  for  Sanskrit  speech.  We  may  add,  that  his  work 
was  aritioiaed  and  amplified  by  EJltylyana,  who  m  his  turn  was  criti- 
cased  by  FatanjaU,  a  grammarian  who  lived  in  the  middle  of  theaeooiid 
century  before  Christ;  and  that  theae  three  grammaiiane  are  con- 
sidered to  be  the  greatest  authorities  in  the  atuenoe  they  taught.  But 
P&n'ini  only  can  be  held  to  be  the  repreeentative  of  the  Yed&nga  we 
are  i^eaking  of.   'JSor  should  the  Yj&karan'a  be  oonfounded  with  a 


daas  of  works  which  apparent  stands  in  »  closer  relation  than  itself  to 
the  Yeda^aohitla— with  the  mtia'Akhya  works ;  for  though  the  latter 
are  omoenied  ia  Yu^  language  alon^  whereas  ^knini's  work  is  even 
mrare  engaged  in  *'^^Hg  the  ninaiinal  than  the  Yaidik  dialect,  thrir 
aim  and  their  otmtents  matoially  differ  from  thoee  of  the  Yyftkaran'a, 
Their  object  is  okerely  the  ready-nude  word,  or  base,  in  the  ocntdition 
in  which  it  fit  to  enter  into  a  sentenoe  or  into  composition  with 
another  base.  They  are  nowise  oonoemed  in  anaWsing  or  explaining 
the  nature  of  a  word  or  base ;  they  take  them  such  as  therf  are,  and 
teaoh  the  ehanKsa  whioh  they  undergo  when  they  beoome  pet  ol  a 
nxAenhynin.  Wh^her  tihere  existed  at  (me  period  othsrPiAtis'Akhyaa 
taan  thoee  which  have  survived,  it  is  not  easy  to  say  in  the  tnwent 
wmdition  of  Sanskrit  philology ;  but  it  has  been  proved  that  tae  pre- 
sent Prfttis'tULyaB  are  even  more  recant  than  Pin'ini'B  wwk.  (Oold- 
stiicker, '  F&n'ini,'  p.  183,  ff ) 

Nimicta,  or  "  explanaUon,  is  repreeenied  by  the  Niruleta  of  Ydika, 
which  is  tite  oldest  attempt,  known  to  us,  of  an  ex{4anation  of  obeoure 
paasagea  of  the  Yaidik  SanhitAs.  "  It  is  impratant,  however,"  saya 
Profeasor  Hiiller  ('  Anc  Sansk.  Lit,'  p.  16i),  "  not  to  confound  Yftska'a 
Nirukta  with  YAska's.  Commentai7  on  the  Nirukta,  although  it  has 
beoome  usual,  after  the  fashion  <d  modem  mannsoripta,  to  call  that 
ofxnmentaiy  Nirukta,  and  to  distinguish  the  text  of  the  Nirukta  1^ 
the  name  ol  NighanVu.  The  original  Niruktas  that  fonued  an  integral 
part  of  the  Yed&nga  Uterature,  Imown  to  Y&ska  himself,  can  hare  coup 
aisted  tmly  of  liate  of  word*  arranged  according  to  their  meaning,  like 
that  upon  which  Yflaka's  Conunentary  is  based.  ....  S&yana  gives 
the  foil  lowing  account  of  Uus  matter  : — '  Nirukta  ia  a  work  where  a 
number  of  words  is  given,  without  any  intuition  to  connect  them  in  a 
B8nteno&  ....  The  first  part  (of  the  Nirukta)  is  the  iVaManCwb^ 
the  aeoond  the  Naigamat  and  the  third  tin  JDowote.  ....  The  w<nd 
Nigkaniu  applies  to  worb  whim,  for  the  most  part,  synonymous 
words  are  tai^cht.  Tlierafore,  the  first  part  of  thia  woik  also  has  been 
called  Naighanf  uka,  because  i^nonymous  words  are  tau^it  there.  In 
this  part  there  are  three  lectures :  m  the  first,  we  have  worda  oonneoted 
with  things  of  time  and  igiaoe  in  this  and  the  other  worlds ;  in  the 
seoimd,  we  have  wtads  oonneoted  with  man  and  human  aflUrs;  and  in 
the  third,  words  expreashig  qualitiea  of  the  preceding  objects,  such  aa 
thinneai,  multitude,  shortness,  &a  Iftgama  means  Yodo,  As  YAaka 
has  quoted  many  passages  from  the  Yeda,  which  he  usually  introduces 
by  the  words,  "For  this  there  is  also  a  Nigama; "  and  as  in  the  second 
part,  consisting  of  tiie  fourth  Adhy&ya,  wordii  an  taught  whioh  usually 
occur  in  the  Yeda  only,  this  part  la  called  Naiwna.  Why  the  third 
part,  oonristing  of  the  fifth  AdD^^toa,  ia  oaUad  JAmmta,  is  clear.  The 
whole  work,  otmaisting  ot  five  Adhylmi  and  tiuree  parts,  ia  oallad 
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>  iruktn,  bccnitse  the  tneaniag  of  words  is  given  there  irrespeotiTe  of 
uiytbiiig  else,  A  commentary  on  this  has  t>een  composed  by  YAska,  in 
twenty  Adhyftyas.  This  aUo  is  called  Nirukta,  beoaiue  the  real  mean- 
ing conveyed  by  each  word  is  fully  given  therein.' " 

The  fifth  Vedinga  is  called  Jyoluha,  or"aBtroDoniy,*  Itsohjeotwaa 
to  teach  how  to  fix  the  proper  time  for  the  performance  of  sacrificial 
acts.  It  is  a  Vaidik  calendar.  There  is  but  one  manuscript  work,  in 
ihe  library  of  the  India  Office,  which  would  seem  to  bwoog  to  this 
oat^ry,  but  it  is  difBcult  to  aay  wheUier  it  may  aspire  to  the  iHx>ud 
name  of  a  Ved&nga  work. 

'   The  rixth  Ted&nga,  on  tiw  eontnu^,  the  Xe^pa,  is  re^nesanted  1^  a 

rit  number  of  works,  several  of  which  are  preeerved  m  manuicritte 
our  libraries.  ATaffameans  "ceremonial,  and  the  works  of  this 
class  are  the  code  of  the  Brahmanio  rites.  It  was  stated  before  that 
the  Br&bman'a  portion  of  the  Veda  contains  explanations  of  the  pur- 
poeee  fur  which  the  verses  of  the  SanhitAs  were  used,  in  consequence 
that  it  conveys  a  knowledge  of  the  Vaidik  rites.  This  knowledge^ 
however,  which  apparency  sufiDced  for  the  period  at  whidi  these  works 
■wm  composed,  must  hftve  been  deemed  insuffident  at  hter  ages, 
wbtoh  required  a  more  copious  detail  for  a  im>per  perfomumce  of  the 
rites.  Uhnemr,  the  BrAhman'a,  as  a  first  attempt,  are  wanting  in 
proper  arrangement  of  the  matter  they  contain,  and  abound  in 
legendaiy  narrativea,  which  interrupt  their  comment  on  the  sacrificial 
acts.  The  Kalpa-SOtras  remedy  this  practical  defect;  they  contain  a 
complete  system  of  the  Vaidik  rites  acctnding  to  Veda  to  which 
they  belong.  Of  such  Kalpa-SQtraa,  thoee  oonneeted  with  the  cere- 
monial of  the  R'igveda  are,  the  SOtras  of  S'AnkhAyana,  As'waUyana, 
and  S'aunaka.  Ealpa-SQtou  explaiuing  the  rites  of  the  SAmave^  are 
those  of  Maa'aka,  L&t'yftyana,  Oobhila,  Urflhyftyaa'a,  and  a  SAtrn  called 
Anupadaaatra,  which  exphuns  the  ceremonial  taught  in  the  Panchavins'a- 
BrUunaa'a.  Kalpa^fttras  of  the  Black  YMurveda  are  the  Apastamba, 
Bandhibana,  Satyftsh&dha-Hirsnyakes'in,  lUnava,  BhAiadw&ja,  fto. ;  of 
tin  Whka  Yajurveda,  that  of  Kity&yana;  of  the  Atharvaveda>  that  of 
Ktulka. 

Two  other  dasaea  of  Sfitraa  gradually  completed  the  code  of  these 
Kalpa  works,  which,  in  being  founded  on  S'ruti  or  the  Veda,  bear  also 
the  name  of  ^rauta-SHira,  namely,  the  Or'thyct-  and  tiie  SSmaySchSrika- 
Sitrat,  The  Or'ihya-SAtra  describe  the  domestic  ceremonies,  as  dis- 
tioot  from  the  great  sacrifloial  acts  enjoined  by  the  S'rauta  or  Ealpa 
WOTks :  "  First,  the  marriage  oeremomes  ;  then  the  oeremonieB  which 
an  pOTfnmed  at  the  oonoepUon  of  a  child,  at  various  periods  before 
his  birth,  at  the  time  of  his  birth,  the  ceremony  of  naming  the  child, 
of  carrying  him  out  to  see  the  sun,  of  feeding  him,  of  cutting  his  hair, 
and,  lastly,  of  investing  him  as  a  rtudent  and  sending  him  to  a  Gum, 
under  whose  care  he  is  to  study  the  sacred  writings.  ....  It  is  only 
after  he  has  served  his  apprmtioeehip  and  grown  np  to  manhood  that 
he  is  allowed  to  marry,  to  li^t  the  saorifldsTflre  for  Imnself,  to  choose 
his  prieHts,  and  to  perform  year  after  year  the  solemn  sacrifices  prescribed 
by  Smr'iti  and  S'ruti.  The  latter  are  described  in  the  later  books  of  the 
Qrlhya-SAtns ;  and  the  last  book  oootains  a  full  aooount  of  the  funeral 
ceremonies  and  of  the  sacrifices  offeired  to  the  rafaits  ol  tiie  dmarted." 
(Midler, '  Ano.  Sanak.  Ut.,'  p.  204.) 

The  Simayicfairikfrfifttnu  regulate  the  relations  of  «very-day  life. 
"  It  is  diiefly  In  them  that  we  have  fo  look  to  tiie  origjnala  of  the 
metrical  law-books,  such  as  Mann,  Yftjnavalkya,  and  the  rest"  (Ibid., 
p.  200.)  Both  these  Sdtras  are  comprised  tmder  the  name  of  SntSrla- 
SlUra  (from  Smr'iti,  "tradition "),  as  they  are  based  on  it.  Of  the  Gi'lhya- 
Slitras  of  the  R'igveda,  we  possess  thoee  of  S'AnkhAyana  and  As'wtdV 
yasa;  a  Gr'ihya-Satra  of  the  Sfanaveda  is  titat  of  Gobhila;  the 
Yajurveda  in  both  its  recensions  seems  to  have  had  many  Sfttns  of 
this  Und.  Of  the  Bhck  Yajurveda,  we  name  especially  the  BaudhA- 
yana;  and  of  the  White  Yajurveda,  the  Fftraskara  Or'ihya-SAtrk. 

We  conclude  these  outlmes  of  the  principal  works  of  the  Yaldik 
literature  with  mentioning  another  class  of  compositions  which  arose 
from  the  desire  of  securing  the  int^^ty  of  the  Vaidik  texts,  as  well  as 
the  traditional  and  exegetic  matoial  connected  with  them, — the 
Aiwhuman't,  or  Indices  to  various  portions  of  this  litnature.  The 
ooropletest  of  tiiis  kind  is  that  by  KAtyiyana,  to  the  B^eda-SsnhitA. 
It  gives  the  first  words  of  each  hymn,  the  number  of  verses,  the  name 
and  family  of  the  poets,  the  names  of  the  deities,  and  the  metres  of 
every  vene.  Its  name  is  Sarvdnukraman't, — tiiat  is,  "  the  inda  of  all 
things and  it  seems  to  have  imjooved  on  four  ■imiliu'  writingi  which 
preceded  it  and  are  ascribed  to  S'aunaka.  For  the  Yajurveda  there 
are  mentioned  three  Anukraman't,  for  the  SamAveda  two,  and  there  is 
one  for  the  Atiiarvaveda.    (MUUer,  *  Anc  Sansk.  UC  p.  316,  ff.) 

It  would  be  hut  natural  to  ask,  what  date  could  he  assigBed  to  all 
or  any  of  the  various  works  which  have  been  named  in  the  course  of 
this  l»ief  sketch  ol  Vaidik  literature ;  but  Sanskrit  philology  is  as  yet 
not  aUe  to  answer  this  question  satisfactorily.  It  may  offer  conjectural 
dates  aooording  to  the  impressions  of  the  individuu  mind,  but  it  is 
bound  io  avow  that  past  resesreh  hss  not  provided  it  with  facts  wiiioh 
would  impart  to  its  chronolcwieal  soimises  any  degree  of  plwsibility. 

VEDANTA.   [Sabskbit  Lakquaob  aitd  Litkbatueb,  col.  269.1 

VEDUB.  [Vkadah.] 

TEEBING.  or  WEARINQ  (from  the  French,  mkt),  is  that  move- 
ment <rf  »  ship  in  which,  soppomg  her  to  have  been  previously  stuline 
irith  the  wind  on  either  bow,  shell  brought,  her  head  being  turned 
to  leewird,  hito  sooh  position  that  the  wind  u  on  the  othtr  \xm,  and 


she  is  brought  round  on  an  opposite  tack.  A  reference  to  our  word 
Taokihq  will  show  that  during  that  toleration  the  ship's  head  is 
brought  to  the  wind,  while  in  the  act  of  veering  it  is  quite  the  reverse. 

If  m  tacking  the  diip  loses  so  much  of  hw  forward  notioa  as  to  be 
incapable  of  yielding  effeotnally  to  the  action  of  the  water  on  the 
rudder,  and  thus  of  turning  her  opposite  bow  towards  the  point  from 
whence  the  wind  is  blowing,  the  smp  ia  said  to  miss  stays ;  she  thea 
drifts  to  leeward,  till,  by  the  action  of  the  water  on  tiie  lee  side  of  the 
rudder  the  head  is  agun  turned  from  the  wind,  when  she  is  brought  to 
her  previous  position.  In  this  case,  should  it  be  necessary  to  persevere 
in  endeavouring  to  change  the  course,  and  should  the  ship  be  not  too 
near  a  point  of  danger,  the  proposed  end  may  be  gained  by  veering, 
and  the  evolution  is  thus  effected : — When,  in  drifting  to  leeward,  the 
ship  b^ins  to  &I1  off,  or  to  turn  her  head  from  the  wind,  the  helm  is 
placed  hard  a-weatiier,  and  the  after-sails  are  hauled  up  so  that  the 
wind  may  act  upon  the  bead-sails  only,  and  that  the  ship  may  b« 
brought  before  the  wind ;  when,  the  velocity  of  rotation  oontinoing, 
the  uip^  head  begpns  to  turn  towards  the  wind,  which  will  then  be  on 
the  oppodto  bow.  The  helm  being  now  turned  to  leeward,  and  the 
afteresils  set,  the  diip  comes  rapidly  into  tiie  required  poeitiou. 

This  evolattm  is  frequentiy  the  only  one  which  can  be  performed 
in  stormy  weather  when littie  sail  can  be  carried,  and  also  when  sullng 
with  a  light  breese ;  since,  in  either  of  these  cases,  the  ship  may  not 
have  sufficient  velocity  to  allow  of  being  put  about  by  tacking :  the 
disadvantage  ol  Tearing  is  that,  during  the  evolution,  the  ship  is  somsK 
times  carried  far  to  leeward,  and  the  loes  of  space  can  only  be  diminished 
by  executing  the  movement  with  as  much  rapidity  as  poesible. 

When  a  heavy  sea  is  running,  veering  is  a  perilous  operation,  as  may 
be  inferred  from  the  following  diagruna.  During  a  hard  gale  good 
experience  in  seamanship  ia  required  in  order  to  prevent  the  decks 
bemg  swept  by  the  waves.  Thiere  aie  two  paiods,  while  a  ship  ia 
veenng,  at  which  the  danger  Is  most  threatening :  nam^,  soon  after  » 
ship's  head  has  payed  l»cad  off  when  she  is  liable  to  be  aau{^  in  tha 
trough  of  tiifl  am,  %b  in  fy.!;  and,  nez^  when  ihs  hia  eome  with 
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off  the  wind,  and  is  scudding,  as  in      2.   In  either 
;  of  iba  sea  upon  dei^  mig^t  destroy  erefTthiag  thereoiij  if 


it  did  not  lead  to  the  foimdering  of  the  vessel  The  latter  case  is  that 
of  a  ship  receiving  a  sea  over  the  stem,  when  she  is  said  to  have  been 
"  pooped."  Ia  smsll  fore  snd  aft  vessel^  and  espsoially  in  open  bt«ta, 
veering  ia  attended  with  some  risk  even  in  moderate  weather,  and 
should  be  ^ways  done  with  caution;  the  sudden  "swi^"  of  the 
mMPi^ftil  and  boom  from  one  ^de  to  the  other  as  the  wind  catdies  the 
vessel  upon  the  other  quarter,  may  snap  the  boom  with  the  sudden- 
ness of  the  jerk,  or  capsise  the  veasel  altt^ether.  To  obviate  this  it  is 
proper  to  round  in  the  main  sheet  as  it  comes  aft,  and  then  check  and 
ease  it. 

Box-hauling  is  an  evolution  similar  to  that  of  veering,  and  is  pat  in 
practice  when  a  rock  or  eome  other  daiu^  is  suddenly  seen  a-head. 
It  it  be  supposed  that  the  ship  is  slrsa^  dose  hauled,  the  after-sails 
are  to  be  bu^en  up,  the  helm  turned  a-lee,  and  the  heod-saiLi  laid  back ; 
by  these  means  the  ship's  head  begins  to  turn  from  the  wind,  and  her 
forward  motion  is  arrested.  As  the  ship's  head  oontinues  to  turn,  the 
wind  beghn  to  act  on  the  after-surfaoes  of  the  head-sails,  giving  a  small 
motion  forwwd;  and  then  the  helm  is  shifted  so  as  to  ce-<^emto  with 
the  wind  in  causing  the  ship's  head  to  fall  farther  off.  The  rest  of  the 
evolution  is  tiinilftr  to  that  which  ia  performed  in  the  act  of  veering. 

VEGETABLE  ALKALOIDS.   [Base;  Obqaitio  Baskb.] 

VEGETABLE  CASEIN.  [Leodmim.] 

TEGETABIiE  GREEN.   [CoL0X7iuiTa  Hattebs.] 

VEGETABLE  IVOBY.  [Itobt.] 

VEGETABLE  LEATHER.   [Lbathsb  Uaiiueaotubb.] 

VEGETABLE  PARCHMENT.   [PABOonST,  YnBTABLl,] 
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VEGETABLE  ROUGE. 


VELOOITT. 


VEGETABLE  BOUQE.  [Cabthuioi.] 
VEGETABLE  SCARLET.  [Cabiunm.] 
VEGETABLE  SILK.   [Silk  Manxttaotuki.] 
VEGETABLE  WAX.  [Wax.] 
VEGETO-SULPHUBIC  ACID.  [Suoail] 

VEINS,  DISEASES  OF.  The  phvaiok^  ot  the  reuu  may  be 
ioavd  in  the  article  CiscuLATiON,  in  Nat.  Hibt.  Dir. :  in  the  praeent 
Article  their  principal  diaaaaea  «dll  be  daecribed.  Of  theae  the  moat 
frequent  la  that  in  which  they  become  what  is  oalled  Varieote,  that  ia, 
dUated,  and  unnaturally  tortuoua,  a  diseaae  which  ocoura  eapeoially  in 
the  anboutaneooa  veins  of  tite  lower  extremil7.  It  ia  the  reault  of  the 
ooata  ot  the  vdna  loving  their  elaaticity,  ana  thu«by  their  power  of 
renating  the  preaaure  of  the  column  of  luood  above  them.  Toe  lorn  of 
elaaticdty  la  commonly  due  to  disease  of  their  ooata,  and  is  frequently 
accompanied  by  an  increase  of  Uieir  thickness,  and  by  deatimction  or 
impairment  of  their  valves.  ,  The  dilated  veina  appear  like  large 
tortuous  blue  canals  beneath  the  skin,  or  in  extr^e  caaea,  where 
many  are  coiled  tc^^ether,  they  form  projecting  tumoura.  They  pro- 
dwM  inoonvenience,  both  by  %be  pain  woich  result!  from  their  dia- 
tenmon,  and  oocafitniaUy  by  the  akin  over  them  uloerating^  aad  allowing 
them  to  bunt  and  bleed  profusely;  but  their  more  eommon  effect  ia, 
that  in  parts  of  the  skin  below  them,  either  spontaneoualy  or  after 
alight  injuries,  ulcers  form,  which,  in  cooaequenoe  of  the  circulation 
being  impeded  through  the  dilated  veins,  ace  very  tedions  in  healing. 

¥or  thiB  varicose  state  the  Isjge  veina  numerous  rraoediea  have 
been  propoeed;  but  the  beat  are  only  palliative.  A  temporaiy  remedy 
ia  afli»dad  by  the  recumbent  posture,  in  which  the  walls  of  the  veins 
are  relieved  m>m  the  weight  of  the  column  of  blood :  constant  advan- 
tage ia  afforded  by  the  wearing  of  a  well-applied  bandage,  or  of  an 
elastic  stocking,  by  which  a  sufficient  pressure  ia  applied  to  |M:event  the 
further  distension  of  the  veins.  The  obliteration  of  the  venous  trunks 
may  be  eS^oted  by  cutting  or  tying  them  in  various  ways,  or  by  apply- 
ing some  oanaUe,  ao  aa  to  make  the  tissues  over  them  slough ;  but 
these  wooeedings  are  not  witiiout  danger,  and  at  present  it  is  very 
doubtnil  whether  they  are  often  productive  of  permanent  advantage. 
Patienta  had  better,  in  general,  be  content  with  the  palliative  remedy 
of  the  bandage  or  elastic  stocking. 

A  form  of  ivriooee  disease  of  the  veina,  which  oftoi  accompanies 
that  of  the  venoua  trunks,  but  sometimes  exists  alone,  and  with  which 
uloera  <^  peeuliar  obatinaoy  occur,  affecta  the  small  vessels  about  the 
ankle  and  lower  part  of  the  leg.  The  skin  is  this  disease  is  almost 
uniformly  red,  through  the  niimber  of  small  veins  that  am  distended ; 
the  D^hbourhood  of  the  uloer,  when  one  exists,  ia  hvid,  tenae,  and 
shining;  and  the  ulcer  itaeU  is  indolent,  and  very  punful,  and  di»- 
charges  a  thin  sanies.  This  state  can  be  treated  only  by  the  aame 
remedies  as  the  preceding :  but,  tiiough  commonly  overloiAedf  it 
Is  by  iur  the  more  miediievonB  disease  of  the  two. 

VarieoiB  afibetion  of  ^ke  vcina  of  the  ^rarmatic  cord  oonetibitee  the 
i<MMMw  named  Vari^ceU  ;  and  that  of  the  veina  of  the  rectum,  or  akin 
around  it,  forma  hemorrhoids,  or  piles.  In  theae,  aAd  in  all  the  other 
casee,  the  blood  ia  apt  to  stagnate  in  the  dilated  veiDS,  and  to  co- 
Bgulate  witiiin  tiiem.  The  olota  thus  formed  may  aaaume  a  definite 
fwm,  beooming  eUiptioal,  or  more  often  elliptiod  with  pointed  ex- 
tremxtiea,  andwe  fitoine  in  them  airangee  itadf  in  oonoentrio  layeca : 
after  this  th^  harden,  and  one  of  their  exbemitiea  beooming  eon- 
nected  with  the  walls  of  the  veasel,  small  blood-vessels  may  fram  in 
them,  and  communicate  with  those  <A  the  surrounding  parts.  Lastly, 
the  oolouiing-matter  of  the  blood  is  removed,  and  euihy-matter  is 
deposited  in  the  clots,  arranged  in  concentric  layers,  and  givmg  them 
omsiden^Ue  hardness  :  thus  phlAthUtAa,  or  vein-stonea  an  formed. 
Thay  are  naually  spherical,  measuring  from  one  to  four  lines  in  dia- 
meter, lying  looaa  within  tiie  veins,  and  producing  no  apparent 
inconvemenoe,  except  by  obstructing  the  paasage  of  blood,  l^ey  are 
especial^  common  in  the  dilated  vnna  in  the  pelvia  of  old  perBons, 
and  in  the  vwns  of  1^  which  have  been  long  nriooae :  they  neither 
need  nor  admit  of  surgical  treatment. 

That  which  is  particularly  termed  a  Fonx  is  dther  a  maas  of  dilated 
and  tortuous  reins,  or  a  sin^  iwh*<ti'"'  and  drcumaoribed  dllatatitm  of 
a  von,  analogous  to  the  drenmaoribed  aneurism  of  an  arteiy.  This 
dreumaoribra  dilatation  ia  a  very  rare  diseaae,  but  in  ita  conaeqnenoea 
does  not  di^r  from  ordinary  dilatation.  An  aneoriamal  varix  ia  pro- 
duced when,  a  commanication  being  made,  either  by  a  wound  or  by 
ulceration,  between  an  arteiy  and  a  v^  the  latter  is  dilated  by  the 
force  of  the  arterial  blood  into  a  oircumacribed  sao.  [AmuRiSiL] 

Tlw  most  serious  diseaae  to  whidi  the  vfliaa  are  subject  la  acute 
inflammatitm,  or  pUdntit.  It  somettoes  ooouia  after  the  slight  wound 
made  in  ordhiary  bleeding ;  it  is  more  common  after  operations  upon 
Taricoae  veins ;  and  yet  more  frequentiy  occurs  after  amputations  <^ 
the  limba.  Kight  cases  of  phlebitis  not  unfrequenUy  come  on,  as  if 
apontaneoualy,  or  after  exposure  to  oold,  in  varkoeeTdns.  The  dilated 
veioa  become  hard,  like  knotted  corda  beneath  Uie  akin,  and  very 
painful ;  tiie  aUn  around  them  inflames,  and  the  parte  below  become 
fsdematous ;  and  sometimes  a  slight  erysipelas  spreads  over  the  limb. 
Such  affections  are  usually  of  littie  moment ;  leeches,  rest,  and  external 
cold  are  sufficient  ^to  sabdue  the  inflammation,  and  it  oftea  has  the 
&vuiirable  result  of  obhterating  the  veina,  and  thus  coring  the  diseaae 
hj  which  they  were  previously  infected. 

The  mora  severe  pblebitiB  ia  a  moit  dangerous  diaeasft   I^mpb  is 


effused  into  the  cavity  of  the  vein,  and  into  the  tinue  of  its  walls, 
rendering  them  thick  and  hard;  the  vein  and  tiie  tisauee  immediately 
around  it  become  exquisitely  tender,  and  the  parts  whose  blood 
should  be  returned  through  the  diseaaed  vein  are  usually 
codematoua.  In  a  further  stage  pus  is  effused  into  the  cavity  irf  tlie 
vein,  and,  mixing  with  the  Uood,  it  may  pass  into  the  general  current 
of  the  oirculation,  though  more  commonly  tite  vein  is  obliterated  above 
the  chiefly  inflamed  part  by  lymph  dwiosited  on  ite  walls,  and  thus 
the  passage  of  pun  into  the  circulation  is  prevented.  With  the  local 
inflammation  of  phlebitis  a  state  of  low  ty^ioid  fever,  with  muttering 
delirium  and  great  exhaustion,  is  usually  combined ;  and  under  theae 
the  patient  dies. 

In  connectitm  with  aupputatiTO  {AleUtis  a  ctmditlon  oftra  ooeors 
to  which  the  name  of  jnavUnt  ditUJietit  has  been  given.  Its  diief 
oharacteristio  is,  that  oollections  of  matter  form  ooinoidentiy  in  many 
different  parts  of  the  body,  most  frequentiy  ia  the  joints,  lungs,  and 
liver,  accompanied  by  a  kind  of  fever  similar  to  that  which  attends 
I^ilebitia.  It  has  been  thought  tiiat  this  state  depends  on  pus  formed 
in  an  inflamed  vein  being  carried  into  the  cirouli^ion,  and  deposited 
again  in  acme  remote  part;  or  that  there  is  aUnd  of  metaatasia  of 
sappuration  from  the  vein  to  the  parts  secondarily  afifeoted.  Bat  casea 
oocasionally  happen  in  which  all  the  signs  of  the  purulent  diathesis  an 
well  marked,  although  no  vein  ia  diseased ;  so  that  there  iano  necessary 
connection  between  the  disease  and  phlebitis,  although  in  the  tendency 
to  suppuration  the  veins  generally  take  a  prominent  place.  The  most 
probable  explanation  of  the  diaease  is,  that  some  morbid  matter,  such 
aa  tsformedin  the  decomposition  of  the  discharge  fn»a  sorea  or  wounds, 
is  introduced  into  the  blood,  whoae  chemical  composition  it  impairs, 
engendering  a  state  in  which  pus  ia  apt  to  be  formed,  and  in  which,  as 
in^jrphoid  fever,  every  function  is  seriously  disordered. 

Th«  treatment  of  these  cases  of  acute  phlebitis  and  purulent  diathesis 
cannot  be  laid  down  in  general  terms.  Very  commonly  the  former 
requires  the  coinddent  employment  of  Urge  local  bleedinga,  and  of 
medicinea  and  regimen  calculated  to  mMntnin  the  patient'a  strength. 
The  due  observance  of  the  indications  for  one  or  both  of  these  pro- 
ceeding afforda  the  only  prospect  of  suooeaa;  but  most  frequentiy  the 
beet  directed  means  are  iueffectuaL 

One  of  the  most  fatal  forms  of  phlebitis  ia  that  which  affects  the 
veins  of  the  uterus  and  the  neighbouring  parts  after  lalwur.  and  which 
chiefly  constitutes  one  of  the  diseaaaa  induded  under  the  T*""y  of 
puer^ral  fever.  Pkiegmatia  dolent,  or  phUgmoMia  aXba,  is  due  to 
phlebitis  of  a  less  severe  kind  affecting  the  uioc  or  femoral  vein,  or 
both,  and  many  others  adjacent  to  them.  By  obliterating  the  venous 
trunks,  and  preventing  the  ciroulation  through  tiiem,  tiie  disease  givea 
riae  to  the  firm  oedema,  aooompanied  by  the  tightness  and  gloeay 
paleness  of  the  akin  of  the  leg  and  thigh,  wUoh  peculiarly  indicate  it. 
It  occurs  sometimes,  but  rarely,  after  exposure  to  o^ :  its  usual  nigin 
is  is  a  comparatively  slight  inflammation  at  tiie  v^db  of  the  pelvis  tit 
women  during  pregnancy,  or  after  delivery,  which  extends  from  tiiem 
to  the  veins  of  tiie  lower  extremity.  It  is  attended  by  the  same  tender- 
ness and  hardness  of  the  diseased  veins  as  exist  in  other  cases  of 
phlebitis ;  and  in  its  treatment,  as  in  theirs,  the  general  state  of  the 
patimt's  health,  and  the  degree  and  extent  of  the  local  ofieotion, 
considered  together,  most  determine  the  measures  to  be  adopted. 

VELLUM.  [Pabobmskt.] 

VELOCITIES,  VIRTUAL.   JVibtual  VELOCiriES.] 

VELOCITY.  This  word,  rendered  into  English,  is  sliaplr  swiftnew 
or  quickness,  and  would  be  soon  disposed  of,  if  it  were  not  that  various 
circumstances  connected  with  its  measure  and  calculation  render  ita 
consideratiott  one  of  the  most  useful  exercises  which  the  Htudeat  can 
have,  not  only  in  mechanics,  but  also  in  pure  mathematics.  And  since 
the  views  which  must  be  developed  in  treating  properly  of  this  word 
ore  almost  identical  with  those  which  arise  in  expkiuing  the  meanings 
of  other  words  nearly  as  important,  we  have  made  references  from  all 
quarters  to  tiiis  article,  which,  though  they  will  increase  ita  length, 
will  upon  the  whole  save  room. 

The  difficulty  in  the  way  of  a  banner,  which  he  meets  witii  in 
ooquiiing  a  clear  notion  of  the  measure  of  velocity,  is  the  totdency  to 
confound  the  velodty  and  ita  measure ;  a  tendency  which  is  increased 
by  any  elementary  worti  which  hastens  too  rapidly  to  the  mathematical 
treatment  of  the  word.  The  consequence  of  this  confusion  is  (iiinoe 
the  measure  of  velocity  must  be  a  leogtit  described,  or  rather  a  length 
capable  of  being  desonbed)  a  want  of  power  to  distinguish  between  the 
space  which  a  body  doet  describe  in  a  given  time,  and  that  which, 
judging  from  its  velocity,  it  seems  to  be  goin^  io  describe  at  the 
bepnning  of  that  time.  Hence  arise  many  notions  mathematically 
false  :  these  might  periiaps  be  prevented  by  attributing  volition  to  the 
moving  particle,  and  distinguishing  between  tta  apparent  intention  at 
the  beginning  of  the  sdven  time  and  that  which  it  actually  aooompliahaa 
in  the  g^ven  time.  Such  an  Ulgstration  would  probably  receive  no 
approbation  ;  but  the  errors  to  which  it  would  lead  would  not  be  of 
the  least  conseqaence  in  mathematics. 

A  point  is  in  motion,  and  during  a  certain  second  it  moves  over  ten 
feet :  if  tiie  same  thing  should  happen  in  preceding  and  sncceediitg 
eeconda,  there  is  a  presumption  that  the  body  is  moving  uniformly  at 
the  rate  of  ten  feet  a  second ;  that  is  to  say,  there  is  a  presumption 
that,  in  any  portion  of  time  vhataoever,  during  ita  motion,  there  la  a 
length  dsMTibed  which  bean  to  ten  feet  the  same  proportion  aa  that 
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portion  of  time  bean  to  one  BeooncL  But  thiB  ia  a  presnmption  only. 
It  do6B  not  follow,  because  ten  feet  are  deacribed  in  one  Becond,  that 
five  feet  are  deeoiibed  in  each  half  of  a  second,  and  one  foot  in  each 
tenth  of  a  second.  Jf  the  second  could  be  divided  into  a  mUlion  of 
porta,  and  It  could  be  shown  that  the  miUimtlt  part  of  ten  feet  is 
dMdribed  in  each  and  all  at  iheas  pvtSf  it  would  be  no  donbt  a  vary 
gtrong  presumption  that  the  motion  is  really  nnifum,  bat  still  not 
amounting  to  certunty ;  for  it  ia  possible  thai  in  each  of  those  puts 
of  timathere  may  be  a  variation  of  speed :  for  instanoe,  the  moving 
point  may  do  all  its  woik  in  the  first  half  of  tiie  small  interval,  and 
rest  during  tiie  remainder.  Something  of  this  kind  takes  place  in  the 
motion  of  the  minute-hand  of  a  olook,  which  is  propelled  once  in  eaoh 
second  during  a  portiMi  of  the  secxmd,  and  resta  durmg  the  remainder. 
But  so  rapidly  do  the  imall  propuMons  follow  ooo  anotbor,  and  so 
small  are  their  individual  efiecta,  that,  even  when  the  hand  haa  been 
watched  mitil  its  motion  is  certain,  tiiere  is  no  irregularity  discoverable 
hy  ordinary  eyes.  And,  speaking  with  referraoe  to  oommon  purposes, 
there  is  no  occasion  to  deny  unif<aimty  of  motion  so  long  as  Uie  lengths 
described  in  those  times  whidi  are  convement  to  be  mentioned  are 
equal  or  nearfy  eqnaL  It  would  be  uselna,  in  speakioK  of  the  pace 
with  .which  a  man  walks  tour  milca  an  hour,  to  remind  the  hearer  that 
no  person  walks  unifoimly,and  that  in  every  step  the  centre  of  gravity 
of  the  body  moves  up  and  down,  advancing  most  t^qodly  when  it  is  at 
the  hi^eet,  and  most  slowly  whrat  it  is  lowest  But  for  mathematical 
purposes  a  correct  measure  of  speed  must  be  obtained,  and  the  pre- 
ceding account  would  at  first  seem  to  lead  to  the  inference  that  it  is 
impoamble  to  have  auoh  a  measure.  Nor  indeed  haa  velocity  yet 
recuved  ita  definition  in  this  artiol«,at  least  not  its  measure :  we  have 
spoken  of  velocity  and  of  its  changing,  but  without  alluding  to  any 
mode  of  estimating  the  quantity  of  dumge.  But  there  is  that  about 
the  word  which  needs  no  definition :  vhsa  we  say  that  the  railroad 
carriage  moves  "bster"  than  the  old  atage-cosch,  or  that  two  bodies 
which  atA  out  together  and  keep  together  are  always  moving  "  at  the 
same  rate/'  thara  ia  no  need  of  eatplanatioti  of  the  words  iriiioh  are  in 
marks  ci  quotation.  And  vre  must  now  refer  to  the  ooni^derationa  in 
UmFOBK,  as  a  oonstituent  part  of  this  article,  showing  that  we  may 
have  a  perfect  idea,  both  of  velocity  that  it  is  a  magnitude,  and  that 
there  is  such  a  thing  as  uniform  veloal^.  prerioos  to  anydefinite  ideas 
the  most  proper  mode  at  meamring  won  that  nnUorm  vdodty,  to 
go  no  farther. 

If  a  body  move  imiformly,  it  is  customary  at  once  to  lay  down  as 
the  measure  of  the  velocity  the  space  described  in  a  given  time, 
usually  the  unit  of  time,  a  second,  a  minute,  an  hour,  aa  the  case 
may  be.  So  far  as  the  great  object  of  calculation  is  oonoemed,  this 
definition  is  perfect :  by  instituting  measures  of  velocity,  wo  can  but 
wuit  to  answer  taieorotiierof  these  questions:  Wharo  will  the  moving 
point.be  at  the  end  of  a  givoi  time  f  or,  la  wtkat  time  will  the  moving 
point  pass  over  a  given  length  t  The  body  moves  at  the  nte  of  v  feet 
per  second,  it  moves  ova-  vt  feet  in  (  saocnda,  and  movea  over  the 
length  «  feet  in  seconds.  Let  us  now  take  a  p<»nt  moving  with 
a  variable  motion,  that  ia,  not  describing  equal  lengths  in  equal  times, 
■ay  a  pulacle  descending  its  own  weij^t  in  a  vacuum.  In  the  first 
second  it  fsUs  10  feet;  but  hi  the  flnt  half  of  fihia  Moond  it  falls 
only  4  feet,  and  the  remaining  IS  feet  in  the  seocmd  balf-seccmd. 
The  space  described  in  one  secoikl  ia  thanton  no  messure  of  the  rate 
of  motion  during  that  second,  and  it  u  now  to  be  asked,  What  is  the 
vtay  of  obtaining  a  measure  of  the  speed  after  any  interval  has  el^isedf 
What  ia  velocity  itself,  when  it  coimot  for  want  of  uni^mnity  be 
ascertained  by  the  space  described  in  any  given  time  1  If  the  aotitm 
ot  gravity  were  removad  at  the  and  of  that  tim&  k>  that  the  point 
would  go  on  uniformly  with  its  last  acquired  vdod^,  how  mooh 
would  it  then  describe  in  one  seoondf  All  these  queaticoa  are  the 
same,  and  the  anawer  cannot  be  given  without  the  introduction  of 
the  notion  of  a  limit,  whether  wiUi  or  vrithout  the  forms  of  the 
differential  calculus.  At  the  end  of  the  time  t  seconds,  Irt  the  moving 
point  be  at  A,  distant  1^  a  feet  from  the  fixed  point  o.  During 
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the  ensuing  fraction  A  of  a  second,  let  it  describe  the  farther  space 
A.B(  =  i).  The  length  k  ia  then  moved  over  in  the  time  &,  and, 
if  ute  velocity  were  uniform,  tiiat  velocity  would  be  i-rk  feet  in  one 
■eoondi  for  as  A  ii  to  1  (seoond),  so  (on  the  snt^ointimi  of  nniftnn 
Tdoci^)  is  to  Ote  apace  whioh  would  be  described  In  one  saeood.  If 
AB  were  very  small,  we  might  reason  (with  toleraUe  exactnesa)  as 
follows:  In  a  vei7  small  time  the  change  of  speied  will  be  alif^  and  the 
motion  of  the  point  nearly  uniform,  though  not  abeolutely  so ;  whence 
«•  may  say,  without  material  error,  that  is  described  as  with  a 
unifimn  velodW  at  the  rat«  of  k~-A  feet  per  second.  The  ^ooesa 
whidi  the  mathematician  adds  is  the  following : — The  error  of  the 
preceding  process,  small  when  A  is  small,  becomes  smaller  when  A  la  still 
smaller.and  may  be  diminished  to  aoyeztant:  that  is,  Uttie  as  may  be  tiie 
deputure  from  uniform  motion  in  moving  through  a  small  lBngth,it  is 
leas  in  moving  through  a  smaller.  If,  then,  instead  of  making  A  simply 
taoall,  and  than  finding  k-i-h,  we  diminish  A  without  limit,  and  find  the 
limit  towaids  which  %-i-h  approaches,  we  find  that  uniform  velocity 
Thich  nuqr  be  said  to  repreaent  the  speed  of  tiw  pc^t  in  pasni^ 


through  A,  so  far  as  any  uniform  velocity  can  be  said  to  do  so^  Using 
Buoh  languaKe  aa  supposes  the  point  to  have  volition,  we  have,  in  the 
limit  of  «~A,  the  length  per  second  with  which  the  point  diows  an 
intention  of  proceeding  at  the  instant  when  it  passes  thniugfaA,  thon^ 
it  does  not  preserve  that  intention  wholly  unaltOTsd  fw  any  portion  of 
time,  however  small. 

Si^jpose  for  exanople  thai  tiie  txdnt  moves  in  Budi  a  way  as  to 
descnbe  t+f  feet  in  (  seoonda,  for  all  valnes  of  t,  whole  or  frno- 
tionaL  We  have  then  ft+fiy  t+ib— {(+A}  +  (<-t-A}*,  whence  we 
obtain 

At  the  end  of  three  seconds,  what  is  the  velodtyt  Judging  from  the 
length  described  during  the  sucoeediiw  fraction  A  (and  making  (<b3), 
we  should  say  that,  i-^h  beSng  7  +X>  the  limit  of  this,  or  7,  <Aitained 

by  HiTniniahing  A  without  limit,  18  the  vdoci^  required ;  tlut  is,  the 
point  ia  then  moving  7  feet  per  second.  i£  we  suppose  7  feet  per 
second,  the  length  described  in  the  fraction  A  of  a  second  is  the 
fraction  7A  of  a  foot;  take  any  otiier  uniform  velocity  p  feet  per 
second,  and  pA  is  the  length  described  in  the  same  time.  Now  what 
is  really  described  is  7h  +  h'i  so  that  the  errors  are  A* and  (7-|>) 
A+A*,  which  are  in  the  ratio  A  to  7—j>  +  A.  Now  if  v  differ  (aa 
we  have  supposed)  from  7,  the  first  error  diminishes  without  limit 
aa  compared  witit  the  second,  when  A  diminishes  without  limit : 
BO  that,  all  vnifom  vdo^itt,  7  feet  per  second  is  the  one  which 
best  represents  the  motion  of  the  point  in  any  small  time  following 
the  end  of  the  third  second  ;  and  the  better  the  smaller  the  time. 

It  appears  then  that  we  do  not,  properly  speaking,  un^rtake  to  say 
at  what  rate  the  point  is  moving  at  the  end  of  three  seconds,  but  what 
fictitious  miiform  rate  best  represents,  at  the  instant,  tiie  voriabU  rate 
at  which  it  is  moving;  Hub  will,  for  a  moment,  seem  rather  unsatis- 
factory to  the  student  who  imsginea  that  he  has  got  an  absolute  idea 
of  velocdty,  and  here  he  should  compare  his  notion  on  this  subject  with 
that  of  the  direction  of  a  point  moving  in  a  curve.  [Dibxotioh; 
Tahoeht.]  What  do  we  mean  by  saying  that  a  point  which  moves  in 
a  curve  has,  at  every  instant,  the  dit^ction  of  motion  which  is  repre- 
sented by  the  tangent  of  that  curve  t  Answer,  iu  nearly  the  same 
words  as  before.  We  do  not,  {voperty  speaking,  undertake  to  say  in 
what  direction  ue  point  is  moving  at  any  period  of  ita  motion,  but 
what  fictitious  Um  of  un^om  dittiAion  (strught  line)  best  represents, 
at  that  instant,  the  Unt  of  variabU  ^^reetion  (curve)  on  which  it  is 
moving.  The  study  of  these  two  thfogi  together,  velocity  and  direc- 
tion,  is  useful,  as  eaoh  throws  illustratioa  up<ai  the  difficulties  of  the 
other.  In  boUi  cases  the  laws  of  matter  agree  in  preferring  that  which 
is  indicated  as  most  simple  by  the  lawa  of  mind ;  lor  if  a  point  moving 
along  a  curve  be  suddenly  relieved  of  the  forces  which  keep  it  in  a 
perpetual  change  of  speed  and  dixecti<m,  it  will  proceed  with  thai  very 
velocity  which  we  have  aud  it  diowi  its  intention  to  proceed  with, 
uniformly ;  and  will  quit  the  curve  for  that  strai^t  line  which  we 
might  equally  well  luve  said  it  showed  a  disposition  to  prefer  to 
any  other  while  moving  on  the  curve,  namely,  tiie  tangent  of  the 
curve. 

If  it  should  be  said  that  we  are  reduced,  in  treating  of  variable 
Telooitiea,  to  a  neoeerity  whioh  does  not  oocur  in  describing  those 
wbloh  are  uniform,  namefy,  the  use  of  limiti^  vre  altogether  deny  the 
fact ;  that  is,  we  say  that  we  are  as  much  compelled  to  the  use  of 
lunits  in  defining  a  uniform  velocity  as  a  variable  one.  For  what  does 
uniform  velocity  mean  t  A  point  has  uniform  velocity  when  equal 
spaces,  any  equal  spaces  whatsoever,  are  described  in  equal  times ;  or 
when,  k  traing  described  in  the  time  A,  k-i-h  is  alwaya  the  aune.  ^lat 
is,  A-hA  most  retain  its  value,  however  small  A  may  be;  orthelimito£ 
k-i-h  must  also  have  that  value.  And  we  have  seen  that  ft  would  be 
impossible  to  declare,  experimentally,  the  edstenoe  of  uniform  velocHy, 
even  if  our  senses  had  no  imperfootions,  upon  the  experience  of  oom- 
parisona  of  any  finite  equal  spaces,  hawever  smaU;  nothing  but 
assurance  of  tke  limit  of  h-i-k  beimg  the  same  thing  vAerever  the  pdnt 
A  might  be  placed,  would  give  mstiiematical  evidence  <A  the  Te£>dty 
being  unifonn. 

In  all  cases,  then,  by  the  velocity  of  a  wAiA  tat  motion,  at  ai^ 

particular  period  of  ita  motion,  is  to  be  understood  tiie  limit  of  tiie 
ratio  whioh  the  increment  of  the  l«igth  described  bears  to  the  inore- 
ment  of  the  time  expended  in  the  deecription  of  that  increment  of 
length.  That  ia,  if  tne  length  be  measured  in  feet,  and  the  time  in 
seconds,  and  if  A  be  the  fraction  of  a  foot  described  in  the  baction  of  a 
saooDd  A,  the  Umit  towaids  which  the  fraction  k  dividsd  by  the  fraotatm 
A  continually  tends  vrtiile  A  ia  diminished  without  limit,  is  the  number 
of  feet  per  seoond  which,  we  may  say,  expresses  the  rats  of  motion  at 
the  period  in  question.  The  student  of  the  difierential  calculus  will 
now  have  no  difKculty  in  iJtering  the  ureoeding  into  the  foUowtng 
form :  if  the  length  «  be  described  in  the  time  the  velocdty  (t)  at 
the  end  of  the  time  t  ia  thus  expressed : 

If  •  be  any  function  of  k,  and  if  x  represent  the  nnmber  of  units  of 
lengu  described  by  a  moving  point  in  the  time  (,  and  $  the  aame  for 
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atmAbar  moving  polnl^  and  If  »  m  bare  1^  the  idIm  id  the 
dlfiarantiRl  odottloi : 

djf      dff  da 
,  dl  "  dxdl' 

Bere  dy  :  dt  and  dx  :  <If,  repramt  y  and  A,  KewtOn'a  RiUZlOM  of 
jf  and  X ;  aod  di/  idxiM  obrioudy  the  same  thing  ai  ^  :  «b  The  tenn 
fluxion  merely  meana  velocity,  utd,  aftM-  all,  there  can  be  fonned  do 
clearer  notion  o£  a  different^  ooeAcdent  than  one  whidi  is  formed 
irom  a  contdderaticm  closely  reeemblinK  the  Quxional  one.  If  jr  be  a 
fonotkm  of  x,cljf  -.dxia  the  rate  at  which  y  is  inoreasinff,  as  oompared 
vMi  that  ai  wUth  x  inoieeaei.  lliua  if  yat^^Af  whioh 
iAea«-10  ii  400a  What  does  thia  mean  I  We  Oat  nothuic 
oan  annMrmon  den^  Aia  the  firifaming :  If  a  number  be  tauginea 
to  be  gradualty  fainrnwd  [VARtaxuiX  ^  it  baaoaMi  10  H» 

foorth  power  wiU  b^at  that  ^Twtant,  increawag  4000timeaaa  fiHfeaa 
ttaaU. 

AoosLiBATioir  is  the  increaae  of  velocify ;  and  in  the  article  cited 
nnifonn  aooeleratiou  haa  been  oooaiderad,  and  ita  lawa  deibioed,  if  not 
with  the  fonue,  yet  en  the  prindplee,  of  the  dMfewtttial  calculus. 
Preciaely  the  aame  MOmMrm  oom»  before  vm  in  the  development  of 
the  meeanre  of  aeoelenfion  as  in  that  of  velom^,  and  they  are  to  be 
met  in  the  same  manner.  In  fact,  by  the  aooeUration  is  meant  the 
rate  oi  inoreaee  of  the  vdoei^,  the  vdooity  of  the  Talooi^.  Sujitioao 
the  velooi^,  first,  to  increase  tmiformly  :  that  ia  to  say,  let  b  feet  be 
added  to  it  in  every  seoond,  and  in  that  pn^tortion  lor  all  tunes 
ekpsed;  U  then  a  be  the  initiil  veloqitj,  that  at  the  end  of  ibs  time  ( 
II  m+U,  and  we  hara 


if  *  be  meaanred  from  the  point  of  starting.  Here  at  is  the  length 
due  to  the  initial  velocity  a,  and  the  efi^  of  the  continual 
acceleration.  Now  auppose,  retoming  to  the  diagrem,  that  the  velod^ 
at  B  ta  greater  by  I  than  that  at  a,  and  the  fraction  A  of  a  aeoond 
having  ekpeed  between  the  two  podtaona :  that  ia,  mppoae  that  at  a 
the  point  begins  to  move  as  if  ft  meant  (eontinning  our  jllualntimi)  to 
describe  v  feet  in  the  next  aeeond ;  but  that  by  the  time  of  oomlng  to 
B  it  begins  (from  b),  as  if  it  would  deaeribe  v+l  feet  In  the  next 
aeeond.  If  tiiis  increase  of  velooi^  were  uniformly  given,  Qiat  is,  if 
in  the  time  its  velocitrf  had  become  « -f  i in  lA,  v+H,  and  so  on 
for  every  fraction  of  A,  we  mif^t  then  infer  that  toe  aooeleration  at  a, 
that  is,  ihe  rate  at  whldi  veloci^ii  then  inoraarfngy  measured  the 

Jitiantity  which  would  be  guned  tn  a  aeeond  at  the  eune  rate,  la  : 
or  as  A  ia  to  one  second,  ao  ia  2  gained  in  the  time  A  to  what  would  be 
gained  in  a  second  at  that  rate.  But  if  this  auppoidtitHi  be  not  true, 
that  ia,  if  the  speed  receive  vne^puU  additions  in  equal  times,  we  must 
then  begin  to  reason  as  before,  and  to  find  what  (puTBuing  the  same 
illuatiatiott)  we  may  call  the  intenticm  of  the  virioorty.  If  2  be  added 
to  the  velooity  in  uie  amall  time  A,  it  will  be  added  neariy  tmiformly ; 
if  A  be  stQl  smaller,  still  mm  nearly,  and  so  on :  in  such  manner  that 
while,  pracUcaOy  speaking,  l-^k  is  a  sufRcicaitly  good  repreeootative  of 
the  onrrent  rate  of  aooeleration,  when  A  is  smaJl,  the  (uniform)  rate 
of  acceleration  which  beet  represents  the  state  of  tilings  at  i.  is  the 
limit  which  ia  deduced  fn^fcing  A  diminish  without  limit.  And 
here  again,  copying  our  own  preceding  words,  we  do  not  nndertake  to 
at  what  rate  the  veloeily  fa  inereaoig  whm  the  moving  point  is  at 
A,  bttt  what  flotitioufc  wt^orm  nie  of  inarcaso  best  repreaents,  at  the 
instant,  the  variaUe  rate  of  increase  whioh  would  be  detected  if 
the  ehangea  of  velocitv  between  a  and  B  eonld  be  noted.  And  hence, 
if  w  be  ouled  the  acceleration,  the  student  of  the  difFarantial  cakulua 
will  eaaily  dednoe^ 

A»  _        .  ill 

and  also  vdv=wd>. 

Thua  if  the  motion  of  the  point  be  such  that  in  t  aeoonda  ttwrs  are 
described  fi+t*  feet,  we  have  as  follows : — 

At  the  end  of  two  seocaids,  then,  the  state  of  things  is  this : — tlie 
point  baa  advanced  8  +  18  or  24  feet>  and  if  allowed  to  move  on 
without  fiiitlMr<duH^<rf  vdoeitir,  would  deaoriba  IS-l-SS  or  44  feet 
In  the  next  seoond,  and  has  the  vdoeity  44  (feet)  in  <me  second;  while 
at  the  aame  time  there  ia  an  aooeleration  tahing  place  which  would, 
id  i^wed  to  remain  uniform  for  one  seoond,  add  12  +  48  or  60  to  the 
vdocity,  making  it  44  -(■  60  <»■  104  at  the  end  <^  the  third  second.  But 
this  rate  of  aooeleratitm  is  itaelf  inoreasintb  ainoe  at  tha  end  ai  the 
third  seoond  the  vekraity  ia  27 -t- 824  or  801. 

So  £w  Ute  anhject*  and  all  notuma  connected  with  %  fall  within  the 
provinoe  of  pure  mathamatioa :  if  there  were  no  sueb  thing  as  uther 
matter  or  f<me,  but  eoly  motimi  and  a  mind  to  conceive  i^  all  that  has 
been  aaul  mig^t  be  inteUigible.  It  ia  very  much  to  be  regretted  that 
the  connection  between  the  mathematical  doctrine  of  motion  and  the 
laws  of  matter  is  unduly  made,  and  at  too  early  a  stage,  by  the  appli- 
cation of  tiie  term  accderaling  force,  instead  of  aimj^  oeoMrof  iea,  to 
the  remit  4* :  ((^  AooeUmtion  would  be  what  we  have  denribed  it 


tobe,if  matter  were  not  inert,  if  it  moved  fay  its  own  Tolitlon,  or  on 
any  ■iq>poaituHi  whatsrer,  provided  only  that  it  moved.  Why  then 
dioold  a  theory  be  made  to  suMdy  the  name  of  a  result  anteoeaait  to 
that  theory,  and  which  would  be  perfect^  true  vrm  if  that  theory 
were  falae)  The  oonseausDoe  of  this  is,  that  when  tiu  lawa  of  matter 
oome  to  be  ap^ied  to  ua  mathanatioal  expnaiioni  of  motioBj  thinn 
are  taken  for  granted  which  ought  to  be  learnt 

The  oonneotiicm  between  these  two  subjects  is  made  in  the  BMOUMr 
described  in  the  article  FoBOs,  aooording  to  whic^  it  a|^>aan  that  if 
the  weight  at  a  particle  be  w,  and  if  (Uiis  weight  being  taken  aw^,  aa 
by  laying  the  nuticle  on  a  table  without  frictitni)  a  preoeura  be  ooa- 
stan^~  exited  upon  it  such  as  would  be  produoed  1^  a  wei^t  p.  in 
any  direetimi  in  which  it  can  mm  freely,  tha  amount  added  to  the 
velooity  will  be  uniform,  ai  the  rate  of  SS-IB  V-j-w  feet  in  mtij 
aaoond.  Hence  the  foUowing  equation  ;— 

8a-l>p      dm  w  dv 

w  8219  dt' 

For  example,  what  pressure  must  act  nnifumly  for  one  aeoond  en  a 
partide  oi  7  ounoee  might,  to  add  18  feet  par  aeeond  to  ite  velocity,  or 
that  the  rate  of  motion  at  the  end  of  that  aeoond  may  be  18  feet  pw 
eeotmd  greater  than  at  the  otamnenoenuntl  Hen  d«  1 41^19,  w=:7, 
and  the  annnr  is 

"  2*88  omusfc 


3a-» 

The  numerical  divisor  82*19,  the  uniform  aoceletation  of  bodies 
£dUng  free  in  vacuo  at  the  earth's  aurfaoe,  is  usually  denoted  by  g,  and 
the  fsotor  jn-^g  usually  stands  for  the  Mass  of  the  body,  or  the  meuute 
of  iti  qnantitiy  of  matter.  Henoe  the  It^wing  equation 

and  this  renudm  tnu,  whatever  unit  of  maia  be  emphiyed,  provided 
coily  that  the  preaante  whidi  fa  called  unity  ahall  be  that  whidi, 

exwted  for  one  aeoond  upon  the  unit  of  maaa,  shall  add  a  unit  to  the 
velocity.  [Vabiatiok.]  And  now  comes  aiuither  conaequenoe  of  the 
applio^ion  of  the  term  force  to  the  simple  consequence  of  ianOf  aooe- 
lention.  The  word  is  wanted  i^join  to  ngidfy  this  preasure  wfaii^ 
produces  aoodaration,  and  for  diat^iiotion  the  preaanre  ia  eaUed  Ptoving 
font.  [Uombhthk;  Movibq  Fobob.]  8o»  than,  the  nam«  of  the 
pressure  which  acta  and  produces  oontinual  aooearions  to  thtf  ^eed  ia 
moving  force,  while  the  name  of  the  rate  of  aooeleration  is  aooelerating 
f<wo&  To  mend  this  confused  use  of  terms,  some  writers  endeavour 
to  create  a  notion  of  moving  foree  independent  of  the  preasure ,  but  as 
they  always  end  in  saying  uiat  the  moving  force  varies  as  the  pressure 
and  never  toll  us  mure  of  its  definition  uian  that  it  is  the  product  of 
the  mass  and  aooeleration,  thm  miglht  save  thsmsdvas  trouble,  and 
their  readers  also,  if  they  would  dmidy  establish  the  above  equvtion, 
where  p  meeoa  the  preasure  which  produces  aooeleiation,  and  that 
premire  is  the  unit  of  its  kind  when  it  is  of  that  magnitode  i^ioh 
ereates  in  the  unit  of  masa  a  unit  of  velocity  per  seoond. 

Aa  we  are  now  diflering  from  men  id  deservedly  good  authority, 
both  at  home  and  abroad,  and  intending  to  make  our  aasertion  in  a 
more  positive  manner  than  is  usual  w^  us,  we  mi^  be  exouied  for 
dwemng  a  little  more  upon  the  subject.  If  we  conuder  the  natural 
meaning  tA  movins  force  and  accelerating  force,  it  is  obviously  as 
follows: — ^Movii^  force  is  force  whitdi  makes  motion;  accelerating 
force  is  fbrcewhioh  makes accelentitm,  or  increased  motion.  Were  the 
distinction  ever  so  neoeesary,  thess  words  would  be  vary  bad  ones,  and 
would  alwaya  obetruot  the  learner.  Kor  does  this  origin  of  the  word 
moving  force— -namely,  that  which  produces  >CoiaEifTUH~|;ive  any 
help ;  for  the  synonyme  for  momentum — ^namely,  quaniihf  of  motion, 
meaning  really  quantity  of  matter  moved  multiplied  1^  the  velocity — 
is  a  perversion  of  words  of  the  same  kind.  To  numeiUmn  we  have  no 
objecti<ai ;  it  ia  a  La  tin  word  to  which  an  ^j^fli"*'  ear  may  ea^y  be 
familiarised  in  any  seoise.  If  geometers  had  ohoaan  to  oaU  an  equi- 
lateral triangle  a  wometUam,  the  etymological  stodoit  mlg^t  have  been 
startled,  but  the  shook  would  soon  have  been  got  over ;  but  if  thsy 
had  called  the  same  figure  a  qvantUy  of  ewrfum,  every  beginner  would 
have  been  puialed,  and  tlie  impreeaion  would  luve  bew  lasting.  But 
retaining  to  the  two  species  of  forces,  so  oQled,  we  find  a  double 
inconaiBteaM^:  the  idea  motiMi  is  tntroduosd  into  the  word  which 
only  Means  praanse  (for  wummg  farm  ia  but  mnmra),  while  the  idea 
of  pressure  is  introduced  into  a  wend  wUoh  lus  on^  relerenoe  to 
motion  (for  oooetovttM  force  is  but  accderation),  'iliere  are  two 
distinct  and  leading  ideas  in  mechanics,  pnesure  and  motion :  on 
keeping  them  pcrfectiy  distinct  till  the  time  comes  for  joining  them 
experimentally  it  must  depend  whetiier  a  student  sees  mechanics  to  be 
a  Bcienoe  or  not  If  any  one  should  say  that  preasure  ^odndng 
motion  ought  to  be  distinguished  fsma  pressure  whioh  ia  in  a  st^  « 
equilitffinm  with  .other  pressuree,  we  eoold  not  td  eoona  raise  ai^ 
objection  :  let,  then,  fMving  forte  and  mtmg  fane  be  naed  in  theee 
two  senses,  wtth  a  clearly  expraaaed  distinetion.  Hera  fdree  would  be 
i^cHiymoua  with  PBBsaOBB,  In  the  derived  or  secondary  aenae  of  the 
article  cited.  But  1^  acceleration  be  then  acceleration,  not  acwleratii^ 
fime, 

Vbe  CoMFOUTHMi  td  valodUeB  and  iooderati«M  ii  n  sadly  proved 
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Oat  we  do  not  think  ife  nMwy  to  lengthni  ilik  artioU  fay  dmUing 
upon  It  Two  of  »  aort,  vbethor  Tdodtses  or  aooebntfona.  uting 
upon  one  pur^ole,  «t  any  one  irmttnt,  are  equivBleot  to  a  third  repre- 
sented in  magnitude  and  direction  hy  the  diagonal  of  a  parallelogram, 
the  two  BidtB  of  which  roprcaent  in  magnitude  and  direction  the  two 
components.  And  by  the  law  of  motion  whiob  is  commonly  called 
the  second  [Motion,  Laws  op],  the  aereral  aooelerationa  which  aet 
on  any  particle  m  oay  </he»  aireetioiu  may  have  their  effiwts  com- 
puted aeparately  withoat  any  error  betng  introduced.  If,  theo,  aap- 
poain^  a  particle  to  move  in  a  {dano,  the  pnasorei  p  and  q  be  applied 
to  it  in  the  diieotiona  of  the  reotangohr  oivcidi»tea«aad|r,  themaaa 
of  the  partkile  being  h,  we  have 


equations  whudi  are  only  troe  on  tiia  supposition  that  tiiere  is  this 
connection  between  the  unit  of  mass  and  that  of  pressure,  namely,  tiiat 
the  latter  acting  on  the  fonner  daring  one  unit  of  time  shall  add  to  the 
line  which  re^wents  its  velocity  <me  unit  of  length.  ^^«ae  equatjons 
are  enough  to  determine  the  eqi^on  the  curve  in  which  the 
particde  must  move,  f  and  Q  being  given  fouotionB  of  both  x  and  v;  and 
the  time  of  motion  throuj^  any  arc  of  the  curve  i  is  then  foxmd  from 
the  ftdlowing  eqoaluD :— 

It  is  not  here  our  bustneas  to  proceed  further  with  the  consequences 
of  Uie  definitions  of  velocity  and  acceleration ;  but  we  must  e^Iain  a 
point  which  will  arise  in  our  subaequent  article  on  Vibtual  Vslo- 
Oima.  When  we  have  the  means  of  actually  ascntaining  the  motion 
of  a  particle  of  ^ven  mass, — that  is  to  say,  of  finding  at  every  instant 
Its  actual  place,  its  velodtiea  in  the  ^reotiona  of  its  oo-ordinates,  and 
its  aocelerationa  in  those  directions^ — we  are  prepared  to  assign  tite 
presBures  which  must  act  upon  it  in  those  directions,  at  the  instant  we 
are  B|)eaking  of,  either  in  mathematical  imita  of  pressure,  as  before 
deecnbed,  or,  if  the  reader  please,  in  pounds  or  ounces  averdupois. 
To  show  this,  let  us  propoee  an  instance,  aa  foUowa ;— A  partide  whose 


weight  (if  wei{^t  were  allowed  to  act)  is  10  ounces,  moves  uniformly 
along  the  arc  m  a  parabola  o  p  (whose  focus  is  8,  o  B  bung  half  a  foot) 
at  the  rate  of  8  feet  per  aeoood :  What  preeauree  in  the  directions  of 
o  ir  and  it  p  (or  of  a:  and  y)  are  necessary  to  keep  up  the  motion ;  and 
in  particular  what  are  the  pressures  and  the  velocities  at  the  point  p  at 
which  v  r  ss  8  feet  I  The  equation  of  the  «am  ia  Sy  b  a^,  wheooe 
we  gat 

^  dx 

Or  the  velocity  in  the  diraoti<»  ctf  y  ia  to  that  In  the  direotian  of  x 
always  as  x  to  1. 
But^  ■  being  the  an  OP,  we  have 


whenoe  ^  = 


tUfi  4 

At  the  point  in  question  jr*=8,  afi= 
the  direoU<ais  of  x  and  y  are  found  to  be  +  V(()  ">d  +  V¥»  '7*6 
Mid  1*852.  We  take  the  positive  aigns,  smoe  hoth  moSons  obviously 
tend  to  iacrease*  their  oo^vdinatoa.  IMflianaitiato  the  laat  equations 
again,  and  we  have, — 


+  5? 

6,  from  which  the  velodties  in 


dff 


8x  dx 


ix 


dy  <Py 
dt  dfi 

dfi 


&X!  dx 


4 


or  the  vdocity  in  the  direction  of  « is  always  retarded,  while  that  in 
the  direotioQ  of  y  ia  alwi^  aooelerated.  And  at  the  pcrint  in  qneatfam 
we  have  -4V6-^49  and  4-f-49  lev  the  aoceUntiona* aaj  — ^  and 

*  We  have  set  entered  lnt«  the  diatinetian  of  meaning  between  poaitire  nsd 
ncgnttva  vtlooltiM  and  aeeeteratlow,  iliwe  the  qwstkia  is  a  pwalv  ^tebraloal 
CBS,  tuuMOSMsrr  to  be  tnatsd  bsi*  if  the  atwieat  mUy  andsmand  algsbn, 
aad  ImpoaslblB  to  be  exflalBsd  vlthlB  oar  Itnlta  la  SM  who  dots  Mb 


'082 ;  liy  which  we  mean  that  if  the  preasuree  then  acting  in  the 
directions  of  x  and  v  were  allowed  to  continue  unifmn  for  one  aeoond, 
they  would  alter  the  velocities  in  the  direction  <rf  x  and  y  from  '750 
and  1-862  to  'rM-'SOO  and  1-852-f' 083.  The  wewld)  of  the  particle, 
if  weight*  were  allowed  to  act,bein^  10  ounese,  the  pressures  wluch 
would  prodooe  the  praoeding  aooderations  are,  in  ounces — 


10 


Ax 


and 


10 


"  82'19     +  8219  + 

the  preeauree  in  the  direction  of  x  being  in  the  directitm  from  k 
towards  o.  Atr  tiie  point  in  question  these  preassores  are  ~  '062  and 
'0255  ouQcee, 

The  preasurea  thua  derived  from  the  motion  which  actually  tato 
plaoe,  by  means  of  the  aeoelacationa  d^x  :  and  d^  \dfiytxt  uaua^y 
called  the  ^eettM  foroea;  and  the  name  is  very  appn^aiato,  because  it 
is  true  that  these  must  be  the  forces  which  do  really  act  Difbrent 
pressures  produce  diffirent  aooeleratioiia  upon  the  same  mass ;  or  to 
one  acceleration  there  is  but  one  produdng  pressure,  the  mass  being 
given.  But  it  may  happen  that  the  forcea  actually  imyrtated,  or  the 
pressures  actoally  em^yed,  at  the  point  P,  may  be  very  diiferent 
from  those  wbicb  just  produce  the  motion  that  is  produced.  Suppose 
for  examjple  that  the  mass  p  were  attached  to  the  mass  q  by  the  rigid 
rod  PQ  without  weight;  and  suppose  suoh  foroee  to  be  applied  at  p  and 
()  as,  whatever  may  become  of  Q,  cause  p  to  move  uniformly  along  the 
parabola  in  the  manner  above  described.  We  may  assign  an  infinite 
number  of  different  motions  to  Q,  and  for  each  motion  of  Q  we  mi^ 
assign  an  infinite  number  of  preasurea  which,  being  applied  to  P  and  % 
will  give  the  two  their  suppoaad  motions.  But  in  no  one  of  these 
cases  can  the  total  amounts  of  pressure  realb'  applied  to  p,  in  the 
directions  of  x  and  y,  be  any  other  than  tnose  which  are  calcu- 
lated above ;  whatever  may  be  the  pressuree  actually  applied  at  p, 
the  thrust  or  pull,  as  the  case  may  be,  of  the  rod  pq,  will  supply  what 
is  neoessaiy  to  m^  all  the  forcee  that  act  on  p  (those  direotiy  ajqtlied, 
and  that  ariung  from  the  said  thrust  or  pull)  togetho-  equivalent  to 
the  {nvssures  above  calculated.  This  ia  the  foundation  of  UAlmberta 
prinaple.  [FoBCBB,  iif  pbbsskd  ahd  EFFBonvB ;  ViBTDAL  VsLOcrnBS.1 

The  connection  between  velocity  and  jvessare  is  not  only  obaoured 
phrssee  as  cloudy  as  "  moving  force,  but  also  by  the  use  of  the 
unit  of  mass  instead  of  the  unit  of  weight.  This  measurement  by 
masses  instead  of  wughts  ia  so  convenient  and  so  desirable  on  rational 
grounds,  that  it  oamuA  ultimately  be  dispensed  with ;  but  at  the  first 
outset  Um  student  should  be  tau^t  to  reduce  the  new  mode  of 
{woceeding  into  terms  of  that  with  which  he  is  then  bettor  acquainted. 
A  beginner  in  the  theory  of  gravitation  is  not  allowed  to  have  the 
least  idea  of  the  amount  of  the  attnctiona  of  the  several  bodies  upon 
each  other  In  pounda  or  tona,  or  any  other  unit  which  he  can  at  onoe 
understand.  And  we  ahould  not  be  aurprised  if  many  who  can  easily 
compare  the  sun's  attraction  upon  the  earth  with  the  earth's  attnotion 
upon  the  moon,  so  as  to  find  either  of  them  when  the  other  ia  given, 
would  be  awkward  at,  if  not  actually  puzaled  by,  the  question  of 
comparing  either  of  them  with  the  weif^ta  in  a  grocer's  shop. 
Undoubtedly  there  would  not  be  much  of  astronomical  utility  in  the 

tuestion ;  but  for  clear  conception  of  the  meaning  and  mode  of 
erivatiw  of  meehaaical  results,  nothing  can  be  ftf  more  importance 
tiian  the  actual  comparison  of  all  resiuta  with  those  wUdi  are  best 
known,  because  actually  felt  and  perceived. 

VELVET,  a  varirty  of  manolMtured  silk,  remarkable  for  tiie  soft- 
ness of  its  Burfooe.  Velvet  was  unknown  at  least  aeveral  oeoturiea 
after  tiie  iatrodoetion  of  plain  woven  silks;  and  it  is  not  mentioned  in 
any  .'documents  eaiUer  than  the  18th  century.  For  a  long  time  the 
manufacture  was  n™*™"*  to  Italy,  where,  nartienlarly  u '  OeDoa, 
Fl<»mioe,  Bdan,  Luooa,  and  Venice,  it  was  earned  (m  to  a  great  extant 
It  was  subsequenUy  Introduced  into  France,  and  broo^  to  great  per- 
fection. OntherevooatiimoftheEdictof  Nante^lnl6SS,lluBbranoh 
of  weaving  was  begun  in  England  by  the  refugees. 

The  pcottliar  aoftneas  of  vuvet  ia  owing  to  a  loose  ptie  or  surface  ot 
threada,  ocoasionad  by  the  loawtiim  <tf  short  pieces  <^  ailk  thread 
doubled  under  the  shoot,  weft,  or  cross  threada.  These  stand  upright 
BO  thickly  aa  entiraly  to  oonoeal  the  interiadna  iA  the  waip  and  ahooL 
liie  ridineas  of  the  velvet  depends  npcn  the  cloaeneBS  of  the  ^)e- 
threada.  The  insertion  of  these  short  threads  is  effected  in  the  faUow- 
ing  manner : — Twtja/l  of  having  (mly  one  row  of  warp-threads,  which 
wul  be  croased  alternately  over  and  under  by  the  shoot,  there  are  Cwo 
sets,  one  of  which  is  to  ftam  the  regular  warp,  while  the  other  is  to 
ocnsUtote  the  [»le;  and  these  two  sets  are  so  siraagad  In  tiie  loom  aa 
to  be  kept  s^wrste.  The  quanti^  of  the  pile-thread  nsoMaary  ia  vary 
much  more  than  that  of  the  warp-thread;  and,  therefcm,  must  be 
supplied  to  the  loom  by  a  diibrent  agen^.  If  the  pfle>lhreadB  ware 
worked  in  among  the  ehoot  in  the  same  way  as  the  warp- threads, 
the  fabric  would  be  simply  a  kind  of  double  ulk,  but  without  any 
^la.  The  ptle-threada  are,  tharefne,  formed  into  a  series  of  loops, 
■tanding  up  Irom  the  mrftwe  of  the  bIDk,  and  liy  subaequent^  enttug 
tiieea  loopa  with  a  sharp  instnunan^  tiie  pile  is  iwoduoM.  Itia  loone 
are  fmned  in  a  vesy  ttngnlar  way.  After  the  wearcr  hie  thrown  tM 
■huttle  three  tinwa  aoroM,  making  the  dioot  Intsriaoa  three  Ubmb 

•  Tbewtf|Uha8bssntbraatfioatsa|>pose«l»bsBaatoaUsad,ashwo«lAbe 
U  the  paraMa  wise  In  the  plane  or  a  UUSb  on  irtiU  the  psrtWa  U  Ud. 
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among  the  threada  of  the  wavp,  he  buerts  a  thin  atraigfat  braaa  win  at 
right  angles  to  the  length  of  uie  pieoe^  or  paralld  with  the  shoot  The 
w&e  is  BO  placed  as  to  occupy  a  pouti<m  wrou^  the  whole  breadth  of 
the  &btio,  above  the  warp-throds  and  below  the  mle-threadB.  The 
treadle  is  than  put  to  wo^  the  alteraate  thieada  <^  Uie  waip  raised, 
and  the  ahattle  again  thrown;  hy  wfaidh  a  ahooMhread  is  thrown  over 
the  pile-threads,  and  also  over  one-half  of  the  warp- threads ;  the  wire 
baocMnea  thus,  a«  it  were,  woren  into  the  substanoe  of  the  fabm.  Two 
more  traveraea  of  the  shoot  are  then  made,  paaring  alternately  under 
and  orer  liia  warp  threads  in  tiie  usual  way,  but  not  interfering 
wtth  tiie  pile-threada.  Another  wire  is  then  laid  in,  below  all  the 
l^thraada  and  above  all  tbo  warp-threada,  and  thia  ia  aeoured  by 
Mbaaquent  sboot-thtvada,  as  in  the  fltife  oaae.  By  «  ddkate  aiA 
dlGBeult  prooeea,  theae  wlrea  are  nmored  hf  the  aame  merntion 
whUb  produoea  the  r^sed  pilcb  Eadi  wire  li  nearly  a  aemi^finder 
in  bum,  and  has  along  its  npp»  mxrtm  ft  carefully  oonabucted 
groove;  along  this  groove  the  weaver  passes  the  warp  edge  of 
a  cutting  instrument  called  a  trcvat,  aevering  the  pile-threads  in 
his  pngreas.  It  necesaatity  follows  from  this  operation  that  two 
ends  of  each  thread  are  thus  looaenad;  and  theae  ends,  being  after- 
wiida  hmshed  up  and  dreaaedi  oonstitota  a  poftim  irf  the  pile,  suffi- 
dsntfy  long  to  hide  completely  the  woven  fabrio  beneath.  Tvo  wiree 
an  employed,  because  if  one  only  wen  used,  the  pilo-threads  would 
beoome  dissrranged  when  it  was  removed.  When  the  liberated  win 
haa  been  again  inserted,  and  three  shoots  thrown  to  secun  it,  the 
aeoood  line  of  loopa  is  cot  and  the  aeecmd  win  removed;  and  ao  on 
chifing  tiw  weaving  of  ib»  whola  length. 

Sti^wd  velveta  an  produced  hj  acme  e<  tiie  irfl»-tliraads  being 
ancut  The  slowness  and  delicacy  of  this  branch  of  mannfaotun  may 
be  judged  from  the  fact  that  forty  or  fifty  insertions  (rf  the  grooved 
win  an  made  in  the  space  of  one  inch,  the  loops  of  the  |rile  bong  out 
an  eqoal  number  of  times.  In  addition  to  the  other  eomplicatitnia,  the 
weaver  has  to  use  two  ahooi-thrMda,  and  ouuequently  two  shuttles; 
for  the  shoot  thrown  immediately  after  the  insertion  of  the  win  is 
aloater  than  tiw  two  kUkmioft  It  ii  oonaidsnd  to  amoant  to  a  good 
day's  work  when  one  yard  of  plidn  velvet  has  been  woven.  Cotton  is 
now  employed,  aa  wdl  as  silk,  in  the  manufactun  of  vdvat.  Tlie 
diSiannt  variatiea  of  f  ustiui  an  a  kind  of  oottcm-velvet 

Among  reoent  inventitHiB  in  the  velvet  manufaotura,  one,  by  Mr. 
Ckatrix,  u  ^t^oabla  to  vdveta  in  whioh  the  pile  is  nroduoed  by  the 
weft*  MM  tiie  oat  nude  in  tha  dinotion  of  tiie  mm  The  pile-threads 
are  woven  on  a  Mriea  oi  fine  longitudinal  kidvea  vrtlh  elonfpitad  points. 
Tha  Imlvea  are  stationary,  and  nave  their  entting  enda  attached  to  a 
bedding-faamei  Simultaneously  with  the  weaving,  the  pcnitona  of 
weft  intended  to  form  the  |nle  slide  oonseeutively  upon  the  paints  of 
the  knives  as  the  cloth  is  woven ;  and  Uie  weft,  when  it  anives  at  the 
catting  pmtiona  of  the  knives,  is  severed.  Another  arrangemwit,  b^ 
the  same  inventor,  is  far  severing  the  pQe  wititoat  eotU^  at  all 
Wirsi  an  woven  in  with  the  threadi,  so  as  to  leave  the  pde  above 
them ;  thcf  psai  between  two  peonliarty-toimed  n4leta»  wnich  [ova* 

Tn  the  fibres  over  each  win,  and  thus  liberate  all  the  wires,  borne 
the  prooeasea  recently  introduced  enable  the  weaver  to  out  and 
emboea  the  velret  at  tiie  aame  time. 
VENA  CONTRAOTA.  [Htdbootiiahiob.] 
TBNDOB  Aim  P0RCHAaBB.  The  law  of  TCodon  and  pur- 
diaiera  et  real  estate  in  Bngland  a  aul^eet  d  great  extent,  which 
may  be  said  to  oompiise  nearly  the  whole  praotioal  appUoation  of  the 
law  of  real  property. 

Contmots  for  tiie  sale  and  purchaae  of  land  or  other  real  estate  may 
be  entered  into  either  privately  between  the  parties,  or  upon  a  sale  by 
auction.  At  oonmion  law,  agreemMite  for  the  purchaae  of  real  estatoi 
might  be  made  W  pana,  but  hy  the  Statute  of  nrands  (2»  Car.  II. 
e.  8,  M.  1,3,  8,  and  4),  "An  leaass^  estatea,  Intererta  of  freeholds,  or 
tenna  of  years,  or  any  uncertain  ^tarest  of,  in,  out  of  any  measu- 
Mjea,  manors,  lands,  tenements,  or  hereditaments,  made  and  created 
IWery  and  aeisin  only,  or  by  parol  only,  and  not  put  in  writing  by  the 
parties  so  ^*^'"g  or  creating  the  same,  or  their  agents  thereunto  law- 
fully authorised  by  writing,  shall  have  the  effect  of  leases  or  eatatea  at 
will,  any  eooddaration  for  makhig  any  such  parol  leaaea  or  estatea  no^ 
withatMiding."  But  laaaea  not  ezoeediug  three  yean,  wheretmon  the 
rent  reaerved  should  amount  to  two-thir&  of  the  full  Improved  value, 
an  excepted.  The  act  reqnirea  the  assignment,  mnt,  and  aumnder 
of  existing  interests  to  be  in  writing,  and  enacts  tiiat  "no  action  shall 
be  brouf^t  whenby  to  charge  any  person  upon  any  agreement  nude 
upon  any  eontnct  or  sale  of  lands,  tnementa^  or  henditamenta,  or 
aqy  intanst  in  or  oonoeniing  tiiam,  unless  tiie  agreememt  upon  wUch 
andi  action  ahall  be  brought,  or  some  memorandum  or  note  Hanoi 
shall  be  in  writing,  and  rigned  by  the  party  to  be  charged  thenwiUi, 
or  some  other  peraou  titeraunto  by  him  lawfully  authorised."  The 
note  or  memorandum  of  agreement  required  the  stetute  need  not 
be  a  formal  document,  and  any  writing,  soch  as  a  letter,  or  receipt  for 
purohasfrmoQ^y,  may  constitute  an  agreement  within  ttu  statut^  pro- 
vided it  eontaia  the  terms  of  the  agreement  within  itself,  or  by 
ref^«nos  to  another  writing;  and  if  the  document  be  writteo  thie 
party,  the  oooumnoe  of  ms  name  anywhen  in  the  document  is  a 
auffioient  idgning. 

Upon  salea  tA  eetaitM  hy  pnblio  aiictim,  the  Ug^Mat  Udder,  upaa 
b^ig  dedbved  the  punhasor,  ia  «aidderea  to  have  entered  into  a  oeif 


tract  for  purchaae  aobcvdtng  to  the  partioulan  and  subjeot  to  1h» 
conditions  of  sale ;  and  the  auctioneer,  who  ia  for  this  purpose  ecn- 
aidered  aa  the  agent  of  both  vendor  and  purduser,  is  thereupon 
authorised  to  sign  an  agreement  of  purchase.  The  writing  down 
the  rarchaaer'a  name  opon  any  menusandum  of  sale  at  the  time  of 
tiie  udding  ia  a  sdBdant  ilgafaig.  Salea  by  auetton  of  hnda  ar« 
vrithin  the  aboTe-menttonedenaotmflDta  of  the  Statute  of  n«ids;  but 
sales  bef  on  a  master  under  a  decree  of  a  oourt  of  equity  will  be  carried 
into  execution  although  the  purchaser  did  not  snbsoibe  any  agree- 
ment, for  the  judfpnoit  of  the  court  in  confirming  the  purchase  takea 
it  out  of  the  statute.  The  subjeot  of  the  sale  and  pnrohase  <rf  eatatea 
is  diaouned  at  length  ia  Sugdsn's  (now  Lord  SL  Leniards)  and  Cart'a 
*  Tnalfsss  on  the  Iav  of  Yendm  and  PurcbaHn  of  Estates.' 

TBNEERINa,  in  cabinet-wotk,  it  the  Mt  of  laying  tUn  leavsib 
called  9tMen,  of  a  valuable  kind  of  vrood  upon  a  mtind  or  foundation 
oi  inferior  material,  so  as  to  produce  artislea  of  elegant  ai^tearanoe  at 
smaller  cost  than  if  they  wen  made  solid,  or  composed  antimy  of  the 
ornamental  wood  which  appean  on  the  surface.  Small  veneers  are  cut 
by  hand  with  a  thin  aaw,  the  block  being  hdd  firmly  in  a  vioe ;  but 
huge  owe  an  usually  out  by  machinery,  for  a  notice  of  whidi  see 
SAW<UlLlb  Th^  an  careful^  brou^t  to  the  ri^t  thickness  hy  fine 
planes ;  cut  preciselv  to  the  required  shi^ ;  and  then  ^ued  down  to 
the  ground,  whioh  should  be  of  dry  wood,  with  stnng  glue.  If  the 
form  of  the  article  vrill  permit,  it  is  then  put  in  a  pme  until  the 
glue  is  dry;  but  if  not,  the  newly-hdd  veneen  are  covered  with  a 
board,  which  ia  preased  down  either  by  weighte  or  by  pcdea  abutting 
apinstthabeamainthenK^ottiwworiuhop.  InTenaninKonomi^d 
■urfMaa  a  annewhat  difliennt  oomae  ia  pursued,  but  with  the  same 
object,  that  of  keeping  the  veneer  in  ite  place  until  the  glue  ia  auffi- 
deiitlr  set  to  h<M  n  securely.  The  w^  ia  afterwards  finished  with 
very  fine  pUnea  and  scnpers,  and  polished  with  fish-skin,  wax,  and  a 
bnuh  or  wdisher  of  shavegrasa. 

It  may  ben  be  mentioned,  that  befon  the  MW-miUs  wen  rendered 
applicalde,  the  ddar  Brand  devised  a  mode  of  cutting  timber  into 
veneen  by  a  kind  of  knifa.  This  fadfa  waa  formed  of  aevenl  {ueoea  of 
steel,  exactly  in  a  line  on  thrir  lower  surlaoai  The  Uobk  ot  wood  wm 
carried  sideways  beneath  the  knifo  a  senw  alide,  woriced  b^  a 
handle,  and  the  knife  cut  it  a  short  reciprocating  or  sawing  action. 
The  block  waa  raised,  after  each  cutting,  to  ahoght  equal  to  the  thkk- 
neaa  of  the  required  veneer.  The  method  anawered  well  for  straight* 
gtained  and  pBant  wood,  suoh  aa  Honduras  mahogany,  but  not  for 
other  kinds. 

Ivmy  veneers,  or  lather  thin  sheets  for  miniatures  and  tat 
randum  hooka,  an  aometimea  not  mora  than  one-rixtieth  oi  an  iiidt 
in  thickness,  requiring  much  nicety  in  their  manipulation.  [Itobt.] 
Vulcamte,  or  vulcamsed  india-rubber,  ia  now  used  aa  a  veneer.  It  ia 
rolled  into  thin  sheete,  which  may  be  either  plain  or  embossed,  and 
it  reoeivea  a  pcdlBh  hy  the  ndlia^  In  a^^ug  thia  aubatenoe  aa  a 
veneer,  tiie  aneeta  an  dii^ed  for  a  lew  mmuies  in  boOhtg  water,  till 
they  beoome  aa  tnwteble  aa  moint  paper;  and  the  wnkmenean  then 
veneer  with  them  round  and  over  Uie  sharpest  ourvia  and  an^ch 
Ordinary  wood  veneers  cannot  wdl  be  bent  round  eoman;  a  patent  to 
effect  tJus  hss  been  taken  ont  bj  Mr.  Keadowa;  but  in  general  tt  is 
not  attempted. 

The  Americana  have  reoentfar  Introduoa^  under  Iha  name  ti  jiinani 
iponb,  veneering  of  a  remaikaUe  kind.  Inateaddl  a  thin  vanear  baiiw 
plaoed  upon  a  thicker  subatntum,  the  whole  substance  oonsisto  M 
veneer.  It  onnpriseB  four,  six,  eight,  or  any  other  number  of  layera. 
Some  strong  plain  irood,  auch  as  Uaok-walnut,  is  selected  for  the 
interior  layera,  and  rosewood  or  other  foney  wood  tot  the  exterior. 
The  veneen,  whioh  an  erf  the  usual  thickness,  an  well  saturated  with 
{^ue,  and  ^aoed  one  upon  sbo^u^  witii  the  grain  of  each  l^ar  at 
right  angiea  to  that  of  the  next  The  mass,  whSe  hot,  is  placed  in 
moulds,  named  eawli,  and  pressed  forcibly  for  twenty-fonr  hours. 
When  taken  out,  the  wood  is  found  to  be  firm,  elastic,  and  strong,  and 
to  conform  to  ai^  onrvatun  which  the  mould  may  have  given  to  it 
On  account  of  the  erossing  of  the  fibres,  the  wood  can  scarcely  split, 
exoejpt  by  a  force  that  would  rcoxl  it  to  laeoes.  The  pores  have  beoome 
BO  flUed  vrith  glue,  as  to  add  in  a  reauHkaUe  way  to  tiie  strength  of 
the  substance.  Mr.  Bdter  introduced  this  art;  and  at  the  preaent  day, 
preased-work  is  very  much  used  in  the  United  Statea  for  the  better 
kinds  of  furniture.  Chairs  of  this  make  an  in  demand,  for  their  great 
strength  and  remaikable  lightaeas ;  it  is  the  baek  oi  the  cbair,  generally 
eleganUy  curved,  that  oonaiste  of  pressed  woriL.  Then  an  usually 
seven  liters  for  tiie  back  of  a  chair,  making  a  substance  sur^isiii^ 
thin  in  relation  to  ite  streaigth.  An  odd  nnmbor  oi  veneers  is  umu^ 
selected,  in  order  that  the  grain  may  extend  in  the  same  dlreotion  oo 
both  surfacea.  The  fnuno-work  for  bedsteada  is  formed  in  a  rimilar 
war;  and  so  an  the  bodies  oi  such  musical  instnimento  as  the  ri(dm 
and  violoncello.  M.  Bt^ud,  another  invoitor,  has  succeeded  in  pro- 
dudng  diihed  or  mheroidal  prowed  woric  :  that  is,  articles  in  wood 
preeenting  much  deeper  curves  than  those  just  described.  To  effect 
this,  the  veneers  an  out  hy  msohfaiss  into  sti^,  each  oi  lAioh  varies 
in  width  acocrdin^  to  the  part  oi  the  mould  into  which  it  ia  to  bo 
wessed ;  the  mtting  must  be  vei^  aoourate  to  edeot  this,  and  can  only 
he  done  by  ^ipaiatus  mathematically  adjusted.  A  curve  of  double 
ourvatun  ma^  be  produced  1^  this  nuihod.  Hitherto,  this  dished 
pwiscd  work  hss  nsoasssrily  been  wy  uqpmidn. 
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W«  muft  notice  also  U.  Amiea*  method  of  Teoeerlng  In  relief.  Two 
moulds,  an  \xpper  and  an  under,  aa  in  cameo  and  IntagUo,  are  gently 
beatod,  and  a  aheet  of  veneer  is  placed  between  tbem.  One  ade  of  the 
▼eneer  takes  the  device  in  relief ;  the  other  side,  h(41ow,  ia  then  filled 
up  with  nUstui  or  any  ^astio  mibstance.  The  veneer  is  in  the  first 
Instance  smoothed  or  polunbed  on  ^e  surface  which  ia  to  be  in  relief. 
I^per  is  pasted  on  the  back ;  and  it  is  while  the  wood  ia  yet  damp 
wiUL  the  paste  it  ia  pressed  between  the  dies;  the  paste  assists 
the  veneer  to  oonform  to  the  dies,  aod  to  retain  the  device  when  cold. 
The  veneer  lb  not  removed  from  the  mould  till  quite  dry.  Uedalliona 
are  produced  in  this  way,  remarkable  for  the  sharpness  and  per^ 
fection  of  the  devioe. 

VBNETIAK  SCHOOL  OP  PAINTING.  [Paihtdio.] 
VENIRE  FACIAS,  or  Venire,  the  name  of  a  writ  addreaaod  to  the 
aheriff  or  other  returning  officer,  commanding  him  "  to  canae  to  come" 
(rmtn  facial)  the  partiea  set  forth  at  the  [dace  named  in  the  writ. 
The  purpoae  to  whitm  the  writ  was  formerly  applied,  and  in  ref erenoe 
to  which  it  ia  generally  known,  is  in  summoning  juries  to  serve  for  the 
ordhui7  trial  ti  elvil  causes.  It  haa  long  ceaaed  to  be  acted  upon,  the 
ooort  ■iwmiing  that  the  jorora  had  been  summoned  upon  it  and  had 
failed  to  appear  at  Westminster,  where  anciently  the  triAl  itself  toc^ 
place,  another  writ  thereupon  issuing  to  bring  them  to  the  assizes. 
Now,  however,  the  aheriff  is  simply  oommwndad  to  summon  the  jnrora 
to  appear  before  the  judges  of  Asuze  or  Niai  Frina,  (Ommiok  Law 
Proecdtuv  Act,  1852.)  [Jpht;  Venue.] 
VENTILATION.  rwARMiHO  ahd  Ventilatioii.] 
VENTRE  INSPICIENDO,  WRIT  DE.  "When  a  widow  ia  sus- 
pected to  feign  favself  with  child  in  order  to  produce  a  suppositious 
heir  to  the  estate,  the  heir  presumptive  may  have  a  writ  de  ventre 
intpiciendo,  to  examine  whether  she  be  with  child  or  not ;  and,  i£  she 
be,  to  keep  her  under  proper  restraint  till  delivered ;  which  is  entirely 
conformaDle  to  the  practice  of  the  civil  law :  but  if  the  widow  be, 
upon  due  examination,  found  not  to 'be  pregnant,  the  presumptive  hdx 
shall  be  admitted  to  the  inheritMMe,  thou^  he  hath  to  lose  it  again, 
on  the  birtii  oi  a  child  within  forty  we^  ftxim  the  death  of  a 
husband."  (Blackstone,  '  Commi.'  i.  450)  The  Roman  jnactice  is 
ozplalned  in  the  title  of  the '  Digest'  (25  tit.  4) :  "  J)e  in^nciendo  ventre 
tnitodiaidoqite  partu."  The  pnotiee  ori^nated  in  the  joint  reigns 
of  AoreliuB  and  Verua,  in  a  case  in  which  a  wife  denied  her  pregnancy 
and  the  husband  maintained  it.  The  wife  had  separated  from  the 
huabaad,  and  probably  wished  to  keep  the  child  that  might  be  bom, 
though  by  law  it  would  belong  to  tiie  husbimd.  If  a  woman  alleged 
that  she  was  left  pregnant  by  her  deceased  husband,  it  was  her  duty  to 
annonnoe  the  fact  to  those  whom  it  concerned,  and  to  inform  them 
that  theTui^it,U  they  pleased,  send  women  to  inspect  her  {qua 
vMfKM  w^neiant).  AU  the  proceedings  of  inspection  and  of  watch- 
ing the  woman,  if  she  should  be  reported  to  be  vnth  child,  are  minutely 
prescribed  in  the  Pnetor'a  Eldict.  The  pMiahy  in  case  of  the  woman 
not  complyii^  with  tiie  edict  Wfts,  that  the  pnetor  would  refuse  to  the 
child  the  bonorwn  potteuio. 

The  form  of  the  English  writ  d«  venire  inipidaido  ia  given  Co. 
litt.  8  b.  It  Is  directed  to  the  sheriff  and  commands  him  to  empanel 
a  jury  ot  twelve  women  to  search  whether  she  be  enceinte.  If  they 
find  that  aha  is  with  child,  another  writ  issues  whidi  oommanda  that 
she  ahall  be  safely  k^  and  dufy  inspaeted  l^the  women,  who  muat 
be  mvsent  at  the  delivery. 

The  use  of  this  writ  is  an  instanoe  in  whti^  what  is  called  a  pro- 
oeeding  at  common  law  is  taken  from  the  Roman  ifystem.  (Co.  Litt. 
0  b.,ancj  N.  44  in  Butler's  edition ;  Comyns, '  Digeet,'  Bsstard,  C.) 

VENTRILOQUISM  (litendly  "  belly^epeaking :  "  from  venter,  the 
ben;r  i  <bkI  toquor,  I  speak)  is  a  vocal  mimiory  oT  sounds,  by  whidi  an 
Hlusicm  is  produced  on  the  hearer  that  the  sound  comea,  not  from  the 
mimic,  but  from  stnne  other  appropriate  source.  The  various  tbeao- 
mana  of  vocal  mimicry  may  be  conveniently  considered  under  two 
:general  heads,  namely:  Ist,  The  simple  imitation  tiie  voioea  of 
ipsfMBs,  of  animals,  of  musical  instrunientB,  and  other  sounds  and 
■noises  td  every  description,  in  which  no  illnslcu  la  intends^  but,  on 
'the  contniT,  the  imitation  avowedly  and  perceptibly  oomea  from  the 
imimio;  and  2nd,  The InUtaticm  of  tiiose  voioeB,  aonndi, and nolsei,  not 
'as  originating  in  the  mimic,  but  in  some  other,  an  appropriate  source 
at  a  given  or  varying  diatuioe,  in  any  or  evoi  in  several  directions 
aucoessively.  And  when  these  imitations  are  mode  without  moving 
the  month,  features,  or  body,  the  illmdve  eff^  of  the  mimicry  is 
enhanced.  The  ternu  mimuay,  or  imitation,  are  oomnHmly  adopted 
to  designate  efforta  under  the  former  genenl  head  where  no  lUuaion  is 
intended,  while  the  term  ventriloquism  dMfngtdBhei  those  under  the 
latter  where  aa  illusion  Is  prodwwd. 

The  various  kinds  of  divinstion  amongst  the  nations  of  antiqmty 
which  were  stated  by  the  jniestiuMd  to  be  liy  a  apirit,  a  familiar  spirit, 
or  a  spirit  of  divination,  are  now  swposed  to  have  been  dfooted  by 
meana  of  ventriloquism.  Divination  by  a  familiar  sprit  can  be  tinokea 
through  a  long  period  of  time.  By  reference  to  Leviticus,  xx,  6,  27,  it 
will  be  seen  that  the  Hosaie  law  forbade  the  Hebrews  to  consult  those 
having  fsmiliar  spirita,  and  to  put  to  death  the  poeaeesor.  The  Mosaic 
hm  ma  givsa  about  fifteen  hundred  years  before  Christ.  Divining  hy 
m  fiuniliw  spirit  was  however  so  famUlar  to  the  Jaws,  that  the  prophet 
Isaiah  draws  a  powerful  iUustxation  from  the  kind  of  voice  heard  in 
■uchdirinatioD^ssa  iMdahfXxix.  4.  lb  Uie  AcU  of  the  Apostlea,  xvL 


16,  mention  Is  made  of  a  young  woman  mth  a  familiar  spirit  meeting 
the  Apceties  in  the  city  of  Fhihppi  in  Ifaoedonia.  And  St.  Chiysostom 
and  o&ar  early  faithera  ot  the  Christian  Church  mentioa  divinatimi  hf 
a  familiar  spirit  as  practised  In  thdr  day.  The  piacfioa  at  umilar 
divinatiott  is  still  common  in  the  East,  and  is  even  practised  amongst 
the  Esquimaux.  This  divinatitni  bya  famUiar  ^IribliMheen^HtiBed 
upwards  of  three  thousand  years. 
The  vritch  of  Endor  divined  by  a  familiar  spirit;  1  Sam.  xxriiL  7, 

hi  Hebrew  SiM — (Ob.)  The  word  Is  also  adopted  in  the  Hebrew  Bible 
to  deugnate  those  perswu,  whether  male  or  female,  in  whom  there  is 

a  fanuliar  s^drit.  The  plural  of  SlH  is  ni3!^4— -Oboth,  which  in  the 
Septoagint  vernon  of  the  Scriptures  is  mostly  rendered  by  the  Qreek 
'ZyyarrftiiiOmt,  which  is  oompoundad  of  if,  in,  forHtf,  the  b^,  and 
fui6a(,  speech,  and  corresptnids  with  the  word  Tesrtriloqaism.  This 
midering  of  the  Hebrew  m  the  Septuagint,  Professor  Lee  MMmmta  for 

by  the  muttering  of  thoae  having  a  familiar  qnrit — the  JTD^ :  see 
hiB  Hebrew  Leucon,  or  '  Thee.  Heb.'  Gesenii,  voea, 

The  Qie^  practised  a  mode  of  divinati<m  termed  gastromancy, 
from  Tturrfp,  the  belly,  and  iii^ra,  a  prophet;  where  the  diviner 
replied  without  moving  bis  lips,  so  ibit  the  oonsulter  believed  he  heard 
the  actual  voice  of  a  spirit  qpeaking  from  its  residence  within  the 
priest's  beUy.  St.  Chrjvostom  adopts  the  same  Oredc  word  as  the 
translators  of  the  Septuagint  vemtm  to  deaignate  the  divlnen  hf 
familiar  roiritB,namdy,  'Erfyaarpt^iAoin. 

The  eariiest  descriptlMi  of  a  ventiiloqulal  illusion  In  modem  di^  ia 
that  perfcoTMd  hr  Lonia  Brabant,  Taleb4e.diambre  of  Francis  I.  By 
the  aid  of  ventriloquism  he  extorted  from  the  mother  of  a  young 
woman  her  oonsent  to  their  marriage  which  she  had  previously 
opposed,  and  from  a  rich  old  man  a  large  sum  of  money.  The 
work  of  U.  I'Abb^  de  la  Ch^elle,  publi^ed  1772,  deacriptive  of 
the  feata  of  Baron  Mengm  at  Vienna,  and  of  M.  St.  Qille  near  Pmis, 
claims  attention.  Baron  H«igen  made  a  doll  with  moveable  lips, 
which  he  could  oontiol  by  his  hand  under  its  dress.  With  this  doll  ne 
held  wit^  and  satirical  malogue.  B^ron  Menken  said  he  owed  his  art 
to  a  passion  for  oounterfeiting  the  cries  of  i^"'"'*^"  and  the  voices  of 
)ersons,  that  the  paado^  manifested  itself  in  early  life ;  and  that  be 
lad  the  power  of  imitating  sounds  so  aoouratetyas  to  make  tbem 
^mear  to  come  from  other  paoea  than  his  own  mouth. 

H.  St.  Qille.  in  1771,  made  an  experimant  to  teat  his  ventriloqtiial 
talent  before  JS3IL  Leroy  and  Fonchy,  oommiinoneTS  of  the  Royal 
Academy  of  Sdences,  and  many  other  persona  of  tiie  highest^  rank. 
The  object  of  the  experiment  was  to  show  that  M.  St.  Qille's  mimicry 
of  sounds  was  ao  perfect  as  to  produce  illusion.  Fw  thia  purpose  it 
was  repented  that  a  spirit's  voice  was  at  times  heard  in  the  enviraas  of 
St.  Oermain,  and  that  the  c<Knmission  was  appointed  to  verify  the  fact  ■ 
and  to  discover  the  cause.  AU  the  company  were  in  the  secret  except 
one  lady,  who,  without  suspecting  it,  was  to  be  the  subject  of  the 
illusion.  They  all  dined  in  the  country  in  the  open  air,  and  while 
they  were  at  table  a  voice,  as  of  a  spirit  suspended  in  the  air,  addressed 
the  lady :  now  it  seemed  at  the  top  of  the  tnes ;  then  descending,  it 
approached  her— then  recedip^  it  plungud  into  the  ground,  whenos  it 
ceaaed  not  to  make  itself  heard.  The  oonversaiion  was  sust^ned 
upwards  of  two  hours  vrith  such  adroitness  that  tite  was  fully 
convinced  she  had  talked  with  a  sylph ;  and  when  the  lUuidon  wis 
explained  to  her,  she  doubted  if  it  were  an  illusion. 

M.  St  Qille,  like  Baron  Uengen,  made  no  secret  of  his  art,  but 
referred  it  all  to  mimiary,  for  which  he  had  a  strong  propensitj.  The 
French  Academy  adopted  the  views  contained  in  the  statements  of 
these  two  ventriloquists,  namdy,  that  the  art  craudats  in  an  aoomwttt 
imitation  of  any  given  sound  as  it  reatJiea  the  ear. 

Adopting  these  views,  j^yaiologiBta  have  offered  a  variety  at  ponlUe 
actions  of  the  vocal  organs  to  ex^ain  its  production ;  and  some  have 
even  supposed  a  peculiarity  of  structure  of  tiie  vocal  organs  as  neces- 
sary, but  have  wisely  omitted  to  specify  what.  Many  physioIonpHta 
think  that  Tsntriloquism  is  vocalfy  produced  \sg  ^>eaking  during 
inraiiathm  of  the  breath.  It  b  possible  to  qwak  durmg  inspiration, 
and  it  may  be  occaoooally  adopted ;  but  close  observation  on  many 
public  ventrihiquists,  and  private  Mends  who  can  venb'iloquise,  con- 
vinces the  author  of  thia  arUde  that  the  general  current  of  utterance 
is,  as  in  ordinary  speech,  on  an  expiration  of  tiie  breath. 

Adopting  the  views  of  the  French  Academy,  some  have  thou^t 
that  the  vocal  means  of  effecting  the  required  oonsist  in  a 

skilful  management  of  the  echoes  of  sound.  Unfortonat^,  however, 
for  this  thecny,  an  etdio'mnely  repeats  what  is  already  nroduoed ;  and 
several  ventmoquista,  including  the  hite  Mr.  Mathews,  have  produeed 
the  vocal  illusion  whUe  walking  in  the  streets. 

Baron  Mengen  thus  deaoribas  his  mode  of  speaking  when  the  voice 
was  to  seem  to  come  from  Us  doll :— "  I  press  my  tongue  against  the 
teeth,  aiultiius  ciroumscribe  a  «avi^  between  my  left  dieek  and  teeth, 
in  vrt^^  tiw  voice  Is  produced  by  the  air  held  in  reserve  in  the 
pharynx  igotier).  The  sounds  thus  receive  a  hollow  and  muffled  tone, 
which  causes  them  to  appear  to  come  from  a  distance."  The  Baron 
says  it  is  necessary  to  well  manage  the  breath,and  to  retire  as  seldom 
as  possible. 

It  waa  observed  that  M.  St.  QilU  ameaied  fatigued  after  li»g  ex«r- 
tion,  when  the  vocal  illusion  besuna  loB  perfect.  Those  nntrik>quirta 
with  whom  the  author  of  thia  article  has  oontarrsd  have  soknowledged 
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fittigne  in  th«  cheet,  iriuch  they  have  attributed  to  the  extremelv  alow 
ezpiiaUMi  of  the  breath.  M.  St.  Oille,  like  moat  prufewlonal  ven- 
triioquieta,  was  obeerved  to  cou^  very  £requeoUy. 

Xow,  in  order  to  arrive  at  exact  and  poaitive  knowledge  of  the  modi- 
ficaiioiu  of  voice  termed  ventriloquism,  it  is  neceeeary  to  be  familiar 
with  the  distinctions  of  vocal  Bound;  and  to  know  how  the  oi^gana  act 
in  producing  those  vocal  modiflcaiiona^  it  is  neoeasai;  to  know  how 
the  breath  is  vocalised  in  all  its  distiDotiona  of  pttoh,  loudnen,  and 
quality,  by  the  ordinary  actions  of  the  vooal  organs. 

In  ordimOT  language  we  speak  of  noise,  of  sound,  and  of  musical 
■ound ;  and  Dr.  Thomas  Young  adopts  those  terms  in  illustrating  the 
mechanical  causes  of  sounds ; — "  A  quill  striking  against  a  piece  of 
wood  causes  a  noise ;  but  striking  succesmvely  against  the  teeth  of  a 
irtieel,  or  of  a  comb,  a  continued  sound ;  and  if  ue  teeth  of  the  wheel 
areatequal  distances,  and  the  vdoeliy  of  the  rotation  is  ooDttant, a 
nuuiflil  Knmd."   ('  Lect.  Nat  Phil.') 

The  general  tarns  pitch,  loudneea,  (quality,  and  duration  embrace  all 
the  distinctions  which  the  musician  discovers  in  musical  sounds,  and 
which  ha  employs  in  his  art  The  distinguishing  feature  of  musical 
smmd  is  its  uniform  pitch  throughout  its  duration.  And,  acoustically 
monoal  sound  is  composed  of  an  equal  number  of  impuisee  or  noises 
prodooed  in  equal  times.   [Acoustics;  Voice.] 

The  genersl  terms  pitch,  loudness,  quiUity,  ai^  duration  also  em- 
lo^ice  all  Uie  distinctions  heard  in  <sdinaz7  sounds.  These  sounds 
diSer  from  the  musical  in  the  pitch  constantly  varying  throughout 
their  duration,  as  the  human  voioe  in  speaking,  and  the  voices  of  quad- 
rupeds Acoustically,  such  sounds  are  composed  of  an  unequal  number 
of  impulses  or  noises  produced  in  equal  times.  And  from  this  ctrcutn- 
■tancepitcdt,  in  the  Btnctlymuaiod  sense,  ia  not  a  propertgr  of  wdinary 
sound. 

The  general  tenns  loudness  and  qusli^  embrace  all  the  distinctions 
heard  in  a  noise,  as  in  the  collision  of  two  inelastio  sticks.  Tha 
momentary  collision  of  the  clapper  against  a  bell  is  a  noise,  but  tiaa 
mere  noise  is  immediately  followed  by  the  ringing  sound  of  the  bell, 
which  ia  a  musical  sound.  Pitch  and  duration  can  scarcely  be  con- 
■idered  as  belonging  to  common  noiae.   Thus  ve  hare : — 

I.  Noise,  wliose  audible  dietinotioiiB  are  comprehended  tmcler  the 
general  terms  loudness  and  quality. 

II.  Common  sound,  whose  audible  distinctions  ore  comprehended 
under  the  general  terms  loudness,  quality,  duration,  and  ever-varying 
pitch. 

III.  MuBical  sound,  whos^  audible  distinctions  are  comprehended 
under  the  general  terms  loodneis,  quality,  duration,  and  an  uniform 
pitch. 

Phouation,  or  the  production  of  voice,  is  a  result  of  actions  taking 
place  under  two  distinct  daaees  of  Laws,  namely:  1.  The  ordinary 
mechonicul  laws  of  acoustics ;  and  2.  The  physiological  laws  of  mus- 
cular movement  The  odjustmeut  of  the  vocal  mechanism  to  be  acted 
on  by  the  current  of  air  is  mads  by  actions  under  the  latter  laws;  and 
jduHMtion  ia  the  result  of  the  re«otion  of  the  mechanlam  on  the 
current  of  oit,  by  mechanical  movements  under  the  former  laws. 
[Larthx,  in  ITat.  Hist.  Div.]  The  pitch  of  the  voice  essentially 
depends  on  the  tension  of  the  vocal  ligaments ;  the  loudness  on  the 
extent  of  excursion  of  the  vocal  ligaments  in  their  vibration;  the 
duration  on  the  continuance  of  the  vocalising  causes ;  and  t^s  quality 
on  the  oigaiusation  of  the  larynx,  and  also  on  the  form  and  size  of  the 
vocal  tube.  Now  the  form  and  size  of  this  tube  can  be  altered  in 
various  ways,  as  by  dilating  or  contracting  the  pbarj'nx  [Phabtux,  in 
Nat,  Hist.  Drv.] ;  by  dilating  or  contracting  the  mouth ;  by  ctmtraot- 
ing  the  communication  between  the  pharynx  and  mouth  so  as  to  make 
them  distinct  chambers,  or  by  dilating  the  opening  so  as  to  throw 
them  into  one,  which  is  chiefly  eBect«d  by  movements  of  the  soft 
palate ;  by  altcnriog  the  form  of  the  mouth's  cavity,  which  ia  produced 
by  varying  the  position  of  the  tongue.  It  will  be  found  that  each 
of  these  modifications  of  the  toou  tube  oonfcn  a  peculiarity  of 
quality  to  the  voice.  All  tiiese,  however,  are  vooal  or  laryngeal 
sounds. 

Sounds  can  be  produced  in  the  vocal  tube  apart  from  the  larynx. 
These  are  not  vocu  sounds.  Some  of  them,  however,  may  be  of  a  definite 
and  uniform  pitch,  while  others  are  mere  noLses,  as  rustiing,  whisper^ 
iiigi  gurgling,  whisUing,  snoring,  and  many  others. 

Now,  aa  every  audibility  comes  under  the  daeses  of  noise,  sound,  or 
musical  sound,  and  as  eaon  variety  under  these  classes  is  producible  by 
the  vooal  apparatus  of  man,  it  is  an  obvious  concliudon  that  an  ordinary 
vocal  apparatus  ia  all  that  is  required  to  vocalise  the  mimetic  con- 
ceptions of  the  ventriloquist  A  lurynx  capable  of  producing  a  larger 
compass  of  voice  than  another  has  a  greater  range  <a  pitch  within  its 
power  of  imitation. 

A  person  having  an  ear  acately  perceptive  to  the  nice  distiiiotionB 
of  sounds  may,  by  a  littie  practice,  imitate  many  sounds  with  accuracy, 
Thoao  persons,  however,  who  are  highly  endowed  with  the  mental 
requisites,  which  consist  of  an  intense  dasire  to  mimic,  coupled  witii 
the  ability  to  originate  mimetic  ideas,  are  able  to  imitatft  sounds  at 
first  bearing,  and  without  previous  practice.  Passing  from  the 
imitation  of  sounds,  as  that  of  knife-grinding,  sawing  and  plaoing 
wood,  the  voices  of  MimaU  and  men,  we  proceed  to  treat  of  those 
illusions  where  the  voice  so  perfectly  oountorolti  the  resliiy  Intended, 
&tA  it  appears  not  to  issue  from  tiia  mindo,  bat  from  an  appn^iate 
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source,  in  whatever  direction  and  at  whatever  distance  that  source 
may  be.  The  essence  of  ventriloquy  consists  in  creating  illuaioos  as  to 
the  distance  and  direction  whence  a  sound  has  travelled ;  which  an' 
thus  explained 

I.  Ihttaiux.  We  do  not  hear  the  distance  which  a  sound  has 
travelled  from  its  source,  but  we  judge  the  distance  from  our  former 
expnienoe,  tnr  comparing  the  loudness  which  we  hear  with  the  known 
distanoe  and  known  loudness  of  ^ilor  sounds  heard  on  former  occa- 
sions. Common  experience  will  confirm,  that  we  oftener  err  in 
estimating  the  distance  of  uncommon  than  of  familiar  sounds.  Ia 
^Ic^  for  such  an  error  the  ordinary  language  is,  "  It  seemed  too 
loud  to  come  so  £u-,"  or  "  It  seemed  too  near  to  be  so  f^nt  a  sound," 
as  the  case  may  be.  Both  of  whidi  are  apologieB  for  aa  emmeoui 
judgment,  and  not  for  hearing. 

Noiu-  sounds  are  louder  than  distant  ones.  Now,  by  preserving  the 
same  pitchy  quality,  and  duration,  but  with  an  accurately  graduated 
reduction  of  loudness,  a  series  forming  a  perspective  (if  the  term  be 
allowable)  of  sounds  may  be  created,  which,  faUing  in  suocesrion  on 
the  ear,  will  suggest  to  the  mind  a  constantiy  increasing  distance  of 
the  sound's  source. 

Loudness  is  a  property  of  sound  which  has  not  bad  justice  done  to 
its  importance  in  the  schools  of  music  and  elooutitXL  Its  nomendatuxB 
ia  vague  and  meagre,  and  it  can  scarcely  be  sud  to  have  a  notation. 
The  author  of  this  article  has  obswred  tbat  one  of  the  high  excellences 
which  singers  of  genius  have  snatched  beyond  the  rules  of  art  has  been 
a  skilful  management  of  the  degrees  of  vocal  loudness,  and  a  nice 
adaptation  of  tiiem  to  aid  the  melody  in  expressing  the  intended 
feelmg.  The  varieties  of  loudne^  remun  still  unmeasured,  and  the 
alvapt  transitions  in  loudness  made  by  mnsioal  performera  anggest 
that  these  distinotiona  are  ill  perceived. 

The  estimate,  then,  which  Is  formed  of  tiie  distance  which  a  sound 
has  travelled  before  reaching  the  ear  is  a  judgment  of  the  mind 
formed  by  comparing  a  i«esent  peroeptaoD  {hy  hearing)  with  the 
remembrance  oz  a  former  loudness  in  ooonection  with  its  known 
distance. 

II.  Direclioa.—The  direction  whence  a  sound  comes  seems  to  be 
judged  of  by  the  right  or  left  ear  receiving  the  stronger  impresuoa, 
which  however  can  only  take  place  when  the  sound's  source  ia  in  a 
plane,  or  nearly  so,  with  a  line  pasring  through  both  ears.  It  ia 
familiarly  known  that  a  person  in  a  house  caimot  by  the  noise  of  an 
approaching  carriage  judge  with  certainty  whether  it  is  coming  from 
the  right  or  left  He  accurately  judges  it  to  be  aj^roaching,  passing, 
or  receding,  as  Uie  case  maf  be,  by  ttie  gradations  of  loudness,  bat  is 
unable  to  dedde  with  certainty  whether  its  i^proach  ot  reoesuon  is 
from  up  or  down  tiie  street  Common  experience  shows  the  judgment 
to  be  more  fallible  concerning  tiie  direction  than  the  distance  of  sounds. 
Professor  Uiiller  of  Berlin  states,  in  his  '  Physiology,'  that  Venturini's 
experiments,  detailed  in  Voigt's '  Hag.,'  bd.  ii,  demonstrate  the  impos- 
sibili^  under  certain  circumstances  of  eetiinating  whence  a  sound 
cornea  to  the  ear.  Now,  without  entering  uponthe  merits  of  those 
valuable  experimenta,  enough  has  been  above  stated  to  show  that  we 
do  not  hear,  but  that  we  judge,  the  direction  a  sound  has  travelled 
from  its  source  on  reaching  the  ear. 

It  has  btva  remarked,  and  the  writer  of  this  article  confirms  its 
truth  from  observations  mode  both  in  public  and  in  private  ventriloquy, 
that  the  ventriloquist  indicates  either  directiy  or  indirecUy  the  direc^n 
wiiich  he'wishea  bis  audience  to  believe  the  sound  is  coming.  Thus 
they  directiy  indicate  it  by  words,  such  as— "Are  you  up  tiwret" 
"He  is  up  the  chimney,"  "  He  ia  in  the  cellar,"  "  Areyoudown  thoef" 
tec  And  they  indirectiy  indicate  it  by  soma  suggestive  droumstance, 
as  an  action  or  gesture  which  is  so  skilfully  unobtrusive  and  natural  as 
to  eSTect  its  object  without  being  discovered.  Thus,  when  the  ventrilo- 
quist looks  or  listens  in  any  direction,  or  even  simply  turns  towards 
any  point,  as  if  ha  expected  sound  to  come  tiieace,  the  attention  of  an 
audience  is  by  that  means  instantiy  directed  also  to  the  same  plaoo. 
Thus,  before  a  sound  is  produced,  uie  audience  expect  it  to  oome  In 
tiLe  suggested  direction.  And  the  ventriloquist  has  merely,  by  his 
adjustment  of  vocal  loudness,  to  indicate  the  neoessaiy  distanoe,  when 
a  misjudgment  of  tha  audisnoe  will  complete  the  illoHon  whidi  he  has 
begun. 

The  e&eofc  whidt  is  produoed  «n  sound  hf  its  travelling  from  m 
distance  is  observed  to  be — 

1.  That  its  loudness  is  reduced  in  proportion  to  the  dlHanftft. 

2.  That  its  pitch  remains  unaltered. 

8.  That  its  quality  or  tone  is  somewhat  softened. 
4.  That  its  duration  remains  tmaltered. 

6.  That  human  speedi  is  somewhat  obscured,  chiefly  in  the  c<HiBonant 
sounds. 

Now,  the  ventriloquist  imitates  the  sound,  not  as  it  is  heard  at  its 
source,  but  as  it  is  heard  after  travelling  from  a  dietanoe.  A  skilful 
ventriloquiBt  can  effect  his  imitations  without  much  movement  of  his 
lips  and  features.  Now,  it  has  been  observed  that  ventriloquists,  during 
their  efibrts,  turn  the  front  face  away  from  the  audience  and  scarcely 
even  ^ow  the  profile.  The  author  of  this  article  eonfirms  this  observa- 
tion, as  &r  aa  regards  modente«aed  .rooms,  but  he  hsa  sesn  the  fironl 
&ee  in  a  theatre. 

It  is  quite  easy  to  apeak  without  moving  the  jaw,  and  it  is  the  jaw's 
movements  wUim  disttnb  the  features  in  utteranoe.   Now  the  lablsl 
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woodB,  such  M  B,  u,  wheo  Uie  nw  ia  tlius  fixed,  can  be  m&cle  nitii 
»  slight  movemeDt  of  the  lipa.  Toe  lipa  and  jam  being  always  Bome- 
wfaat  open  during  ventriloquy,  a  slight  labial  movemeot  remains 
unnoticed,  unleas  special  attention  be  directed  to  it ;  and  all  the  modi- 
fleatiotu  of  Toioe  ob&  be  produoed  without  at  aU  distorting  the  features 
or  moving  tlw  Ups. ' 

The  preoeding  outline  of  the  philoeophy  of  veotriloqulam  ii  luffldent 
to  eihibit  the  nature  of  Uie  uet.  To  enter  upon  ^e  oonalderation  of 
all  the  vocal  means  adopted  to  Booompliah  the  varioui  imitationa 
would  fill  a  volume.  The  mode  of  counterfeiting  variationa  in  loud- 
neea  by  changes  of  pitch,  and  also  by  changea  from  the  natura?  to  the 
falutto  roister  of  voice,  are  amongst  the  wonders  of  vocal  science,  and 
are  oapaUfl  of  extensive  application  by  the  Hcientifio  veDtriloqulst 

VENUE  (wcmefttw,  vitne,  "neighbourhood").  The  county  in 
which  the  teial  of  a  particular  cause  taken  place  ii  aaid  to  be  the 
venue  of  that  cause.  The  old  practice  In  this  matter  la  eotmected  vrith 
the  original  functions  of  the  jury,  aa  persons  who  were  acquainted 
with  the  feda  hi  issue.  [Jdht.]  In  order,  then,  that  a  proper  venire 
might  issue  to  the  aheriff,  the  place  in  which  tiie  action  was  brottght 
was  stated  in  the  margin  of  the  declwation,  loki.  on  tjie  statement 
throughout  the  pleadings  of  any  iasoable  fact  a  stetement  vros  also 
made  of  the  place  at  which  such  &ot  was  alleged  to  have  occurred. 
As  to  all  such  facta  upon  which  issue  was  taken,  a  ventre  was  sued  out 
applying  to  each  difierent  place.  The  sheriflf  returned  jurors  from  that 
place,  and  by  those  jurors  the  fcicts  were  decided,  to  that  several  dis- 
tinct vcfuret  and  Mala  might  be  aeoeeeaiy  to  dispose  of  the  issues  in 
(HM  aotion. 

Whan  joriea  ceased  to  act  <ni  their  own  faiowledge,  and  began  to 
determine  on  the  evidence  of  witnesses,  the  necessity  ceased  for  sum- 
moning them  from  the  particular  port  of  the  country,  aiid  the  practice 
giudu^y  declined,  till  at  last,  the  venire  itself  gave  way  to  a  precept 
oommaading  the  attendanoa  of  the  jurras  at  the  asmzea.  lOonmim 
Inv  Proeedwre  Act,  1862.) 

A  distillation  Tna  long  sfaioe  estahUshed  between  local  actions  (that 
is,  aotioDB  relating  to  real  estate)  and  tnuiaitOTy  (that  is,  actions  of  debt, 
eontiMt,  for  personal  injuries,  Ac. ).  In  regard  to  the  former,  it  was  held 
that  the  actual  place  in  which  the  subject-matter  was  situated  must  be 
laid  as  the  venue  in  the  action,  and  that  rule  still  prevails.  The  reason 
is  said  to  proceed  from  the  circumstance  that,  unless  the  action  were 
brougiit  in  the  actual  comity,  the  sheriff  of  the  county  would  be  unable 
to  give  ^RMt  to  tile  judgmant  In  Uie  aetion.  In  iranaitorj  actions,  on 
the  oontraiy,  the  subjeet-mattft-  of  thma  being  held  not  to  have  any 
fixed  place,  the  plaintiff  is  at  liberty  to  bringhis  action  in  any  coun^ 
in  which  he  jdease.  As  a  consequence  tA  which  it  follows,  that 
though  the  cause  of  action  has  occiured  even  out  of  the  kingdom,  it 
is  stiU  open  to  the  plaintiff  to  bring  his  action  in  the  courts  of  titis 
country.  The  plaintaff  baa  still  this  liberty  in  a  transitoiy  action  ;  but 
the  ooiirto  assart  an  authority  upon  application  made  to  tiiem  of 
changing  the  venue.  This  is  done  apcm  its  being  made  to  appear  that 
great  Inconvenirace  would  arise  from  trying  in  the  origiiiaf  county, 
because  the  body  of  the  evidence  lies  in  anolier,  or  because  from  local 
prejudioes  a  f^  trial  cannot  be  had,&o.  And  the  same  authority  may 
be  exercised  even  in  local  actions^  in  spite  of  the  technical  d^colty 
irtiioh  has  been  before  referred  to. 

In  orimlnal  trials  the  venue  is  usually  the  eonufy  in  which  the 
offonce  diarged  was  actually  committed.  The  courts  however  have 
uie  same  discretion  as  to  the  power  of  changing  the  venue  as  ^  dvil 
casee ;  and  as  to  criminal  trials,  many  ezoaptiras  hare  been  introduced 
by  various  statutes. 
VENUS  DE  MEDICI.  [Aphbodite.] 

VEIJUS,  the  name  of  the  planet  which  is  nearest  to  the  earth,  and, 
floceept  Mercury,  nearest  to  the  sun.  The  principal  point  of  its  physical 
denription  is  the  distinctaesa  with  which  its  phases  are  aeen  through  a 
telescope,  m  which  it  exhibits  all  tiio  changes  of  appearance  which  are, 
to  the  naked  eye,  characteristic  of  nothing  but  the  moon.  With  regard 
to  these  phases,  there  is  a  remarkable  historical  error  which  we  cannot 
trace  higher  than  Dr.  Smith's  '  Optics/  but  which  has  been  copied  by 
^tton  and  othws.  It  is  said,  "  When  Copetnicus  revived  the  ancient 
^rthagoric  mtem,  asserting  that  the  earth  and  i^ets  moved  round 
the  sun  at  tiie  centre  of  thear  orbits,  the  Ptdenuucs  objected,  if  this 
were  fa-ue,  that  the  phases  of  Venus  should  resemble  those  of  the 
mocm.  Copermous  rephed,  that  tome  time  or  other  that  retemblanee 
vmdd  be  found  otu."  (Smith's  '  Optics,'  p.  416.)  Now,  first,  Copemi- 
ons  never  answered  an  objection  to  his  system  in  the  manner  implied 
m  the  story ;  for  he  literally  only  lived  to  lay  his  hand  upon  a  copy  of 
his  own  work,  and  never  opened  it.  [CoPBBHICUS,  ht  Bioo.  Dtv.l 
Secondly,  Gasseudi,  his  biographer,  in  stating  the  verifloatioa  of  his 
^Btem  (as  he  calls  it),  derived  from  these  phases,  never  aUudca  to  any 
such  prophecy ;  nor  does  Galileo,  in  announcing  the  telescopic  discoveiT 
rfthe  phases  of  Venus  (a.d.  Iflll),  and  in  giving  praise  to  Copemicii 
and  Kepler  for  not  having  abandoned  the  motion  of  the  earth  on 
aoeoont  of  the  diflkulty  arising  out  of  the  apparent  want  of  them,  ever 
•nwwe  that  Copernicus,  or  any  of  his  foUowers,  had  the  digfatest  idea 
e*  tuat  ai^Kuent  want  arisbig  ft^m  imperfectioi  of  viwon.  Thirdly 
Lopemicus  hims««,  in  mentioning  the  difficulty,  exprenly  meets  it  by 
the  supposition  that  Mercury  and  Venus,  the  "steUiB^uded  to  in 
tl^COTi^igquotation,  eitiier  shine  by  their  own  light,  or  are  completely 
ntnratedwitti  the  solar  rays:  "Noneiso&temurinstellisopadtetem 


esse  aliquam,  lanari  mmilem,  sed  vel  proprio  lumine,  val  solari  totis 
imbiitae  corporibus  fulgere,  et  idt^rco  solem  non  impedire"  (lib.  i. 
cap.  10).  And  the  objection  itself  has  nothing  to  do  with  the  differ- 
ence between  tiie  system  of  Copemioua  and  that  of  Ptolemy,  for  it  had 
long  before  been  n^sed  against  the  latter :  all,  in  fact,  who  maintained 
that  tiu  orbit  of  Temu  cunei  between  the  earth  and  sun  having  to 
meet  ft  in  one  way  or  another,  vhstbar  they  made  the  earth  or  the  sun 
the  centre  of  tbeir  system. 

In  the  theory  of  the  motion  of  Venus,  the  moat  rmariiable  oircam- 
stance  is  the  long  inequaUty  discovered  some  years  ago  by  Mr.  Airy, 
depending  upon  Uie  ^rth.  [QRA.viTATion.]  A  satellite  was  at  one 
time  suspected  to  belong  to  this  planet,  but  no  such  thing  has  ever 
been  detected.  It  may  be  remarked  that  the  satellite  of  on  inferior 
planet  might  not  be  easy  to  find,  if  it  were  very  small;  for  when  the 
planet  is  nearest  the  ear^,  and  circumstances  are  most  favourable  for  its 
discoveryin  other  respects,  the  dark  side  would  be  turned  towards  the 
earth.  Though  in  the  earlier  period  of  telescopic  observations,  spots  of 
various  sorts  were  detected  on  the  disc  of  Venus,  yet  the  genual  de- 
scription of  its  appearance  in  our  day,  as  given  by  Sir  J.  Uersohel,  is  as 
follows  : — "  Although  it  oocasionally  attains  the  diameter  of  dl",  whiek 
is  larger  than  that  ^  any  other  planet,  it  is  yet  the  most  difficult  <^ 
them  all  to  define  with  telescopes.  The  intense  lustre  of  its  illuminated 
part  dazzles  the  sight,  and  exaggerates  every  imperfection  of  the  tele- 
scope ;  yet  we  see  clearly  that  its  surface  is  not  mottled  over  with  pei^ 
manent  spots  like  the  moon  ;  we  perceive  in  it  neither  mountains  nor 
shadom,  but  a  uniform  bri^tness,  in  which  sometimes  we  may  indeed 
bausr  obMurer  ptntions,  but  can  seldom  or  never  rest  fully  aatiafied  ot 
the  uot.  The  most  natural  conclusion,  from  the  very  rare  appeanmoe 
and  want  of  permanence  of  tite  spots,  is,  that  we  do  uot  see,  as  in  the 
moon,  the  real  surface  of  this  planet,  but  only  its  atmosphere,  much 
loaded  with  clouds,  and  which  may  serve  to  mitigate  the  otherwise 
intense  glare  of  its  sunshine." 

Venus,  like  Mercury,  from  the  orbit  being  entirely  within  that  of 
the  earth,  is  never  at  mors  than  a  c^tun  angular  distance  from  the 
sun ;  her  greatest  angular  distance,  or  elongation,  being  from  46*  to 
47°  12'.  Her  mean  apparent  diameter  is  10"'9,  but  varies  from  9"'d  to 
61"-2.  The  real  diameter  is  -975  of  that  of  the  earth,  or  about  7700 
miles,  and  the  volume  is  '927  of  that  of  the  earth.  The  density  is  very 
nearly  that  of  the  earth ;  but  this  element,  as  also  the  mass,  is  rather 
uncertain.  The  mass  of  this  planet  is  stated  by  Laplace  at  qJIbi^  ^ 
that  of  the  sun,  but  later  .writers  give  i^ith  as  more  probaUa. 
Hr.  Rothman  ('Hem.  Astroa.  Soc.,'  vd.  xITpp.  400-416)  has  shown 
strong  reasons  for  supposing 'that  the  mass  given  by  Laplace  h«s  been 
too  much  diminished  by  ms  successors,  and  that  the  second  fraction 
above  named  should  be  increased  by  about  its  tenth  part  at  least,  and 
probably  by  more.  The  most  uncertain  of  all  the  results  of  the 
theory  of  gravitaticm  is  the  mass  of  a  planet  which  has  no  satellite. 

This  planet  revolves  on  its  axis  in  about  S3''  21''  7*  >  thou^  tliis, 
owing  to  the  absence  of  definite  spots  on  its  disc,  can  lurdly  be  con- 
sidered as  veiy  aoourate.  Its  light  and  heat  are  to  that  of  the  earth  as 
1911  to  1000. 

The  elements  of  the  orbit  of  Venus,  which  are  usually  taken  from 
Lbidenau'fl  Tables  (1810),  have  lately  undergone  a  searohing  exami- 
nation by  comparison  with  seven  years'  observations  made  at  Green- 
wich. Meoara.  Jiain  and  Glatsher,  who  made  tiiis  examination,  have 
given  their  own  resulting  dements,  compared  with  those  deduced  for 
Uieir  own  epoch,  from  the  above-mentioned  tables.  In  the  following 
list  wo  have  adopted  the  new  elements,  plaoing  tiie  old  ones  after  them 
in  parentheses ;  but  taking  the  secular  variations  entirely  frcm  those 
given  OS  the  result  of  the  Investigation  just  quoted  ('  Mem.  Astroo. 
Soa,*  vol.  xii.).  The  semiaxis  major  alone  remoina  untouched;  for 
though  the  examinen  found  reason  to  suspect  that  it  was  somewhat  in 
error^  they  did  not  feel  able  to  decide  wi^  certain^  as  to  the  amount 
of  the  alteration. 

dementi  of  the  Orbit  of  Venvf. 

Epoch  1836,  January  1,  0^  mean  astnmomical  time  at  Seeberg 
(42"  56'  east  of  Greenwidi). 
Semiaxis  major  '72S8810,  that  ol  the  Earth  being  aaanmed  as  the 

unit. 

Eccentricity  -00684588  (■00682266) ;  its  secular  diminntiao  ((Nrdimi' 
nuti<ni  in  100  years),  "00006200. 

Indlnation  of  the  orbit  to  the  ecliptic,  8*  28*  84"-84  (3*  28'  SI"-!!) ; 
its  secular  increase,  10"'086. 

Longitudes  from  the  mean  equinox  of  the  epoch  (1)  of  the  ascending 
node,  76*  12'  8"-60  (76"  12"  26") ;  its  secular  increase  (combined  with 
the  precession),  3095'''23  :  (2)  of  the  perihelion,  129"  16'  3*  (129'  11' 
18*0;  its  secukr  increase  (oombmed  witii  the  precession),  49"  62;  <d 
the  planet  (mean),  8S2*  1'  8&"'28  (888°  1'  38"-l). 

Mean  sidereal  motion  in  865}  days,  2106641"'49 ;  sidereal  revolution, 
224-7007869  mean  solar  days. 

When  Venus  is  to  the  west  of  the  sun  she  rises  and  sets  before  him, 
and  was  then  called  Phosphorus  and  Lucifer  by  the  ancients;  but 
when  she  is  to  the  east  of  tiie  sun  she  rises  and  sets  after  him,  and  was 
then  called  Hespraus.  Tia  old  tenns  our  almanacs,  "  llMning-star  " 
and  "  Evening-rtar,"  have  reference  to  these  positions. 

VENUS,  TRANSIT  OF.   [TunsiTS  or  Msbcvrt  akd  YBmn.] 

YEBAKTIN.   [MASiniB,  C!oLOURi5a  Uattebs  of.] 
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TERATRIC  ACID  (C„H,oO,).  The  acid  with  whicli  vsratrine 
exists  combioed  ia  CevadilK  lb  oiTBtallisea  in  short  prisma,  which 
ftre  transparent  imd  colqurleas,  and  slightly  sour  to  the  taste.  It  is 
sUf^tly  soluble  in  cold  water,  bat  more  soluble  in  hot,  and  readily 
dissolved  by  tdcohol,  but  not  at  all  by  ether. 

Neither  concentrated  nitric  nor  sulphuric  acid  decomposes  veratrlc 
acid,  but  a  mixture  of  them  renders  it  yellow.  When  heated  to  212* 
the  crystals  lose  water,  and  then  become  of  a  dull  white  colour ;  at  a 
high  temperature  th^  melt  into  a  o<doarleaB  liquid,  and  sublime  with- 
out leaving  any  residue. 

The  crystals  contain  one  equivalent  of  water.  Veratric  acid  forms 
dyst^liaable  salts  with  the  alkalies,  which  are  very  soluble  in  water 
and  alcohol.  Their  Bolutions  precipitate  the  salts  of  lead  and  silver, 
and  the  veratrate  of  the  latter  ia  white,  and  slightly  soluble  in 
alcohol. 

V£BATRI2TE  (C^B-^fi,,),  a  v^etable  alkali  prepared  from 
CevodiUa,  the  seed  of  t£e  VmOnm  t^adiUa.  It  was  discovered  by 
Meissaer  in  181S,  and  obtained     PelleUer  and  Couerbe  in  1819. 

Veratrioe  is  a  wiute  or  greeniw-white  powder,  which  has  a  ^ky  and 
crystalline  ^ipearance  under  the  microscope;  it  is  inodorous,  very 
acrid  and  poisonous.  It  Is  insoluble  in  water  and  alkaline  solutions; 
very  soluble  in  alcohol  and  aparingly  so  in  ether ;  the  solution  when 
evaporated  deposits  transparent  laminse.  The  solutions  have  the 
«nraliin>  noperty  of  restoring  the  blue  oolour  of  reddened  litmus. 

The  suta  veratrine  are  neutral,  and  have  a  slight  stypUc  taste ; 
the  hydroohltwate  orystallisea  in  short  needle-form  crystals,  which  are 
very  soIuUe  in  water  and  alcohol ;  the  sulphate  crystallises  in  quadri- 
lateral prisms  ;  concentrated  nitric  acid  rendera  veratrine  first  scarlet 
and  then  yellow;  concentrated  sulphuric  acid  gives  it  at  first  a  yellow 
colour,  afterwards  a  blood-red,  and  eventually  violet 

TERATRUU  ALBUU  (Wbite  Hellebwe)— Jfedimt  PropertU$  of. 
Of  this,  two  varieties,  or  dimnct  spedeB,  are  offitnnal :  one  termed  Y. 
album;  the  other  V.  album  0,  or  Lobdianum.  This  last  prefers  a 
(diaUcyioil:  ^e  plants  occur  in  the  meadows  of  the  Swiss  Alps,  the 
Pyrenees,  the  mountains  of  Austria,  and  in  Siberia.  The  rhizonias  of 
both  kinds  are  collected  indiscriminately.  This  part  ocoum  single, 
double,  or  many-hrajied,  in  cylinders,  or  pyramidal  pieces,  from  two  to 
four  inches  long,  and  from  three-quarters  to  two  indkes  thick,  rough, 
wrinkled,  of  a  gmpsh-blaek  oolour  eztemslfy,  bat  of  a  yellowi^-wmte 
wiUiin.  Some  root-fibres,  intenniogled  with  slender  nexible  ladicles, 
adhera  to  it ;  and  on  the  upper  part  are  found  the  scales,  or  withered 
remains  of  former  leaves,  which  from  tiieir  tunicated  appearance  have 
led  acme  writers  to  describe  it  as  a  bulb.  This,  though  incorrect,  is 
useful  to  remember,  as  a  good  discriminative  mark  between  it  and 
other  pluita  oonfounded  with  i^  whioh,  being  noU  and  not  TAu(mia<a,are 
devoid  of  this  character.  A.  transverse  secUon  presents  ft  large  central 
portion,  sometimes  termed  the  medulla;  and,  according  to  the  age  of 
the  specimen,  one,  two,  or  more  external  circles,  bounded  by  tite  dark- 
brown  epidermia.  The  rhizoma  is  nearly  devoid  of  odour,  but  has  an 
acrid,  bitter,  burning  taste.  It  is  easily  powdered,  but  the  person 
en^ged  in  powdering  it  should  wear  a  mask,  as  it  excites  a  heat  and 
eruption  of  the  skin,  and  any  drawn  up  the  nMtrils  causes  violrat 
sneezing  and  inflammation  of  the  Schneiiderian  membrane :  henoe  its 
German  name  of  niawurzd.  By  time  the  aoridilT  and  aotivi^  are 
diminished,  ao  that  dd  speoimena  become  not  on^  mouldy,  but  of 
inferior  strength,  and  ahould  be  rejected. 

Yeratria,  colled  also  Sabadillin,  is  procured  from  the  seeds  of 
Aiagraa  <^^naiit  (lindley,  BHoiuat  officituUit,  Don)  and  the  Vera- 
tnm  SabadilUt,  Bets,  as  well  as  probably  other  seeds  of  Metanthaeea, 

VenOnm  vMdt  u  used  in  America  as  a  substitute  fco*  V,  aSbvM 
and  also  for  colohicum.  White  hellebore  Is  an  agent  of  great  and 
dangerous  power.  Accordino;  to  tiie  experiments  and  inquiriee  of 
Schabel  ('  Dissertatio  de  eff.  v  eratri  albt  et  Hellebori  nigri,'  Tubingen, 
1817),  it  ia  poisonous  to  all  classes  of  animals,  and  acts  fatally,  if  in 
sufficient  quantity,  by  whatever  way  it  is  introduced  into  the  system. 
It  appears  to  have  a  qwdfic  efieot  on  tiie  intestinal  canal  and  nervous 
natem,  its  efibcts  on  these  parts  being  uniform,  whether  applied 
mrectly  to  them  or  to  remote  parts,  provided  absorption  take  place. 
The  action  is  that  of  a  narcotico-oorid  poison ;  but  its  norootio  effect  is 
less,  while  its  acrimony  is  greater,  than  that  of  black  hellebore^  It  is 
doubtful  whether  the  plant  now  spoken  of  is  tiie  ydiite  hellebore  of  the 
andenta.  In  doses  short  of  any  dangerous  or  violent  effect,  white 
hellebore  ezeroises  m  peouliia'action  on^ secreting  orguos, thestomooh 
and  intestines,  and  the  nervous  system.  Almost  all  mucous  surface*, 
and  the  glands  connected  with  them,  as  well  as  tiie  kidneys,  are 
oxcitad  to  increased  secretion.  But  when  the  quantity  is  more  oon- 
uderable,  heat  of  the  mouth,  tongue,  and  throat,  with  spasmodic 
conetriction  of  the  pharynx,  thlrat,  pains  in  the  stomach  and  intestines, 
alternate  heats  and  chills  of  the  whole  body,  perspirationa,  anxiety, 
pain  of  the  head,  nddinesa,  depreesion  of  spirits,  gloomy  expression, 
and  even  spasms  m  the  oountmiance,  are  experiemied :  if  vomiting 
fortunately  occur  early,  these  symptoms  are  tuleviated.  Schabel  says 
that  no  substance  so  certainly  acts  as  on  emetic ;  but  while  tartar 
emetic  or  ipecactianah,  or  sulphate  of  sine,  can  be  had,  it  ought  never  to 
be  employed.    If  the  substance  be  introduced  into  the  rectum,  the 

rptoms  are  the  sune,  except  that  the  heat  of  tiia  mouth  and  ^ain  of 
stonudi  are  less.   In  decided^  poisonous  doses  its  action  u  that 
of  a  violnttnareotico-asrid,  causing  sever*  Tomiting  and  ptu|^ng^  often 


bloody  stools,  tenesmus,  burning  feeling  from  the  mouth  to  the  rectum, 
constriction  amounting  to  a  sense  of  atntngiilatiou  in  the  throat,  with 
emsll  pulse,  faintings,  cold  sweats,  giddiness,  blindni>«a,  dilated  pu[db, 
loss  of  voioe^  conTuUona,  and  insenaibihty,  generally  terminatiiw  in 
death.  The  tincture  and  the  alcoholic  extract  act  more  powemiUj 
than  the  watery  infusion  or  extract.  A  cutaneous  eruption  aometimes 
follows  the  use  of  white  hellebore.  Where  death  does  not  ensue, 
palpitation  with  intermitting  pulse,  along  with  drspeptic  and  nerroos 
symptoms,  remain  for  some  time.  The  application  of  white  hdlebore 
to  wounds  or  any  broken  surfitce,  either  to  destroy  vermin  or  to  cure 
tiie  itch,  may  produce  the  above  effects ;  and  this  result  occnts  whether 
it  is  used  in  powder,  as  a  wash,  or  ointment.  The  popular  use  td 
these  is  therefore  to  be  discouraged.  White  hellebore  Is  occaidona]^ 
mistaken  for  Galanga  root,  and  the  seeds  for  those  of  cumin  :  inten- 
tional poisoning  with  it  ia  rare ;  but  from  the  use  of  it  among  soldiers, 
who  have  reooutse  to  it  from  Its  property  of  producmg  palpitation  of 
the  heart,  and  thus  aimnlating  disease  of  that  oram,  in  h^es  of 
obtaining  disdiarge,  violent  and  indeed  &tal  enects  ensue.  It  is 
the  active  ingredient  in  some  quack  medicines  for  gout  or  rheuniatism, 
often  producing  dangerous  consequences.  It  la  also  the  effident  agent 
in  many  insect-destroying  povrders.  An  eEBcient  antidote  ia  scarce^  to 
be  found.  Samuel  Hahnemann,  overrating  the  antagonising  power  of 
coffee,  recommends  that  article ;  but  at  best  it  can  only  combat  the 
narcotio  symptoms,  which  are  not  the  most  formidable,  Astii^ent 
drinks  have  also  been  proposed,  but  they  are  not  to  be  rdied  on. 
Add  drinks  seem  more  serviceable :  hsnca  tamarinds,  or  cream  ot 
tartar  may  be  given,  followed  by  demulcent  or  oily  fluids.  Vomiting 
ahould  be  encouraged. 

The  medicinal  employment  of  white  hellebore  is  not  very  great  in 
the  present  day;  but  when  odministwed  with  due  caution  it  is  of 
great  service  in  gouty  and  dy^ptlc  disorden,  where  tiiere  ia  toipca-  of 
the  fiver,  sluggiah  bowels,  and  defective  seeretlon  from  the  kidneys. 
From  its  influence  on  these  orfpns  it  often  proves  useful  in  chronic 
cutaneous  diseases,  in  which  the  digestion  is  always  Impaired.  It  is 
likewtae  uaed  as  a  sternutatory,  lai^ly  diluted  with  some  starchy 

Cder.   Extemalfy,  veratria  is  employed  to  reKeva  nervous  pains ; 
its  use  requires  tiie  greatest  caution. 
VERB.  [LA»anAai.J 

YERDEREB.  [Forsst  Laws  ;  WooM  and  Forests.] 
VERDIO  ACID,  an  acid  discovered  by  Runge,  and  ao  named  from 
its  property  of  becoming  green  by  exposure  to  the  air.  It  ia  obtained 
from  several  ot  the  UmielUfera,  Planias/inea,  fta,  but  chiefly  from  the 
root  of  the  Seabiota  tveeisa.  When  combined  with  excess  of  base,  it 
becomes  green  in  the  air,  owing  to  the  abaorptiwi  of  oxygen ;  Bene- 
lins,  therefore,  proposes  to  oaU  the  colourless  the  vmtous,  and  the 
coloured  the  verdic  add.  The  former  is  obt^ned  by  digesting  the 
dried  and  powdered  root  of  the  acabioaa  in  alcohol,  from  which  on  the 
addition  of  ether  white  flakea  are  thrown  down ;  to  theae,  dissolved 
in  water,  acetate  of  lead  ia  added,  and  the  predpitate  throvm 
down  is  decomposed  by  hydrosulphurio  acid.  By  evaporating  the 
filtered  liquor  tiw  add  is  obtitined  in  Uie  state  a  brittie  yellow  mass, 
wUdi  reddens  litmus  and  does  not  alter  In  tiie  ur.  When  It  is 
saturated  with  an  alkali,  ammonia  for  example,  and  exposed  to  the  air, 
it  absorbs  oxygen  and  becomes  gradually  gteen.  The  odds  then  pre- 
cipitate it  in  the  form  of  a  reddish-brown  iwwder,  which  is  vwdic 
acid :  this  redissolves  and  becomes  green  wUh  the  idkoliea  The  earthy 
or  metallic  verdiiet  are  yellow,  while  the  verdatea  of  tiie  same  bases 
are  green.  Runge  states  that  ha  found  analysis  that  verdic 
add  contains  one  equivakot  <tf  oxygen  mora  than  the  vardons 
add. 

.VERDICT.  [JuET.] 
VERDIGRIS.   [Aoetatb;  Diacetate  of  Comoa-.y 
VERDITER.   [Copper  ;  Acetate  of  CopparA 
VERDOUS  ACID.   [Vermc  Acid.] 

YERUICELLI,  a  dried  paste,  manufactured  chiefly  in  Italy  in  the 
form  of  smooth  round  strings.  The  name  has  been  given  to  it  on 
account  of  its  worm-like  appeanmo^  twrmtoeKj  ia  Italian  signifying 
little  worms.  Maccar<mi,  which  the  Italians  spell  MOCcAeroat  or 
macchtrone  (a  word  of  doubtful  etymology),  ia  manufactured  of  the 
aame  kind  of  paste  as  vermicelli,  and  in  a  similar  manner ;  but  it  is 
rather  larger  in  diameter,  and  is  hoUow  like  the  tube  of  •  tobaaoi>-pipat 
FedelitU  is  a  kind  still  smaller  tiian  vermioeUi. 

The  paste  la  made  of  wheat  stripped  of  the  haBk,and  ground  ronghly 
into  a  sort  of  grit,  ^e  kind  tii  wheat  preferred  by  the  Italians  is  a 
small  hard-grained  spedes  which  they  now  cultivate  on  purpose,  but 
which  they  formerly  imported  from  the  coasts  of  the  E^k  Sea— sfroao 
di  Mar  Nero,  The  ground  wheat  is  mixed  with  clear  soft  water,  and 
made  into  a  paste  by  kneading  it  on  a  large  block  witii  a  wooden  lever 
ten  or  twelve  feet  long.  The  short  end  of  the  lever  is  made  auf&dentiy 
lieavy  to  lift  the  kug  end,  on  which  one  or  two  men  or  haju  get 
astride,  and  alternately  ratting  down  and  springing  up,  work  the  paste 
for  a  long  time.  The  toughness  and  elutidty  of  the  paste  result 
from  this  long  and  powerful  process  of  kneading.  The  paste  is  nut 
forced  by  strong  pressure  through  round  holes  ia  the  bottom  of  a 
cylinder ;  but,  to  form  maccaroni,  a  wire  extends  from  a  bridge  in  the 
upper  part  of  the  cylinder  tiirough  the  centre  of  each  of  the  largest 
hoMS,  and  the  paste,  being  forced  throng  eaoh  hoi*  aiouad  tiw  wira^ 
ia  ooniequentiy  hcdlow.  '!nie  string,  several  feet  in  length,  wtuther 
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of  mocoaroni,  T«rmicelli,  or  feddini,  having  been  Uioroughly  dried,  are 
re^uU'  for  uml 

TTlff  ItnliuM  innTlTI*"^"**  p^t**  i'*V'  many  ftthwr  ftirmit ;  intothln 
flat  strips  like  ribbons,  into  thin  aheets  like  taper,  into  round  bidlB,  and 
Into  beuu  and  peas.  The  NeapoIitanSj  who  use  great  quaatitiea  of 
maocuoni  as  their  favourite  food,  use  nothing  but  the  [jure  paste  of 
wheat  and  water,  but  the  Genoese  mix  Ea£&on  with  it,  which  givea  it  a 
yellow  tinge.  The  French,  who  also  manufacture  a  good  deal  o£  it, 
frequently  season  the  paste  with  various  condiments. 

VERUILION.    [COLODRIKQ  K&TTBItS  ;  MjSBCUBT.] 

VEBKAL,  VKBNAL  EQUINOX.  The  word  venial  is  the  ad- 
jective derived  fi-om  rer,  the  spring;  and  the  vernal  equinox  is  that 
point  of  the  equator  which  the  sua  crosses  when  it  passes  into  the 
hemisphere  of  the  observer,  and  when  his  days  be^n  to  be  longer  than 
the  nights.  Consequently  that  point  of  the  ecliptic  which  is  called  the 
'first  point  of  Aries  is  the  venial  equinox  to  those  in  the  northern 
faeniisphoe,  while  the  first  pcnnt  of  Libra  is  the  same  to  those  in  the 
Boutbem.  If  there  were  any  decidedly  astronomical  nations  sontii  of 
the  equator,  some  confunon  might  perhaps  have  arisen;  but  as  all  the 
science  will  be  carried  from  the  north,  it  ia  probable  that  the  terms 
and  modes  of  measurement  peculiar  to  the  north  will  be  universally 
ntuned. 

VJcKNIKR.  We  shall  give  under  this  head  a  htibtt  account  of  the 
different  methods  onplinred  to  measure  Uie  parts  of  the  divisums  of 
Bstronomiosl  and  g^odesical  inBtniments.^  This  and  the  article 
Qradcatiok  may  be  considered  as  a  sort  of  introduction  as  well  as 
supplement  to  the  description  of  each  particular  instrument.  It  is 
niuieesarily  both  meagre  and  imperfect,  but  the  references  mil  ptnnt 
out  the  principal  authorities  to  be  consulted.  We  shall  conclude  witii 
a  brief  account  of  the  vernier  in  its  simplest  form. 

We  are  not  aware  that  the  Qreeks  or  their  BuccessnB  the  Arabs  had 
any  contrivance  for  subdivision.  They  seem  to  have  sim[dy  divided 
their  circles  as  accurately  as  possible,  and  into  small  convenient  poi^ 
tions.  Ptolemys  catalogue  does  not  profess  to  distinguish  less 
quantities  than  10';  or  rather,  the  ports  of  degrees  are  marked  frac- 
tionally with  no  larger  denominator  than  C.  Ulug  Beigh  used  inatru- 
menta  of  greater  dimensions,  and  seems  from  his  catalogue  to  have 
noted  minutes.  At  the  revival  of  astronomy  in  Europe  the  inirt-m- 
meats  were  very  rude,  and  tiie  simple  division,  aided  by  ea^nation, 
was  pobably  considered  sufficieatly  accurate  without  any  artificial 
contrivance. 

Peter  Nonius,  In  the  third  proposition  of  his  treatise  '  De  Crepus- 
culis  Olysaipone/  1542,  proposed  the  following  graduation  for  astrono- 
mical insbvmente ; — Fortv-five  concentric  circles  are  to  be  inscribed 
on  the  limb,  and  separated  into  quadrants  by  diameters  intenwcting  at 
right  angles.  The  quadrants  are  then  to  be  sub-divided  as  follows  ; — 
the  outermost  into  90  equal  parts,  each  of  which  consequently  equals 
1"  ;  the  next  into  89,  that  following  into  88,  and  so  on  to  the  inner- 
most, which  is  to  be  divided  into  46  equal  parts.  Each  circumference 
is  marked  at  a  convenient  place  with  tiie  number  of  its  subdivisioDa. 
^e  fidttdid  edge  of  the  bar  carrying  the  sights  passes,  when  pioduoed, 
through  the  centre,  and  the  author  assumes  that  whatev^  be  the 
direction  of  the  hne  of  sight,  the  fiducial  edge  will  cut  some  one  of 
these  circles  at  a  division  witiiout  sensible  error.  The  oorresponding 
angle  in  degrees,  minutes,  seconds,  &c.,  is  readily  computed  from  the 
number  of  parts  intercepted  and  the  order  of  the  circle.  Thus  if  the 
exact  ooincidenoa  takes  place  at  division  29  of  that  quodrantal  arc 
whioh  is  divided  Into  77  parts,  the  corresponding  arc  in  dti^rees  is 
SB 

of  90%  which  Is,  vrhm  reduced  to  its  ordinaiy  denomination, 

S3*  63'  46';  very  nearly. 

Tyoho  applied  the  graduation  of  Nonius,  or  a  modification  of  it,  to 
some  of  his  eariw  insbiuooitB,  but  "  quia  hiee  subtilitas,  cum  ad 
praxim  deventum  est,  plus  habeat  laboris  quam  fruotus,  neque  id  in 
recesBu  prsestet,  quod  primft  fronts  pollicetur,"  he  abandoned  it,  and 
adopted  the  method  of  traiuvertalt,  whioh  is  well  known  to  most  of 
our  readers  as  the  diagonal  scale  in  the  case  of  drawing-instruments. 
This  Hooke  says  (' Animadveroons,'  Ac.)  "was  first  made  use  of  in 
England  by  the  most  skilful  mathematician  Bichaid  Cantzler."  Tycho 
describes  this  mode  of  subdivision  in  tiie  sui^lemoit  to  his 
'MechMiica,'  Ncvimbergte,  1602.  Two  conoeotric  otreles  are  drawn 
upon  the  Umb  at  about  of  the  radius  from  each  other,  and  divided 
into  eqi^  parts  of  IC.  The  space  from  the  sero  of  the  inner  circle  to 
tiw  10  division  of  the  outer  circle  ia  divided  into  10  equal  parts  by 
9  fine  dots ;  and  in  like  manner  the  space  between  the  lo'of  tte  outer 
drele  and  the  20^  of  the  innw,  and  so  on.  These  rows  of  points  form 
a  shaip  EigEsg  with  the  angles  in  the  two  drt^es.  The  index,  whioh 
may  be  either  a  fiducial  edge  or  s  fine  hair,  will  pass  over  or  near  one 
of  these  dots  in  every  position,  and  the  angle  to  be  read  ofi"  is  the 
number  of  duress  and  tens  of  minutes  which  is  taken  from  the 
circle^  inner  or  outer,  -^tho  number  of  minutes  and  parts  of  a 
minute  (the  latter  by  estimation)  reckoned  by  counting  the  points 
mm  Ueprecedhig  angle.  Tycho  become  acquainted  with  this  divi- 
sion by  diagonala  as  applied  to  stiwght  hnes  when  a  student  at  Leip- 
ng,  ami  la  the  place  above  referred  to  he  proves  that  this  subdivision 
tbou^  opt  theoretically  exact  whan  applied  to  curved  lines,  wss  yet 
suQci«nUy  tme  for  hi«  purpose.   Instead  of  dots,  other  astronomera 


struck  nine  concentric  circles  at  equ^  distanoee,  and  then  dreir 
straight  lines  where  Tydio  placed  his  dots. 

In  the  year  1681  Pierre  Veniior,  Capitidne  et  Chastellajn  pour  sa 
ibjeetj  au  Chasteau  Domans,  ftc.,  published  at  Bruxellee  '  La  Con- 
struction, lUsage,  et  les  Proprietez  du  Quadrant  nouveau  de  Mathe- 
matique,'  which  he  dedicated  to  the  Princess  Isabella.  He  supposes  a 
quadrant  divided  into  half-degrees  on  the  limb,  the  surface  of  which 
rises  above  the  plane  of  the  instrument  (this  he  calls  the  base),  and  a 
moveable  idate  of  the  form  and  figure  of  a  sector  (and  so  named  by 
him),  whicu  is  oonoentric  with  and  exactly  fitted  within  the  Hmb,  the 
surfaces  of  the  two  forming  one  plane.  An  arc  of  15*  30'  is  then  set 
off  on  the  sector,  which  is  subdivided  into  thirty  equal  parts.  He 
directs  two  lines  of  sight  to  be  fixed  on  the  extreme  radii  of  the  sector, 
which  therefore  include  an  angle  of  15°  30',  and  orders  the  division 
to  degrees  and  half-degrees  to  be  nutnbered  one  way  on  the  limb  from 
left  to  ri^t,  and  the  cUvisions  of  the  sector  to  be  numbered  up  to  30^ 
from  right  to  left.  Suppose  the  line  of  sight  towards  the  zero  end  of 
the  quadrant  to  be  directed  to  any  object : — If  the  division  30'  on  the 
sector  (we  will  now  call  this  the  vernier)  which  ansi^rs  tu  the  line  of 
sight,  seems  to  be  a  continuation  of  a  division  of  tbe  quadrant,  the 
angle  read  off  will  be  tliat  degree  or  half-degree  of  the  quadrant,  and 
the  0'  of  the  vernier  will  exactiy  correspond  to  another  division  of  the 
quadrant.  No  other  division  of  tbe  vernier  will  so  correspond  if  the 
division  be  exact.  Now  it  will  easily  be  seen  that  as  the  arc  of  IS*  30' 
is  divided  on  the  vernier  into  30  equal  parts,  each  part  is  equal  to  81'; 
and  therefore  that  when  0'  is  placed  opposite  a  division  of  the  quad- 
rant, the  division  1'  of  the  vernier  overshoots  the  next  division  of  the 
quadrant  1'  in  the  direction  of  the  vernier,  and  contrary  to  the 
numbering  of  the  limb.  If  the  line  of  si^ht  were  pushed  forward  I', 
the  vmiier  division  of  1'  would  therefore  agree  with  a  division  iu  the 
quadrant,  and  so  on ;  so  that  iu  fact,  whatever  be  the  position  of  the 
line  of  sight,  the  ti^e  angle  is  to.  be  read  off,  first  as  to  degrees 
and  half-degrees  from  the  quadrant,  and  then  for  the  minutes  from 
the  vernier,* 

In  1643  Benedictus  Hedrteus  published  at  Leyden  his  'Novaet 
Accurata  ABtrolabii  Qeometrici,  iiec  non  Quadrantis  Astruuomici 
Stmctura,'  dedicated  to  his  sovereign.  Queen  Christioa  of  Sweden, 
In  his  prefsoe  he  objects  to  the  inaccuracy  of  Tycho's  metiiod  of 
transversals,  and  gives  himself  a  correct  construction,  namely,  by  de- 
Boribinf  a  circular  arc  through  1 0'  of  the  outer  division,  v  of  the 
inner  division  and  the  centre  oi  the  quadrant,  and  dividing  that 
portion  which  ia  included  between  the  inner  and  outer  circles  into  ten 
parts,  when  Uie  subdivision  will  be  ti'ue.  Hedraua  has  adopted  the 
vernier,  but  without  naming  the  inventw :  his  astrolabe  and  quadrant 
are  well  contrived. 

HeveUus  applied  to  his  instruments  the  transversal  divinm  of 
Tyoho  as  well  as  the  vernier.  He  seems  to  claim  the  invention  of  the 
tangent-screw  for  giving  a  slow  motion  to  his  line  of  sight,  and  dwells 
at  great  length  on  the  subdivision  of  the  larger  divisions  by  the 
revolution  and  parts  of  the  tangent-screw.  ('  Uochina  Ccelestis,'  Pars 
Prior,  cap.  xv.  Qedanl,  1673.)  So  far  as  we  can  judge  from  his  asser- 
tions and  description,  he  arrived  at  great  exoeUenoe  in  this  port  of 
mechanical  construction,  which  however  his  unaccountable  rejection  of 
teleacf^o  sights  rendered  of  little  value: 

The  next  year  after  the  appearance  of  Hevelius's  book,  Hooke  pub- 
lished at  London  his  '  Animadversions  on  the  first  part  of  the  Machina 
CcelestiB  of  the  honourable,  learned,  and  deservedly  famous  astronomer 
Johannes  HeveUus,'  a  tract  distinguished  by  its  acuteneas  and  origin- 
ality. It  is  remarkable  that  he  did  not  see  the  merit  of  Veniier's 
invention,t  nor,  as  it  yroaH  seem,  of  Hevelius's  ap^cation  of  the 
revolutions  of  the  tangent-screw  to  measuring  very  minute  quantities. 
He  suggests  a  very  elegant  apphcatifm  of  the  diagonal  scale,  with  rules 
for  its  accunte  division  when  applied  to  circular  arcs,  but  recommends 
racking  the  onter  edge  of  the  quadrant  and  measuring  the  angle  by  the 
revolutions  and  parts  of  the  screw  which  carries  the  telescope  by 
wotlung  in  the  racked  limb. 

Hooke's  unludiy  idea  wss  carried  into  execution  in  Flamsteed's 
sextant,  and  tumcu  out  so  ill  that  the  diagonal  division  waa  ^iplied  as 
an  aftei^thought.  Bee  bis  prolegomeua  ('  Historia  Cielestis,'  vol.  iii. 
p.  106,  snd  Baily's  Flamsteed.)  Hooke's  advice  was  afterwards  followed 
m  nuduDg  a  quadrant  for  the  Qreenwich  Observatory,  which  was  also 
found  to  be  uaeleaa.  In  the  mural  arc  which  Flamsteed  erected  at  his 
own  expense  and  under  his  own  direction,  he  drew  diagonals  after 
having  divided  the  inner  and  outer  arcs  to  5'.  The  subdivirion  waa 
performed  by  dividing  the  fiducial  edge  of  the  index,  not  into  five 
equal  parts  but  into  such  parts  as  would  give  the  minutes  exactiy,  and 
each  of  these  was  divided  into  six  equal  parts;  so  that  the  instrument 

*  Vernier's  treat  U  T«r7  scoroc,  ind  the  injustice  of  thoM  writers  who  per- 
sisted in  giving  t^ie  name  of  Noniiu  to  his  Invention  has  Induced  ua  to  enter 
Into  a  more  puUcuIu  axpoiltloa  of  both  principles.  The  eecond  line  of  elgbt 
is  merely  to  enable  tbe  obserrer  to  extend  the  angle  to  80*  without  csrrying 
the  leetor  bejoBd  the  qnidnuU-  He  (ives  a  very  prolix  aeeonnt  of  the 
gnduatfan  proper  for  qnadrsnta  and  astroUbes  of  dUTcrenl  sUee,  snd  how 
angles  exceeding  90*  ore  to  be  measured,  bnt  of  tbl«  no  farther  noHee  la 
required  here, 

t  Hooks  ooqjeotures  that  Tycho  had  iavanted  Tarolcr'a  eontrifaooe  aad 
rejeated  It,  bat  wltiuat  any  pnbablU^.  Tyohs^  words  sad  Sc«»  ntn 
emitf  to  soot  shsDi*  of  Koiiliis's  dlTlsors. 
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retd  off  to  10",  and  by  eetimfttion  to  6".  The  outer  eJge  was  also 
Tacked  aftar  Hooke's  method,  but  r&thcr,  we  think,  M  a  dieck  agitinst 
erroneous  reading,  than  aa  a  means  for  exact  meaaQremant, 

Burner  proceeded  in  a  totally  different  manoer.  The  limb  of  the 
drde  was  divided  to  10',  aad  a  magnified  image  of  each  diviaion  was 
formed  in  tihe  focus  ot  a  microecope,  bo  aa  exsctiy  to  fill  the  maoe 
between  eleven  threads  at  equal  interrals.  Thus  the  are  vaa  read  off 
to  minutes  by  the  threads  and  the  aeoonds  estimated,  which  th^  easily 
might  be  to  5",  according  to  Horrehow. 

The  Temier  appears  to  have  come  into  general  use  after  Flamsteed's 
time,  uwl  in  the  Uiger  quadrants  ^ere  were  usually  two  sets  of 
divisunn,  one  into  &0°  and  Ha  otiter  Into  98  parts,, each  with  their 
peculiar  vernier :  the  approximate  divisions  were  brought  into  exact 
coincidence  and  the  quantity  measured  by  the  revolutions  and  parts  of 
the  tangent-screw,  aJter  Heveliua's  method.  Such  were  the  mural 
quadrants  at  Qreenwich  and  elsewhere,  erected  by  Bird,  Bomaden,  Ac, 
in  the  last  century ;  and  the  portable  astronomual  quadrant  had  the 
■ama  or  similar  contrivances  for  subdivisioQ.  In  the  sector  employed 
in  the  Ftaaot  survey,  and  described  in '  La  M^ridienne  de  Paris  verifi^,' 
I^iria,  1744,  the  arc  was  divided  by  fine  points  to  every  10'.  In  making 
the  observation  the  plumb  line  was  first  brought  directly  over  one  of 
these  dote,  and  the  star  afterwvrds  bisected  by  a  micrometer-screw 
carrying  a  wire  in  the  focus  of  the  telescope.  The  degrees  and  teua  of 
minutes  being  read  off  on  the  limb,  the  ravdutiona  and  parts  of  the 
screw  furnished  Uie  remuning  minutes  and  aeconds.  This  meUiod  of 
subdivision  was  applied  by  La  C^Ie  to  tiie  sextant  with  which  he 
observed  at  the  Cape  of  Good  Hope  and  at  Paris.  The  invention  ia 
due  to  the  Chevalier  do  Louville,  whose  memoir  is  to  be  found  in  the 
'  M<!moirflS  de  I'Acaddraie '  for  171  J. 

We  have  already  mentioned  RiSmer's  optictd  method  of  subdivision. 
The  invention  of  ibe  micrometer-microscope,  in  which  the  divisions 
are  first  magnified  and  the  intervals  measured  by  the  revoluti<Mis  and 
parte  of  a  screw  carrying  a  wire  or  cross-wires  in  the  focus  of  the 
ol:»iect-glaas  of  the  microscope,  is  due  to  the  Due  de  Chaulnes,  whose 
account  was  published  in  1768 :  '  Description  d'un  Microscope  et  de 
differents  Micrometres,'  Ac  The  reader  will  find  some  account  of  the 
construction  and  verification  of  the  micrometor-microscope  in  the 
article  Circle. 

We  will  now  briefly  explain  the  principle  of  the  vernier  in  its 
simplest  form.  If  ^t  be  well  understood,  the  reader  will  have  little 
difficulty  in  making  out  the  value  of  the  divinons  in  any  instrument  to 
which  the  vernier  is  applied,  though  he  may  require  otmsiderable 
practuw  before  he  is  able  to  read  off  well  ud  quiddy. 
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Number  1'  is  the  A^pan  of  a  Temier  tor  measuring  hundredths  of  an 
inch,  such  as  is  usually  applied  to  common  barometers.  The  scale  is 
on  the  left  hand,  on  which  the  inches  and  tenths  are  marked.  The 
portion  on  the  right  hand,  which  can  be  slipped  up  or  down,  remaining 
always  in  contaiK  with  the  scale,  is  the  vernier.  It  is  merely  a  length 
of  11  parts  of  l^e  principal  seala  divided  into  10  equal  part&  Each  of 
these  parts,  therefore,  equals  of  tn  inch,  or  *11  and  the  diffbrenca 
between  a  part  of  the  srale  aira  a  part  of  die  Tender  is  "01  inch.  In 
the  figure  the  ■ero  of  tiio  Termer  Is  made  to  coincide,  that  is,  to  f<mn 
JUS  continued  Una  with  the  division  80  on  the  scale,  and  consequently 


10  on  the  vernier  also  coinindes  with  28'9  on  the  scale.  Division  1  on 
the  vernier  is,  from  what  we  have  said,  *11  inch  below  the  zero  of 
vernier,  while  the  next  Imnr  division  on  the  scale  is  only  '10  below  it : 
hence  Uie  vernier  divldon  1  is  '01  inch  below  the  division  29'g  on  the 
scale.  For  the  same  reason  division  2  on  the  scale  is  twice  as  much,  or 
'02  below  29'S  on  the  scale,  and  so  on,  the  divisions  on  the  vernier 
overlapping  those  on  the  scale  until  10  on  the  vernier  stretches 
over  to  exact  coincidence  with  28*9  on  the  scala  Kow  suppose 
the  vernier  to  be  raised  *01  inch,  it  is  evident  that  diviaon  1  of 
vernier  will  otnncide  with  89*9  on  the  scale.  If  the  vernier  were  raised 
"02  inch,  the  vernier  division  2  would  odoolde  with  29'8  on  scale,  and 
so  on  ;  so  tiiat  in  order  to  read  off  the  hundredths  of  an  inch  which 
the  vernier  zero  advances  beyond  any  tenth  in  the  scale,  we  have 
merely  to  see  what  vernier  division  comes  nearest  to  a  divif>ion  of  the 
scale,  and  sot  tliat  down  for  the  hundredth  required. 

This  is  the  form  which  was  given  to  the  vernier  by  its  inventor,  in 
which  the  porta  of  the  vemiw  ore  larger  than  those  of  the  sode,  and  in 
which  tiie  numbering  <^  the  parts  of  the  vernier  runs  contrary  to  the 
numbering  of  the  scale.  But  if,  aa  in  No.  2,  the  vernier  nas  the 
length  of  nine  divisions  of  the  scale,  and  this  is  divided  into  ten  equal 
parts,  each  part  will  be  equal  to  '09  inch,  while  the  divisions  of  the 
scale  are  equal  to  '1  inch.  The  vernier  in  this  form  is  to  be  numbered 
foraardi,  aa  well  as  the  scale.  It  is  clear  that  raismg  the  vernier  '01 
will  bring  the  division  1  ot  the  vernier  into  coincidence ;  and  so  on, 
exactiy  as  before ;  and,  therefiore  that  the  inches  and  tenths  being  read 
from  the  scale,  the  hundredths  are  to  be  taken  from  the  vender.  The 
reading  both  scales  forward  is  some  advantage  in  &vour  of  tite  Utter 
mode,  while  the  size  of  the  vernier  divisions  ia  loiger,  and  consequently 
clearer,  in  tlie  first.  There  might  perhaps  be  some  advantage  in  par- 
ticular coses  in  uniting  both  verniers,  as  tiie  reading  would  be  made  on 
two  divi^ons  and  by  two  sets  of  indepaodent  subdiviaims,  but  we  do 
not  remember  to  have  Been  this  in  actual  use. 

In  modem  astronomical  and  geodeaical  instruments  the  vernier 
usually  reads  forward.  Sometimee,  for  greater  compactneee,  the  zero 
ia  placed  in  the  middle  of  the  vernier,  and  the  graduation,  after 
runniug  on  to  the  end  of  the  vernier,  is  oontiuued  from  the  other  end 
ctf  the  scale  to  the  middle,  and  reads  both  backwards  and  forwards. 
There  is  a  great  liability  to  confusion  in  theae  Temiers,  which  can  only 
be  avoided,  at  first,  by  guesedng  the  value  of  the  subdivision  b^ore 
reading  the  vernier.  We  prefer  slm^e  venders,  reading  always 
forwaid  with  the  zero  at  one  end. 

The  ordinary  subdivision  in  English  instiiiments  is  to  minutes, 
half-minutes,  twenty  seoands,  and  ten  seconds.  Thus  if  the  circle  be 
divided  to  Stf,  and  the  vernier  taken  equal  to  29  half-degrees,  and  then 
divided  into  80,  each  part  of  the  vernier  will  equal  H  of  80*  or  29',  and 
the  diffisreDoa  hetwem  a  part  of  the  circle  and  a  part  of  the  vender  be 
1'.  If  the  drcle  be  divided  to  every  10*,  and  the  vernier  taken  equal 
to  S9  of  these  parts  (  =  9°  £0^,  and  divided  to  60,  each  part  of  the 
vemierwill  be  ^  of  10',  that  is,  will  be  equal  to  690'  or  9'  50'',and  the 
difference  between  a  part  of  the  cirele  and  a  part  of  the  vernier  be  10". 
Tliis  division  is  l^ble  in  drolee  of  8  inches  diameter.  In  circles  of 
18  inches  diameter  w«  should  still  adopt  the  same  division,  as  it  ia  easy 
to  estimate  the  difier^ce,  and  less  btigulng  to  read  au  open  division 
than  a  crowded  one. 

The  continental  arldsta  generaUy  make  one  circle  turn  closely,  but 
freely,  wiUiin  another,  and  nearly  in  the  same  plane,  aa  we  have  seen 
was  directed  by  Vernier.  The  reading  is  much  more  pleasant  and 
exact  in  tiiis  way.  Tioughton  objected  to  it,  that  if  a  particle  of 
dost  ahonld  get  between  the  oinues  it  would  necessarily  grind  and 
tear  tiie  edges  of  the  oirdes,  leaving  a  muddy  and  ragged  dit(£  between 
them.  We  do  not  know  whether  this  objection  is  confirmed  by 
experience.  The  English  artists  g^etally  place  tiieir  verniers  on  thin 
plates  which  move  upon  the  divided  circles.  There  is  some  chance  of 
rubbing,  and  a  certainty  of  wearing,  if  the  verniers  press  on  the  circle; 
and  if  they  stukl  off  from  it  they  are  awkward  to  read,  with  a  chance 
of  ocmsideniible  error  from  paralux.  The  subdivision  by  the  vernier 
seems  to  be  preferred  by  the  Oerman  artists  in  general  to  that  by 
micrometer  microsoopes,  which  are  in  England  universally  ^plied  to 
large  meridian  circles,  and  indeed  to  all  considerable  instrummtta  where 
the  fixing  of  the  microscopes  is  not  subjeiM«d  to  a  vaiying  effect  of 
gravity.  On  the  side  of  uu  venders  may  be  pleaded  cheapness,  and 
freedom  from  changes,  such  aa  those  which  the  scale  of  a  microscope 
suffers  when  the  di^ance  between  the  limb  and  the  objeot-^aas  of  the 
microscope,  or  the  body  of  the  microscope  itself,  from  expansiim  or 
other  cause,  is  altered.  On  the  other  hand,  the  micrometer  micro- 
scope certainly  admits  greater  magnifying  power,  keeps  the  observer 
away  from  Uio  instrument^  can  be  fixed  with  greater  fiimnass,  and 
reniuns  more  steady.  It  is  not  easy  to  fix  a  vernier  firmly  without 
running  the  risk  of  affecting  the  motion  of  tiie  oirclo.  On  the  whole 
we  prefer  the  micrometer  microscope,  althou^  it  must  be  admitted 
that  the  perfection  which  the  con^wital  artuta  give  to  the  centering 
of  their  circles  and  vemiers  may  well  cause  a  (UffBrence  of  'opinion. 
For  small  instruments,  and  those  which,  like  the  declination  cirele  of 
an  equatorial,  are  placed  .under  different  stamns  in  different  positions, 
the  vernier  is  indispensable. 

There  is  difficulty  very  often  in  getting  the  proper  light  on  the 
divisions.  It  is  dedxaUe  that  those  of  the  vernier  as  well  as  tiioae  of 
tiie  limb  should  fugffmt  sharp  and  bbdc*  nd  the  dlviidoiu  hafon  ml 


Digitized  by 


Google 


BU  TBUSBD  SINE.  VER8I0K  en 


after  that  vhich  ii  nearert  to  coincidence  diouM  bs  amitiniaed  in 
order  to  estimate  the  decimal  or  fraction  which  ia  tvanted  for  perfect 
coincidence.  A  more  perfect  setting  will  generally  be  obtained  by 
making  the  divisions  before  and  after  the  coincident  division  equally 
discordant,  than  by  attempting  to  get  a  perfect  coincidence.  The 
obeerver  dlould  be  careful  to  new  th«  divisiona  directly,  mid  in  the 
oentra  of  the  mignifiar,  or  h«  will  have  an  error  ariung  froca.  parallax 
which  may  be  considerable. 

The  truth  of  a  vernier  in  one  respect,  that  of  its  embracing  a  proper 
porU<»i  of  the  limb,  may  be  tried  io  different  parts  of  tho  limb.  If  the 
circle  be  very  excentric  this  may  give  a  tittle  trouble  at  first,  and.be 
confounded  with  bad  division.  In  ordinary  cases,  however,  if  there 
are  opposite  verniers,  and  their  extreme  diviaiona  aometimea  overlap 
and  sometimes  fall  short  of  the  oan«Bponding  portion  of  the  limb,  the 
mean  will  be  trua  although  the  exoentridty  u  aenaible.  The  number 
of  verniers  may  bo  either  two,  three,  or  fonr,  at  equal  distancea.  Two 
are  absolutely  necessary  to  get  rid  of  ezcentridty,  and  tiiree  or  four 
will  also  nullify  any  error,  ori^nal  or  auperinduced,  which  gives  the 
drcle  an  elUptic  form.  But  it  is  not  easy  in  all  cases  to  apply  these 
reodinga  ooDveniently,  and  the  fatigue  of  many  readings  is  soarcely 
reeompoued  by  a  litUe  superior  aeoutacy,  at  Ittiat  In  woll-made  and 
well-dirided  inatrumenta  which  are  oarefiuly  handled. 

VERSED  SINE.  [Tbmoboiietry.] 

VERSION.  The  wcod  version,  or  tnuislatlon,  ia  uaed  to  expreas  the 
tnnaferrinR  of  some  written  composition  from  one  language  into 
another.  Like  many  other  terms,  translation  cannot  be  briefly  defined  : 
Qm  notion  of  translation  must  be  attained  by  a  consideration  of  all 
the  condiUona  of  transtatlou ;  and  the  right  understanding  of  its 
nature  inTolvea  a  part  of  the  general  theory  of  language. 

If  two  languages  corresponded  perfectly ;  if  every  tenn  in  the  one 
language  had  its  equivalent  in  the  other;  and  if  the  forms  of  speech 
hi  the  two  languages  were  also  perfect  equivalents,  the  difficulty  of 
translation  v^-ould  not  be  great.  It  would  only  be  necesauy  to  dis- 
cover the  equivalent  terms  and  the  equivalent  forme  of  speech  in  the 
two  languages,  and  translation  would  ba  effboted  Inr  mere  substitution. 
In  tiiis  mppcoed  ease,  as  the  tenna  and  tha  forma  of  expreesicsi 
would  be  perfectly  equivalent,  a  person  who  should  read  the  trans- 
lation would  understand  It  exactly  as  a  peraon  would  understand  the 
original ;  for  the  supposition  of  the  two  languages  being  perfect 
equivalents  involves  the  supposition  of  the  objects  of  thought  and 
the  mode  in  which  their  relations  to  one  another  are  viewed  being  tjie 
same  for  the  people  who  uae  the  two  languages.  N'ow  no  two  lui- 
guagea  have  this  perfect  equivalence  of  tenns  and  fOTma  of  speech, 
and  therefore  a  perfect  translation  cannot  be  made. 

The  general  distribution  of  words  into  notional  and  relational  words 
ia  explained  in  the  article  Notion.  In  no  two  languages  ore  all  the 
notlooal  words  perfectly  equivalent.  Such  words  as  expreaa  many  of 
the  ordinary  objects  of  sense,  as  sua,  moon,  man,  woman,  are  perfect 
equivalents;  but  all  the  words  which  ex^vaa  objecta  of  aenae  m  one 
huiguage  hAe  not  their  equivalents  in  another.  Varioua  nations  have 
various  articles  of  dreas,  various  utenuls,  implements,  aud  ornaments 
which  are  peculiar  to  them,  and  consequently  have  not  their  equiva- 
lents in  another  language.  If  such  terms  are  rendered  by  some  otlier 
term  in  the  language  iuto  which  the  irausUtion  ia  made,  the  translation 
will  not  convey  the  exact  notion  of  the  original,  though  it  may  come 
near  enough  for  many  purposes.  In  some  cases  the  difference  is 
immaterial,  as  may  be  shown  by  instances ;  in  others  the  difference  is 
material.  The  Latin  words  "  docuus  "  and  "  navis  "  may  be  respectively 
rendered  by  the  English  "  house  "  and  "  ship,"  though  Roman  houses 
and  ahtpa  differ  considerably  from  English  honsea  and  ships.  But  if 
the  word  "  domus  "  is  merely  uaed  to  signify  the  general  notion  of  a 
dwelling  for  man,  as  for  example,  when  one  wishes  to  say  that  a  "  man 
was  killed  in  a  house  and  not  in  the  street,"  the  predae  difference 
between  Roman  houses  and  English  is  immaterial,  for  houae  in  such 
caae  is  used  in  its  most  gener.-Ll  sense.  But  if  in  the  original  Latin  passage 
anything  turned  on  the  ditference  between  "  domus  "  and  "  villa  "  as 
oi^osed  to  one  another,  then,  unless  the  Englieh  language  possessed 
two  words  which  should  stand  in  the  same  opposition  to  one  another 
BB  "  domus  *  and  "  villa,"  a  translation  could  not  be  made  simply  by 
equivalent  terms :  it  must  be  effected  in  some  other  way.  Ht^rial 
objecte  then,  for  which  there  may  be  equivalento  in  two  languages 
when  the  object  is  used  in  its  most  general  sense,  may  not  have  equi- 
valents in  the  two  hinguages  when  used  in  this  spec^  sense.  Thus 
the  Latin  words  "  patera,"  "  uma,"  "  lonx,"  are  words  which  express 
the  general  notion  of  a  thing  that  ia  used  to  contain  other  thing-u ;  but 
as  they  ere  also  used  to  indicate  a  parUcular  kind  of  conttuning  vessel, 
there  can  be  no  translation  of  such  terms  unless  we  have  both  the 
things  aud  the  name  for  them.  It  appears  then  that,  even  in  the  case 
of  such  ordinary  things  as  domestic  utensils,  a  translator  will  often  be 
at  a  loss  to  find  a  word  equivalent  to  the  original  word ;  and  he  must 
^thcr  find  a  word  which  comes  the  nearest  to  it,  or  he  must  adopt  the 
original  -^ord.  In  the  one  case  he  will  not  convey  en  exact  noUon  to 
the  reader,  and  he  may  convey  a  very  erroneous  notion ;  in  the  other  he 
will  convey  none  at  oil,  unless  the  reader  happens  to  know  the  thing 
intended  by  the  term  in  the  origioal  language.  The  context  may  often 
help  to  the  right  understanding  of  a  term,  but  that  ia  not  the  mAtter 
at  present  under  consideration. 
The  terms  which  denote  the  political  and  religious  instituUoua  or 


usages  of  a  country  often  present  still  greater  difficulty.  The  Roman 
terms  "JFAilier  "  Consul,"  "  Gomitia,"  "  Tribus,"  "  Judex,"  "  Pontifei," 
"Augur,"  cannot  be  rendered  into  our  langu-ige  by  any  equivalent 
terms.  In  these  and  many  similar  instances  it  haa  become  ubu.iI  to 
adopt  the  original  term,  with  the  termination  sometimes  slightly 
altered,  and  the  reader  of  such  teauslatioQS  is  supposed  either  to  know 
what  these  tenns -mean,  or  to  have  hooks  wbidi  wHI  exi^lain  them. 
This  ifl  In  fact  the  only  practicable  mode  of  translating  such  terms, 
and  such  translation  ia  not  liable  to  more  objection  than  a  book  in 
one's  own  langua^  which  contains  numerous  technical  terms,  the 
explaaatitm  of  which  ia  not  giv^  in  the  bocA,  and  cannot  be  got 
from  the  oouteat,  but  mnat  be  eooght  for  in  a  dictionary  or  work  of 
reference. 

If  the  original  language  haa  been  more  cultivated  than  the  langua^ 
into  which  we  tnusslation  is  mode,  the  translator  will  find  that  he  u 

ill  provided  with  terms  equivalent  to  those  of  the  otdginaL  Foreign 
works  on  jurisprudence  or  philosophy,  when  translated  into  English, 
present  this  difficulty,  which  con  only  be  overcome  by  adopting  the 
technical  tonus  of  the  original  language.  If  the  translator  were  to 
attempt  to  make  names  which  should  correspond  to  the  original  terms, 
he  would  not  be  ao  likely  to  su cooed  in  get^ng  them  adopted  as 
transferring  the  co-igjnal  terms  Into  his  translation. 

That  pttft  of  translation  then  which  eonsiste  simply  in  finding 
equivalent  notional  terms  is  limited.  It  depends  on  the  character  of 
the  two  languages,  the  original  and  that  of  the  translation,  how  far 
equivalent  terms  can  be  found.  In  all  matters  which  characterise 
the  usages  of  a  people,  it  is  impossible  to  find  equivalente  in  two  kn- 
guages,  for  by  the  term  character  ia  here  meant  something  which  each 
haa  and  the  other  has  not.  As  to  all  terms  which  are  the  expresdon 
of  universal  notiona,  such  as  are  in  a  great  df^ree  independent  of  the 
character  of  a  people,  thoee  languages  which  have  been  cultivated  to  an 
equal  degree  do  possess  terms  which  are  sufficiently  equivalent.  But 
even  here  there  is  often  a  very  great  difficulty  in  ascertaining  the 
equivalent  terms,  as  any  one  may  satisfy  himself  by  attempting  to 
translate  into  English  aueh  a  woi^  oa  Cicero's  treatise  on  the  Orator,  at 
some  parte  of  Tadtua. 

Perhaps  it  is  often  eader  to  translate  from  one  language  into 
another  whea  the  two  languages  have  no  historical  connection,  than 
when  they  are  related  as  original  and  derived  languages,  or  as  languages 
which  have  interchanged  terms,  or  where  the  exchange  lias  been  all  on 
one  side ;  for  it  often  happena  that  words  which  are  transferred  from 
one  language  into  another  retain  nearly  the  orijpnal  form,  and  yet  have 
either  been  adopted  in  a  different  sense  from  the  original  sense,  or  have 
in  course  of  time  acquired  such  different  meaning.  It  would  bo  easy 
to  find  numerous  examples  of  such  change  of  meaning  in  words  that 
have  been  introduced  into  the  English  either  directly  from  the  Latin 
or  through  the  medium  of  other  lauguagos. 

The  union  of  notional  words  into  connected  speech  or  language  ia 
e&oted  by  the  words  of  relation,  which  are  either  amendages  added  to 
words,  or  separate  small  words,  or  both ;  and  it  ia  also  efi^^ted  the 
order  of  the  words.  Now  the  words  of  relation  and  the  order  of  wordf 
differ  considerably  in  most  languages,  and  hence  srisee  a  great  difficulty 
in  translation ;  for  language  eonsiste  not  of  single  words,  no  more  thui 
a  ship  eonsiste  of  trees :  in  the  cose  of  language  and  a  ship,  words  and 
timber  are  materials,  but  materials  without  form  have  no  significance. 
Yet  ia  everything  the  nature  of  the  material  ia  an  element  in  the 
capacity  for  receiving  form ;  and  in  language  ttie  poaseedon  or  absenoe 
of  case-endings,  and  of  suffixes  which  show  the  modifications  of  words, 
called  mode  and  tense,  materially  influences  the  capacity  of  the  lan- 
guage for  expressing  a  given  idea  with  perspicuity,  brevity,  and  force : 
it  also  materially  aSects  the  possible  order  of  the  words.  Those  laQ. 
guages  which  possess  cose-endtngs  and  verbal  terminations  in  abundance 
can  Taiy  the  order  of  the  words  in  a  great  number  of  ways,  so  as  to 
phice  particular  words  in  those  podtions  where  they  shsdl  be  most 
effective.  A  language  like  the  English,  which,  in  ito  present  form,  has 
few  suffixes,  is  much  more  limited  in  this  power  than  the  Qerman,  the 
Qreek,  and  the  Latin.  Languages  also  differ  greatly  in  the  number  of 
small  words  (relational  words)  which  are  adapted  to  express  the  relation 
of  notional  terms  to  one  another.  Some  of  the  more  ddicate  coloun 
which  are  thus  expressed  in  one  language  are  absolutely  incapable  of 
being  expressed  in  another  by  any  correqmnding  relational  words, 
and  sometimes  tJiey  cannot  be  expressed  by  any  combination  of 
words. 

It  will  now  not  be  difficult  to  ascertain  in  a  general  way  what  can  be 
effected  in  a  translation,  and  what  ought  to  be  attempted.  Some 
people  have  had  a  notion  that  a  translation  should  be  litentl,  or  near  to 
the  original,  by  which  it  ia  meant  that  every  word  of  tiie  original 
should  have  ite  equivalent  in  the  translation,  or  nearly  so.  There  ia 
no  objection  to  this,  so  for  as  it  can  be  done  consistently  with  the 
proper  idioms  of  the  translator's  language ;  yet  such  a  translation  is 
not  commendable  because  it  is  literal,  but  because  it  is  true.  The 
idiom  of  the  trandation  must  not  be  oomipted  hij  an  i^^itation  of  the 
idiom  of  the  original,  If  what  is  called  a  literal  vetdon  is  a  suffidant 
verdon  of  the  meaning,  and  if  it  is  also  expressed  in  a  true  idiom,  the 
translation  is  good ;  but  ite  hteral  character  is  a  mere  accident.  It 
will  depend  both  on  the  character  of  the  two  languages  and  on  the 
character  of  the  original  work  how  far  the  verdon  shall  in  its  form 
eoireapond  to  the  original.   Simple  narrative  is  generally  eadly  ren- 
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dfl(«d  from  on*  Unguastt  isto  another  without  VRiyliig  nuuth  from  the 
fttfm  ot  the  original  W<n4ce  which  have  more  trf  an  artiatio  oharactar 
proaont  greater  diffioultiea,  whether  they  are  historical,  critioal,  or 
poedcaL  Poetry  preseatB  tite  greateet  difficultiee,  because,  in  addition 
to  the  geoeral  difficulty  of  tranaferring  the  meaning  of  one  language 
into  another,  there  ifl  the  diffioulty  of  reproducing  the  rbytJiimiiMl 
form  of  Uie  original,  and  this  ia  aometimea  impoeaible.  Hoiac«  auo* 
oeeded  in  introducing  the  Greek  lyrio  metroa  into  the  Latin  language 
in  hia  tnuuIaUona  or  imitations;  but  Horace  waa  a  master  of  hia  art, 
and  he  bad  a  language  which  wia  sufficiently  near  to  hie  originnL  The 
tranalationa  of  Voss  from  the  Greek  and  Latin  poete  hare  the  advantage 
of  being  in  a  language  which,  £rom  its  copiousness,  its  grammatical 
forma,  and  its  capad^  of  combining  words,  renders  auch  an  under- 
taking pnvcticable  in  skilful  hands.  The  En^^h  language  has  oopious- 
neea  and  euer^,  but  less  flexibility  than  the  Qermao,  and  the  imitation 
of  the  rhythmical  forma  of  other  unguagea  is  sometimes  impoasible  in 
an  English  Terdon ;  and  without  this  imitotion  the  translation  of  poetry 
fat  incomplete,  for  the  metrical  form  la  a  part  of  poetry.  It  Is  indeed 
often  as  easy  to  express  in  a  prose  translation  the  ideas  of  poetry  as 
those  ol  prose  composition,  for  the  essential  qualities  of  poetry  are  not 
destroyed  by  reducing  tt  from  its  metrical  into  a  proeaio  form.  In  tiiis 
form  it  may  still  fill  Ute  mind  with  the  images  of  the  original,  but  it  will 
not  equally  affect  the  passions ;  for  the  pasuons  are  moat  vehemently 
mored  1^  direct  wnauous  Impreawma,  and  the  sensuous  character  <u 
poetry  ia  its  metrical  form.  Ail  attempts  therefore  at  poetujal  bansla- 
tion  from  one  language  into  another  oan  on^  be  partially  saoosssf ul 
unless  the  character  of  the  two  languagw  admits  of  a  perfect  metrical 
imitation  in  the  trauBlation. 

A  translator  should  show  hia  judgment  by  (fee  choice  of  his  subject 
as  well  as  by  his  manner  of  h^nt^l'ng  it.  He  will  not  choose  what  ia 
incmhle  of  bang  rendered  adequatuy.  He  will  not  attempt  to  faahion 
his  form  of  expreanon  to  that  of  the  origin^  by  doing  violenoe  to  hia 
own  idiom.  He  will  nei^er  servilely  follow  the  division  of  sentences 
nor  the  forms  of  expreeaion.  He  will  labour  to  penetrate  through  the 
author's  language  to  his  meaning,  and  he  will  then  strive  to  express 
that  meaning  in  bis  own  language.  He  must  rigidly  scrutinise  the 
reault  of  his  labour,  to  see  if  it  conveys  the  aame  meaning  as  the 
ori^Uial,  and  neither  more  nor  lev.  When  thia  ia  acoompli^ied,  his 
translation  wSl  be  sutflcdent,  though  it  may  not  be  perfect  It  will 
he  sU  that  a  translation  often  can  be — a  suffident  copy  of  the  original 
But  there  may  be  sometiiing  wanting.  Every  writer  has  peouliari- 
ties  which  oonstitute  his  style.  One  writer  is  sententious,  compressed, 
and  energetic,  but  perhaps  obscure;  another  is  diffuse,  flowing,  and 
redundant,  but  fills  the  ear  more  tiian  the  mind ;  a  third  may  be  per- 
spiouous  and  limpla,  but  withal  feeble.  Vow  a  translator  who  ahould 
so  far  mistake  his  ori^al  as  to  give  a  diSiifle  version  of  a  eententioua 
writer,  or  to  express  any  ori^nal  in  a  form  which  should  be  altogether 
unlike  it,  would  show  that  be  had  ill  appreciated  the  writer's  chu^ter, 
and  this  would  not  be  the  only  blunder  that  we  might  expect  from 
him.  A  Tersiou  of  a  prose  writer  which  should  possess  a  general  cha- 
racter altogether  unlike  the  original,  would  as  little  merit  the  name  of 
a  translation  as  a  dull  prosy  vendon  of  the  '  Iliad'  would  deserve  the 
name.  To  fix  a  true  medium  between  a  close  imitation  of  the  style  of 
tiie  original  and  a  wide  departure  from  it,  belongs  to  that  department 
the  business  of  translation  in  which  taste  is  concerned.  It  is  some- 
thing wherein  precise  rulee  can  never  be  laid  down,  and  yet  the  best 
critics  will  not  disagree  in  their  judgment.  It  ia  a  gross  errtn:  which 
we  see  in  some  attempts  to  translate  Tacitus,  to  r^oduce  the  original 
with  all  its  ofaeenrity  and  brevity :  it  is  a  grosser  Uunder  to  weaken 
his  aententioos  energy  by  a  profosion  of  words,  many  of  which,  being 
impertinent  and  Idle,  only  form  a  stronger  contrast  witib  those  of  the 
orwinal,  which  have  been  selected  and  arranged  with  studious  core. 

Like  portrait-painting,  translation  has  on^  one  rule,  and  that  not  a 
rule  which  shows  us  now  to  act,  but  only  prescribe  a  certaio  end. 
Hake  your  copy  like  the  original :  let  no  man  mistake  it.  Many 
copies  may  be  nude,  and  all  may  be  pronounced  to  be  likenesses. 
Compare  tiie  likeneesos  with  one  another,  and  you  will  find  one  which 
shall  be  more  like  than  the  rest.  Ask  the  master  how  ha  made  it :  he 
will  say  that  he  copied  the  original;  but  bow  he  did  it  yon  cannot 
understand,  nor  can  he  say. 

VERTEX,  a  name  given  to  any  remarkable  or  principal  point, 
particularly  when  that  point  is  oouddered  as  the  top  or  summit  of  a 
figure.  Thus  we  hare  tiie  three  vertioei  <d  a  triangle,  the  vertex  of  m 
ome  or  pyramid.  As. 

VEBTICAL.  The  zenith  being  considered  as  a  vertex,  which  in 
fact  H  is,  when  the  word  vertex  means  summit,  a  vertical  i^e  ia  one 
which  passes  through  the  line  drawn  from  the  spectator  to  hia  isenith ; 
a  vertical  plane  therefore  merely  means  one  which  is  perpendicular  to 
the  horieon,  and  a  vertical  line  has  the  same  meaning. 

VERTICAL,  ANGLE  OF  THE.  A  name  given  to  the  angle  made 
by  tiie  diameter  tiirough  any  point  of  the  earth,  supposed  a  spheroid, 
with  the  direction  of  gravity  at  that  point,  or  the  perpendiculu:  to  the 
tangent  plane. 

VERTIDI NE.   A  base,  not  yet  analysed,  contained  in  shale  tar. 

VERTIGO,  or  giddiness,  is  a  peculiar  sensation  depending  probably 
on  some  disturbance  of  the  circulaticn  in  the  brain.  It  need  not 
be  described,  for  whoever  has  not  felt  tt  nwy  do  so  at  once  by 
turning  round  a  few  times  rapidly.   The  nature  of  the  change  pro- 


!  duoed  in-  the  brun  by  the  numerous  causes  of  giddiness  is  altogether 
unkno>vn ;  probably  the  sensation  may  be  the  result  of  several  differ- 
ent conditions,  for  it  ensues  alike  when  the  proasure  of  the  Ueod  upon 
the  brain  is  diminished  by  bleeding,  and  when  it  ia  inoreased  in 
plethora,  or  what  is  called  determination  of  blood  to  the  head  :  it  Is 
a  sign  too  as  well  of  deficiency  of  food  as  of  repletion ;  and  of  the 
varioua  continued  movements  by  which  the  steady  flow  of  blood 
through  the  brain  may  be  disturbed,  though  the  rotatory  motion  ia 
the  moat  general  cause  of  giddiness,  yet  the  movement  of  the  head 
bai^warda  and  forwards  or  from  aids  to  aide  will  produce  it  as  effectu- 
ally, and  the  vertical  movement,  such  as  is  endured  in  the  pitching  of 
a  ship,  more  certainly  still.  At  present  therefore  it  must  be  concluded 
that  whatever  disturbs  the  movement  or  the  pressure  of  the  blood 
within  the  brain  may  produce  giddiness ;  snd  that  in  some  oases  it 
occurs  without  any  cause  of  this  kind,  as  a  sympathetic  or  purely 
subjective  sensaticm,  dependant  on  the  state  of  the  substanoe  of  the 
brain  itself. 

As  a  sign  of  disesae  vertigo  by  itself  indicates  very  little.  Ko  judg- 
ment can  be  formed  from  it  except  by  taking  it  in  connection  wiu 
the  other  characters  of  the  affection  of  which  it  is  a  port,  and  these 
will  generally  be  sufficiently  indioative.  Its  most  common  cause  is 
some  disturbance  of  the  digestive  organs,  and  it  may  be  safely  treated 
in  that  view,  except  in  those  who  are  prone  to  apoplexy  or  other  eere- 
brol  disease,  in  whom  it  miut  be  always  regarded  with  leor. 

VESICAJfTS.  [BusTBEB.] 
■  VESTA.  [Abteboidb.] 

VESTA  ('£irr(a  or  'Imlii,  Hestia,  or  Histie),  one  of  the  great  divinities 
of  the  ancients,  and  common  both  in  name  and  mode  of  worohip  to  the 
Greeks  and  Romans.  According  to  Hesiod,  she  was  the  flr^boro 
daughter  of  Kronos  and  Hbea,  and  sister  of  Zeus,  and  the  Romans 
therefore  made  her  the  daughter  of  Saturn  and  Ope.  She  was  a  maiden 
divinity,  and  was  said  to  nave  vowed  eternal  virginity  by  tho  head 
of  Zeus. 

Vesta  waa  the  goddess  of  the  hearth ;  and  as  the  hearth  was  with 
the  ancients  the  centre  of  the  family,  where  the  members  met,  con- 
versed, and  took  their  meals,  Vesta  waa  regarded  as  the  goddess  of 
domestic  unMm  and  happiness.  Stnngen  and  friends  were  hoi^tably 
received  at  the  hearth ;  suppUasts  sought  safety  and  protaotion  thei«; 
and  there  the  members  of  a  bmily  swore  fiddity  to  <me  another.  The 
fire  burning  on  the  domestic  hearth,  the  symbol  of  domestic  tmion, 
was  also  r^arded  as  the  symbol  of  Vesta  herself.  As  according  to 
the  notions  of  the  ancienta  the  state  waa  formed  on  the  model 
of  a  single  family,  each  politick  community,  city,  or  state  hzul  its 
public  hearth  or  altar  of  Vesta,  on  which  «  perpetual  fire  was  kept 
burning.  At  Athena  the  publio  hearth  of  Vesta  was  in  the  Flytanaum, 
and  here  tlie  guests  of  tiie  state  and  foreign  ambassadors  were  received 
and  huepitab^  treated.  The  public  hearth  was  to  the  members  of  a 
civil  community  what  the  domestic  hearth  waa  to  the  members  of  a 
family ;  and  when  a  state  sent  out  colonists,  they  took  from  the  public 
hearth  of  the  metropolis  the  fixe  which  was  hencefcnib  to  blaze  on  the 
publio  hearth  of  the  colony.  Laiiger  communities  than  a  mere  town 
or  dty  had  likewise  their  publia  heortii  and  oentre  of  union.  Thus  the 
common  hearth  of  the  Greeks  was  at  Deljdu,  and  that  of  tiie  Latins  at 
Lanuvium,  the  metropolis  of  the  Latins.  Later  speculators  «nd  mystics 
extended  this  idea  even  farther,  and  wpcka  ot  a  oentral  fire  or  a  common 
hearth  of  the  earth  and  the  univerae.  Vesta,  as  the  protectress  of  the 
family,  is  intimately  connected  witii  the  Penates,  and  she  hers^  is 
sometimes  called  a  Fenaa  or  Dea  Fenetralis.  Her  o<»meation  with  the 
house  led  eoms  ondenta  even  to  asoribe  to  her  the  art  of  boUdins 
houses. 

In  Greece,  Vesta  had  very  few  templea,  because  every  house  and 
every  piytoneum  was  regarded  as  her  sanctuary,  and  because  she  bad 
her  share  in  all  the  sacrifices  which  were  offered  to  other  gods ;  and  at 
all  sacrificial  feasts  the  first  and  last  lilMtions  were  ofiered  to  Veeta. 
But  at  Hermione  in  Argolis  ahe  had  a  special  tem]^e,  titough,  like  her 
templa  at  Rome,  it  contained  no  image  of  the  goddeas.  The  sacrifices 
o^rad  on  her  altar  consisted  of  seeds,  fruit,  libotimts  of  water,  oil,  os 
wine,  and  of  young  cows. 

.^eas  was  believed  to  have  brought  the  sacred  fire  of  Testa  together 
with  the  Penates  and  the  Palladium  from  Troy  to  Italy;  and  at  Rome 
the  worship  of  Vesta  waa  said  to  have  been  iutioduoed  by  Romulus  or 
Numa.  Her  worship  at  Rome  was  of  much  greater  importance  than 
in  Greece.  Her  temple,  whioh  waa  t»f  a  round  form,  stood  in  the 
forum  near  that  of  tite  Penates;  it  waa  open  during  tiie  day  and  dosed 
by  night.  Aooording  to  Ovid's  description,  its  walls  consisted  in  the 
earliest  times  of  wicker-woik,  and  tiie  roof  of  reeds.  The  temple  con- 
tained the  altar  of  the  goddwe  with  her  sacred  fire,  the  extinction  of 
which  was  r^arded  as  an  omen  of  the  greatest  calamity  to  the 
republic,  and  pri^teseee  (at  Athens  and  at  Delphi  widows,  and  at 
Rome  viigins)  were  appointed  to  keep  the  fire  olive.  WiUi  the 
exception  of  the  Ptm^rex  Uoximus,  no  male  b«ng  waa  alk>wed  to 
enter  the  temjde  cS  Veeta ;  and  hence  we  never  bear  of  the  senate 
meeting  in  it  as  in  other  temples.  The  Roman  prsetots,  consuls,  and 
dictators,  on  entering  upon  their  offices,  hail  to  offer  saorifiira  to  the 
Penates  and  to  Vesta  at  Lanuvium.  Representations  of  Veata  in 
works  of  art  were  not  frequent  in  antiquity,  aa  she  was  worshipped  in 
the  form  of  the  saoed  fire  burning  on  uie  hearth.  But  some  are 
mentioned  by  Pausaniaaaiid  Pliny,  and  she  was  rqoeeented  in  the  grave 
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and  dignified  atMtuda  and  of  a  majestie  and  pnn  maiden, 

with  we  attire  ami  twI  of  a  matron,  and  holding  in  her  hand  a  eoeptre 
or  a  lamp. 

(Haitung,  IHe  Religion  der  Siguier,  u.,  p.  Ill,  &c. ;  R.  H.  Elaueen, 
jSneaa  und  tlte  Penaten,  ii,  p.  €24,  &&;  Mliller,  Arch,  der  Kunst, 
i  3S2  ;  Hirt,  MytAolog.  Bilderbuch,  i.,  p.  70.) 

VESTAL  ("  Virgo  TeBtalia,"  tirriii),  a  prieateaa  of  the  Roman  deity 
Vesta.  The  number  of  these  prieBteaBea,  according  to  tiie  regulations 
of  King  Ifuma,  was  four,  two  for  each  of  the  ancient  tribes.  Serrius 
Tullius,  oi,  according  to  others,  Tarquioius  Frisous,  added  two  more, 
to  rejmseiit  the  ttiird  tribe,  or  Luceree.  In  the  earliest  tiioee  they 
were  ohoeen  by  the  kings,  but  afterwards  by  the  Fontifex  Maximus, 
who  had  the  eapecial  superintendence  of  everything  connected  with 
the  wordiip  of  Veata.  At  first  the  selection  seems  to  have  been  left 
to  hiB  dieeretiMi,  bat  subBequently,  whenever  there  was  a  vacancy  in 
the  BistM'hood,  he  drew  by  lot  one  out  of  twenty  select  virgins  in  the 
assembly  (in  concione).  It  might  happen  that  a  parent  offered  his 
daughter,  though  this  seems  to  have  been  the  case  very  rarely. 
Ait«r  the  lot  was  drawn,  the  Fontifex  took  bold  of  the  virgin,  as  if 
she  were  a  prisoner,  and  having  pronounced  a  certain  solemn  formula, 
he  conducted  ber  to  the  atrium  of  Vesta.  Parents  could  only  oppoe6 
Qieir  daughter  being  thus  taken  from  them  and  devoted  to  the  aeivice 
of  the  goddess,  in  toree  cases :  fint,  if  one  of  her  Hstem  was  already  a 
vestal ;  sectmdly,  if  the  parents  had  no  more  than  three  children ;  and, 
Uliidly,  if  the  father  held  one  of  certain  high  priestly  offices.  In  these 
cases  parents  were  exempt  from  the  obligation  of  allowing  their  daugh- 
ter to  become  a  priestess  of  Vesta.  The  conditions,  on  the  other  hand, 
on  which  alone  a  virgin  could  t>e  made  a  vestal  were — 1,  that  her 
iatfaer  vaa  not  oanring  on  a  disreputable  occupation ;  2,  that  her 
parents  were  free  and  free-born,  and  settled  in  It^y ;  3,  that  both  her 
parents  were  alive;  and,  4,  that  she  was  neither  younger  than  six  nor 
older  than  ten  years.  From  the  moment  that  a  vestal  virgin  was 
chosen  and  taken  to  the  atrium  of  Vesta,  she  was  emancipated  from 
her  father's  power;  she  required  no  patron  in  any  court  of  justice,  and 
had  the  right  to  dispose  of  her  propAty  by  teetuaent ;  and  if  she  died 
without  having  mode  a  will,  her  property  fell  to  iba  republic.  A 
vestal  vii);iD,  if  once  appointed,  was  obliged  to  serve  the  goddess  for 
thirty  years.  The  first  teu  years  were  a  period  of  noviciate,  during 
which  they  received  instruction  respecting  the  various  duties  that 
they  had  to  perfurm.  Then  followed  ten  years  during  which  they 
were  allowed  to  perform  all  the  functions  of  their  office  ;  and  during 
Uie  lost  ten  years  they  instructed  those  who  were  going  through  their 
apprenticeship.  After  the  expiration  of  the  thirty  years  they  might, 
if  they  liked,  unconsecrate  (exaugurare)  themselves,  and  might  marry. 
This,  however,  happmed  very  seldom  :  it  was  considered  milucky  for 
vestals  to  marry.  The  habits  wliich  they  had  acquired  during  their 
priesthood  generally  induced  tbem  to  continue  in  the  service  of  their 
goddess  for  life.  These  virgin  priests  enjoyed  at  Rome  the  highest 
distinctions.  When  they  went  out  a  lictor  walked  before  them ; 
pnctors  and  consuls  when  they  met  them  lowered  the  fosces,  and  any 
criminal  whom  tiieir  eye  caught  sight  of  was  immediately  set  free.  In 
the  theatres  honorary  seats  were  set  apart  for  them.  Augustus  how- 
ever prohibited  their  being  present, at  the  athletic  games.  Nero,  on 
the  other  hand,  abolished  this  law,  and  permitted  them  to  be  present, 
on  the  ground  that  the  priestesses  of  Ceres  were  allowed  to  be  present 
at  the  Olympic  games.  They  had  an  official  reeidence  on  the  Via 
Sacra,  and  salaries  derived  from  eatatee  of  Hhe  godd«s,  which  were 
increased  from  time  to  tim&  A  vestal  virgin  was  considered  to  be  of 
the  same  rank  as  the  Flamen  Dialis,  and  in  a  court  of  justice  she  could 
not  be  compelled  tt>  cou&rm  her  evidence  by  on  cath.  Their  prayers 
were  believed  to  be  of  particular  efficacy,  and  wills  and  important 
documents  were  often  intrusted  to  their  keeping.  They  had  also  the 
privilege  nf  being  burled  within  the  pomocrium. 

The  duties  of  the  vestals  were  to  keep  the  fire  on  the  altar  in  the 
temple  of  Vesta  burning,  to  guard  xae  sacred  relics  and  symbols 
preserved  in  the  temple,  tu  sprinkle  the  temple  of  the  goddess  every 
morning  with  water  from  the  Egerian  well,  and  various  other  thiii;;a 
connected  with  the  worship  of  Vesta.  Beeides  the  functions  directly 
connected  with  the  worship  of  Vesta,  they  had  to  perform  in  the 
course  of  the  year  various  others.  Thus,  for  insUmco,  they  conducted 
the  mysterious  worship  of  the  Bona  Dea  on  the  first  of  Hay,  and  had 
to  prepare  the  sacrifice  to  be  o^red  on  certain  ocoasionsL  If  ever  the 
sacred  fire  in  the  temple  of  Vesta  became  extinct  by  the  careleBsneee 
of  a  priestess,  the  neglect  was  atoned  for  by  sacrifices,  and  the  guilty 
vestal  was  scourged  by  the  Fontifex  Maximus  on  her  naked  Xack.  The 
fire  was  not  rekindled  from  a  common  fire,  but  from  one  produced  by 
the  Fontifex  by  the  friction  of  two  pieces  of  wood,  or  from  tba  rays  of 
the  sun  by  means  of  a  buming^Iass,  and  the  veetal  oauj^t  it  in  a 
brass  sieve  by  means  of  tinder,  and  thus  carried  it  into  the  temple. 
On  entering  on  the  priesthood  every  vestal  had  to  make  a  solemn 
vow  to  keep  her  chastity  pure,  like  the  goddess  whom  she  aerred, 
during  the  years  of  her  priesthood.  A  breach  of  this  vow  was 
regarded  as  a  teirible  crime  and  as  a  fearful  calamity  to  tho  whole 
state.  When  a  vestal  was  found  guilty  by  the  college  of  pontlffi,  she 
was  condemned  to  death  without  having  the  right  of  appeal  to  the 
people.  As  nothing  but  death  co<jld  atone  for  her  crime,  and  as  it  was 
neverthdesB  not  allowed  for  any  mortal  to  lay  hands  on  ^e  prieatw  <rf 
Vesta,  she  was  buried  alive  in  a  subterraneous  vault  in  the  Campus 


SceleratUB,  near  the  Colline  gate.  The  motimful  solemnity  on  suoh 
occai^ns  was  this.  The  guilty  vestal  was  Uid  on  a  bier,  tied  £ut  with 
leather  Uiongs,  and  covert  in  such  a  manner  that  not  oven  the  so  and 
of  her  voice  could  be  heaod.  In  this  position  she  was  osrried,  as  it 
were,  in  a  funeral  procession,  aooompanied  by  her  friends  and  relations, 
amidst  the  dead  silence  of  all  the  people,  to  the  place  of  execution 
near  the  Colline  gate.  On  her  arrival  here  she  was  relieved  of  her 
bands,  the  Fontifex  Maximus  with  uplifted  bands  said  a  mysterious 
prayer,  and  then  conducted  the  veiled  vestal  to  the  ladder  which  led 
mto  the  tomb.  The  executioner  took  her  down  and  drew  up  the 
ladder;  and  during  tiiis  process  the  pontiff  and  the  other  priests 
turned  away  their  faces.  In  her  tomb  the  vestal  found  a  couch,  a 
lamp,  and  some  bread,  water,  milk,  and  oil.  The  tomb  was  dosed  and 
covered  over  with  earth  to  a  level  with  the  rest  of  the  ground.  The 
man  who  had  seduced  a  vestal  was  scourged  to  death.  Notwithstanding 
the  severity  of  the  punishment,  Roman  history  has  on  reoord  eeranu 
instances  in  wliich  we  punishment  was  inflicted.  During  tlie  time 
the  republic  the  violation  of  chastity  on  the  part  of  a  vestal  vras  always 
visited  by  the  punishmsnt  prescribed  by  law,  unless  the  goddaw 
heiwlf  interposed  in  some  miraculous  manner  to  show  that  her 
loiestess  had  been  unjustiy  charged  with  the  crime.  Several  inte- 
resting instances  of  this  kind  are  rehted  by  the  Roman  historians^ 
During  the  early  part  of  the  empire  conduct  of  the  TSStals  appears 
to  have  become  rather  loose,  since  Domitiou  found  it  necessary  to 
make  the  law  concerning  it  more  strict. 

(Lipsius,  De  VeOa  et  VetkMiu  Syniagmaj  Hartung,  DU  Bdigum 
der  RUmfr,  ii.,  p.  115,  ftc. ;  QQttling,  Oeadiidkte  der  SBnimAm  SiaaU 
verfatBung,  p.  189,  Ac.) 

VEST^  REMAINDER.  [Rimairdib.] 

VESTRT  is  tiie  name  of  that  part  of  a  parish  chiuxih  where  the 

ecclesiastical  vestments  are  kept ;  and  inasmuch  as  meetings  of  parish- 
ioners have  been  usually  held  in  this  part  of  the  church  for  paroobiai 
purposes,  such  meetings,  duly  convened,  have  acquired  the  name  of 
vestries ;  so  that  even  where  a  building  remote  from  the  church  has 
been  erected  for  parochial  meetings,  it  is  usually  called  the  vettry-room. 
When  the  meeting  u  held  in  the  ijiurbh,  or  even  in  »  building  within 
the  precincts  of  we  churchyard,  tiie  ecdenastical  courts  daim  juris- 
diction over  Uie  conduct  of  the  parishioners. 

By  tiie  common  law  all  rated  inhabitants  of  a  parish  have  a  right, 
either  periodically  or  when  specially  convened,  to  meet  in  veetty  for 
the  affairs  of  the  parish,  and  to  vote  the  necessary  pecuniary  rates. 
But  this  common  law  right  has  been  modified  in  many  ways. 

1,  By  custom,  which  has  vested  the  government  of  some  parishes  in 
a  select  and  osiMlly  a  self-elected  bod^y  of  persons,  probably  the  auc- 
cesBors  of  individuals  to  whom  the  panshionera  at  some  previous  time 
delegated  the  management  of  their  parish  for  a  stated  period,  but  who, 
by  tiie  indifierenoe  and  neglect  of  their  constituents,  came  to  hold 
permanently  the  powers  intrusted  to  tbem.  The  principal  act  for  the 
regulation  of  these  veetriea  is  the  fi8  Qeo.  III.,  a  0d,  but  it  does  not 
extend  to  pariafata  within  the  city  of  London  or  borough  ot  South- 
wark. 

%  The  act  10  Anne,  o.  11  (for  tiie  purpose  of  erecting  fifty  new 
churches  in  London  and  its  neighbourhood)  appoints  "  a  select  vestry 
for  each  parish."  The  69  Qeo.  III.,  c  134,  also  permits  the  election  of 
a  select  vestry  out  of  the  "  substantial  inhabitante  of  the  district," 
parish,  or  chapelry ;  and  sevotil  local  acts  have  also  created  vestries. 

3.  The  59  Qeo.  III.,  o,  12  (Sturges  Bourne's  Act),  enables  general 
vestries  to  appoint  special  veiMes  for  oortain  purposes ;  but  they  are 
little  more  than  committees  of  tiie  gentnal  vestries,  to  which  tiiey  are 
responsible. 

4.  A  fourth  kind  of  vestry  is  created  by  1  4;  2  Wm.  IV.,  c  60  (Sir 
John  Hobhouse's  Act),  but  the  adoption  of  this  act  is  left  to  the  dis- 
cretion of  each  particular  parish ;  rural  parishes  of  less  than  8O0  rated 
householders  being  excluded  from  its  operation. 

It  is  the  dutf  of  vestries  to  provide  funds  f6r  the  maint^iancs  of 
Uie  edifice  of  the  church  and  the  due  administration  of  public  worship ; 
to  elect  churchwardens;  to  present  for  appointment  fit  persons  as 
overseers  of  the  poor ;  to  adininister  such  estates  and  other  property 
as  belong  to  the  parish  ;  and  in  some  cases,  tmder  local  acta,  to  super- 
intend ^e  paving  and  lighting  of  the  parish,  and  to  levy  rates  for  those 
purpoaea. 

Tne  remedy  for  neglect;  of  duty  by  a  vestry  is  a  moHdamm  from  the 
Court  of  Queen's  Bench,  directed  to  tJie  officer  whose  duty  it  would  be 
to  perform  the  particular  act,  or  in  some  coses  by  an  ordinary  procesn 
against  him,  or  by  a  process  against  tho  churchwardens  out  of  the 
ecclesiastical  courts. 

VIADUCT.  A  bridge'  erected  over  a  vall^,  for  the  purpoae  of 
avoiding  the  necessity  tt«  cartying  a  rondw^  either  by  lonig  inclines, 
by  sigzags,  or  by  precipitous  descents,  from  a  high  level  on  one  ude  ol 
the  hills  bounding  the  valley,  to  a  coirasponding  height  on  the  othn* 
side.  The  conditions  under  which  it  is  advisable  to  incur  the  expense 
of  such  a  work,  are  principally  when  the  annual  coat  of  the  traction 
upon  the  additional  length  of  the  inclined  roads  would  exceed  the 
interest  upon  Uie  capital  invested  in  the  construction  of  the  visduc^ 
added  to  the  cost  of  its  repairs ;  or  when  the  rate  of  inclination  of  the 
roads  is  such  as  to  render  eoonomical  tntetion  impoenble.  In  roods 
dedpined  to  oooommodate  xi^d  tnffli^  for  instuiee,  indinea  of  1  in  12 
are  madmiidble  under  aiqr  ououmstanoea,  and  inoUnes  of  1  in  80  ore 
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objeolumable ;  but  in  aither  ease  the  oonatruction  of  a  -viaduct  for  the 
purpose  of  obviatiDg  tbe  neceaaity  for  the  incline  must  depeud  upon 
the  number  of  th«  cajriages  likely  to  resort  to  it.  In  railway  structures 
viaductd  are  mora  commonly  employed  tbon  in  common  roads,  on  ac- 
count .of  the  greater  influence  of  the  incUnations  of  the  roadway  upon 
the  traction ;  but  even  in  them  the  uae  of  viaduetA  eon  only  be  justified 
by  oonaiderations  of  economy. 

In  the  arUole  Bbidoeb  wiU  be  found  a  Bummary  deaeription  of  the 
dimenaitnu  of  tiie  moat  celebrated  viaducts  hiUwrto  constructed.  The 
principles  upon  which  tliey  are  built  have  been  disousaed  eitiier  in  that 
article,  or  under  Arches.  It  may  suffice,  therefore,  here  to  add,  that 
the  skill  of  the  engineer  mfty  be  as  usefully  displayed  in  the  execution 
of  an  embankment  for  the  purposes  of  the  roadway  as  in  the  construc- 
tion of  a  monumental  viaduct ;  and  that  the  repurs  of  the  former 
would  be  in  ill  probalnlity  much  less  than  those  of  the  latter.  The 
Higbgate  Arohway,  the  Korth  Bridge  at  Edinbuivb^  the  Dee  Viaduct 
near  Chirk,  the  Crumlin  Viaduct,  the  Ariois,  BwMitin,  Chaumont, 
Dinting  Vale,  Elsterthal,  Ooeltzchthal,  Malaunay,  Ouse  Vtdley,  Port- 
age, Tyne,  viaducts,  may  be  <ated  as  the  most  remarkable  works  of  this 
description. 

VIBRATION.  We  have  had  in  many  articles  to  coDsider  the  effects 
of  Tibratoiy  motions,  but  we  have  not  yet  ^ven  the  explanation  of 
Uie  shnple  vilnntion,  so  m  to  enable  a  student  with  no  very  eztenave 

knowledge  of  mathematics  to  form  some  conception  of  its  character. 
The  theory  of  the  vibrations  of  the  particles  of  an  elastic  fluid  is  the 
key  to  what  is  known  of  the  phenomena  of  sound  and  light  [Acoustics  ; 
UNDULATORr  Theort]  ;  and  there  is  some  reason  to  suspect,  or  at 
least  those  whose  opinions  are  worthy  of  attention  have  suspected, 
that  the  oausea  of  uie  sensible  idiMiomena  of  heat,  elecbicity,  and 
magnetism  will  also  be  found  in  the  vibrations  of  matter  of  some  kind. 
All  the  particles  of  material  bodies,  even  when  solid,  are  probably  in 
continual  vibration  ;  and  it  is  certain  that  very  slight  disturbances  will 
communicate  sensible  amounts  of  vibration  to  considerable  distances, 
and  this  through  all  manner  of  different  substances,  from  loose  earth 
to  compact  atone,  and  through  those  in  eveiy  kind  of  state,  from  the 
aeriform  to  the  solid. 

Little  ae  may  be  known  of  most  of  the  Tibrations  which  are  per- 
petnally  occurring,  notluag  is  more  certlun,  from  the  fundamental 
uws  of  mechanics,  than  takt  every  such  vibration  in  every  individual 
particle  ia  either  made  up  of  one  or  several  motions  of  one  particular 
kiud,  or  of  an  exceedingly  close  approximation  to  such  simple  motion 
or  combination  of  motions.  It  is  not  merely  swinging  backwards 
and  forwards  iriiioh  oonstitutes  a  vibration ;  such  a  motion  might 
certainly  be  so  called,  at  the  pleasure  of  any  one,  but  another  name 
must  then  be  invented  to  dengnate  that  particular  Sbrt  of  vibration  of 
which,  and  of  no  other,  we  have  to  speuc  in  tbe  first  instance.  The 
piston  of  a  steam-engine,  for  example,  when  it  is  forced  upwards  wit^ 
continually  accelerated  velocity  until  it  strikes  the  top  of  tiie  cylinder, 
and  ia  then  forced  downwards  in  the  same  manner,  does  not  show  what 
ia  xoatbenutiealfy  called  a  vibration ;  but  take  one  of  thoee  more 
recent  constructions,  in  which  the  steam  is  checked  as  soon  as  the 
piston  has  acquired  momentum  enough  to  carry  it  to  the  top  of  the 
cylinder,  so  that  the  force  is  nearly  spent  before  it  begins  to  return, 
and  we  have  something  to  which  the  term  vibration  is  much  more 
nearly  applicable. 

The  simple  vibration,  of  which  we  have  said  all  others  may  be  com- 
poonded,  is  bent  imagined  as  follows : — Let  a  point  Q  revolve  uaiformls 
round  a  circle  a  <)  a  &,  and  ^m  q  draw  q  r  perpendicular  to  A  a. 
Then  f  moves  ovw  a  a  in  the  manner  of  a  nmple  vibiatioD ;  the  whole 
vibration  bring  from  a  to  a  again.   At  a  and  a  the  velocUy  of  f  is 


extinctf  the  whole  motion  of  q  being  perpendicular  to  a  a ;  but  at  o 
the  velori^  is  greatest,  f  then  moving  as  fast  as  q.  If  we  measure  t^e 
time  t  from  tbe  epoch  of  q  being  at  b,  and  suppose  the  motion  of  q  to 
be  in  the  direction  b  q  a,  and  »  to  be  the  angular  velocity  of  q,  we  have 
(or  =  X,  o  A  =  a)  «  =  a  sin  nf,  while  tiie  velocity  of  F  ia  na  cos  Ht,  the 
acceleration  of  f  is  ~i»*a  sin  nt,  or  — n'x,  and  if  w  be  the  weight  of  a 
particle  at  F,  the  preasui-e  necessary  to  niMutiun  it  in  this  state  of 
vibration  ia  always  directed  towards  and  is,  in  units  of  the  same 
kiodaai^ 
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if  X  and  a  be  measnred  in  feet,  n  in  theoretical  angular  unite  [AnoleI, 
and  ( IB  seconds  [Velocity].  If  t  be  the  number  of  seconds  in  the 
whole  vibration  bom.  a  to  a  again,  we  have  »-c2  x  8'14159-i-t,  and  the 
preasure  is  l-22Mxw-7-Ti*.  The  pressure,  it  appears,  requisite  to  main* 
tain  a  »mple  vibration  must  be  always  in  a  given  proportion  to  the 
distance  of  p  from  o,  and  always  directed  towards  0;  and  tho  relation 
between  the  pressure  at  a  given  value  of  x  and  the  ^e  of  vibration  is 
wholly  independent  of  a,  the  excurnon  of  the  particle.  For  the 
mechanical  reason  of  this  property,  see  Isochbohism.  To  form  a  more 
conveniKit  expresaion,  let  h  be  the  number  of  vibrations  in  a  second, 
and  let  x  be  measuzed  in  hundredths  of  iochea  instead  of  in  feet;  then 
T=l~ii,  andfor  A^wemust  writo  1200,  wbiob  gives  for  tiMprea- 
sure  -001022  ^xw.  For  example,  if  a  part^  vibrate  <mly  100  times 
in  a  second,  which  is  not  much  [AoousTics],  and  have  an  excurrion  of 
one  five-hundredth  of  an  inch  (h  =  100,  a:=-2),  tiie  foioeof  restitution 
at  the  extremity  of  the  excursion  ia  more  ttuui  twice  the  weight  of  the 
particle.  By  tma  formula  it  is  easy  to  get  a  just  idea  of  the  greatness 
of  the  molecular  fmnee  required  to  produco  those  vibrations  which  are 
constantly  excited  in  sonorous  and  other  bodies. 

If  we  suppose  a  second  vibration  to  be  communicated  to  F,  in  the 
same  line,  and  of  the  tame  duraiim,  but  whether  of  tbe  same  eztoat  or 
not  does  not  matter,  the  compound  vibration  is  only  equivalent  to 
another  simple  vibration.  Let  a  oircle  move  with  q,  and  in  that  circle 
let  a  point  (b)  revolve  uniform^,  and  let  b  t  be  perpendicular  to  o  a. 
Then,  while  F  vibrates  about  o,  T  performs  a  vibration  in  the  same 
time  rektivdy  to  P ;  or  a  spectator  who  does  not  see  the  motitm  of  F, 
will  see  no  motion  in  V  except  a  vibration  about  P.  Now  it  is  easily 
shown  that  n  not  onhr  describes  a  circle  about  q,  but  also  actually 
describes  either  a  cirde  in  apace,  about  tbe  centra  o,  or  an  ellipse,  in 
the  manner  presentiy  explained.  And  v,  vibrating  about  p,  whioh 
itself  vibrates  about  o,  does,  if  thete  vibrations  be  of  thu  same  duration, 
nothing  but  vibrate  about  o,  UathemaUcally,  this  is  easily  obtained 
as  follows Let  the  angles  a  0  q  and  c  q  b  (q  c  being  parallel  to  da)  be 
at  some  one  moment  a  and  $,  and  let  o  q  =  a,  q  k = and  let  the  time 
be  measured  from  the  instant  at  which  the  angles  are  a  and  ^8.  Then 
welum 

x=a  00*  (n(  +  a)  ■^  &  008  (n(  +  $), 

the  rign  +  being  used  when  the  oiroular  vibrations  are  in  the  same- 
—  when  they  are  in  opposite.  directionsL  This  is  equivalent  tox  =  * 
cos  (a  t -f  A),  provided  I  and  A  be  found  from 

I  cos  A  =  a  008  a  +  b  oos  J3  ,  I  tin  \  =  nana  +  ban  fi; 

and  the  joint  vibration  is  one  of  the  excursion  I,  and  such  that  the 
angle  is  \  when  the  angles  of  the  component  vibrations  are  a  and 
jS.  It  is  easy  to  show  in  like  manner  that  any  number  of  vibrations 
whatsoever,  made  in  the  same  times  and  in  the  same  lines,  are  not 
distinguishable  from  one  mngle  vibration,  of  the  same  duiatitm  and  in 
tbe  same  line. 

Again,  it  is  easily  shown  that  a  vibration  which  is  rmnaented  in 
direction  and  excursion  by  the  diagmal  of  a  parallelogram  is  the  com- 
pound efiect  of  two  vibrations  of  the  same  duration,  represented  in 
direction  and  excursion  by  the  two  sides  of  the  parallelogram,  if  the 
particles  of  the  component  vibrations  begin  to  describe  the  tides  at  the 
same  instant  as  the  particle  of  the  resultant  vikcition  begins  to  de- 
Bcribe  the  diagonal ;  and  the  same  thingmay  be  shown  ot  the  diagonal 
of  a  parallelopiped  and  its  three  aides.  Hence  any  number  of  vibrations 
of  equal  times  about  any  Unee  drawn  through  one  point  may  each  be 
decomposed  Into  three  in  the  direction  of  tluee  given  axes  passing 
througn  that  point>  and  titoae  in  the  several  axes  may  be  compounded 
together  into  one.  The  studrtit  who  predates  the  umilarity  of  the 
laws  by  which  velocitiea,  pressures,  and  rotationa  an  compounded  and 
deoompoaed,  will  see  that  to  the  list  must  bo  added  vibntiiRiB.  But 
the  only  vibrations  which  bear  the  a^ipUoatkm  of  theee  roles  are  those 
of  equal  duration. 

Let  us  now  suppose  that  any  number  of  vibrations  of  equal  times, 
and  about  the  same  point,  are  reduced  to  three,  in  the  directions  of 
three  axes  of  x,  g,  and  t.  When  a  cos  (  represmts  tbe  distance  of  a 
vibrating  paitibla  from  its  oentn  of  viluntion,  let  the  angle  {  be  called 
the  phaie  of  the  vibration.  If  the  three  vibrations  be  always  in  tho 
same  phase,  the  diagonal  of  the  parallelopiped  described  on  the  three 
excunions  represents  tbe  direction  and  excursion  of  the  resolting 
vibration,  which  ia  simple  and  rectilinear.  But  if  the  simultaneous 
phasee  be  not  the  same,  ao  that  2  =  a  ooe  (»(-f  a),  y=i  oos  (it(-i-j3>, 
t^e  coa  ,(»(  +  T),  rejaesent  the  aimnltaneone  distaooee  in  the  three 
vibrations,  and  also  the  oo.«tlinateB  of  a  point  whbdi  is  aflTected  by 
them  all,  the  particle,  thus  triply  vibrating,  does  not  move  in  a  straf^t 
line,  but  in  an  ellipse.  Let  us  consider  two  vibrations  in  a  plane,  and 
let  A  a  and  b  &  be  their  double  excursions  about  tiu  common  centre  o. 
The  axes  in  the  figure  are  drawn  at  right  angles,  but  any  angle  will 
do  equally  well.  Draw  the  parallelogram  vxtz,  which  always  con- 
tains the  partiole,  and  suppose  that  P  and  T  are  contemporaneous 
positions  in  the  two  vilnatioos,  whenoe  n  is  one  (tf  the  positions  of  the 
particle.  Throng  a  can  be  dnm  two  dlipwa,  having  the  oentn  o, 
and  toaohing  all  the  loor  aidfla  (tf  the  parsUdiognin  wxt&  TJi« 
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psrticle  murt  doacrfbe  one  or  other  of  these  ellipeea :  one  when  r  ftnd 
T  are  both  leaving  the  centre  or  both  returning  to  it ;  the  other  when 
tme  is  leaving  the  cenfae  »nd  one  returning  to  it.  In  the  figure,  and 
■nivoBing  c  s  e  to  be  the  direction  ot  motion.  T  ia  leaving,  and  p 
zetuming  to,  the  centre.  And  if  OKO  be  the  oirde  desoiibedabout 


^^if  elUpw,  and  K  L  x  be  always  perpendicular  to  c  c,  the  law  of  the 
motion  of  the  particle  l  ia  that  u  moves  uniformly  round  the  circle,_or 
E  moves  through  a  simple  vibration.  This  is  exactly  the  law  of  motion 
shown  by  Newton  to  obtain  when  the  particle  l  is  attracted  towarda  0 
by  a  force  whkji  varies  as  ita  distance  from  o;  and  meclianicol  con- 
rideiadons  nu^  einly  be  used  to  eatablish  the  whole  thewem.  If 
the  vibrationa  be  thus  compounded  for  each  pur  of  axes,  three  eUipsea 
are  obtained  on  the  three  co-ordinate  planes,  which  are  tibe  projections 
of  the  ellipse  which  the  particle  describes  in  apace. 

Vfe  may  attempt  to  compound  two  different  vibrations  on  the  same 
line,  that  is,  two  vibrations  of  different  durations.  If  in  the  &ni 
figure  we  suppcwe  the  angular  velocity  of  b  round  to  be  diffwent  from 
that  of  Q  roiuid  o,  ve  see  that  B  deiaribcB  a  troeboidal  ouire,  and 
supposing  such  a  curve  to  be  described  by  uniform  circular  motions, 
Uie  motion  of  the  projectioo  of  B  upon  the  line  of  vibntion  will  Aev 
the  effect  of  the  two  vibrations.  Some  simple  instanoea  may  be  readily 
obtained  from  the  diagrams  in  the  article  cited;  but  an  attempt  at  a 
description  of  the  multifarioua  effect*  even  two  vibrations  would 
baffle  all  human  power  of  elasaifloation. 

We  now  prooeed  to  some  account  of  the  principal  nrtdianieal  con- 
sklerations  connected  with  vibratima.  If  any  system  whatsoerer  be 
dii^tiy  disturbed  from  a  position  ol  stable  equilibrium,  every  particle 
m^es  an  effort  to  return  to  that  positim ;  and  it  can  be  shown  that 
tlw  force  of  restitution  varies  as  the  distanee  from  the  position  of 
equililnium,  so  that  all  the  partieles  perform  either  sim^e  vibrations, 
or  nuitiona  compuunded  of  Miple  vibrations.  If  nt  that  it  is  accurately 
and  gaomatricafiy  true  that  the  fbne  oi  restitution  always  varies  as  the 
distance  from  the  poattioD  of  equilibrium,  but  only  exceedingly  near  to 
it.  The  oonsequeDce  of  the  restitatiTe  foree  is,  that  the  systp-m,  in 
retuniiig  to  its  position  of  equilibrium,  acquires  veloci^,  and  the 
several  partides  pass  through  or  near  to  their  poeitions  of  equilibrium 
with  their  several  Tdodties,untU  the  force  of  restituticm,  which  begins 
to  act  in  a  oontraiy  directum  the  mommt  the  positioii  of  equilibrium 
is  passed, destroyathe  acquired  velod^,  and  cauacathe  perticles  to 
return.  The  same  Tibmocn  is  then  repeated,  or  rather  would  be 
repeated  if  there  were  no  retarding  forces :  as  it  is,  ^e  resistance  of 
the  air,  kc,  oootimially  diminish  the  extent  of  the  vibrations,  until  at 
last  they  become  ins^sible.  But  it  can  be  satisfactorily  shown  that 
these  resistances  have  no  sensible  tendency  to  alter  the  times  of  the 
vibrations;  and  few  persons  are  aware  how  mudi  their  comfort 
dependa  upon  thia  circumstance.  Whenenr  a  aouiul  la  prodoeed.  a 
musical  note  genenlly  accompanies  it ;  the  sound  ia  the  consequence  of 
the  vibrattoDH  excited  in  the  disturbed  system,  and  the  permanency  of 
its  muaical  pitch  is  the  consequence  of  these  vibrations  being  all  made 
in  the  same  time,  or  very  nearly  so.  The  air  does  not  retain  the 
vibrations  communicated  to  it,  but  passes  them  on,  so  to  speak ;  and  it 
is  therefore  an  agent  which  communicates  the  suocessive  vibrations  of 
a  disturbed  body  just  aa  tb^y  an  oommnnicated  to  Uh  If  the  vtbra- 
tions  gradually  slackened  in  their  (met,  as  they  do  in  thefa-  excursions 
from  the  efiect  of  the  resistances,  the  consequence  would  be  that  there 
would  be  no  sustained  notes,  but  every  sound  would  be  a  sliding 
chromatic  descent,  like  the  cry  of  some  animals,  which  are  therefore 
oonndered  very  annoying  neighbours ;  and  most  mu^oal  inatraments 
would  be  rendwed  unus^le. 

There  is  a  ^;inci^e  in  mechanics  whicb  is  called  that  of  the  eeex- 
ittaue  of  vOraHoma,  and  somethnes  the  tHperpitHio*  tf  ribn  l»nf. 


which  seems  to  be  only  a  particular  case  of  what  mi^t  ^^^^'^^^ 
coexistence  or  superposition  of  small  changes  of  any  kmd.  I*  * 
small  vibrations  be  given  to  any  ^tem,  solid  or  fluid,  the  ^urtanoe 
of  any  particle  at  any  one  hiatant,  ariang  from  the  united  elfoct  of  the 
vibrations,  will  be  the  sum  or  diffisrence  of  the  disturbances  arising 
from  the  several  diffwent  vibrations,  according  as  they  are  in  the  same 
or  opposite  directions.  This  is  not  strictly  true  in  My  case,  but  it  is 
very  nearly  true  when  the  vibrations  are  small,  and  the  more 
the  smaller  the  vibrations  are.  For  instance,  two  atones  are  dropped 
into  water  at  two  different  rfaces,  and  at  a  certoi  time,  on  a  certwm 
part  of  the  BUPfkce,  the  resaWng  waves  cross  one  another.  If  thwe  be 
a  particle  which  is  at  the  same  time  raised  on  both  waves,  a  tenth  ot 
an  inch  say,  from  one  only,  and  three-tenths  of  an  indi  from  the  other, 
that  particle  vrill  altogether  be  raised  four-tcntiis  of  an  moh,  or 
insensibly  near  to  it.  Thus  the  effects  of  the  two  waves  travd  without 
any  apparent  interference  with  each  other,  and  the  eye  can  easily 
follow  any  one  wave,  even  though  a  dozen  disturbances  diould  have 
been  exdted  at  the  same  time.  A  handful  of  amall  pebbles  thrown 
into  smooth  water  will  show  the  coexistence  of  the  resulting  waves 
very  satisfactorily ;  and  it  ia  curious  to  observe  how  readily  the  non- 
interference of  the  several  disturbances  is  seen  when  looked  fof. 
readily,  that  it  never  is  looked  for  mdeaa  the  attention  be  ipeeially 
directed  to  it. 

VIBRATIONS  OP  HEAT.   [HE4T.]  ^  ^  ^ 

VICAR  (from  the  Latin  ricortm,  "one  who  discharges  the  functions 
of  another").  The  ori^,  constitution,  and  functions  of  this  class  <A 
ecclesiastical  persons  have  been  already  fuDy  treated  of.  [Bemefice.] 
One  part  of  the  subject  is  alone  omitted  in  that  article,  namely,  the 
dissolution  of  vicarages.  Of  this  it  suffices  to  say  that  rinee  the  ISth^ 
Elizabeth,  c.  10,  the  property  neither  of  a  vicarage  nor  of  any  other 
ecdesiastical  office  can  be  alienated,  and  that  aJthough  a  vicarage  may 
be  dissolved,  as  ab«ady  described,  by  the  vicar  acquiring  all  the  rights 
of  tie  parson,  yet  the  appropriator,  whether  lay  or  ecclemastical,  cannot 
dissolve  the  vicarage  by  alienating  its  property  or  by  neglecting  to 
present  A  vicarage  may  be  dissolved  if  the  pareon  or  appropriatOT 
presents  the  clerk  to  the  benefice,  whether  by  design  or  by  acddnit : 
it  may  also  be  dissolved  and  become  a  poiaonage,  or,  to  speak  techni- 
<»Ily,  disappropriate,  by  the  diaacdution  of  the  oMporation  to  whldi 
the  befiefioe  is  annexed.  Thus  M  a  coIlegB  which  ia  tiie  apprt^tor  of 
a  certain  benefice  Is  dissolved,  the  vicar  becomes  entitled  to  the  great 
tithes,  and  his  vicarage  ia  tbenoeforward  converted  into  a  rectory. 
[Bekei-ice  ;  Tithes.] 
VICAR  APOSTOLIC.  [Catbouo  Chuhoh  (Roman),] 
VICAKAGB.  JVlCAB.] 
VIENNA  LA^.  [CoLOTJKnro  Hattbbb.] 
VIENNA.  TREATY  OF.  [Tbkatikb,  Chbowolooical  Table  or.] 
VILL.  [Town.] 

VILLEIN,  or  VILLAIN,  denotes  a  species  of  bondman  subject  to 
his  feudal  superior.  The  word  is  ftx«n  the  low  Latin  form  FiWanw. 
which  is  from  the  Latin  word  TiHa.  In  England,  during  the  Anglo- 
Saxon  period,  a  largo  part  of  the  people  appear  to  have  beeninasen^e 
condilacni,  dthcr  as  domeatic  slaves  or  cidtivators  of  the  land.  The 
power  of  the  master  among  the  Anglo-Saxons,  though  very  extensive, 
had  some  limits.  If  a  master  beat  out  the  (ye  or  the  tooth  of  his 
slave,  the  slave  was  entitied  to  his  freedom ;  if  he  killed  him,  he  paid 
a  fine  to  the  king,  unless  the  slave  lived  a  day  after  the  wound  was 
hiflicted,  in  which  case  the  offence  was  unpumehed.  Tlie 
Conquest  did  not  materially  alter  the  state  of  shivery  in  England.  The 
lands  were  transferred  to  Herman  masters,  and  the  slaves  passed  as 
part  of  the  property.  After  the  Conquest  there  were  four  classes  of 
slaves  :  1,  Villeins  in  gross,  who  were  the  personal  property  of  their 
lords,  and  performed  the  lowest  household  duties.  They  were  very 
numerous,  and  were  frequently  sold  and  eveu  exported  to  foreign 
oountriefc  (Walsingham, '  Hlrt.  Ang.,"  p.  258.)  2,  ViUems  r««ardant, 
OT  i>ra!dial  slaves,  who  were  attached  to  the  soil,  and  specially  engaged 
in  agriculture.  These  were  in  a  better  eonditi<8i  than  villeiofi  in  gross, 
were  allowed  many  indulgences,  and  even.in  some  cases,  a  Umited  kind 
of  property ;  yet  the  law  held  that  the  person  and  property  of  the 
villein  belonged  entirely  to  his  lord,  the  rule  being  the  same  as  that  in 
the  Roman  law,  that  whatever  was  acquired  through  the  slave  was 
acquired  by  the  lord.  3,  A  class  called  Oottarii  is  mentioned  in  Domes- 
day Book ;  and  4,  in  the  same  book  a  class  called  Bcrdariu  But  the 
first  two  classes  in  fiot  comprised  all  the  villeins. 

The  le^  condition  of  vuleins  ta  the  reign  of  Edward  IV.,  when 
Littleton  wrote  his  Bo6k  of  Tenurea,  appeara  from  that  woA,  Sectiona 
172-208. 

In  England  a  few  instances  of  pnedial  servitude  existed  so  late  as 
the  reigo  of  Elisabeth,  and  perhaps  at  a  stiU  later  period.  (Bwrington, 
'  On  the  Statutes,'  274 ;  Hallam's  '  Middle  Ages,Wol.  i)  In  some  parts 
of  France  it  existed  down  to  the  time  of  the  Bevolution.  [Slavibt.] 
(Bracton ;  Littieton ;  Coke'a  Pint  InH. ;  Reevw,  JKrt.  of  Bngluh 
Law;  Blackstone's  0-mnuntana.) 

VILLEINAGE  was  a  base  tenure  of  land.  Thia  tenure  was  founded 
on  the  servile  state  of  the  occupiers  of  the  soil  [VnxEHi],  who  were 
allowed  to  hold  portions  of  hind  at  the  vrill  of  their  kwd^  emdition 
of  performing  bcae  and  menial  services.  Where  the  aervioe  was  base 
in  its  nature,  and  unootain  aa  to  time  and  quantity,  the  tenure  was 
called  pure  vilioiuage ;  but  where  the  aervioe,  thoogh  base,  wm  certain 
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nd  deflnod,  it  wu  twined  privilcgBd  viUeioagi^  and  lonwtimu  viUeui- 
■oowa 

ViUeiaage  is  genenlly  suppoMd  to  be  the  cnrigin  of  oopyhold  tcouir*. 
[Copyhold;  EnriujraHitBiiEliT.] 

VINCULUM,  A  name  given  in  algebm  to  the  line,  braofceto,  poren- 
theeai,  or  other  STmbol,  by  whiob  vuiouB  terms  are  compounded  into 
one,  or  supposed  to  be  lo  compounded,  in  order  that  the  result  may  be 
lutflMr  operated  on.    As  in— 

a+  b  +  ex  ,  {a  +  b  +  e)x  ,  {a  +  6  +  «}  «  ,  to., 

which  are,  by  the  vinoolum,  prereoted  from  bung  etnifoiuidil  with 

o+b+ex. 

VINE.  [VntETABD.] 

VINEQiJl.  MEDICAL  USE  OF.  [Aoxnc  Aom.} 
TiNEQAB-MAKma.  VinegNr  is  a  dUuta  aoatte  aoid  obtained  by 
the  tIqous  farmantaition.  [IteuHTATioii.]  In  oountries  n^ch  pro- 
duce wine,  TioMBTi  u  its  aams  imports,  is  obtained  from  the  acetous 
fenneutation  ok  wine ;  but  in  this  country  it  is  usually  procured  fnun 
malt,  and  the  prooesH  employed  resembles  the  first  sta^  of  the  brewers 
operations.  [BRBWUra.  J  The  malt  is  ground  and  mashed  with  hot 
water.  The  wor^  after  being  oooled,  is  transferred  to  the  fermenting 
tun,  where,  fay  the  additi<m  of  yeast,  it  undergoes  the  aoetousfennenta- 
tion ;  and  when  this  ia  over,  the  liquor  is  transferred  to  small  vessels, 
whidi  sre  warm  by  means  of  a  stove  ;  in  this  it  remains  for  a 
shorter  or  longer  period,  according  to  the  temperature  of  the  stove  and 
the  strength  of  uie  liquor.  The  process  of  acetification  is  ossisted  by 
introducing  into  the  casks  with  the  wort  what  is  called  rape,  the 
residuary  fruit  which  has  served  for  making  domestic  wines,  or  hsa 
baea  preaarvad  by  tha  vmogar-makar  from  one  process  to  another  in 
bis  own  fiustoiy.  The  use  <n  the  rape  is  to  act  as  an  aoetoua  fnmeat, 
and  thus  induce  sourness  in  the  wash,  it  being  well  impr^noted  with 
vinegar  and  continually  kept  sour.  Acetification  is  sometimes  carried 
on  by  transferring  the  wort,  after  it  has  undergone  the  vinous  fer- 
meatati<m,  into  ca^,  the  bun^olaa  of  which  are  left  open  and  loosely 
covered  with  tiles ;  the  casks  are  then  expoeed  for  a  long  time  to  the 
air.  But  the  usa  of  stoves  has  greatly  superaedad  thia  mode,  and  has 
abridged  the  ^e  of  operation  and  renoered  it  leas  liable  to  failure. 
The  vinegar,  after  it  has  reached  its  greatest  degree  of  sourness,  is 
rendered  oiear  and  fit  for  use  either  by  subsidence  or  the  employment 
of  isin^ass.  The  manufacturer  is  allowed  by  act  of  parliament  to  mix 
^  of  its  weight  of  sulphuric  acid  with  vinegar ;  and  what  is  tenned 
by  the  Excise  proof  viaegar  contains  6  per  cent,  of  real  acetic  acid. 

Vin^^  may  be  prepared  in  smi^  quantities  from  the  (^mentation 
of  a  solution  sugsr  mixed  with  yeast ;  or  it  nuy  be  obtained  by  the 
fermentation  oi  various  frolta :  thus^  the  jnioa  of  ^ood  apples  oontaine 
a  auflBoiency  of  sugar  to  afford  tolwably  good  vm^ar  without  any 
addition. 

In  IVance,  vin^ar  is  made  fritm  poor  wine,  and  thm  are  two  kinds : 
the  white,  piepared  from  white  wine ;  and  tha  red,  by  the  acetification 
of  the  red  wwe.  These  are  finer  ^voured  and  somewhat  stronger 
than  the  malt-vinegar  of  this  country,  . 

Vinegar-works  in  this  counti^  are  but  few  in  number ;  they  require 
a  hove  amount  of  "spaoe  and  the  investment  of  much  capttaL  There 
are  about  hijf-a-dozen  of  them  in  the  metropolis.  At  most  of  those  in 
this  country,  as  has  been  said,  malt  is  the  kind  of  grain  employed; 
but  the  vinegar-maker  holds  himself  free  to  the  use  of  unmalted  grun, 
if  price  and  other  drcumstanoes  should  render  it  deurable,  or  saccha- 
rine substances  instead  of  gnun.  From  whatever  subetancas  the  gyle 
is  produced,  the  cQuveraitm  of  it  Into  vinegar  ii  managed  nearly  in  the 
same  way.  Where  the  reyx  is  not  to  be  procured  eanly,  the  vinegar- 
maker  uses  wood-shavings,  stnw,  or  even  tanners'  spent  bark;  but 
the  rape  ia  so  f or  preferable,  that  a  large  expenditure  is  sometimes 
incurred  to  obtain  a  sufiicient  quantity :  henoe  the  advantage  of  carry- 
ing on  the  "  British  wine  "  manufacture  and  the  vinegar  manufacture 
in  the  same  eetaUishment  (which  is  sometimes  done) ;  refuse  ru«n- 
stalks  and  skins  result  from  the  making  of  raisin-wine.  Vinegar  is 
known  by  certain  numbers,  such  as  Nos.  18,  20,  22,  and  S4 ;  these 
originally  represented,  it  is  supposed,  the  number  of  pence  per  gallon 
at  which  the  vinegar  was  sold;  and  although  tha  price  no  longer 
agrees  with  the  uumbera,  they  h«ve  been  retained  as  designations  fw 
different  kinds  or  stnngtha  of  vinegar.  The  quantity  made  in  tha 
United  Kingdom  is  not  now  known ;  some  yeara  ago  it  was  about 
8,000/}00  gaUons  annually. 

It  may  be  well  to  remark  that,  in  oountiy  distiieta,  much  viuc^, 
but  of  inferior  quality  and  insipid  flavour,  is  made  b^  tha  aid  of  the 
singular  substance  known  as  the  vinegar-ptatU.  This  substance  is 
rather  a  soum  than  a  [dant.  In  Stafibrdahire,  a  vinew-plant  is  thus 
produced  : — ^About  a  quarter  of  a  pound  of  sugar  and  half  a  pound  of 
treacle  are  put  into  three  quarts  of  water ;  the  solntioi  is  smunered, 
poured  into  a  jar,  covered  up,  and  kept  in  a  warm  corner  for  six  weeks : 
an  inferior  kind  of  vin^ar  is  formed,  and  on  the  top  of  it  is  a  acum,  with 
very  much  the  appearance  of  tripe,  constituting  the  so-called  vinegar- 
plant.  Vine^^r  can  thus  be  made  from  a  sweet  liquor  alone ;  but 
when  a  vinegar-plant  is  once  produced,  it  greaUy  quickens  the  process 
of  vinegar-making,  without  materially  altering  the  proportions  of  the 
other  iogredients.  A  gallon  of  vin^ar  is  thus  made  at  a  cost  <^  about 
sixpenea.  During  the  joticeaa  the  vin^iar-plant  thickens,  by  the 
formation  of  a  new  layer  on  tiw  nndor  atir£MW  j  the  into  li^yaa  mi^ 


aauly  be  separated,  and  eaidi  irill  be  available  tot  a  fmrtiiar  prooeaa  of 
vinegarmakiog,  and  tiiis  three  or  four  times  ovw.  The  substance  is  a 
kind  of  fungus,  whitish  in  colour,  semi-tnmsparent,  jelly-like,  and 
sometimes  an  Inch  In  thinlrnAWf,  ta  some  country  places  strong 
pickling-vinegar  is  made  by  cottage,  by  mixing  cowshp  flowers  and 
stalks  with  sugar  and  water,  adding  a  little  yeast,  closing  it  np,  and 
allowing  it  to  remain  in  a  warm  place  for  several  weeks. 

VINBTABD.  Tha  vine  only  thrives  in  particular  climates,  whsn 
tixe  autumns  are  not  excessively  hot,  nor  the  springs  subject  to  late 
frosts.  It  has  been  observed  in  France,  that  the  line  which  maiks  the 
northern  boundary  of  the  vineyards  ia  not  puallel  to  any  eirole  of 
latitude ;  but  that  it  lies  obliquely,  advancing  more  to  the  north  on 
the  eastern  boundary  of  the  counti^  than  on  the  vreetem.  It  seems 
to  depend  more  on  the  nature  of  the  climate  in  spring  and  autumn, 
than  in  lummer  and  winter.  A  hard  froafe  at  l£a  time  the  sw  la 
quiesctait  has  BO  bad  effort  on  the  vine,  bat  rattier  the  contrary;  while 
a  late  froat  in  spring  dis^ipoints  all  the  hopes  of  the  vine-grower. 
There  was  a  time  when  the  vine  was  cultivated  iq  England  for  tlia 
purpose  of  making  wine ;  but  whether  the  dimate  is  altered,  or  the 
foreign  wiaas  have  superseded  the  sour  home-made  wines,  no  one  now 
attempts  to  cultivate  the  vine  exoept  for  tha  purpose  of  obtuniiu 
grapes  ios  the  taUe,  and  the  mode  of  oultivation  ia  a  hramdi  vi  horti* 
otdture. 

It  may  however  be  interesting  to  know  how  the  vine  is  cultivated  in 
the  countries  which  produce  good  wine ;  of  which  Fnnee  is  mie  of  the 
principal  and  nearest  in  dimiAe  to  England.  The  vine  grows  best  in 
a  soil  where  few  other  shrubs  or  planta  would  thrive,  and  it  seems  a 
wiae  distribution  of  Providence,  that  where  there  is  the  bast  soil  for 
wiM^  thm  it  is  the  worst  for  wheat,  and  «•»  venA.  The  vine  "^H'ghtT 
in  a  da^  looae  rocky  soil,  where  ita  too(b  oan  panetnte  dacto  mto 
fissures,  so  as  to  insure  a  supidy  of  moisture  when  the  snrnea  is 
Boorcbed  by  the  sun's  rays.  On  tiie  steep  slopes  of  hills  towards  tlw 
south  and  sheltered  from  the  north-east,  the  grapes  attain  the  greatest 
maturity,  and  the  vintage  is  moat  certain.  So  great  an  infiuenoe  has  a 
favourable  exposure,  that  in  the  same  vin<iyard  the  greatest  difiercooa 
exists  between  the  wine  made  from  one  part  and  that  made  from 
another,  merely  becauae  there  ia  a  torn  round  the  hill,  and  the  aapeofe 
varies  a  very  few  degraea.  A  change  of  soil  produces  a  similar  affecL 
The  famous  Bhine  wine  cidled  Johaimisberg,  when  made  from  the 
grates  which  grow  near  the  castle,  is  worth  twice  as  much  as  that 
made  a  few  hundred  yards  farther  o£  Here  both  soil  and  aspect 
change.  The  &ot  de  Yougeau,  which  produces  the  finest  Burgundy, 
is  confined  to  a  few  aarM ;  b^jrmid  a  oertain  wall  the  wine  ia  a  oommon 
Burgundy,  good,  but  without  esttwrdinary  merit. 

The  bwt  vineyards  in  Europe  formerly  belonged  to  monaateries,  and 
the  quality  was  then  thought  of  mora  importance  than  the  quanti^ : 
of  late  the  demands  of  commerce  have  made  the  quantity  the  princrpsl 
object ;  and  to  thia  the  quality  is  frequenGy  sacrificed. 

When  a  vine  is  first  establislwd  on  ai^  tipot  "vrhen  none  grew  before, 
the  first  thin^  ia  to  pr«ara  the  nonnd  for  planting.  In  st«^  pbwaa, 
where  the  ami  migjtt  be  csrrisd  aws|r  by  rains  m  winter  or  tpiiagt 
terraces  are  formed  by  building  massive  atone  wails  along  the  slope^ 
and  levelling  the  scnl  behind  th«n.  The  walls  serve  to  reflect  the  hnt^ 
and  form  a  shelter  to  the  vine  Mom.  Thus  a  wboAe  hill  is  sometimea 
covered  vrith  tetnces  from  top  to  bottom,  and  then  the  wine  is  geoa- 
TwUj  good,  if  the  exposure  be  favourable.  Limestone,  gravel,  or  ooane 
sand,  with  a  email  mixture  of  day,  forma  a  good  soil  for  a  vhw ;  vaga- 
table  substances  alone  should  be  used  to  enrich  it,  sudi  as  tha  leaves 
and  twdrils  of  the  vine,  the  residue  of  the  grape  when  pressed,  and, 
failing  these,  the  leaves  of  trees  collected  when  green,  and  formed  into 
a  compost  with  earth.  The  ground  should  be  wdl  trenched,  if  it  will 
admit  of  it,  or  loosened  with  the  mattock  and  pickaxe.  The  diflbrent 
parte  of  the  soil  should  be  intimately  mixed,  keeping  some  fine  earth 
or  soil  a*  top  to  sat  the  pbata  in.  When  the  ground  is  prqiared, 
holes  are  dug  in  rows  four  or  five  feet  wide,  at  the  same  distsnoe  from 
each  other,  so  as  to  alternate ;  some  of  the  finest  of  the  soil  is  put  into 
each  hole,  and  tite  vine-plants,  vriuch  have  been  rooted  in  a  nuraery,  or 
else  simple  cuttings,  are  carefully  inserted,  pressing  the  mould  round 
the  roots  and  levelling  the  earth  round  them.  Booted  plants  will  bear 
the  second  or  third  year,  but  cnttinga  take  a  much  longer  time.  The 
wauaa  fw  pUndng  Is  during  tha  wntter,  vrtun  the  weather  ia  open. 
If  onttingi  are  uaed,  they  are  taiken  off  the  vine  m  which  they  grew 
at  the  unial  time  of  pruning  after  the  vintage;  a  jneoe  of  tite  pre* 
ceding  year's  wood  is  l^  on  the  cutting,  snd  when  it  is  planted,  the  end 
where  the  old  wood  is  left  is  bent  twisted  to  facilitate  its  striking : 
three  or  four  eyes  are  buried,  so  that  the  end  ia  a  foot  at  least  under 
ground.  If  the  plant  is  already  rooted,  care  is  taken  not  to  wound  or 
bend  the  roots,  but  to  spread  them  out  and  cover  them  with  monkL 
During  all  the  time  that  the  vine  is  growing,  the  ground  must  be 
regulariy  cultivated  and  kept  perfeetiy  dear  of  all  weeds.  The  usual 
instrumeoit  of  tillage  in  stony  and  rooky  sdls  is  a  two-pronged  foric 
fixed  in  a  short  handle,  at  an  an^  less  than  a  right  angle  with  the 
prongs,  vduch  ate  a  foot  bng,  and  very  strong,  like  a  double  pickaxe  (see 
figure,  col.  631).  This  is  struck  into  ute  ground  and  then  drawn  towuds 
the  workman,  while  the  handle  is  lifted,  which  acts  aa  a  lever  in  rainng 
the  soil.  The  roots  are  by  this  means  enabled  to  spread  through  the 
soil  in  search  of  nud^uxe  and  food.  The  next  year  it  is  osual  to  prune 
the  young  vine  down  to  one  or  at  most  two  eyes  or  buds;  but  some 
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ex|)erienced  Tine-dreMers  recommend  deferring  Uiis  openitioa  to  the 
aeoond  yeer,  by  whiofa  amiou^  the  vine  will  not  be  ao  formtrd  in 


fmiting,  it  will  be  mneli  itnngUieDed,  ud  fallj  npi^  fhe  i^ipvent 
loM  of  time  in  the  end. 

In  the  third  fear  the  vine  is  trtuned,  that  is,  the  shoots  are  tied  to 
upright  itakee  plan  ted  at  each  root,  or  th^  are  laid  in  an  arch  and  tied 
fnxn  one  root  to  another  along  the  grmnd.  In  southern  ctimatee 
tireea  are  planted  at  a  certain  distaiioe  from  eaoh  other,  and  the  vine, 
^nted  at  their  foot,  ia  allowed  to  mn  up  their  branchea,  from  which 
it  ia  led  in  featoona  from  tree  to  tne,  while  the  head  and  branchea  of 
the  tree  are  out  oS  to  prevent  too  much  shade.  This  is  by  &r  the 
moat  elegant  mode  of  ttatning  the  vine;  but  is  Ftanoe  the  stakes  and 
the  low  training  are  the  only  methods  suitable  to  the  climate.  The 
pruning  k  generally  done  in  the  beginning  of  winto-. 

When  vineyards  are  established  in  the  pUtna,  where  sometimes,  aa 
thoae  of  Medoo,  they  produce  venr  good  wine,  the  intervab  between 
the  plants  can  be  etirred  by  the  juoi^,  al^ongh  foAing  and  digging 
by  hand  is  more  common ;  hoeing  ia  aa  neceseary  in  a  vineyard  to 
destroy  weeds  as  it  is  in  a  field  of  turnips  or  any  oUier  crop  eown  in 
rows.  Wherever  a  vintyanl  ia  overrun  with  weeds,  you  may  be  sure 
that  t^ere  ia  no  good  wine,  and  much  poverfy  in  tiw  prcptietor.  The 
pruning  of  a  vine  in  bearing,  the  object  of  which  ia  to  jwoduoe  much 
iniit  without  weakening  the  [dant,  can  only  be  learnt  by  experience 
and  practice ;  much  of  the  succeaa  of  a  vineyard  depends  on  this 
operation.  In  the  beet  vineyards  no  manure  is  used,  except  that  wUch 
we  mentioned  before,  of  leave*  and  tendrils;  but  some  soils  require  to 
be  reoniited,  and  wiUiout  manure  would  produce  littie  or  no  wine.  In 
tldfl  caw  there  ia  no  alteniative,  and  oompoais  muat  be  fonned,  aa  is 
done  in  common  oultivatioD,  with  animal  and  vegetable  substances 
mixed  and  daoompoaed.  Manure  from  ilie  oow-bouse  should  be  mixed 
with  virgin  earth  from  pastures  and  meadows,  and  laid  is  small  heaps 
in  the  intervals  between  the  rows.  It  may  be  left  a  little  while,  if  it 
have  any  rank  smell,  and  then  forked  in  round  the  roota ;  the  more  it  is 
decomposed  better.  Many  a  vineyard  has  lost  its  reputation  after 
having  been  abmMla&tly  manured.  The  Johanniabetg  was  much 
rednoed  in  vaKie,  after  having  been  dunged,  while  in  Uie  possession  of 
General  Eellennan. 

After  a  certain  time,  which  differs  in  difforent  situalaons,  the  vine 
becomes  less  productive  from  the  exhaustion  of  the  soil,  as  is  the  cose 
when  l^e  same  crops  are  repeatedly  eown  in  the  same  ground  :  this 
depends  on  the  depth  of  tiw  soils.  All  perainial  plants  shoot  out  their 
roots  futhsr  and  brtbar  even  year  in  seandi  of  fresh  earth,  and  it  is 
hrtblamaana  that  treeafloutuhfra'aloDg  time  (HI  the  aanw  spot;  bnt 
if  the  roots  are  prevented  from  spreading,  or,  the  phuits  being  too 
oowded,  their  roots  interfere,  a  diminution  of  vigour  is  the  con- 
sequenoe.  So  it  ia  with  the  vine.  In  some  situations,  where  the  rxxrta 
strike  in  crevices  of  rocks  in  which  rich  earth  has  accumulated,  the 
vmes  will  continue  in  vigour  for  many  years ;  but  where  their  progress 
is  arrested  by  a  solid  rook  or  snbstrattun,  they  «iU  ia  time  show  signs 
of  exhaustion.  In  this  caae  the  remedy  is  the  same  as  for  laud  bearing 
com.  A  fallow,  or  rest,  as  it  is  usually  called,  is  necessary,  together 
with  the  addition  of  such  manurea  as  shall  restore  Hbo  lost  fertility. 
For  thia  purpose  a  portion  of  the  oldest  roots  are  dug  up  every  year, 
and  the  ground  trenched  or  loosened  two  feet  deep  or  more  with  the 
mattock,  to  expose  it  to  the  infltwnoe  of  the  atmosphere.  A  oompost 
ia  prepared  with  aoda  taken  from  psstnres,  or  am  virgin  earth  which 
can  beiNXKmred;  this  Is  mixed  with  snne  lime  and  tamed  over  several 
tunes,  to  rot  all  the  roota  and  gtaaa  which  may  be  in  i^  and  to  make 
it  a  uniform  and  rich  mould.  Holea  are  now  mada,  exactly  as  when  a 
new  vine  is  t)hmtod,  and  in  eaoh  of  them  a  basket  or  barrowful  of  earth 
la  thrown;  in  this  the  new  plants  or  cuttings  are  planted  to  produce 
Mw  Vines  m  due  time :  thus  the  vincTard  is  graduaUy  iraovated. 
The  pn^rtion  thus  followed  every  year  dep^da  on  the  natural 
duratimi  of  the  vine  is  tiiat  partienlar  aitnaUon.  In  inferior  soils  one- 
seventh  u  thus  renewed  every  year,  m  aome  a  twmtnth  part  is  suffi- 
cient, and  there  are  vineyards  which  have  never  been  renewed  in  the 
momoiy  of  the  preaeat  generation,  but  these  are  few  in  proportion  to 
thereat 

Vineyards  for  aavaral  years  past,  and  in  almost  every  country,  have 
been  sutqeot  to  atitaoks  of  the  Outmm  TKcttri,  a  detractive  fungus  that 
haste  many  cases  entitaly  ruined  the  vineyards.  Ko  perfestiamedy 
baa  been  yet  found  for  the  attacks  of  thia  fungus,  but  the  mmt 
succwsful  hitherto  has  been  the  sprinkling  oi  the  idanta  with  powdered 
sulphur.   [Vms,  in  Nat.  Hist.  Div.l 

VINIC  ALCOHOL.   [Alcohol.]  . 

VINOUS  FERMENTATION.   (The  process  by  which  sugar,  in  the 

presrace  of  yeast,  iatianifuiQeduito  alcohol  and  carbonic  acid.  TFer- 
USBt.j 


VIOL,  an  ancient  musical  instrument,  which  is  traced  back  a^  far  as 
the  8th  century,  and  may  be  oonsidered  as  the  parent  of  all  modem 
instrummta  of  the  violin  family. 

The  Viol  was  a  fretted  instoument,  of  three  amte— -treUe,  tenor,  and 
base,  each  furnished  with  six  strings,  and  played  on  1^  a  bow.  The 
Treble  Viol  was  rather  larger  than  our  violin,  and  the  music  for  it  was 
written  in  the  treble  clef.  The  Tenor  Viol  was  in  length  and  brendtli 
about  the  siise  of  the  modem  viola,  but  thicker  in  the  body,  and  its 
notation  was  in  the  aopTana  or  C  clef.  The  Base  Vi<d  acarody  diflfered 
in  dimensions  from  our  viokmcdlo :  the  music  for  it  was  written  in 
the  base  clef. 

"  Concerts  of  viols,"  says  Sir  J.  Hawkins  (iv.  339),  "  were  the  usual 
entertainmenta  after  the  practice  of  singing  madrigals  grew  into  disuse ; 
and  these  latter  (that  is,  viols)  were  so  totally  excluded  by  the  intro- 
duction of  the  violin,  tliat  at  the  b^inning  of  the  18th  century  Dr 
Tudway  was  but  just  able  to  give,  in  a  letter  to  his  sm,  a  description 
of  a  Chest  of  Viols.  He  tells  us  that  it '  was  a  large  hutch  with  seve- 
ral apartments  aod  partitions  in  it,  each  lined  with  green  baixe.  Every 
instrument  was  sized  in  bigness  according  to  the  part  played  upon  it ; 
the  least  size  played  the  treble  part,'  Ac.  The  humorous  Thomas 
Mace,  of  Camlnidge,  in  his  '  Music's  Monument '  (p,  245),  says, '  Your 
beat  provision  (and  most  complete)  will  be  a  good  chest  of  viols,  idx  in 
number,  namely,  two  bases,  two  tenors,  and  two  trebles,  all  truly  and 
[»xw>rti«iab)y  suitsd.  Ot  thess  tiie  hig^ust  in  esteem  srs  hj  Bollea 
and  Ross  (<me  bass  of  Bdlea'  I  have  known  valued  at  lOOf).  These 
were  old ;  but  we  have  now  very  excellent  workmen,  n^o  (no  doubt) 
can  work  as  well.' " 

VIOL  DA  OAMBA  (or  properly,  Viola  di  Oamma),  that  is,  the 
Uff-viol,  so  called  from  lieing  held  t>etween  the  1^,  was  the  last 
survivor  of  the  family  of  viols,  and  did  not  entirely  foil  into  disuse  till 
the  latter  part  ot  the  ISth  century.  In  form  and  dimenaiona  it  re- 
sembled  the  modem  vidoncello,  bnt  had  six  stringL  The  tone  was 
nasal  and  disagreeable,  and  the  instrument  is  ao  thoroughly  supplanted 
by  the  violommlo,  that  in  all  likelihood  its  restoration  will  never  be 
attempted. 

VIOLA,  or  TENOR-VIOLIN,  a  larger^  kind  of  vioHn,  to  which  the 
part  between  the  sectrnd  violin  and  base  is  assigned.  It  has  four  gut 
attings,  the  two  lowest  oovsred  with  nlver  wire,  which  are  tuned  d, 
o,  and  0,  aa  octave  above  the  violoncello ;  or 


VIOLA  ODORATA,  Medical  Propertia  of.  Though  every  part  of 
the  sweet-scented  violet  possesses  some  property  which  renders  it 
useful,  it  ia  chiefly  the  quiUities  of  the  flower  which  entitle  it  to 
notice  here.  The  petals  posaoss  a  at^our  and  aa  odour  which  render 
them  useful.  The  former  Mrves  as  a  diemical  teat,  iht  latter  recom- 
mends the  preparations  to  the  sense  of  smell  by  ita  pleasantness.  It  is 
not  always  innocuous,  as  very  sensitive  persons  have  sunk  under  its 
inBueuce.  Violets  should  not  be  kept  daring  the  night  in  sleeping- 
rooms. 

The  petals  may  eitbw  be  emidoyed  fresh  to  form  a  ^nip,  or  pre- 
served dry,  and  used  when  required.  The  drying  muat  be  oarefuUy 
performed,  to  preeervo  the  colour,  and  afterwards  ke^  in  tlra  dark, 

either  in  fangs  of  thick  brown  paper,  or  bottles  lined  with  paper.  The 
syrup  is  used  more  as  a  chemical  test,  to  show  by  the  action  on  its 
colour  the  presence  or  absence  of  acids  or  allcalies,  than  as  a  medicine. 
It  ought,  for  either  purpose,  to  be  perfectly  pure ;  but  few  things  are 
more  sophisticated.  Its  medical  properties  m  alight,  if  any.  it  is 
reputed  to  be  a  mild,  Bale  laxativ8>  mixed  with  almond-oil,  for  oven  the 
youngest  children. 

The  seeds  are  demulcent,  and  they,  as  well  as  the  leaves,  are  emollient, 
from  the  mucilage  they  contain.  They  are  both  used  for  fomentations 
and  cataplasms.  The  root  is  emetic  and  purgativa  It  contains  an 
alkaloid  termed  FtoMno.  This  resembles  Kmetina,  and  can  be  used 
like  it. 

Viola  tricolor,  or  Pansy,  ia  recommeaided  in  the  ddn  diaease  of 
children  called  Orudalaelea,  or  Ponirjo  lamdia.  It  oommnnieatea.  as 
does  a  Spanish  sweetmeat  or  preserve,  a  peculiar  odour  to  the  secretion 
fr^m  the  kidneys.  The  occurrence  of  this  odour  is  therefore  no  crite- 
rion of  a  bffliefidal  action  over  tiie  disease.  Viola  pnmtJafolia,  Linn., 
V.  ovaia,  Rafinisque,  is  reputed  good  against  the  bite  of  tile  ratUesnake. 

/onfcfutm  /pecoeuottAa  ia  the  emetic  of  Brazil,  while  Imidiun  micro. 
j>A.]|tSiim,  of  Quito,  is  moat  useful  in  JZepAaMfiana; 

VIOLET.  The  botanical  cbaraoteFS  are  ^ven  in  the  Nat.  Hibt. 
Biv.,  under  Viola  ;  but  there  are  many  varieties.  There  are  hardly 
any  species  of  violet  that  do  not  deserve  cultivation  on  account  of 
their  beauty;  but  the  varieties  of  odorata,  the  sweet-scented  species, 
and  tricclvr  [Pahst],  are  the  chief  favourites.  They  are  all  readily 
raised  by  seeds,  or  by  parting  the  roots.  The  annuals  may  be  sown  ou 
the  open  border  or  on  rookwork ;  the  perennials,  on  a  mixture  of  loam, 
peat,  and  plen^  of  sand.  The  dirubby  kinds  are  beetpn^iagated  by 
cuttings,  and  the  herbaceous  by  dividing  the  roots.  The  Neapolitan 
violet,  which  is  white,  is  somewhat  more  dilHciilt  to  raise  in  this 
country.  The  best  way  is,  in  May,  after  they  have  done  flowering,  to 
sift  some  light  soil  over  the  plants  to  the  depth  of  a  couple  of  inches, 
in  order  to  prumote  the  production  of  rannars,  but  leaving  aa  mucih  of 
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the  foliage  as  possible  exposed  to  the  air.  la  about  ux  vceka  the 
mnners  have  formed  roots.  Then  take  up  the  old  nlauts  and  select 
the  best  runners.  These  are  to  be  planted  in  a  bed  formed  of  two 
parts  of  turfy  loam  and  one  part  of  leaf  mould,  placed  so  as  to  be 
shaded  by  trees,  but  veil  exposed  to  tiie  air.  A  trench  is  to  be  mads 
}jy  removing  Uie  soil  to  a  depth  of  about  four  inches,  which  is  to  be 
fiUed  up  to  a  levd  with  leaf  mould,  over  which  the  removed  soil  is  to 
be  placed.  Upon  this  the  runners  are  to  be  planted,  at  distances  of 
about  four  inches,  the  rows  being  at  least  seven  inches  apart  They 
ore  then  to  be  well  watered,  and  the  watering  repeated  frequently 
during  the  summer  months.  In  September  they  will  have  become 
strong  eoongb  to  be  removed,  mth  good  bulbs  at  their  roots,  and  may 
be  transplanted  to  frames  under  glass,  well  watered  and  shaded  from 
the  sun,  fur  about  a  vf&ik,  when  they  will  have  rooted  well  again,  and 
may  be  freely  exposed  to  Uie  air.  By  October  th^  will  be  in  bk>om, 
and  will  continue  flowering  Ull  May. 

VIOLET  SAUNDERS.   [Colocbihq  MArranB.] 

VIOLIN.  The  colouring  matter  of  violets.  Its  oompositioa  is 
unknown.  This  name  has  also  recently  been  i{i|died  to  one  of  the 
numerous  and  beautiful  colouring  matters  derived  from  aniline.  Dr. 
David  Pxim  prepares  this  colour  by  heating  an  aqueous  liquid  eon- 
ttining  two  equivalents  of  sulphuric  acid  and  one  equivalent  of  aniline 
to  tbe  boiling  point,  and  then  adding  one  equivalent  of  binoxide  of 
lend,  boiling  the  mixture  for  some  time  and  then  filtering  it  whUat  hot. 
The  filtrate  is  of  a  dark  purple  hue,  is  boiled  with  potaah  both  to 
BL'jiante  the  excess  of  aniiine  and  also  to  predpitate  the  colouring 
matter.  When  all  the  free  aniline  is  volaiiUsed  the  residue  is  thrown 
on  a  filter  and  slightiy  washed  with  water,  and  then  dissolved  in  a 
dilute  solution  of  tartaric  acid.  This  solution  after  filtration  is  evapo- 
rated to  a  small  bulk,  re-filtered,  and  then  precipitated  by  means  of  on 
alkdi.  .  Thus  obtained  violin  presents  itself  as  a  blackish  purple  powder, 
which,  when  dissolved  in  alcohol  and  evaporated  to  dryness,  appears  as 
a  Initdfi,  bronze-coloured  sabBtuio&  aimuar  to  aniline  purple,  but  pos- 
sessing B  more  coppery  reflection.  It  U  neu-ly  insoluble  in  water,  very 
soluble  in  aloohol,  and'  insoluble  in  ether  and  hydrocarbons.  These 
solutions  poesees  a  colour  somewhat  simUar  to  that  of  the  field  violet. 
Concentrated  sulphuric  acid  disaolves  it,  forming  a  green  solution,  but 
escess  of  water  restores  it  to  its  original  colour.  Reducing  agents 
deprive  it  of  fts  colour,  which  is,  however,  restored  by  the  action  of 
the  atmosphere.   Tannin  produces  an  insoluble  oonipound  with  it. 

VIOLllr  ( TioHno,  It,  a  malt  vioti,  a  musical  inetrumeot  known,  in 
som9  shape,  as  used  with  a  bow,  in  nearly  all  parts  of  the  world,  is  by 
many  antiquaries  believed  to  have  existed  in  very  remote  times.  Be 
that,  as  it  may,  ^e  Abb^  le  Beuf  has  produced  a  strong  proof  that  the 
violin— or  perhaps  rebec  [Rebzc]— acted  on  by  a  bow,  was  known 
in  France  during  the  8th  centiuy,  and  thus  has  left  little  if  any  doubt 
of  the  use  of  the  insbiunent  from  t^t  period,  however  uncertain  we 
may  be  as  to  its  previous  existence.  The  Welsh  oruth,  or  crwth,  or 
crowd,  whidi  pretmds  to  great  an^quity,  seems  originally  to  luve 
partaken  more  of  Uie  form  and  ehoracterof  the  harp  thui  of  the  violin. 
The  cruth  of  a  later  period  was,  however,  certainly  a  violin,  with 
gut  strings,  and  played  on  by  a  bow.    (See  '  Hudibras,'  I.  ii.  106.) 

The  modem  violin  has  four  gut  strings,  the  last,  or  lowest,  covered 
with  silver-wire.   These  are  tuned  in  SthSi,  ^  a,  d,  o ;  or. 


M.  Baillot,  one  of  the  finest  modem  performers,  in  his '  M^thode '  for 
the  violin,  adopted  by  the  Conservatoire  de  Musk^ue,  sa^s  that  the 
fn>mpas8  of  the  violin  exceeds  three  ootaves.  Supposing  thu  to  dgnify 
three  octaves  and  a  half,  the  legitimate  extent  of  the  mstrument  will 
bo  from  o,  tihe  fourth  space  in  tixe  base,  to  the  octave  above  the  second 
added  line  in  the  treble.  But  we  cannot  refrain  from  expressing  our 
wish  that  violinists  would  confine  tiiemselves  within  a  more  limited 
compass.  The  highest  sounds  of  the  instrument  are  disagreeable  to 
most  ears ;  are  often  harsh,  and  almost  always  squeaking ;  and  though 
they  display  a  kind  of  mechanical  i^ill  in  the  peifinmer,  they,  in  most 
iniitances,  betray  his  vanity  and  want  of  true  taste. 

When  complete,  says  M.  Otto  (instrument-maker  to  Ibe  court  of 
Weimar),  in  his '  Treatise  on  the  C^>nfitruc1ion,  &c.  of  tiie  Violin,'  this 
instrument  consists  of  fifty-eight  difierent  parts,  or  pieces :  but  such 
small  divisions  are  not  indispensably  necessary,  for  in  many  instru- 
ments of  a  cheap  description  the  parts  are  not  so  minutely  divided. 
"  Tlie  wood  is  generally  of  three  sorts.  The  back,  neck,  sidM,  and 
drdcB  are  of  sycamore :  the  beUy,  baea-bor,  sound-pott,  and  rix  blocks, 
of  deal ;  the  finger-board  and  tau-pieoe  of  ebony."  Ttie  finest  viol  ins 
now  in  use  were  made  by  one  &mily,  living  in  Cremona.  The  oldest 
came  from  the  hands  of  Hieronymus  Amati,  at  the  commencement  of 
the  17th  century.  He  was  foUowed  by  Ajstonius  Amati,  about  the 
middle  of  that  century ;  and  succeeded  by  Nicolas  Amati,  towards  the 
end  of  the  same.  To  these  is  to  be  added  Antonius  Stnduarius,  of 
Cremona  also,  who  was  contemporary  wiUi  the  two  latter  of  the 
Amatis.  And  lost,  Joseph  Guomerius,  at  the  beginning  of  the  18th 
entury.  "  All  their  instruments,"  M,  Otto  adds,  "  were  constmoted 
after  the  simi<lesb  rules  of  mathematics  {?),  and  the  six  which  came 
into  my  possesion  unspoilt,  were  mode  after  the  following  proportions  : 
— The  belly  was  thickest  where  the  bridge  rests ;  then  it  diminished 


about  a  third  at  that  part  where  the  /  holes  are  cut ;  and,  where 
the  belly  rests  on  the  sides,  it  was  half  as  thick  as  in  the  middle. 
The  some  proportion  is  observed  in  the  length.  The  thickness 
is  equally  maint^ned  all  along  that  port  on  which  the  bass  bar 
is  fixed :  .Uience  to  the  upper  and  under  end  blocks  the  thickness 
decreases  to  one-half,  so  that  thedieeks  are  tbree-foortibs  the  thioknosa 
of  tbe  breast,  and  the  edges  all  rouud  only  one-half.  These  propor^ 
tions  are  best  adapted  for  imparting  a  full,  powerful,  and  sonorous 
tone.  The  back  is  worked  out  much  in  the  same  proportion  as  the 
belly." 

Steiner,  of  Apsam,  is  also  celebrated  for  his  violins.  "  They  difier," 
M.  Otto  tells  ns, "  from  tiie  Cremoneeo,  hotii  in  sluipe  and  tone.  Ther 
ar«  bij^ier  modelled,  and  th«r  proportions  of  strength  are  calculated 

quite  differently,  A  Cremonese  has  a  strong  reedy  tone,  SMnething 
like  that  of  a  clarionet,  while  a  Steiner  approaches  that  of  a  flutes" 
The  same  author  also  gives  the  names  of  many  German  violin-makers ; 
but  as  they  ore  not  generally  known  out  of  their  own  country,  wo 
cannot  afford  any  space  to  them,  but  refer  our  readers  to  the  transU- 
tion  of  M.  Otto's  work,  hj  Hr.  Fardeley  of  Leeds. 

Many  years  ago,  M.  Savart  constructed  a  violin  with  straight  sides, 
and  differing  in  several  other  particulars  from  the  ordinary  instmment. 
It  was  tested  by  musiciane,  and  reported  on  most  favourably  by 
M.  Biot  i'  Annoles  de  Chimie  et  de  Physique,'  tom.  xii.).  It  would 
appear  from  this  report,  that  a  first-rate  violin  may  be  constructed  for 
a  few  shillings,  provided  Uie  parta  be  selected  and  put  together  on  the 
acoustic  prind^ee  tlieredn  deecribed.  We  are  unable  to  say  what  is 
the  cause  of  fwure,  but  it  seems  that  out  of  Savart  own  bUUuI  hands 
the  experiment  has  not  succeeded. 

VIOLIN  STRINGS.  [Catgxjt.] 

VIOLONCELLO  (a  diminutive  of  Fioione,  Ital ,  a  cowfra-Aow,  or 
double-base),  a  musical  instrument  of  four  gut  strings,  the  two  lowest 
covered  viih  silver- wire,  and  tuned  in  5ths,  a,  d,  o,  and  c ;  or. 


This  fine  rich  instrument  is  an  improvement  of  the  viol  da  gainba, 
the  latter  having  formed  one  of  the  family  of  viols.  [ViOL  ;  Viol  Da 
Gauba,]  England  may  justly  claim  the  merit  of  having  given  birth 
to  the  l>eet  performers  on  the  violoncello  that  Europe  has  produced. 

VIRGINAL,  a  musical  instrument  now  entirely  disused.  It  is  de- 
scribed by  Dr.  Bumey  as  "  a  keyed  instrument  of  one  string,  jack,  and 
quill  to  each  note,  like  a  spinet,  but  in  shape  resembUng  the  present 
small  piano-forte.  It,"  he  adds, "  has  been  imagined  to  have  beeu 
invented  in  England  during  the  reign  of  Elizabeth,  and  to  have  beeu 
thus  denominated  in  honour  of  that  virgin  princess  ;  but  a  drawing 
and  description  of  it  appeared  in  Luscinius's  '  Uusurgia '  before  she 
waa  bom."  ('  Hist,  of  Music,'  ilL  5.)  The  compass  of  the  virtual  was 
from  the  second  added  line  below  tiie  base  to  the  eeoond  atkled  line 
above  the  treUe — or  four  octaves. 

VIRGO  (Constellation),  the  sixth  oonstellation  in  the  zodiao,  sur- 
rounded by  Libra,  Bootes,  Leo,  and  Corvus.  It  is  best  known  by  two 
remarkable  stars  :  the  first,  Spica  (a  Virginia),  a  star  of  the  first  magni- 
tude, is  in  the  hand,  which  holds  ears  of  corn,  typical  of  the  harvest, 
whic^  a^proodied  in  the  time  of  the  Greeks  as  the  sun  neared  tiiis 
star ;  the  other,  FMvio^miatrix,  or  Vindemiatrix  (t  Virginia),  took 
its  name  from  the  vintage.  The  star  Splca  fwmB  a  remarkable  tnangle 
vrith  ArcturuB  and  $  Leonis  (or  Denebola) ;  and  of  the  bright  stars  in 
this  triangle,  Vindemiatrix  is  the  one  nearest  to  tlw  line  joining 
Aicturus  and  0  Leonis. 

The  pjndpol  stais  are  as  follows : — 


Cbtracter. 
Not  In  Barer.    No.  In  Catalogtie 
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6 
15 
29 
43 
47 
SI 
67 
7» 
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99 
lOO 
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Ko.  in  Coiaiofas 

of  UrltlA 
AaMwlatlon. 

4002 
4145 
42S8 
4340 
4367 
4401 
4480 
4532 
4710 
4727 
4743 
4792 
4855 
4S78 


llBCnitiide. 
8 
8 
8 
3 
3 


Uesiod  and  Aratua  unite  in  representing  Virgo  to  be  justice,  who 
retired  to  heaven  when  the  golden  age  came  to  an  end :  Uie  former 
makes  her  the  daughter  of  Jupiter  and  ^emis ;  the  latter,  of  Astrseua 
and  Aurora :  others  make  her  to  be  Fortune,  otiien  Ceres,  &o. 

VIKIDIC  ACID.   [Tannic  Aero;  Viridic  Acid.] 

VIRTUAL  VELOCITIES.  The  name  of  the  prinaple  </  rtrluat 
vdocitia,  which  ia  given  to  what  is  perhaps  the  most  important  gene- 
lalisatioQ  in  medianlcs,  is  very  ill-fitted  to  express  the  idea  which  is  to 


Digitized  by 


Google 


MB 


YIETUAL  VELOCITIKEL 


VIRTUAL  VELOCITIES. 


be  oonvef  ed.  It  wiU  take  some  vpvse  to  prepare  even  the  mathematical 
reader,  unleaa  he  be  already  acquainted  with  the  subject,  for  the  recep- 
tion of  this  principle  aa  a  real  and  phjucal  consequence  of  the  laws  of 
matter.  So  long  as  it  is  only  treated  as  a  mathematical  mode  of 
expressing  geometrical  conditions,  its  import  is  hardly  seen,  and  its 
value  is  lessened  by  a  want  of  perfect  coDviction. 

Our  works  on  mechanics  are  now  written  in  so  very  cold  a  style,  aad 
mathematical  deduction  has  so  completely  taken  the  place  of  every- 
thing else,  that  little  space  is  given  even  to  interpretation  of  results, 
and  none  to  illustration  of  first  principles.  The  coneequence  is  a 
strong  leaning  to  purely  mathematical  definitiuns,  which,  though  they 
place  the  student  in  the  smallest  poaeible  time  at  the  begiantng  of  his 
career  of  deduction,  nevertheless  make  it  diflicult  for  him  ever  to  con- 
nect his  first  principles  (first  equations  we  ought  rather  to  call  them) 
with  thiT  actual  properties  of  the  matter  around  him,  and  with  the 
phraseology  which  dght  and  touch  make  him  feel  to  be  justifiable. 
We  do  nut  like  the  system  of  mechanics  in  which  velocity  is  only 
di :  dt,  moving  pressure  but  a  name  for  mdv  :  <U,  end  the  pnnctple  of 
virtual  velocities  nothing  but  a  ntckoamefor  Zpi/p=<0.  For  a  proper 
description  of  real  facta,  we  would  rather  that  nature  should  ahhor  a 
vacuum,  that  fluid  should  try  to  find  its  level,  that  the  centre  of  gravity 
should  endeavour  to  descend  as  low  as  possible,  and  so  on.  Of  such 
language  the  mathematician  must  allow  the  use,  if  tbo  learner  be  to 
feel  the  truth  of  the  results  of  mechanics :  and  in  no  case  is  such 
permission  of  more  importance  than  in  the  iUusbrotlon  of  the  principle 
before  us. 

When  we  say  that  any  system  whatever  is  in  oquilihrlum  under 
action  of  forces,  it  fs  obvious  that  the  word  equilibrium  is  ouly  used 
for  a  state  for  rest,  as  opposed  to  one  of  motion ;  which  last  is  possible 
to  be  imagined,  and  might  actually  take  plaoe,  if  it  were  not  that  the 
impressed  forces  mututdly  oounteraot  each  other's  efibrta.  If  a  system 
could  not  move,  if  so  many  of  its  points  were  fixed  that,  consistently 
with  those  pcunts  remaining  fixed,  no  geometrical  possibility  of  motion 
was  left,  it  would  be  useless  to  ask  whetlier  any  giveu  set  of  foroes 
would  keep  that  system  in  equilibrium  or  not.  For  the  answer  would 
be  that  the  system  must  be  in  equilibrium,  forces  or  no  forces.  But 
when  it  is  left  possible  that  a  system  may  move,  it  then  becomes  a 
question  whether  a  given  set  of  forces  will  entirely  prevent  all  motion, 
or  will  cause  one  of  the  poaaibte  motioDS  to  begin :  and  the  alternative 
may  be  restricted  by  the  use  of  as  small  a  portion  of  time  as  we  please. 
What  will  take  plaoe  during  the  first  millionth  of  a  second  after  the 
forces  are  applied,  rest  or  motion  T  And  instead  of  tiie  millionth  of  a 
aeoood,  any  smaller  fraction  may  be  used ;  so  that  we  may  say  the 
question  of  rest  or  motion,  the  settlement  which  of  the  two  is  to  take 
place,  may  be  considered  as  one  which  involves  but  an  infinitely  small 
portion  of  time.  We  shall  throughout  this  article  use  the  language  of 
the  intiQitefitmal  calculus,  leaving  it  to  the  reader  to  reduce  it  to  the 
etrictar  form,  if  he  thiuk  that  there  is  such  a  thuig. 

Ifow  all  the  different  infinitely  small  motiona  of  whidi  it  ia  possible 
tiiat  a  system  may  take  any  one  during  the  infinitely  small  time  dt 
which  elapses  after  forces  are  applied  to  it — are  called  virtual  motiona. 
This  word  is  not  used  in  the  meaning  which  it  commonly  bears,  as 
when  we  say  that  a  man  who  does  not  prosecute  a  claim  virtually  (as 
good  as)  abandons  it.  When  John  Bernoulli  used  this  adjective  (and 
we  can  find  none  prior  to  him  who  did  so)  it  was  in  a  sense  which  it 
will  not  now  bear :  by  a  virtual  velocity  he  meant  any  Infinitely  email 
velocity,  or  increase  of  velocity.  But  in  modem  times,  virtual  ia  used 
in  the  sense  of  potential,  or  possible  :  a  virtual  motion  is  one  which  a 
system  might  take,  whether  it  take  it  or  not :  thus  if  forces  keep  a 
system  at  reet,  it  will  not  take  any  one  whatsoever  of  the  virtual  (or 
I>08aible)  motions;  but  if  they  do  not  keep  it  at  rest,  it  will,  in  the 
time  dt  which  elapses  after  the  forcea  are  apjdied,  take  some  oao  of  the 
virtual  motiona,  to  the  exdusioD  of  the  rest.  Nevertheless,  so  long  as 
it  is  geometrically  possible  that  any  one  given  motion  might  have  taken 
place,  we  are  at  liberty  to  suppose  that  that  motion  has  taken  place 
(which  is  simply  making  an  arbitrary  displacement  of  the  system),  if  by 
eo_  doing,  and  noting  the  disftlacemeats  which  the  different  piurta  re- 
ceive, we  can  draw  any  conclusions  as  to  the  conditions  of  equilibrium. 

When  we  sea  a  ayatem  in  equilibrium,  experience  tells  us  that  there 
are  efforts  at  motion  which  are  counteracted.  Remove  any  one  of  the 
forces,  or  any  part  of  one  of  them,  and  motion  immedutely  begins. 
It  ia  true  that  friction  and  other  resistances  prevent  our  haviog  so  good 
a  perception  of  this  truth  as  we  otherwisfl  might  have ;  since,  when 
equilibniting  forces  are  removed  in  whole  or  in  part,friction  frequently 
aupplieatbe  place  and  maintains  the  equilibrium.  A  little  refiection 
will  however  make  it  apparent  that  when  a  system  is  once  in  equi- 
librium, no  addition  nor  subtraction  of  forces  can  be  made  without  pro- 
ducing motion,  unless  the  forces  added  or  withdrawn  be  such  as  by 
^emselves  would  maintmn  equilibrium. 

A  system,  then,  at  i-est,  makes  efibrte  to  move,  which  efforts  are 
conntetacted ;  and  the  mathematical  oonditions  of  equilibrium,  what- 
evw  tiiey  may  be,  must  express  that  every  force  endeavtnirs  to  produce 
motion ;  must  contain,  directly  or  indireotiy,  a  m«wure  of  the  energy 
of  that  force ;  and  must  show  that  a  complete  counteraction  of  all 
the  efforts  at  motion  takes  pliico.  But  here  arises  a  question,  and  one 
which  is  of  the  utmost  importonce  iu  the  comprehension  of  our  prin- 
ciple. The  number  of  virtual  motions  is  usually  infinite : —Does  any 
given  tytAem  of  forcea  make  an  eSbrt  to  produce  every  one  of  them,  or 


acme  only  I  We  know  that,  if  the  forces  do  not  produce  equilibrium, 
one  of  the  virtual  motions  ensues  in  the  first  dt  following  tne  applica- 
tion of  the  forces,  to  the  exclusion  of  all  the  rest;  it  ought  not,  there- 
fore, to  surprise  the  student  if  he  were  told  that,  for  every  givwi  aet  of 
forces  (a  given  system  being  always  understood),  some  one  motion 
prevented  is  every  motion  prevented.  But  in  point  of  fact  tiie  direct 
contrary  is  true,  in  rigid  systems  at  least :  generally  speaUng.  there  is 
but  one  class  of  virtual  motions  which  a  given  set  of  forces  has  not  a 
tendency  to  produce,  and  any  one  of  the  rest  may  be  produced.  Our 
meaning  will  appear  in  the  followiuK  explanation We  have  seen 
[Rotation]  that  every  infinitely  small  motion  of  a  rigid  ayatem  may 
be  produced  by  a  screwlike'motion,*  namely,  rotation  round  an  axis, 
accompanied  by  a  slipping  up  or  down  that  axis.  Take  any  line  for  an 
axis,  and  suppose  a  screw,  fitted  to  its  receiving  screw  (the  latter  ivor 
moveably  fixed  in  space),  to  be  described  with  that  axis  :  suppose  also 
that  the  system  to  which  the  forces  are  applied  is  fixed  to  the  screw. 
Here  then  is  every  virtual  motion  prevented,  except  one ;  so  that  if 
the  si^Btem  b^n  to  move,  it  must  take  that  one  motion.  "Sow  ftpl^ 
the  given  set  of  forces,  and  resolve  them  all  in  directions  puaUel  to  ue 
axis,  and  in  plants  perpendicular  to  it.  There  must  be  motion  unless 
the  former  forces  destroy  each  other,  and  the  latter  have  a  resultant  or 
resultants  passing  through  the  axis.  Consequently,  with  certain  ex* 
ceptions  (which,  though  infinite  in  number,  are  few  compared  with  the 
rest),  a  f^ven  set  of  ^rces,  acting  on  a  given  system,  wUl  produce  any 
virtual  motion,  if  others  be  excluded :  but  when  there  are  varioua 
virtual  motions  not  excluded,  the  system,  if  the  foroea  do  not  balance 
one  another,  will  take  one  in  preference  to  any  of  the  rest.  The  pre- 
ceding argument  ought  to  be  more  developed,  but  we  have  not  room 
for  such  an  explanation  as  would  be  intelligible  to  eve^  one :  moat  of 
the  difficulty  indeed  lies  in  the  purely  geometrical  conception  of 
motion,  and  is  foreign  to  our  article. 

We  are  to  expect,  then,  as  the  condition  of  equilibrium,  a  collection 
of  conditions,  an  infinite  number,  implying  that,  of  an  infinite  number 
of  motions,  possible  d  priori,  the  ^ven  system  of  forcea  makes  each  and 
every  one  impossible.  To  make  it  appear  in  what  the  condition  may 
probably  consist,  look  at  the  following  cases : — If  one  point  of  the 
system  be  fixed,  forces  applied  at  that  point  are  uselesa,  for  they  only 
produce  a  pressure  or  strain  on  the  Oxed  ^oint,  and  neither  promote 
nor  retard  any  virtual  motion.  If  one  pomt  be  restrained  to  move 
upon  a  given  surface  ur  curve,  forces  applied  at  that  point  per- 
pendicular to  that  surfoce  or  curve  are  useless,  for  a  similar  reason. 
Thus  suppose  one  point  must  be  retained  on  a  given  horizontal  plane  : 
any  weight  added  to  that  point  has  no  effect  on  the  equilibrium ;  it  is 
merely  equivalent  to  so  much  weightt  laid  upon  the  plane.  Generally, 
then,  a  force  produces  no  effect  in  equilibrium  unless  the  point  to 
which  it  is  applied  can  move  in  the  direction  of  that  force ;  thus  weight 
produces  no  effect  when  applied  to  a  point  of  which  all  the  virtual 
motions  are  hcrizontaL  But  let  the  plane  be  ever  so  little  inclined  to 
the  horizon,  a  point  restricted  to  move  upon  it  has  somewhat  of 
vertical  motion  :  weight  applied  at  that  point  will  have  some  effect  in 
equilibrium.  It  would  be  natural  to  conclude  (and  let  it  be  remem- 
bered  that  in  these  d  priori  views  we  are  only  stating  strong  probabi- 
lities) that  the  more  freely  a  point  may  move  in  the  direction  of  the 
force  which  acts  upon  it,  the  greater  Uie  effect  of  that  force  in  pro- 
ducing or  disturbing  equUibrium.  Now  since  it  is  sofflcisatl^  evident 
that,  calerit  paribti$,t  force  has  more  or  less  effoot  in  proportion  to  Its 
magnitude,  for  instance,  that,  under  ^ven  circumstances,  two  pounds 
of  pressure  produce  twice  tiie  effect  of  one  pound,  it  seems  that  for 
any  given  virtual  motion,  the  effect  of  each  force  varies  jointly  as  the 
magnitude  of  the  force,  and  the  length  over  which,  in  that  virtual 
motion,  tiie  point  of  application  moves  in  tiie  direction  of  the  force. 
That  is,  suppose  a  to  be  the  ptnnt  of  a^iplication  of  the  force,  and 


to  represent  its  direction  and  magnitude.  In  «ie  virtual  or  posaibb 
motion  of  the  system,  let  a  ba  transferred  to  B,  infinitely  near  to  a. 
Draw  K  8  perpendicular  upon  Q  a,  then  a  s  ia  the  space  moved  over  in 
the  direotioa  of  the  force ;  and  if  the  force  contain  f  units  of  preuure, 
p  X  Ai  is  the  produflt  on  the  value  of  which  the  efficiency  <^  the  force 
aeema  to  ban  anne  d^andenoe.   Here,  however,  the  moUim  a  a  ia  ui 

*  Simple  tramlatkn  la  the  eztremt  case  in  whldt  the  thread  ef  tbs  •ersv 

bcoomea  parnUel  to  the  axIi;  and  (Iiople  rotaUoii  the  other  extreme  «a«  « 
wlitcU  the  euccesnlre  colls  of  the  thread  coincide. 

+  Here  again  the  jommon  itlcas  derived  from  frtctina  must  bo  ahandoned ; 
a  velfftat  attached  to  inch  a  point  ml^t  help,  by  the  frlcUon  on  the  ptaae,  te 
•qnllibnte  the  system. 
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the  direction  of  tlis  force,  and  the  force  helpi  to  produce  that  motion ; 
lor  it  ia  ubvioiuly  eawer,  eeeterii  poribut,  that  the  point  A  Bhould 
move  in  the  direction  a  b,  when  the  force  acta  in  the  direction 
±  Q,  thim  it  would  have  been  if  the  same  force  had  acted  in  the 
oj^o«ite  direotion  at.  But  auppoM  tiiat  another  virtual  motion 
llliafat  bring  A  to  T.  Draw  vw  perpMxlienlar  to  at;  then  aw 
ik  Uke  space  moved  orer  in  the  direction  of  the  force,  and  p  x  aw  ia 
tte  product  on  which  the  efflciencj  of  the  force  eeeme  to  depend.  But 
here  motion  aw  ia  in  me  direction  oppoaite  to  that  of  the  force, 
and  it  is  obriously  leaa  easy  that  the  point  A  should  more  in  the 
direction  at,  when  the  foroe  acta  in  the  direction  aq,  than  it  would 
liav«  been  Utbefooroa  had  acted  in  the  omodte  direction  AT.  Hence,  to 
iriiat  bas  mceded,  we  may  probably  add  that  the  efiioi«ic]r  of  a  force, 
in  promoting  or  preventing  one  given  kind  of  virtual  motion,  is  to  be 
conddwed  as  of  one  kind  or  another  according,  aa,  for  that  motion, 
the  virtual  motion  of  the  point  o(  application,  eotimsted  in  the  line 
of  action     the  fore*,  la  wi&  the  direotioa  tA  the  fans,  or  oppoaite 

to  it. 

Theee  eonjeoturea,  for  they  are  nothing  more,  will  ihow  of  the  prin- 
ciple of  virtnal  TelooitieB,  the  moment  it  ia  annomwed,  that  it  ie  a 
bighly  reasonable  and  probable  principle.  It  may  be  announced  as 
fdUows : — Let  the  forces  which  are  applied  to  a  aystem,  at  different 
points,  be  P,  Q,  B,  Ac.,  each  in  an  assigned  direction.  Let  one  of  the 
virtual  (that  is,  possible)  motions  which  the  syatem  may  undergo  in 
the  infinifedy  small  time  dt  anoceeding  the  moment  at  application  of 
the  t£fKm,  be  supposed  to  be  given,  upon  trial  Decompoee  the  sevenl 
motions  the  p(^ta  of  apjdicition  of  the  forces  each  into  two,  one  in 
the  line  of  the  applied  force,  tiie  other  perpendknlar  to  that  Ihie :  let 
lip,  dq,  dr,  kc,  be  the  resolved  motions  in  the  lines  of  the  forces,  and 
let  those  be  reckoned  poeitive  which  are  in  the  directions  of  ^e  forces, 
uid  negative  which  are  in  the  contnuy  directions.  Then  rdp  4-  Qdg  + 
%dr  +  tc,  ia  a  quanti^  on  which  it  depoada  whether  th»  given 
virtual  moticm  can  actually  take  place  or  not  It  Pifp  +  odg  ■i-iuir  + 
ftc,  =  0,  that  motion  cannot  be  the  result  of  ttw  applied  totem :  but 
if  Pc^  +  ndq  +  Kdr  +  Ac  be  not  —  0,  that  motion  may  take  place. 
And  there  is  equilibrium,  that  is,  no  one  of  tiie  possible  motions  oan 
actually  take  place  when  rdp  t-  Qcff  +  hdr  +  he.  is  always  ■*  0,  for 
every  virtual  motion ;  and  tiiere  is  not  equilibrium  when  one  or  more 
virtual  motions  oan  be  asaimed,  for  which  rdp  +  +  ndr  -i-  ftc.  is 
not  m6,  liiiaisthephKimof  «^^lveiMi(tei,tBio  wluch  perhaps 
the  flist  thing  that  will  strike  the  rMder  ia  that  tlie  word  vriocity  doM 
not  occur  in  tiie  explanation  of  it  But  if  we  aninHMM  the  virtuid 
motion  of  tiie  system  to  be  actuatly  performed  in  ^e  time  dt,  Uien 
the  velocities  of  the  points  of  ttppoeiltiiaa,  in  the  directions  of  the 
several  forces,  dp  :  dt,  :  dt,  dr  :  dt,  fttt.,  and  the  prind|l«  above 
stated  may  be  afBimed  of 

dp       dq  dr 


'dt 


dt 


bMiMd<Ardp  +  ndq¥nd)'  +  &a.  But  the  latter  ia  the  more  oon- 
vament  of  the  twa  The  product  pdp  is  called  the  moment  of  the 
force  F,  whidi  ia  not  a  weu-ohosai  tenn,  since  "moment"  is  used  in 
otiier  senses.  It  would  be  much  better  (though  we  ahall  not  here 
depart  from  established  usage)  that  rdp  should  be  called  the  measure 
of  the  equilibratiag  power  ^  tiie  force  p,  or,  in  one  word,  the  power* 
of  the  toTix  F :  with  reference,  of  course,  to  tiie  promotion  or  hindrance 
of  those  virtual  motions  only,  in  which  dp  is  the  part  of  the  motion 
which  a  in  tiie  line  of  p'b  action.  No  perfectly  general  proof  of 
this  principle  has  been  gjven ;  indeed  to  ^nily  it  demonstratively  to 
the  oases  of  fluid  and  gaseous  systems  would  require  a  knowledge  of 
the  eonstitueut  ftafa  of  matter,  and  of  their  connection  with  each 
other,  which  we  do  not  poaseas.  But  the  coses  in  which  It  can  be 
strictly  shown  are  very  etteosive :  all  cases  whatsoever  in  which  tiie 
conditi<»is  of  equilibrium  can  be  eatabliahed  admit  of  the  truth  of  tiiis 
principle  b^ng  shown  d  pottmori,  witii  eartain  exceptions,  the  reasons 
of  which  will  preeentiy  appear ;  and  when  it  is  assumed,  it  always 
leads  to  results  which  are  consistent  with  the  other  known  principles 
of  mechanics.  In  the  demonstration  which  we  (pve,  we  sha^  confine 
ourselves  to  the  case  of  forces  which  act  upon  pomte,  which  are  either 
ind^>endeut  of  each  other,  or  some  or  oU  of  which  are  connected  by 
rigid  rods  without  weight :  and  our  limits  require  ua  to  apeak  but 
bnttBy  jot  sll  the  steps  which  are  purely  maUiematicaL  Ordinary 
WOTka  on  meohanics  give  the  aimple  Uluatrations  which  the  beginner 
wants :  and  it  is  impossible  to  read  anything  like  a  general  de- 
monstration without  bein^  well  acquainted  with  the  infinitesimal 
calculus  and  with  the  priucipiU  formulee  of  alg«bruc  geometry  of  three 
dimeuHona. 

Firs^  let  there  be  a  single  point  a,  the  co-ordinates  of  which  are 
X,  ^,  and  M.  Let  there  act  upon  this  point  the  forces  r,  in  a  direction 
which  makes  with  the  axes,  angles  a,$,y;  P*,  the  direction  of  which 
makes  angles  a',  0,  y';  p",  the  direction  <rf  which  makes  angles  a",  0',  7", 
£0.  Let  the  point  a  move  to  B,  the  oo-codiaites  of  which  are  x-^-dx, 
1f+<fy,  *+di,  and  let  ab  make  the  angles  A*  /i,  f  with  the  axes.  Then, 

A  B  =«  V(<'^  +  <V  + 1'^* 

*  'Eltbet  of  the  words  aetlTity,  efflcicngy,  energy,  would  4o  ai  wffl ;  aaylUng 
but  momtnt,  which  has  other  mcaninfe. 


oos  cos  m  —      cos  y  B 

AB  AB  AB 

Now  the  line  ab  decomposed  In  tiie  direobbn  of  F, gives  ABXOOS 
(angle  made  by  P  with  a  B)  or 

AB  (coe  A  .  oos  a + cos  ^  .  cos  ^ + oos  r .  cos  7) 
oreosa  .(fac+oos^  .  dg +eai  y .  dt^dp. 

Hence  the  moment  of  the  force  Pis  Pcoa  tt.dx  +  reasfi.  df+rcoa 
y  .  dz,  and  the  sum  of  the  moments  of  all  the  forces  is  cix  3  ( F  cos  a) 
+  dyJ.  (P  'ooa  fl)  +  2  (p  oos  7),  where  3  (p  cos  a)  stsnda  for  P  cos  0  + 
p'  cos  o'-f  ftc.,  and  so  on.  But  when  there  is  equilibrium  S  (p  cos  0)= 
0,  since  P  cos  a,  p'  cos  a',  ka.,  are  the  components  of  the  several  forces 
in  the  direction  of  x.  For  mmihkr  reastma  3  (p  oos  ^)~0, 2  (p  cos  7) 
=  0,  whence  vd^-\-r'dff-i-&o.,  is  =0  for  every  motion  o£  wbicdi  the 
point  is  capable. 

Let  there  be  number  of  poifats,  and  let  each  of  Ibem  be  aoted 
upon  by  any  number  of  forces :  but  as  all  the  forces  which  act  upon  a 
given  point  may  be  reduced  to  one,  let  B,  be  the  force  which  acts  on 
the  fint,  and  a,,  j8^,  7,,  be  the  angles  it  makes  with  the  axes :  let 
Bi>  (ti,  jBi,  stand  m  the  same  relations  to  the  second  point ;  and  ao 
on.  Let  x^,  jr„  be  the  co-ordinates  of  the  first  point,  and  so  on. 
Let  any  of  this  points  be  connected  by  rigid  bars  without  weight :  and 
suppose  A  to  be  one  of  the  points,  and  a  B  tiie  bar  connecting  it  with 
another  point  B.  The  point  a,  then,  besides  other  forces,  is  acted  on 
by  a  pressure  called  the  tension  of  the  bar,  either  In  the  direction  a  b 
or  B  A  :  while  B,  besides  the  other  forces,  is  acted  on  by  the  same  ten- 
sion, but  in  a  contrary  direction.  Supposing  a-b  to  receive  one  of  its 
virtual  motions,  and  to  come  into  the  position  kh  (which  need  not  be 


A  C 


In  the  same  plane  with  A  B),  then  if  u  0  and  it  d  be  drawn  perpendi- 
cular to  A  B,  and  if  the  position  h  it  be  infinitely  near  to  a  B,  so  tiiat 
k  c  and  K  D  need  not  be  distinguished  (so  far  as  small  quantities  of  the 
first  order  are  concemed)  from  area  of  circles  with  the  centres  B  and  a 
—it  follows  that  A  o  may  be  oonridered  aa  the  diminution  of  the  line 
if  A  only  changed  i^aoe,  and  oame  to  v,  while  b  q  may  be  considered 
as  tiie  quantity  by  iriiieh  it  would  be  lengthened,  if  b  only  chimged 
place,  and  came  to  n.  Hence,  since  the  bar  remains  of  the  same 
length,  we  have  a  0=B  D,  <x  at  least  the  two  only  difiTer  by  an  infinitely 
snieJl  part  of  either.  But  a  0  gives  the  virtual  velocity  of  the  tension 
at  A,  and  b  d  that  of  the  tenaion  at  b,  and  these  lines  being  equal,  and 
the  tenrions  equal,  tiiMr  momenta  are  equal ;  but  these  momenta  have 
diffbrent  signs,  one  of  the  virtu^  velodues  being  in  the  dlrecti<«  1^ 
Its  foroe,  and  «ie  other  in  the  opnoute  direction.  Henoe  the  aum  of 
these  two  moments  is  =  0 ;  and  tbe  same  follows  for  the  two  moments 
of  any  other  of  the  tensions,  exerted  by  any  other  of  the  connecting 
bars.  Let  be  the  sum  of  the  momenta  of  the  tensions  which  act  on 
the  first  point,  T.,  T„  ftc,  of  those  which  act  on  the  second,  third,  &c., 
points ;  tiiwi,  taking  the  principle  as  established  above,  for  each  point 
ssparataly,  we  have  b^  ori-l-Tj  =  0,  b,  (fr,  +  T,=0,  ftc;  by  summing 
which  we  have  <fr,-l-H,  rfr,+  Ac.,  -h,  +  t,  +  4o.  =0,  But  1^  + 
T,+  Ac.  =  0;  for,  as  shown,  every  term  in  each  of  t„  T„  Ac.,  finds  an 
equal  and  oonti-uy  term  in  one  of  the  others.  Hence  B,  (fr,-|-B,<2r,-f 
Ac.  =  0,  or  the  principle  is  established  for  any  system  coosisting  of 
forces  applied  to  points  connected  by  rigid  bara,  and  this  whether 
there  be  oonneotions  enough  to  ensure  complete  stability  of  form 
or  not 

Various  other  cases  mqr  he  examined  in  wl^  the  same  conduaioii 
as  the  last  will  be  arrived  at,  namely,  that  the  principle  of  virtual 
velocities  is  true  of  the  external  forces  only,  and  that  those  whidi 
arise  from  the  internal  forces  of  the  system  may  be  neglected.  If,  for 
example,  one  of  the  points  to  which  a  force  Is  appli^  slide  upon  a 
string,  in  the  manner  of  a  bead,  the  ends  of  the  string  being  attached 
to  other  points  of  the  STstem,  the  two  tensions  are  the  same  on  both 
sides  of  tne  bead,  and  any  virtual  motion  of  the  bead  alone  shortens 
one  part  of  the  string  as  mudi  aa  it  lengthens  the  other.  Those  parts, 
by  which  one  side  ia  lengthened  and  the  other  shortened,  are,  when  the 
motion  ia  infinitely  small,  the  spaces  from  which  the  virtual  velocities 
of  the  tensions  are  obtained,  and  they  are  of  controiy  signs.  The 
momenta  of  the  tensions  are  therefore  equal  and  contrary;  or  the 
principle  is  true  independently  of  those  tenuona.  Again,  suppose  one 
of  the  points  of  the  ^stem  is  restr^ned  to  move  upon  a  given  sur- 
face or  curve ;  being  tied  in  such  a  manner  as  to  slip  fn^ety  upon  the 
surface  or  curve,  without  being  able  to  leave  it.  The  force  which 
retains  the  point  thus  attached  Is  perpendicular  to  the  surface  or 
curve,  but  every  virtual  motion  of  that  point  is  (when  infinitely  small) 
in  the  tangent  plane  of  the  surface  or  tangent  of  the  curve  ;  so  that 
time  is  no  oomponcnt  in  the  direction  of  the  force,  and  the  moment 
of  the  force  vanishes. 

When  questions  occur  in  which  friction  ia  an  element,  the  principle 
of  virtual  velocities  is  not  of  very  easy  application.  Kven  in  the 
ordinary  modes  of  solving  such  problems,  tiie  formula)  which  must 
vani^  when  there  is  no  friction,  are  not  required  to  vanish,  but  must 
lie  between  certain  positive  and  negative  limits,  depending  on  the 
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friction.    A  Himilar  cluuige  must  be  predicated  of  the  aum  of  the 
momenta  of  the  impressed  forces;  but  as  even  Lagrange  does  not 
appear  to  have  thought  the  principle  before  us  conveniently  applicable  , 
to  friction  problems,  we  may  well  dispeose  with  the  conBideratiDn  of 
them  here.    When  elastic  bodies  are  in  qucntlon  the  principle  can  be 
widied,  but  only  on  condition  that  the  elaslicitiea  of  uie  several  parts 
of  the  syitam  are  ootuidered  ns  external,  not  internal  forcea  :  an  hypo- 
thesis rendered  necessary  by  our  ignorance  of  the  molecular  constitu- 
tion which  gives  rise  to  elaaticity.   It  may  also  be  said  that  in  ita 
application  to  hydroatatica   tiiere   are  matheoiatical  conventions 
(expressive,  no  doubt,  of  truths,  but  foreigo  to  the  mere  enunciation 
of  the  principle)  which  represent  our  ignorance  of  the  molecular  con-  ' 
Btitution  of  a  fluid.    On  tliis  point  we  should  recommeiid  the  student  \ 
who  has  enough  of  mathematics  to  have  recourse  to  the  '  M&»nique 
Analytique '  of  Lagrange,  the  standard  work  on  virtual  velocities :  the 
demonstrations,  bo  called,  given  by  ail  the  elementoiy  writers  we  know 
of  (even  Poiaaon,  see  his '  M^nique,'  voL  ii.,  pi  512,  2nd  edition)  are  ' 
mere  illustrations  conducted  upon  the  most  limited  euppositione.  ' 
These  are  more  than  excusable,  considered  with  reference  to  the  sup-  j 
posed  mathematical  knowledge  of  the  reader;  but  it  is  not  right  to  | 
make  him  believe  that  he  is  considering  a  subject  generally,  when  • 
nothing  but  a  limited  cose  is  presented  to  him.    The  graat  fault  of  the  | 
mathematical  writers  of  our  day  is  the  want  of  a,mu>al  of  ineompUlcneti: 
and  any  <mo  who  looks  in  PotBSon's  table  of  contents  for  'Demon- 
stration du  Principe  des  Vitesses  Virtuellea  dans  I'tlquilibre  d'un 
Liquide,'  and  compares  it  with  the  article  indicated,  will  see  a  notable 
instance. 

When  we  look  at  the  preceding  demonstration  of  the  principle,  we 
sec  that  it  depends  upon  knowledge  of  the  mode  of  compounding  and 
decompomog  forces ;  but  there  ia  an  it  priori  proof  uf  a  most  singular 
character,  aa  extensive  as  can  be  givtin  by  the  mode  already  used. 
This  proof  was  prefixed  by  Lagrange  to  the  '  Mecanique  Analytique,' 
and  judging  from  the  slight  degree  of  notice  which  it  has  obtained 
from  succeeding  writers  on  mechanics,  we  should  suppose  that  It  was 
disputed  or  thought  unsound.  We  have  ourselves  strong  objectinns  to 
the  form  given  by  Lagrange ;  but  we  believe  that  a  sound  and  sufficient 
meUiod  of  proof  dues  exist  iu  the  principle  which  he  has  used ;  and 
this  we  shall  endeavour  to  develope. 

Suppose,  first,  that  all  the  forces  which  are  applied  are  equal  to  one 
another;  the  case  of  unequal  forces  will  follow  veiy  r^dily.  As 
an  instance,  sni^OM  three  equal  forces  applied  at  0x9  points  a,  b,  0,  in 
the  direotitms  xl,  bu,  cir ;  abc  being  a  solid  triangle  without  weight. 
At  A,  D,  0,  attach  rings  *  to  the  triangular  system,  and  at  L,  u,  ir, 
attach  rings  to  a  solid  frame  unconnected  with  the  system,  except  by 
the  flexible  string  now  to  be  mentioned.  Let  this  string  be  made  fast 
to  the  ring  h  at  1,  from  whence  let  it  be  carried  through  the  ring  o. 


and  again  througji  the  ring  v  at  i,  from  whence  it  Is  passed  through 
H  at  6 ;  being  nowhere  attached  to  the  frame  except  at  I.  Its  course 
M  then  denoted  by  the  numbers  1, 2,  8,  4,  Ac  ;  and,  when  it  emerges 
at  14,  let  aweight  be  attached,  equftl  to  l^e  half  of  the  force  which  is 
"^■"l?^  **'       points  A,  B,  o;  this  force  being  p,  the 

weight  IS  4  p.   The  teoision  of  the  string  being  everywhere  the  same, 

•  PnUeri,  tat  Lapwiea ;  l);it  the  wbeel  lo  Uu  puUsy  is  oolr  a  MotlouvheeL 
and,  as  we  sn  at  Ubcrty  ta  dbpenie  with  nrkUwi  In  oar  ttMahts,  we  nar  bJm 
leiriTS the paOeygnu wheel.  ^  — 


it  is  everywhere  equal  to  4f  :  and  at  the  point  a  each  of  the  parts  of 
the  string  (10,  9),  and  (11,  12),  applies  a  force  equal  to  iP,  so  that  the 
force  P  is,  from  the  two  string.^,  applied  at  a.  The  same  may  be  laid 
of  tbe  points  n  and  c.  If  tixnn,  at  tUe  outset,  the  system  ABC  ware  so 
placed  that  forces  p,  p,  p,  applied  at  the  three  points  in  the  given 
directions  would  produce  equilibrium,  it  follows  th^  there  mil  be  no 
motion  when  the  weight  { p  is  made  to  act  on  the  string ;  for  equili- 
brating forces  will  at  that  instant  be  apphed  to  tbe  system  :  and  the 
weight  IP  cannot  move  unless  the  triangle  move. 

Kow  it  is  obvious  d  priori  that  if  any  forces  keep  a  system  in  equi- 
librium, forces  exactly  opposite  to  those  forces  will  also  keep  it  in 
equilibrium  :  if  P,  Q,  B,  keep  a  system  in  equilibrium :  so  will  —  P,  -  Q, 
aud~R,  forces  equal  and  opposite  to  the  tirst  three.  For  it  is  obvious 
that  all  the  six,  p,  — P,  g,  —  Q,  it,  -  It,  keep  it  in  equilibrium,  being  three 
sets  of  equilibraUng  forces.  Take  away  the  set  p,  Q,  B,  which,  by  hypo- 
thesis,  equilibrate  the  system,  and  the  remaining  set,  —  P,  — q,  -B,will 
then  equilibrate  it.  But  here  it  muat  be  noticed  that  when  the 
inversion  of  directions  is  made,  the  inversion  of  the  teusions  must  also 
be  possible :  a  fwce  which  before  tiie  inversion  pulls  by  a  string,  must, 
after  the  inversion,  be  supposed  to  push  that  string:  that  is  to  say, 
the  sfaring  must  have  the  property  of  a  rigid  bar  aa  to  pushing  or 
pulling  being  indifierent.  The  reader  of  tlieoreticol  mechanics  must 
accustom  himself  to  the  idea  of  a  string  which,  though  laterally 
flexible,  can  transmit  a  push  or  thrust  in  the  direction  of  its  length. 
Imagine  the  direction  *  of  gravity  to  be  changed  in  the  machine,  so 
that  4f  acta  upwards,  tiie  string  being  capable  of  transmitUng  the 
thrust  through  the  whole  of  its  length.  Nothing  is  then  ohuiged 
except  the  directions  of  the  forces  acting  at  a,  b,  c,  in  such  manner 
that,  if  the  original  position  be  one  of  equilibrium,  Uie  weight  cannot 
ascend,  any  more  than  it  could  descend  in  the  first  supposition. 

When  there  Is  equilibrium,  then,  the  weight  wheth«r  It  be 
supposed  to  pull  downwards  or  thnut  upwards,  cannot  either  ascend 
or  deai^id.  But  what  is  to  hinder  ^p  from  descending  in  the  first  caaoj 
or  ascending  in  the  second  f  The  weight  is  on^  counterbalanced  at 
1,  which  is  made  fast  to  the  ring  at  n,  and  if  more  string  can  be  drawn 
out  beyond  (13)  by  the  descent  of  ^P,  or  pushed  in  by  its  ascent,  there 
is  no  mechanical  reason  why  such  drawing  out  or  pushing  in  should 
not  take  place.  The  reaaon  why  the  ascent  or  descent  cannot  take 
place  must  be  of  a  geometrical  character,  and  Lagrange  reasons  as 
tollowB : — ^It  will  be  sufficient  that  any  infinitely  small  displacement 
of  tbe  triangle  A  B  o  should  produce  no  displacement  of  the  weight; 
and  this  will  also  be  necessary :  for  if  any  possible  inrniitely  small 
displacement  of  the  system  could  let  out  string  and  give  motion 
to  the  weight,  the  tendency  of  the  weight  to  descend  would  pro- 
duce that  small  diapUcement.  But  (implies  Lagrange)  it  is  enough 
that  any  infinitely  small  displacement  of  the  system  should  only 
produce  a  diq^^cement  of  tiie  weight  which  ia  of  an  iuf^or  order: 
or  it  is  enongh  that  the  second  displacement  should  be  an  infinitely 
small  part  of  tbe  first  Here  we  cannot  follow  the  reasoning  :  why 
should  the  weight  not  be  capable  of  descending  because  tbe  first 
infinitely  small  motion  of  a  B  c  is  attended  by  one  of  au  inferior  order 
in  the  weight  We  could  name  any  number  uf  cases  in  which  con- 
tinued motions  begin  in  this  manner.  We  can  only  undeiBtand 
Lagrange's  aigumoit  to  thia  extent:  if  there  be  a  poution  of  equili- 
brium at  all,  it  must  be  that  in  which  a  given  infinitely  small  dia- 
placement  produces  the  smallest  efiect  upon  tbe  weight ;  so  that,  if 
there  be  one  position  in  which  every  dispUcement  produces  relatively 
an  infinitely  small  displacement  of  the  weight,  that  position,  or  none, 
must  be  the  position  of  equilibrium.  We  shall,  however,  proceed  with 
Lagrange's  reasoning,  and  shall  then  endeavour  to  show  that  it  may  be 
savedbom  the  preceding  objeota<m  at  laist,  if  not  rendered  absolutely 
rigoroua  Let  s  he  the  fixed  ring  to  which  9  (moveable  with  tbe 
system)  belongs ;  and  let  the  latter,  in  a  certain  infinitely  small  dis- 
placement of  the  ^teu,  be  removed  to  B.  If  s  d  be  greater  than  B  E, 
the  string  b  o  is  shortened  by  the  removal,  and  drawing  the  arc  B  k  and 
the  perpendicular  sk,  the  virtual  velocity  of  t^e  force  acting  in  the 
direction  D  s  is  l-n  (and  is  poutive),  while  the  quantity  by  which  each 
string  is  shortened  is  kd;  but  if  re  be  longer  than  s  d,  the  virtual 
velocity  is  negative,  and  the  string  is  lenf[thened.  Hence,  if  a,  J3,  -y,  be 
tbe  virtual  vdocities  of  the  forces  in  their  own  directions,  the  exprea- 
Bion  2a  +  2$  +  iy  is,  if  pobitive,  the  quantity  of  string  let  out  by  the 
displacement;  if  negative,  the  quantity  token  in.  Or  rather  we  should 
say  that  2a+^  +  2y  differs  from  the  quantity  let  out  or  taken  in  by 
an  infinitely  small  quantity  of  the  second  order ;  for  in  and  K  D,  even 
when  B  ia  infinitely  near  to  are  not  equal,  but  di^r  bj  a  sotaU 
quantity  of  the  second  oider.  Lagruge,  then,  c(Hifounding  on  infi- 
nitely small  quantity  of  the  second  order  with  absolute  notAiitg,  com- 
pared with  one  of  the  first  order,  takes  2a  +  2/3  +  2y=  0,  or,  multiplying 
by  jr,  ra  +  pfi-t-Ty=(i,  as  the  condition  that  an  infinitely  small  die- 
placement  of  tbe  system  will  allow  no  displacement  whatever  of  the 
weight;  from  which,  by  the  aid  of  the  mathematical  consideration 
alreaify  alluded  to,  he  completes  what  he  gives  as  the  proof  that 
ra-f  pS-i-py=0  is  the  condition  of  equiUbrium  :  which  is  for  this  ease 
the  enunciation  of  the  principle  of  virtual  velocities. 

*  Lagrnnge  nT&ida  thIa  second  cose  b;  an  appeal  to  mathematics,  irlileh  not 
only  deatroya  the  BlemenUry  cbarutrr  of  tbe  pntof,  but  ta  of  a  obantetKr 
IneoBBTWMU  with  the  ether  parts  of  it,  bb4  is  »oreoT«r  act  sIvsti  correct. 
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Before  procMding  to  give  our  view  of  the  manner  in  which  this 
proof  may  be  amenaecU  we  shall  point  out  how  to  proceed  when  the 
forces  are  not  eqaai.  In  such  case  they  are  eiiher  commensurable  or 
incommensurable :  let  them  be  oommensurable,  and  let  them  be  !  p, 
fftp,  np,  where  I,  m,  n,  are  integers.  Instead  of  paasing  the  string 
twice  only  through  each  ring,  pass  it  2n  times  through  o  and  H,  2ia 
times  through  b  and  H,  21  Umes  through  a  and  L.  Then,  the  instant 
the  weight  Jpia  supplied,  are  21  strings  in  the  direotion  al,  each 
with  the  tenmon  1f>  or  altogether  there  is  the  force  Ir,  apjdied  to  a  in 
directicai  al  ;  and  sinularly  of  the  rest.  If,  then,  a,  |3, 7,  be  as 
before,  we  have  2ia+2mi8  +  2«Y,  differing  only  by  an  infinitely  small 
quantity  of  the  second  order  bom  the  qusnti^  of  string  let  out  or 
taken  in  by  an  infinitely  smaU  displacement  of  the  system.  The  usual 
methods  i^y  for  the  extension  oE  this  zeasoning  to  the  case  in  which 
the  forces  are  iDoommsnsurable. 

Let  ALEia,  BH=sfr,  oubc  :  then  the  whole  length  of  the  string  as 
far  as  (18)  is  2!a  +  2i»&  +  2ne  +  a  constant  made  up  of  (4,  5),  (8,  9), 
and  (12,  13).  Henoe  2!f2a  +  2m(I&  +  2ndc  is  the  infinitdy  small 
quantity  taken  in  or  let  out  by  an  infinitely  small  dinilaconent ;  taken 
in  when  positiTe,  let  out  when  negaUve;  n  that  so,  (ifi,  <I(^  answer 
to  —  0,  —  J3,  —  7,  in  the  preceding.  Kow 

1.  It  is  ertabliriied  that,  equilibrium  existing,  equilibrium  will  remain 
when  all  the  forces  take  <q;tp08ite  directions, 

2.  Neitiier  a,  h,  e,  nor  their  diflerential  coefficients,  can  become 
infinite  in  any  position  of  the  system ;  so  that  the  only  way  in  which 
2/a  +  2m6+2»c  can  become  a  maximum  or  a  minimum  is  by 
Zlda  +  2indb  +  2 n d c  becoming,  in  the  language  of  the  differentaal 
calculus,  notAutj/,  that  is,  more  s&ctly,  an  infinitely  small  quantity  of 
the  second  order* 

Kow  let  the  weight  \t  act  doumaardi,  and  let  it  draw  out  all  the 
string  poaaible,  and  then  rest.  There  must  tJien  be  equilibrium,  ic^ 
every  displacement  makes  the  weight  rise ;  and  the  weight  has  no 
tendency  to  take  advantage,  so  to  Bi>eak,  of  this  power  of  rising.  Con- 
sequently, there  must  be  equilibrium  when  22a  +  Smft  +  Sue  is  a 
minimum,  the  weight  acting  downwards;  that  is,  when  2Ida+  2ndh 
+  2nde  is  always  posttive,  and  of  the  second  order ;  or  when  p2.  a  + 
Fn .  J3  +  Fit. 7  is  always  negative,  and  of  the  second  order.  And  this 
equilibrium  ia  stable ;  for  any  displacement  makes  the  weight  ribe,  and 
its  tendency  is  to  descend,  and  restore  the  former  stat&  Now  reverse 
the  direction  of  the  weight,  and  let  the  string  communicate  thrust 
iost^  of  pull,  sa  before  described.  Then  there  is  still  eqniUbrium 
(which  is  demonstrable  independentiy)  because  only  the  directions  of 
the  forces  are  changed ;  but  since  the  forces  change  direction,  the 
virtual  velocities  change  sign,  and  pi. a  +  ,  &o.,  ia  always  poutive,  and 
of  the  second  <»der.  Here,  then,  though  the  weight  (we  call \v  wdghi 
always,  whether  it  tend  upwards  or  downwards)  tends  to  line,  and  (gw>- 
metrictJly  speaking)  can  rise,  it  does  not  rise  :  observe,  also,  that  the 
rise  would  be  an  infinitely  smaU  quantify  of  the  second  order.  The 
equilibrium  in  this  case  ia  unstable,  for  every  displace ment  raises  the 
weight,  which  does  not  tend  to  return.  Now  let  the  weight  act 
uptatrdt,  and  let  it  push  in  all  the  string  possible,  and  then  rest 
There  must  then  be  equilibrium,  for  every  displacement  makes  the 
weight  fall,  and  the  weight  has  no  tradency  to  take  advantage  of  this 
power  of  falling.  ConsequenUy,  there  must  be  equililwiam  when 
2Ia  ftc  ia  a  maximum,  the  wei^t  acting  upwards ;  that  is,  when 
2/(2a+,fta.  is  always  nc^tive,  and  of  the  second  mder;  or  when 
Fl.a  +  ,&c.  is  always  negative,"  and  of  the  second  order;  and  this  equi- 
librium  is  stable,  for  any  dieplacement  makes  the  weight  fsll,  and  its 
tendency  is  to  rise  and  restore  the  former  state.  Now  reverse  the 
direction  of  the  weight,  and  let  the  string  pull,  instead  of  thrust. 
There  is  still  equilibrium  (because  only  the  dinctions  of  the  forces  are 
obanged):  the  virtual  velodtiss  change  ugn,  and  pl.a +,  fto.  is  always 
positive,  and  of  the  second  order ;  wA  in  this  last  case,  though  the 
weight  tends  to  fall,  and  (geometrically  speaking)  can  fall,  it  does  not 
fall.  Observe,  also,  that  the  foil  would  be  an  infinitely  small  quantity 
of  the  second  order;  and  the  equilibrium  in  this  case  is  unstable, 
for  every  displacement  lowers  the  veig^,  which  does  not  teod  to 
retuni. 

Colleoting  these  cases,  H  appears  OiMi  that  whenever  pZ. a +  ,  Ac.  ia, 
for  every  infinitely  smsll  displaoMnmt,  an  infinitely  small  quantity  of 
one  c^ven  sign,  there  is  equilibrium ;  stable  when  that  sign  is  negative, 
unstable  when  it  is  positive.  But  supposing  pl.a  +,  fto.  to  be  of  the 
second  order,  sometimes  of  one  sign,  and  sometimea  of  tiie  other, 
accordii^  to  tiie  displacement,  the  peoeding  reasoning  does  not  apply. 
Nor  do  wo  see  hdw  it  can  be  applied  without  the  assumption  that  an 
equilibrinm,  wfaidi  ia  prodiuied,  thourii  all  the  displaoements  of  the 
weight  fsTonr  the  motion  whidi  it  tends  to  take,  is  d  fortiori  prodiused 
when  some  only  do  the  same.  Taking  the  case  in  which  the  wei^t 
acta  downwards,  we  have  seen  that  there  ia  equilibrium  when  the 
descent  of  the  weight  is  of  the  second  order,  and  always  downwards ; 
the  circumstance  of  the  descent  being  of  the  second  order,  produces 
equililNium,  even  though  its  direction  is  that  which  the  weight  can 
take.  Still  more  must  there  be  equilibrium  when  all  the  descents  ore 
of  the  sacoitd  order  at  least,  and  some  only  downwsids. 

Hence,  in  every  case,  pi.a+,  &c.=0  (in  the  common  language  of 

*  men  the  action  of  the  atrbig  la  that  of  a  thrut,  it  wQl  bo  seen  that 
da  la  =  a,  &t,,  since  the  virtual  yelMitlca  ohongs  sign. 
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the  differential  calculna)  gives  a  position  of  eqtulibrium ;  and  we  han 
now  to  prove  the  converse,  namely,  titiat  cvet^  position  of  equilibrium 
gives  rl.a+,  &o.  =  0  (Lagrange  proves  this  converse  first).  This 
converse  can  be  proved,  we  submit,  without  taking  it  for  granted,  at 
once.  With  Lagrsnge,  that  if  any  motion  (p  of  tiie  first  order 
were  poaaible,  the  wrij^t  would,  oj  its  tendency  to  descend,  take  that 
motion.* 

Suppceing  tiie  system  to  be  at  rest,  and  the  weight  to  act  downwards, 

it  is  obvioudy  phj^ically  possiVde  that  a  given  finite  velodty  should  be 
communicated  to  the  weight  Suppose  a  blow  to  be  given  to  the 
weight  in  a  downward  direction,  such  as  would  communicate  a  finite 
velocity ;  what  would  be  the  effect  upon  the  system  at  the  instant 
when  uie  weight  receives  the  blow  downwards  1  impulsive  strain 
upon  the  string,  which  would  only  communicate  forces  proportional  to 
those  already  exiBtingrl*  and  could  not  disturb  the  equilibrium.  The 
system  then  cannot  more,  neither  therefore  can  the  weight  move. 
Now  as  it  is  unquestionably  physically  possible  that  the  weight  may 
take  a  finite  velocity,  the  impossibilify  of  moving  the  aystem  must  be 
geometrical ;  or  a  velodfy  commnniosted  to  the  system  must,  be  it 
what  it  may  at  the  first  instant,  oonimnnicato  none  to  the  weight ; 
snd  the  definition  of  Telocify  shows  that  this  can  only  happen  ^en, 
the  displacemente  of  the  system  in  the  time  dt  bearing  a  finite  ratio  to 
dt,  that  of  the  weight  is  infinitohr  BmaU  compared  with  dt;  that  i^ 
when  the  displacement  of  the  weight  Is  infinitely  sinsll  oonmared  with 
tiiose  of  the  ayatem.  From  this  it  follows  that  22a  +,  &c.  is  ii^Bnitely 
small  as  compared  with  a,  &o. 

We  do  not  know  how  to  make  the  preceding  prove  its  convene,  and 
we  object  to  the  mode  pursued  by  Lagrange^  Having  proved  that 
equililnium  gives  2Ia  +,  &c.,  that  is,  having^  proved  it  on  the  distinct 
assumption  uiat  the  weight  cannot  descend  ta  the  first  instant  tibrough 
a  quantity  comparable  to  o,^  Sus.,  he  then  proceeda  aa  follows  : —  Re- 
ciprocally 2/a+ ,  &0.  =  0,  ^ves  a  case  of  equilibrium ;  for  '*  the  weight 
remaining  immoveable  under  all  displao^ents,  the  powers  which  act 
upon  the  system  remain  in  the  same  state,  and  there  is  no  more  reaaon 
why  they  diould  produce  one  of  the  two  displacements  than  the  other, 
of  any  two  in  whidi  tea.  have  conbory  signs.  It  ia  the  case  of  tike 
balance  which  remains  in  equilibrium,  because  there  is  no  more  reason 
why  it  should  incline  on  one  ^e  than  the  other."  Now,  first,  thia 
reasoning  might  just  as  well  be  applied  to  prove  equilibrium  whem 
2la is  tut  saO;  second^,  it  is  not  the  case  ti  the  balanced  lever 
of  Archimedes,  for  there  is  not  that  same  symmetry,  etthw  geonietiioal 
or  medianical,  wUdi  makes  it  impossible  to  admit  either  motion  in. 
preference  to  the  other  [Statics;  Spprioumt  Rbasov];  thirdly, 
there  is  a  mechanical  reason  why  one  <rf  the  motions  should  be 
taken  rather  than  the  other,  namely,  that  one  in  which  the  dindaoa- 
ment  of  the  weight  (even  though  supposed  of  the  seoond  orcwr)  is 
poaitiTe.   This  last  will  appear  auffidentJy  in  tiie  sequel 

We  diall  now  [oooeed  to  show  that  the  moment  the  piuunple  of 
virtiial  Tdodties  is  granted,  a  problem  of  statics  becomes  one  of  pure 
mathematics.  This  is  all  we  can  undert^e  to  illustrate ;  and  for  this 
purpose  any  matheroatical  result  may  be  taken  for  granted.  First,  let 
the  force  p  be  decomposed  into  three,  x,  T,  z,  in  the  direction  of  x,  y, 
and  z ;  and  let  the  point  of  application  move  until  the  co-ordinates  are 
x  +  dx,ff-fdif,t  +  dx.  Thenaforce  equal  and  opposite  to  p(ofwluidL 
thonunnantia  —Pc^p)  balances  x,  t,  andz;  so  that  the [sini^ple  gtvas 
xdx  +  Ydy  +  zdz  +  {—Td^)  =0,  or  pdp=zi»  +  Y<fy-l-Z(I&  Do  the  same 
with  each  of  the  forces,  and  we  have  i  {rdp) «  3  (xdx)  -t  3  (rdj/)  +  2  {tdtj. 
If  the  system  be  rigid,  every  virtual  motion  may  be  decompoaed  into 
two :  a  motion  of  translation  of  any  one  given  point,  aitd  a  motion  of 
rotation  round  an  axis  passing  through  that  point  Let  Va,  ^  be 
the  co-ordinates  of  any  point  which  moves  with  the  system,  and  let  this 
point  move  so  that  ita  coordinates  shall  become     +  €lx„     4-  dg^ 

+  at  the  same  time  that  the  system  revolves  throoga  an  anj^ 
dp  about  an  axis  passing  through  the  point  {x^  y^,  ^),  and  making 
angles  A,  fi,  v  with  the  three  axes.  If  the  consequence  of  this  motion 
be  that  the  point  whose  co-ordinates  are  x,  y,  2,  moves  ao  that  its 
oo-wdinates  become  x  +  dx,  y  +  dy,  z  +  dz,w6  have 

dx—dxl  +  {coB^i  (a— ^  —  ooa  y  (y— ffo)}  dp 

dy-dya  +  {coBif{x-~x^-  cos  A.  (2— ti^ 

from  whuh  we  find  for 

3{rdp)  or  2(X(£e)  +  l{idy)  +  2(z(is), 
the  fallowing  expressioik : — 

^.dx^  +  (I^->^,al)oo■^<i♦+a(■Jr-Ts>.ooaX(l^ 
+  3T.cfya  +  {a^-^tL)<iOBfidp  +  3(^~sx).oi»nd^ 
+  7si.dt^  +  i]f^~x^r)<i(MP  dp-t^t{Tx—^).<x»pdf 

•  It  soema  to  ns  Just  as  toond  to  ray  that  If  tltere  be  any  motion  ef  the 
second  order  poultde,  the  irH^t  wUl  take  that  motioii,  and  In  on  infinltslj 
■maU  time  soqnlre  a  velooitr  of  the  first  order,  whioh  Is  exaoUy  what  takes 
plAoe  la  a  body  Calling  freely  from  rwt. 

t  It  is  here  assumed  that  whatever  foroes  keep  a  syBtem  at  rest,  hnpulsM 
pnportlonal  to  those  foRW%  snd  appUsd  la  ths  same  nsmur,  will  not  dtstatb 
the  eonlUlirtiiiiii 
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■iklinth«cMe  of  equilibrium  tiiis  is  alw^  =  0.  Knot  dx^  df„  dt^ 
DM  \df,  OM  ful4>,  CM  rd^,  can  each  receive  any  value  we  i^esse  inde- 
pendentlj  of  the  rest^  tiie  preceding  oea  Muy  nniah  imn  the  nx 
ndlowiDgooiiditions  AM  fulfilled: — 

2t  =  0  3z  =  0 

3  (zgr  -  Tz)  -  0      3  («—  m)  =  0      3  (»— xy) = 0 

which  are  the  aix  wdl-faiown  eqaationa  of  equilibriom  of  a  rigid 

We  might  give  more  examples,  but  our  Umite  require  ub  at  once  to 
CDter  upon  a  point  wliich  will  require  fuller  expluution,  because  the 
student  will  not  find  it  in  any  elementary  work.  "  Wh«i  3  (edp)  is 
—  0  for  WBtj  virtual  motion,  there  most  be  equilibrium  :"  but  the 
oonverae,  namely,  that "  when  there  ia  etiuiliVnium  the  equation  3  {vdp) 
"  0  must  be  true  for  every  virtn^  motion,"  has  not  the  same  univer- 
■ality  as  the  direct  propoaition.  If  we  look  carefully  at  the  proof,  we 
■hall  see  tiiat,  taking  any  particular  InBtance  of  virtual  motion,  the 
only  reason  why  we  want  X(Pdp)  to  be  =  0  for  that  particuhu-  motion, 
ia,  that  the  force*  ma^  not  be  able  to  make  the  Bystem  aet  off  wiUr  that 
motion :  or  that  the  mcapability  might  exist  even  though  that  motion 
wervthe  only  one  which  the  syatem  could  take.  If  then  there  be  in 
the  nature  of  the  mrBtem  itself  any  reason  why  a  particular  case  of 
virtual  motion  should  be  unattainable  the  action  of  those  forces,  we 
have  no  haigar  any  reason  to  say  that  3  (rdp)  must  be  =  0  hi  that 
ease. 

,  As  a  general  rule,  if  p,  Q,  b,  Ac  be  the  acting  forces,  and  rdp  +  odq 
+  ^r+  Ac.,  tiie  sum  of  their  mommta ;  udif  in  ana  virtual  motion 
dp=»,  dq=p,  dr=y,  ftc,  that  one  virtual  motion  haa  its  opposite,  in 
which  dp='-a,dq-=~$,dr  =  ~~y,  iK.  And  we  shall  presentiy 
see  that  if  that  one  motion  and  its  opposite  be  by  proper  restrictiona 
made  tlw  only  ones  which  the  system  can  take,  the  Bystem  wiU  begin 
to  take  the  first  motion  if  Pa  +  +  Ey  +  ftc.  be  pomtive,  and  the 
oppottteif  p(-a)  +  <j{-^)  +  B(-7)  +  ftcbepoaitivei  In  feet,  a 
ayal«n  must  set  off  frnn  rest  in  sneh  manner  that  the  sum  of  the 
mtial  momenta  is  positive  ;  and  it  is  clear  enough  that  cither  Pa  + 
,4c.,  or  p  ( -  a)  +  ftc,  must  be  positive  unless  both  vnaah.  As  a 
general  rule  then,  Po  +  4c  must  vanish ;  for  if  not,  either  the  virtual 
motini  first  named,  or  its  opposite,  has  a  positive  sum  of  moments,  and 
nan  be,  and  (if  no  other  motion  can  take  place)  will  be,  ui  initial 
moti<m  of  tiie  aytUga.  But  if  ever  it  should  happen  that  tiiere  are 
oaaes  in  which  a  virtual  motion  is  posrible,  but  its  opponte  motion  is 
imposdble,  then  all  that  is  requiMte  is  that  for  the  possible  one  of  the 
pair,  S  Pe^  should  be  0  or  native,  not  poiitive.  There  ia  another 
exoeptJon  of  a  remarkable  character,  for  which  it  vrill  be  better  to 
wait  until  we  come  to  see  the  meaidng  of  the  sum  of  the  momenta 
Ina dynanuoal  pomt  of  view.  Excludmg  this  for  the  present,  let  a 
Tirtoal  motion  which  has  its  opposite  be  called  a  double  motion,  and 
one  which  has  not  ita  opposite,  a  abrie  motim :  then  the  true  state- 
ment of  the  principle  of  virtual  vekxnties  is  as  foUbm 

If  3Ptip  be  nothing  for  every  double  virtual  motion,  and  nothing  or 
*»«SJ*»™       *™7  ^  equilibrium :  and  if  there  be 

oquilibnum,  then  3  (prfp)  ia  nothing  for  every  double  virtual  motion, 
and  nothing  or  negative  for  every  single  one. 

We  easUy  have  mcorporated  the  oonsidetation  of  these  ex- 

Mpuonal  esses  <rf  single  virtual  motions  in  the  general  proot  V?e 
sfa^  now  give  a  simple  mstanos.  Let  a  weight  be  bstened  to  the 
i^ddle  of  a  string,  at  the  end  of  which  an  tworinn:  theasrinn 
■UdeopcnourTeavhiohhaTsaaspsaBinihB  diagramTThe  wd^^ 


the  weight  is  the  only  external  acting  force  t  but 
JS^S^L  ^  the  second  order  witii 

nrferenee  to  tiie  df^lacement  of  the  rings),  but  is  negative.  The 
Tlr^  motions  of  tiie  rings  are  single,  snd'si  only  be  up^Taidt  S 

S^^n?V*'^P*?"?M!'^«''"S  ""^i*^""  ^  tL  statement  of  the 
n^il  w^rr"  ^th  Vabiations,  Calcclus  of,  will  see 

^^^<^--^         these  errors  and 

S^Tth^SS^.^J'jf  ««>»PMi«il»yacoi4,ponding^tife 
S^t£^«f^S?***^'  he  true  If  B  liTnegativ^that 

is,  the  trutii  of  (a)  requires  b=0.   But  if  there  be  e^ptiontO? 


singular  cases  in  which  negative  values  of  B  are  not  accompanied  by 
eorrenwnding  positive  ones,  then  b  =  0  is  no  longer  necessaiy ;  it  is 
enoupi  that  b  ahould  be  n^ativa.  Now  the  error  whidi  has  ran 
through  the  results  of  tiia  differential  csloulua  from  book  to  book, 
from  country  to  countzy,  and  from  century  to  century,  oonsistB  in 
taking  the  usoal  and  genetal  ease  toe  nnivanl,  and.  forgetting  the 
exception. 

The  principle  of  virtual  velocities  is  applied  to  dynamics  by  means 
of  the  celebrated  principle  which  goes  by  tlw  name  of  D'Alembat> 
propounded  by  him  in  his  treatose  on  dynamics^  puUi^ed  in  1743. 
We  have  touched  upon  this  princi[^  in  Forces,  Impressed  akd 
Effective,  but  we  have  referred  the  complete  develoinn«kt  of  it  to 
the  present  article. 

It  will  do  for  our  present  purpose  to  suppose  a  system  of  points  con- 
nected together,  each  point  being  considered  as  a  certain  mass  of  matter. 
Whatever  may  be  the  feulte  of  the  eystem  of  Cavalieri  [CAVauxBl,  in 
Bioo.  Div.]  for  geometrical  deduction,  it  is  sound  enough  meehanioally 
considered :  a  point  may  not  be  taken  to  be  one  of  tiie  oonsUtuent 
parts  of  a  length,  but  there  is  no  difficulty  in  considering  it  as  endowed 
with  weight  and  impenetrability,  or  as  rigidly  connected  with  other 
points.  If  we  imagine  a  mass  of  matter  to  be  divided  into  an  infinite 
number  of  infinitely  small  elemente,  each  of  whidi  is  an  extended  mass, 
though  we  may  not,  for  geometrical  purposes,  suppose  each  of  these 
elements  to  have  its  biUk  collected  in  uiy  one  of  its  points,  there  is  no 
difficulty  in  supposing  ita  num  to  be  so  collected.  If  tiien  we  begin 
with  tiie  consideration  of  a  finite  number  of  points,  having  various 
masses,  we  may,  by  increasing  the  number  of  our  points  and  diminishing 
their  masses,  approach  as  near  as  we  please  to  the  case  of  a  continuous 
geometrical  solid,  all  the  parts  of  which  have  weight,  and  of  which  the 
density  varies  according  to  any  law.  Again,  when  a  system  moves, 
and  when  the  law  of  ite  motion  is  known,  we  can  determine,  at  any 
one  instant  rVELOCirr],  the  velocity  uf  any  one  point  in  any  one 
direction,  and  the  acceleration  (or  retardation,  negative  acceleration)  at 
that  one  instant :  that  is  to  say,  the  rate  per  second  at  which  the 
motion  is  receiving  acceleration  at  the  moment  named.  From  tiiis 
acceleration,  as  in  the  place  last  <nted,  we  can  determine  the  pressure 
which  the  mass  of  the  point  in  question  ia  actually  experientang  at  the 
moment ;  for  on  one  mass  there  is  but  one  pressure  which  can  produce 
acceleration  at  one  given  rate.  In  this  way  then  we  can  determine  the 
pressures  which  the  various  pomta  (or  molecules  *)  of  the  sjretem  sre 
undergoing ;  and  this  determination  is  made  tn  termt  the  motion, 
that  is,  in  terms  of  ttie  velocities  and  accelerations  of  the  molecules, 
the  preaaunja  being  derived  from  the  acceleratiooa  by  reference  to  the 
known  manea  of  Ute  molecules.  The  pressures  so  obtained  are  called 
effective  foreet,  a  sufficient  and  expressive  name.  But  it  by  no  means 
follows  that  tiie  forces  applud  at  the  different  molecules  are  those 
which  are  effective  on  those  molecules.  Two  molecules  are  inseparably 
joined  by  a  rigid  bar  without  weight,  and  thrown  into  vacuoua  space. 
If  theee  molecules  were  thrown  separately,  each  would  destaibe  s 
parabola ;  but  as  the  case  stands,  the  centze  of  gravity  of  the  molecules 
describes  a  parabola,  and  tiie  bar  revolves  round  its  centre  of  gravity 
[Trahslation  and  Rotatioii]  :  t^e  effective  forces  are  v«y  difierent 
from  the  impressed  forces.  Now  D'Alembert's  principle  is  the 
expression  of  this  simple  law,  that  force  it  never  UM  t  nor  gained.  li  a, 
force  applied  to  any  molecule  of  the  ayetom  be  not  wholly  effective  on 
that  molecule,  the  part  which  is  not  eBtetive  on  the  molecule  of 
application  is  efifootive  elsewhere;  and  if  the  motion  guned  by  or  rate 
M  aoceleration  shown  by  any  given  molecule  be  greater  than  b  dae  to 
the  force  impressed  on  tiiat  molecule,  some  other  molecule  of  the 
system  must  nave  lees  than  is  due  to  ite  impressed  foroei  Thus  the 
motion  of  a  system  of  connected  molecules  involves  a  collection  of 
debtor  and  creditor  accounts,  t^e  balances  of  which  cannot  show,  when 
put  together,  the  smallest  amount  of  momentum  in  any  dizectioo, 
except  what  the  system  either  had  at  the  beginning  or  has  received 
from  the  impressed  forces  during  the  motion.  The  consideration  of 
the  third  law  of  motion  fUoTiOK,  Laws  op  J  would  make  snob  a  result 
appear  extremely  probable,  if  not  necessary;  but  a  WpwABo  demonstra- 
tion of  the  truth  of  the  principle  can  be  given. 

Let  the  molecules  have  the  masses  Mi,  m,,  4c.,  and  let  the  Impressed 
forces  be  suoh  as,  in  their  directions,  would  give  the  rates  of  accelera* 
tion  Pi,  p„  4c.,  if  these  molecules  were  free  and  unconnected.  Then 
[Pohoe;  Mass;  Vabiatiob;  Vklooitt]  m,Pi,  in^p,,  represent  the 
pressures  impreased,  on  the  condition  that  the  nnit  of  pressure  is 
that  which  produces  a  unit  of  acceleration  in  tiie  unit  of  mass.  Let 
the  effective  pressures,  derived  from  the  velocities  in  the  directions 
of  the  co-ordinates  of  x,  y,  and  t,  and  compounded  into  one  force 
for  each  molecule,  be  such  as  would  produce  the  rates  of  accele- 
ration  4e. ;  so  that  tiie  effective  pressures  are  tn,<)i,  «,  Qi,  4a 

When  two  forces  aet  on  a  point,  either  is  equivalent  to  the  other 
with  a  certain  third  force ;  let  m,p,  be  equivalent  to  m,Q,  and 
tn,  n, ;  let  in^  p,  be  equivalent  to  and  b„  and  so  oa.  Then  the 
syetem  (f)  of  impressed  forces  is  equivaloit  to  tiie  system  (q)  of 

*  A  molecule,  Sn  getnnetrleal  mecbaniiv,  means  a  point,  endowed  with  the 
properties  of  a  mna^  of  matter,  finite  or  inflnltcly  amall,  lu  the  ewe  may  be. 

t  V/c  here  exclude  friction  and  lesistancos,  bnt  only  on  aceonnt  of  onr 
ignorance  of  the  action  of  theee  forces.  Ttte  foree*  lost  (that  it,  lost  witb 
respect  to  tlie  ^ton)  are  lure  oommunlcated  to  other  sabatsiwe^  to  tke  mass 
la  oentsst  or  to  tbs  sir. 
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effective  forces,  together  with  the  Bjstem  (b)  :  for  {p)  subsbitute  {<)) 
and  (b),  and  the  effect  upon  the  Byatem,  in  the  infioitely  small  time 
following  the  moment  of  which  we  speak,  is  what  it  woula  have  been 
if  (p)  had  oontinueii  But  Hat  e&ct  is  -pnaaelj  what  is  produced  by 
(q)  ;  for  (q)  was  nothing  but  the  pressures  necessary  to  pisduce  the 
actual  effect  of  which  we  are  speaung.  Therefore  (b)  has  no  effect, 
and  would  of  itself  equilibrate  tha  system  :  to  suppose  that  (b)  would 
not  equilibrate,  or  would  produce  some  motion,  while  (())  is  actually 
oaloulated  to  produce  all  toat  is  to  take  place,  is  to  suppose  tiiat  the 
system  will,  in  the  infinitely  small  time  next  ensuing,  have  another 
motion  besidea  that  which  (q)  would  produce,  which  is  absurd.  Con- 
sequently (&)  ia  a  system  of  equilibrating  forces,  which  is  expressed  by 
saying  that  the  forces  lost  and  gained  balance  one  another :  for  if 
m,p„  the  force  imjffeesed  on  m„  be  equivalent  to  Qj  md  B,,  of 
whic^  fftj  Q,  ia  enou^  to  produce  what  takes  place,  it  la  obvious  that 
m,  R^,f^o  &r  as  the  molecule  is  concerned,  ia  lost  It  would  be 
better  to  say  that  m^R^  ia  transferred,  and  that  all  the  forces  trans- 
ferred balance  one  another.  Again,  since  (s)  is  whc^y  without  efl^> 
it  follows  that  (p)  ia  equivalent  to  (q)  ;  or,  at  every  instant  of  the 
motion,  the  iibpr«»ed  forces  are  a  set  of  equivalent  statical  powera 
with  the  effective  foroes :  bo  that  it  either  set  were  applied  to  the 
i^stem  at  rest,  and  also  the  oppodtes  of  all  the  forces  in  the  other  set, 
were  would  be  equilibrium.  Or  the  impressed  forces  balance  the 
effective  forces  with  their  signs  changed.   Now  the  effective  forces  on 


»„  in  the  directions  of  x,  y,  and  z,  are      -7^,^  m 


similarly  for  the  rest ;  while,  if  we  decompose  the  rate  of  acceleration 
F„into  z,,T,,  z„in  the  directions  of  x,  y,  and  2,  the  impressed 
pressures  in  ti^ese  directions  are  in,Zi,)n,Ti,  and  m^z,.  And  [Vabia- 
Calouldb  OF,]  to  distingi^ah  the  virtual  motion  which  the 
problem  (rf  equllilninm  requim,  from  tlie  actually  coming  motion 
In  terms  oi  whidi  Gm  effootive  forces  an  ezpreaaed,  we  may  use  8^;, 
instead  of  dx,  in  the  former,  and  so  on.  Hence,  changing  the  signs  of 
the  impressed  forces  and  combining  them,  so  changed,  wit£  the 
efibcUve  forces,  we  have,  for  the  fundamental  aquaticai  of  evwy 
ctyuunical  problem — 

From  which  are  obtained,  as  in  a  wooadinff  prooess,  the  foUowing  six 
equations  of  motion,  ablmriating  a>« :  dfiinto  «*,  and  so  on — 

3(ma<")  -  3(««)       3{m(2^y-y'2)}  =  S  {m(ay~Tz)  } 

a(myO  =  a{m(*"a-^«)}  =  a{«{x«-ar)  } 

These  equations  txpreas  the  property  already  mentioned  [Tbassll- 
Tion],  namely,  that  the  centre  of  gravity  moves  as  it  would  do  IE  all 
the  massM  were  collected  there,  and  all  the  pressures  ap|Jied  there. 
We  shall  merely  enumerate  the  Btei»  of  the  proof  of  this  proposition. 
The  co-ordinates  of  the  centre  of  gnvity  being  x^  y^,  we  have  x„ 
2n  =  1  (mx),  ko.,  whenoe  x^'im  =  3(m»"}  a  3(inx),  fte.,  whlcfa  are 
precisely  the  equations  for  uie  motion  of  a  molecule  of  the  masa  2in, 
and  to  which  the  force  l{mxj  ia  applied.  With  regard  to  the  initial 
Telocity  which  ouf^t  to  be  given  to  the  centre  of  gravity  when  the 
molecules  are  there  collected,  observe  that  a^'=  3(m«') 3ms 
{a  +  lifmxdi)  }  -S-  2n,  where  a  is  &e  initbl  value     3  {ma^ 

Consequently,  at  the  commencement  of  tbe  motion  x,!  should  have  the 
same  value  as  3(fA«0  -j-^*"),  or  we  should  have  xj3m  =  Uma^)  at  the 
outset ;  that  is,  tbe  momentum  of  the  collected  mass,  in  the  direction 
of  X,  should  be  the  some  as  the  sum  of  the  momenta  of  the  molecules 
in  tite  system,  and  the  same  of  Uie  other  co-ordinates.    Again,  let  {,  1), 

be  the  coordinates,  referred  to  the  oentn  ol  gravitjy,  of  the  point 
whose  original  co-ardinates  an  «,  y,  2; 

We  have  then  x  =  x„  +  ^,ff  =  jfg  +  ^fg  =  a^  +  {}  also  3.m{  >  0, 3»ii 
w  Of  3m  C  ■=  0.   Substitution  gives 

3  {«(^y-y"«)}  -  yo*«»  -        +  3  {vt{Cn-i'0\ 

=  3  {  m«(yo -(- n)  -        +  C)  } 
whenoe  3  {m{Cv-v"0\  =  3  tC)} 

which,  with  the  two  other  equations  similarly  deduced,  are  precisely 
tboM  which  would  determine  the  motion  if  the  centre  of  gravity  were 
fixed  and  the  forces  then  applied.  We  must  refer  to  works  on  the 
subjeot  for  further  development  of  these  conditions,  and  shall  proeeed 
to  cases  mwe  illustrative  of  the  prind[de  under  conidderation. 

Among  the  virtual  motions,  one  of  course  is  the  motion  the  ^atem 
is  actually  about  to  take.  In  this  case  tie  is  dXt  and  the  funda- 
mental equation  becomes 

3{«  {x^dx  +  y"dy  +  »  3{m(x(l«  +  tdy  afa)}. 

Now  tile  first  Ende  of  this  equation  is  notiung  but  tiie  differential 
wiUi  respect  to  the  time  of  {3,  { m(3;'3 4- y^ +  or  iZnn^,  v^,v^,tui., 
bdng  the  actual  vekxatiea  of  the  molecules  at  the  end  of  the  time  L 
Bmoo  welum 

3mv*=>  A  +  3  \m/(idx  +  Trfy  +  idz)^ 


when  Aistite  value  o£  3mii'  at  the  oommencement  of  the  motion, 
and  the  integral  also  begins  at  that  oommencement.  Suppose  tiie 
system  to  be  at  rest  at  the  o<mmiettcement  of  tite  Btotion,  tnenA  =  0, 
since  each  of  theinoipient  Telooities  is  notidng;  consequently  at  the 
end  of  the  first  infimtely  small  element  dt,  3m«*  haa  changed  from 
0  to  m(xdx  +  sdy  +  sdt).  But  this  is  precisely  the  sum  of  the 
moments  of  the  impressed  forces  in  the  principle  of  virtual  velocities  ; 
and  3mi)'  being  m,  v^^+M,v,*+  fta,  must  be  a  positive  quantity. 
Hence  tiie  sum  of  the  moments  must  be  positive,  for  the  virtual 
motion  which  the  ^tem  utually  tends  to  take :  and  this  is  the 
principle  of  which  we  have  foreetuled  the  use  In  completing  the  ea<- 
rect  ennnoiatioQ  of  tiie  principle  of  virtual  velocities:  This  mi^it 
be  suspected  beforehand  from  the  following  consideiation  : — The 
foroes  which  have  positive  moments  are  those  wMoh  tend,  «to  far  as 
they  go,  to  produce  tbe  virtual  motion  in  question ;  and  those  which 
have  nc^tive  motions  to  hinder  it,  Whatever  motion  tbe  astern 
takes,  it  must  be  one  in  vhich  the  foroes  tuning  to  produce  that 
motion  predominate  over  those  which  tend  to  hinder  it :  or  the  foroas 
with  positive  moments  must  have  those  moments  tc^ether  lot^  tJim 
the  foroes  with  negative  moments. 

The  choice  which  tbe  system  •  makes  among  oU  Uie  virtual  motions, 
in  which  to  begin  its  motion,  is  that  in  which  the  sum  of  all  the 
momenta  of  the  forces  is  a  maximum,  in  the  sense  which  viU  pre- 
sently be  explained.  Since  eveiy  motion  of  a  system  can  be  reduced 
to  a  translatioa  of  tbe  centre  of  gravity  and  rotation  round  an  m'I 
passing  through  that  centre,  let  us  reduce  the  virtual  motion  to  terms 
of  the  motion  of  and  round  the  centxe  of  gravi^.  If  3nx,  Ac.,  bs 
p,  Q,  R,  and  if  2|i»  (zy— T2)}  4c.,  be  l,  m,  »,  it  foUows  from  what  has 
been  shown  respecting  the  motion  of  this  centre  that  its  first  direction 
of  translation  (tiie  system  stsrting  from  rest)  is  such  that  ify-,  dt, 
are  in  the  profKirtion  of  t,  q,  B,  aad  that  the  axis  round  whi(£  the 
system  begms  to  bun  makes  angles  with  the  axes  of  y,  and  x,  whose 
cosines  are  in  the  proportion  of  L,  u,  and  B.  Now  suppose  any  motion 
of  and  round  the  centra  of  gravity,  and  returning  to  the  expiessioiis 
in  which  the  sum  of  the  momenta  is  given  in  terms  of  Uiose  motions, 
observe  that  we  must  write  tax  for  x,  &c,  becauaa  the  pressures  an 
now  represented  by  mx,  &o.,  whioh  wen  than  npnsented  W  x,  fta. 
Moreover  e^ml—y^mz,  and  the  other  tenns  otffresponduijb  all 
vanish,  because  3f»s-i-3»,  ko.  We  have  than  for  the  sum  of  tlw 
moments, 

Tdx^  +  (idyo  +  UdM  +  {L  COBX  +  U  OOE  fl  +  V  COB  y)  dfi. 

Let  tiie  displacement  of  the  oentn  of  gravity  be  du,  we  have  them 
du=y/{dxj+dy^  +  dis^^.  Now  the  theorem  is,  that  for  given  valuM 
of  du  and  d^,  for  a  given  amount  of  translation  and  rotation,  the 
direction  of  truislation  and  the  position  of  the  axis  of  rotation,  in  the 
virtual  motion  which  the  initial  effect  of  tbe  forces  actually  oauseSj  an 
such  at  to  make  tbe  preceding  enression  a  maximum. 

First,  it  must  be  shown  by  the  common  methods  that  for  a  con- 
stant value  of  j'-i-g'+r*,  the  expression  +  Bq  +  or,  if  then 
poiitive,  is  a  maximum  when  j>,  9,  r  an  in  the  proportion  of  a,  B,  a 
Now  in  the  actual  motion  of  the  system,  rdXf^-mdjfa+w^d^ 
and  (l  cos  A  -t-  Ac.)  dip,  are  pontine  gwvaiitiet  s  for  tlie  fim  is  the 
initially  obtained  value  of  lamv*  when  the  system  is  all  oollected 
in  the  centra  of  gravity  and  all  the  forces  ara  then  implied  : 
and  the  second  is  the  same  when  the  ceuts-e  of  gravity  is  fixed  and  the 
system  bwins  to  move  about  it.  And  since  the  variables  of  the  fint 
and  second  an  entirely  independent  of  each  other,  the  sum  of  the  two 
is  a  maximum  when  each  separately  is  a  maximum.  In  the  first  dx^  -f 
&«.,  is  a  constant,  being  da?,  and  therefore  the  ftret  is  a  maximum 
when  dxa,  dy^,  and  (i:^  are  in  the  proportion  of  p,  q,  b.  But  in  the 
second,  ooa'A  +  cosV  +  cos'if  =  1,  whence  the  second  ia  a  maximum 
when  oosA,  cos/iicoscaninthe  proportion  of  l,  h,  n.  But  these 
two  sets  conditions  put  together  predsely  npresent  the  motion 
which  at  the  outset  the  system  does  take  from  tlu  impressed  f orcea. 
Whence  the  theorem  is  true,  as  asserted. 

We  may  now  treat  tbe  exception  of  which  we  have  spobm  in  a 
preceding  part  of  this  article.  Suppose  that  tiie  moments  in  all  the 
directions  in  which  the  system  can  move  are  equal,  or  else  that  there 
is  among  them  a  set  which  ara  equal,  and  each  of  them  greater  tlian 
any  of  the  rest.  Which  of  all  the  virtiul  motions  having  these 
moments  is  the  syston  to  tskef  It  cannot  prefer  eitbiN>  and  will 
remain  in  equilibiium.  As  an  instanos,  let  ths  «nd  of  a  string  bs 
attached  to  a  cam  on  which  it  ou  did*  frsoly ,  while  the  itriog  gajf- 


ports  a  we^ht.  Let  the  curve  have  a  cosp  pointing  towards,  with  its 
tangent  vertical,  and  let  the  end  of  tbe  string  be  placed  at  the  ousp^  as 

•  We  Denflne  onrsdves  here  to  a  rigid  systein,  thongh  the  propesltIcQ  la  Ins 
vnlTcrsally.   But  tbe  onlreml  proof  would  be  too  long. 
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in  the  diagram.  Tliere  will  be  equilibrium,  but  the  prindple  of  virtual 
velocitieB  will  not  be  true,  even  ia  the  eztended  form  which  we  have 
used.  The  moments  belOTgiiig  to  the  two  poaible  motiona  an  poai- 
tlve,  but  they  are  equal.  On  vhioh  aida  ia  the  deaoent  to  take  place  1 
The  mathematician  hoa  a  warning  in  such  cbhs,  which  may  be  eaaily 
and  briefly  exiu'eeBed.  The  ezpreaaion  STdp,  before  it  uMd,  requires 
that  the  quantitiea  p,.  Ac.,  should  be  reduced  to  the  smalleat  num- 
ber of  independent  rariablea.  Let  q„q,. ,  .he  these  variables,  and  let 
the  sum  of  the  momenta,  when  reduced  to  terma  of  theae  variablea,  be 
4i<^i  +  ftc.,  or  XQtf;.  The  princi[de  ia  then  inteUigible  iriien,  for  all 
ue  virtoal  motiona,  dp^  dq^,  &o.,  have  finite  ratioa  to  one  another. 
But  if  there  be  any  poaUon  in  which  for  a  certain  virtual  motion  (me 
or  more  of  the  set  fto.,  become  infinite  with  respect  to  those 

td  tiie  aet  do„  dq„  ko.,  tlw  equaUon  becomes  inci^able  of  being  used. 
Vor  if  we  take  the  aetual  virtual  velooHH,  and  attMnpb  to  reduce 

to  ita  eqiiivalent  Tie^, 
at  at 

the  first  ride,  which  may  be  made  finite,  is  equated  to  an  eiqiression 
in  which  infinite  terma  occur,  which  is  always  a  warning  to  expect 
the  possibility  of  cases  of  exception.  Circumstancee  of  this  sort  have 
never  received  sufficient  investigation,  and  in  all  probability  tiiere  ore 
numerous  varieties  of  the  caaea  of  equilibriimi  which  arise  out  of  them, 
and  which  cannot  be  treated  by  the  wdinaiy  principle.  Bo  much  we  may 
certainly  say,  that  if  there  be  different  virtual  motions  with  the  sums 
(tf  the  momenta  podtive  and  maxima,  utber  there  muat  be  eq^iiilibiiam, 
or  the  teat  for  detomining  which  of  the  motiona  will  eoaue  ia  wholly 
unknown. 

On  the  history*  of  virtual  velocities,  there  is  not  much  to  say. 
Goido  Ubaldi  saw  it  in  aome  cases,  Qalileo  in  some  others;  WalUa 
adopted  it  aa  a  priac^de,  and  after  him  John  Bernoulli,  who  gave  it  in 
the  most  general  form.  Lagrange  made  it  the  foundation  of  hia 
'  M^cuiique  Analytique,'  and  since  bis  time  it  haa  formed  part  of  every 
well-constituted  treatise  on  mechanics.  It  was  in  the  '  Htomique 
Analytique '  that  the  principle  given  by  B'Alembert  waa  first  joined  to 
that  of  virtual  velocities  in  such  a  manner  aa  to  fp:?t  the  admoe  of 
dTDMBOM  its  present  uniformity  of  system. 

VIS  INERTLS.  [Inkrtu.] 

VIS  VIVA,  or  Uving  force,  a  name  given  in  mechanics  to  the  fol- 
lowing index  of  the  atate  of  a  system  in  motion ;— the  sum  of  all  the 
toanee,  each  multiplied  by  the  square  of  its  velocity.  If  the  system 
be  oonridered  as  oompoaed  of  a  finite  number  of  molecules,  the  via  viva 
may  be  expreased  1^  the  symbol  Jmv* ;  but  if  it  be  a  continuous  maaa, 
or  a  collection  of  continuous  masses,  1^  J'ifldm,,  or  3^ i^nt.  It  is 
enough  ^t  the  mass  of  every  particle  bo  found  in  Uie  expression, 
multiplied  tgr  tiie  square  of  its  vdocity. 

In  the  article  Yxbtual  Velocities  we  seethe  equation — 

2mr'  *=  3m. f  (itii:  +  Trfy  +  zda), 

the  integral  being  taken  for  each  molecule  over  tiie  whole  path  which 
It  haa  described  lonoe  the  bwimiing  of  the  motion. 

Presuming  a  knowledge  of  the  arUde  cited,  we  may  describe  the  vis 
viva  thus : — Dividing  the  whole  motion  of  the  system,  from  the 
bwinning  to  the  time  under  consideration,  into  an  infinite  number  of 
infinitely  small  changes  of  place,  each  of  those  changes  ia  one  of  the 
virtual  motions  which  come  under  consideration  in  the  principle  of 
virtual  velodtiee.  And  each  motion  has,  g^raliy  speaking,  its  con- 
taary;  and  one  of  these  two  the  aystem  would  tend tot^e, and  to 
refoae  the  oHier,  if  ita  motion  were  Wan  instant  restricted,  so  that  it 
could  only  chooae  between  those  two.  The  one  which  it  would  tend 
to  take  ia  that  for  which  {xdx  +  Sui.)  is  positive.  Now,  it  appears 
in  the  preceding  equation  that  whenever  the  infinitely  Rtna.li  motion 
which  IS  taking  place  for  the  time  being  is  that  which  {when  restricted 
aa  above)  the  aystem  would  take,  tiie  via  viva  ia  receiving  increase ; 
when  that  whidi  It  oouH  not  take,  decreaaa  And  the  via  viva  is  the 
balance,  ao  to  spesk,  of  all  the  auma  of  momenta,  eabh  irith  its  proper 
^gn,  added,  also  with  its  proper  Ngn,  to  the  via  viva  at  the  beginmng 
of  the  motion.   [Phtbicai,  Forcb,  ConsERVATioir  or.] 

The  preceding  equation  is  sometimes  said  to  express  the  principle  of 
the  cOTuervation  of  vit  viva,  which  is  to  be  understood  thus :  the  system 
never  acquires  nor  loses  any  quantity  of  via  viva  from  the  action  of  ita 
parts  upon  each  otiier,  but  tnily  from  the  ootioa  of  external  foroea.  If 
aftw  a  certain  time  all  external  forces  oeoBS,  from  that  moment 
3m{x.dx  +  ko.)  ia  =  0,  or  d{2mv')  =  0,  or         remaina  oonatant. 

Another  remarkable  property  of  the  vis  viva  ia,  that  in  all  the  oases 
which  occur  in  nature,  the  amount  of  via  viva  acquired  in  passing  from 
one  position  to  another  depends  only  on  the  co-ordinates  which  settle 
the  mitial  and  final  poaitionB.  If  x,  &c.,  be  futustiona  of  oo-ordinatea 
cmly,  it  generally  happens  that  x<I:c-i-Tdy-fzdziBanintegrable  func- 
tion, ana  depends  on  coordinates  only.  But  the  loree  of  thia  leault  is 
not  easily  seen  hy  the  beginner. 

At  the  end  of  the  I7m  centtuy  a  remaikable  discussion  took  place 
on  the  question  of  the  mechanical  interpretoticm  of  the  via  viva. 

*  On  this  point,  and  many  others  eonnected  with  the  history  of  mechanic*, 
the  reader  wlU  find  spedle  accoimts  aad  valuaUe  rchraneaa  In  Waltn's 
'  QdleetiaB  of  TraUans  on  Iheoretlcat  Ueriianlca,' 


Leibnita  first  gave  this  name  :  he  considered  force  when  it  produces 
motion  as  vit  mva,  or  Uving  force;  but  when  it  is  equilibrated,  he 
called  it  via  mortua,  or  dead  fcwoe;  ud  he  measured  the  eSiect  of  living 
force  by  the  maaa  multiplied  into  tiie  aquare  of  the  velocity.  To  take 
the  simple  oaae  which  was  mostly  appeiued  to ; — If  two  equal  wei^ta 
be  thrown  up  in  vacuo,  the  one  with  a  velocity  double  that  of  the 
other,  it  is  well  known  that  the  one  will  rise,  not  twice,  but  four  times 
aa  high  as  the  oUier :  accordingly,  Leibnitz  considered  that  the  force 
whum  produces  the  double  velocity  is  four  times  aa  e^tive  as  the 
othec  force.  Varioua  othsr  inatances  were  produced  in  whidk  the 
du|dieation  of  the  velodty  is  the  quadruplicatlon  of  the  effect  pro- 
duced. It  waa  accordingly  argued  that,  for  a  given  mass,  the  aquare 
of  the  velocitv  ia  the  proper  measure  of  the  force  neceaaary  to  destroy 
or  to  create  tne  velocity.  But,  on  the  other  hand,  it  waa  very  weU 
known  that,  whatever  might  be  adopted  as  the  measure  of  force,  it  was 
certain  that  pressures  were,  eaUrit  parHia,  proportional  to  the  simple 
velocities' produced  by  them  In  a  given  time.  John  Bernoulli  adopted 
the  opinion  of  Lnbmts,  which  was  o^poeed  by  varioua  other  oontampo- 
taries ;  and  the  controversy  (the  history  of  which  may  be  seen  in 
Montucla)  continued  until  the  publication  of  D'Alembert'a  work  on 
dynamics,  in  which  the  question  was  treated  aa  being  purely  one  of 
words. 

It  waa  objected  to  the  opinion  of  Leibnits,  that  though  the  double 
velodty  would  give  four  times  asccait,  it  ou^t  not  to  be  forgotten 
that  it  required  twice  the  time  :  so  that  in  a  gtvm-time  double  the 
velocity  would  produce  only  double  the  ascent,  one  port  of  the  ascent 
with  another.  This  argument  waa  never  aatisfaotorily  answered ;  and 
while  we  cannot  help  thinking  that  it  ought  to  have  been  decisive  of 
the  question,  we  draw  from  it  a  conclusion  difierent  from  that  of 
D'Alembert ;  we  cannot  think  the  dispute  a  mere  question  of  worda. 
It  muat  be  granted  that,  for  all  purpoaea  in  which  time  is  not  an  ele- 
ment, the  measure  of  the  effitct  of  a  force  may  be  the  squaro  of  the 
velocity,  as  exemplified  in  the  instance  cited.  But  when  is  it  that  a 
mechanical  efi'ect  can  be  properly  estimated  without  reference  to  the 
time  in  which  it  is  produced  1  The  definition  of  the  words  measure 
and  efi'ect  may  thus  without  doubt  be  accommodated  either  to  the  idea 
iA.  Iieibnitz  or  of  hia  opponents ;  and  those  who  disputed  on  the  ques- 
tion without  requiring  exact  definitions  might  degenerate  into  a  mere 
question  of  words.  But  it  ought  to  have  been  a  question  aa  to  what 
was  the  proper  meaning  of  the  word  effect,  in  the  fundamental  phrase 
"  effect  of  a  force,"  the  proper  explanation  of  which  must  precede  all 
good  reasoning  in  mechanics.  If  pressuro  be  defined  aa  that  which 
produces  a  certain  efi'ect  [Pbbsbube]  on  our  senses,  imdoubtedly  it  is 
a  known  fact  that  uncounteiacted  pressuro  produces  motion ;  but  it  is 
only  when  allowed  to  act  for  a  finite  time  :  consequently,  the  element 
of  time  ia  as  eaaentiol  to  the  conception  of  the  phenomenon  as  that  of 
pressuro  or  motion.  Height  in  a  rectangle  gives  area ;  but  it  would 
not  therefore  be  allowable  to  measure  ^t  area  by  the  height ;  for 
there  muat  be  a  base,  or  there  is  no  rectangle  at  aU.  But  if  pressuro 
be  merely  considered  as  the  cause  of  motion,  and  called  force  in  that 
senae,  it  is  very  difficult  to  aee  why  the  cause,  which  is  only  knovm  by 
the  eSiect,  ia  to  be  measured  by  anything  but  the  simple  effect  Pro- 
bably this  discussion  gave  rise  to  the  chapter  of  the  '  M^canique 
Celeste,'  in  which  Laplace  speculates  upon  what  the  laws  of  motion 
would  have  been  if  force  had  been  aa  a  function  of  the  velocity,  instead 
of  aa  the  simple  velocity.  We  have  never  met  with  any  one  who 
oould  give  us  an  intelligible  account  of  the  meaning  of  uis  invasti- 
gation. 

VI8CI1T.  [BlBDLIlIE.] 

VISCOUNT,  the  nune  of  a  dignity  which  ranks  fourth  in  the 
peerage,  imm^iiately  above  that  of  baron.  It  is  the  most  recent 
English  title,  having,  it  is  said,  its  origin  in  the  time  of  Henry  VI., 
who,  in  1140,  created  by  letters  patent  John,  Lord  Beaumont,  Viscount 
Beaumont.  In  Scotland  the  title  of  Viaoonut  waa  first  granted  bj 
Jamea  VL 

Camden  obaerves  that,  although  this  is  a  new  title  of  dignity,  yet  it 
ia  on  ancient  one  of  office :  viacount,  viceeomei,  the  deputy  oi  the 
count  or  earl,  is  the  Latin  name  for  the  sheriff  of  a  county  [Sheriff], 
an  office  in  ancient  times  held  by  persons  of  the  highest  rank.  Whether 
the  title  of  viscount  waa  suggeeted  by  that  office  it  is  difficult  to  say ; 
but  Spelman  mentions  that  William  the  Conqueror  made  Baldmn 
hereditaiy  Viacount  (viee^omitem)  of  Devon  uid  Baron  of  Okehaaiptou; 
and  "  ha  made  Ursus  or  Urao  Abtot  viscount  of  Woroester,  but  Roger 
hia  son  was  deprived  of  the  titie  by  Henry  I.,  because  he  had  kill^  a 
certain  servant  of  the  king  ;  the  office,  however,  was  transferred 
through  hia  sister  to  the  Beaumonts."  Spelman  seems  in  these  passages 
to  conffider  this  title  as  one  of  dignity  beforo  Henry  VL'a  time,  and  aa 
having  bean  distinct  fro^  that  of  ahwiflf:  in  the  firat  Inatanoe  he  jtuna 
it  to  the  title  of  baron  and  g^vas  it  precedence ;  in  the  aeotmd,  he  tivata 
the  Beanmonta,  who  ore  usu^y  deemed  the  first  viscounts,  as  only 
restored  to  a  tide  which  hod  been  in  abeyance  or  forfeited  for  three 
centuriea.  In  the  British  peerage,  in  1861,  there  were  22  viscounts; 
and  there  were  41  Irish  viscounts,  of  whom  10  held  Britiah  peerages 
also,  with  5  Scotch  viscounts,  of  whom  3  held  British  peerages. 

{Spdman,  title  Viee-eomet,  nomen  dignUaiiM;  Camden's  AtAmmm 
(Cough's),  i.,  qxciv. ;  3, 299  ;  4, 34.) 

VISHNU  {from  vi^,  "to  enter,"  or  "to  pervade")  ooouines  the 
aecond  place  in  the  THmHrtti,  or  Triad  id  the  Hindua^  and  ia  the 
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persoiiificatioii  of  the  preserving  principle.  There  is  no  doubt  that  his 
worship  is  of  a  very  ancient  date ;  but  at  the  same  time  it  is  evident 
that  it  has  experienced  suoceaaive  and  considerable  changes,  and  that 
the  forms  under  which  Vishn'u  is  now  worshipped  in  India  are  &r  from 
being  auUiorised  hy  the  Mioient  scripturea  of  the  Hindus.  (For  his 
place  among  Vaidik  deities,  see  Veda.) 

Thvn  is  np  trace  of  Vishn'u  or  anything  relating  to  him  in  the 
IniUtates  of  Manu,  although  the  alluaiaiu  which  are  made  to  idolaten 
and  the  wtoship  o£  inferior  gods  (book  iii.,  t.  1S2, 164)  might  poosibly 
have  some  reference  to  him  also.  However,  we  might  be  led  to  expect 
that  more  notice  would  have  been  taken  of  him  oy  Manu,  since  the 
two  heroic  poems,  the  MahAbhftrata  and  the  K&m&yan'a,  which  are 
gmoally  beUeved  to  belong  to  the  same  period  of  Hindu  literature  as 
the  Dharmma'S' Astra,  or  Institutes,  have  for  their  subjects  two  of  the 
latest  incantations  of  Uiia  god,  who  therein  assunus  the  attribntes  of 
tite  one  supreme  god.  He  is  s^ted  to  have  appeared  before  the  other 
celestials,  and  to  have  agreed,  at  their  humble  request,  to  become  man 
for  the  purpose  of  destroying  the  demon  SAvan'a  [Sahskbit  LANauAas 
ASD  Litebatdbb],  and  to  remain  incarnate  among  men  for  the  space 
of  eleven  thousuid  years  in  order  to  protect  the  world  after  saving  it. 
('  Ktlm&yan'a,'  book  i.,  sect  ziii.,  s'L  23.)  The  Hah&bhArata  rektee 
the  exploits  of  Vishn'u  as  Krishna;  and  the  Hari-Vonsa,  a  sort  of 
supplement  to  that  poem,  details  his  genealogy,  and  a  variety  of 
legends  exalting  his  power  and  recommending  his  worship.  From  the 
numerous  fusions  which  these  poems  make  to  the  other  Avat&ras, 
descents  or  iacamationa  of  Vishn'u  ('  R&mAyan'a,'  L,  zxiv.  22 ;  xxvii.  2 ; 
Izvii.  16,  &c.),  we  may  safely  conclude  that  at  the  time  of  their  compo- 
sition his  history  had  already  been  brought  into  a  system,  where  the 
miraculous  deeds  which  he  performs  seem  calculated  to  cell  forth  the 
special  adoration  of  the  Hindus. 

The  order  in  which  those  different  AvatArae  are  supposed  to  have 
taken  place  is  by  no  means  fixed,  and  the  discrepancy  m  the  dififbrent 
authorities  with  r^ard  to  Viahn'u's  actions  on  earth  is  sometimes  very 
great.  The  '  Vishn'u  Piuuna,  a  System  of  Hindu  Mythology  and 
Tradition,'  translated  by  the  late  H.  H.  Wilson,  and  published  in  1840, 
eontaina  a  full  account  of  them.  The  last  Avstftr  is  yet  to  oome. 
Theee  Avat&rs,  there  can  be  little  doubt,  represent  some  physical  force 
or  power.  Professor  Max  Miiller,  in  his  paper  on  '  Comparative 
MyUiology,'  published  in  the  '  Oxford  Essays'  in  1S56,  has  shown, 
from  pfailol<^cal  deductions,  that  much  of  the  early  mytholof^  of 
most'  nations  has  been  formed  from  "  the  absence  of  merely  anuuary 
words ; "  and  that "  there  are  many  mythea  in  Heeiod,  of  ute  origin, 
where  we  hare  only  to  replace  a  full  verb  by  an  auxiliary  in  order  to 
change  mytiiioal  into  Icwioal  language."  But,  he  observes,  the  Puranas 
offer  no  assistance  to  we  comparative  mythologist.  ' "  The  stories  of 
S'iva,  Vidm'u,  Mahttdeva,  P&rvati,  Kali,  Kri^na,  &c.,  are  of  late 
growth,  indigenous  to  India,  and  fuU  of  wild  and  fanciful  conc^ttons." 

Still,  as  the  believers  in  Vishn'n  are  numerous  in  India,  it  may  be 
interesting  to  give  a  slight  sketch  of  the  various  sects.  Fiivt,  we  must 
state  that  Vle^'u'b  heaven  ia  called  Vaikun't'a;  lor  »  description  of 
which  we  refer  to  (^e  first  volame  of  Ward's  '  View  of  tiie  Bdigion, 
Literature,  ius.,  of  India.* 

His  names  are  as  numerous  as  those  of  S'iva,  and  may  be  found 
enumerated  in  the  Krlshn'a-nAmaaabawum,  or  "  tlw  thousand  nunes  of 
Kruhn'a :"  ^ey  are  also  partly  given  in  the  Amarakoeha  (L  L  L),  and 
of  these  we  shall  adduce  those  which  occur  most  frequently,  and  are 
sometimes  the  cause  of  a  good  deal  of  confusion.  They  are  Kes'ava, 
DAmodan,  Hrishlkes'a,  MAdhava  and  Madhuripu,  Janftrddan'a,  Achyuta, 
Govioda,  PadmanAbhi,  VAsudeva,  Trivikrama,  Purushottama,  Sic. 

By  his  wife  Lakshml,  the  goddess  of  beauty,  he  had  K&ma  or 
Manmatha,  the  god  of  love.  The  PnrAn'as,  which  are  the  text-books 
for  the  Yaishn'svas,  are  the  Vishn'u,  NAntdlya,  BhAgavata,  OAnid'a, 
PAdma,  and  VarAha,  which  are  called  SAtwika,  or  pure  and  true. 

Seeta  of  Vatshn'avat. — The  first  authentic  rectwds  we  have  of  the 
different  worshippers  of  Vishn'u  date  from  the  8th  or  9th  century  of 
our  era.  At  that  time  the  two  great  divisions  of  Vaishn'avas  and 
S'aivas  were  in  a  fiourishing  condition,  and  each  embraced  six  sub- 
divisions; those  which  belonged  to  Uie  Valshn'ava  faith  are 
fbUowIng: — 

1.  The  Bhdklat,  who  worshipped  Vishn'u  as  VAsudeva,  and  wore  no 
ehaiacteristio  marks ;  their  worship  was  that  of  the  one  supreme  lord 
•f  the  universe. 

2.  The  Bkdgavatat,  who  thus  called  themselves  from  a  name  of 
Vishn'tt,  and  impressed  upon  their  persons  the  Vaiahn'ava  insignia, 
repreeenting  the  discus,  club,  omoh,  he.,  of  Uieir  divinity.  But  they 
lukd  an  admixture  of  anpeistititni  in  their  religious  creed,  and 
reverenced  the  Tultut  [dant  and  the  Sdli^n^dma  stcue,  of  wUeh  more 
Witt  be  said  hereafter.  The  authorities  of  both  these  sects  were  the 
Upanishada  and  the  Bhaf^vad-OltA. 

9.  The  Vaishn'aras  d^ered  only  from  the  preceding  sect  by  pro- 
mising themselves  a  sort  of  sensual  paradise  after  death  in  Vaikun't'a. 

4,  Tlie  Panehardtrakat,  who  worshipped  the  female  peiBonifiai- 
tions  of  Vishn'u. 

Beddes  these  there  wore,  ff,  the  VaiJehAia^iu,  aad,  6,  the  Karmma- 
kinds,  who  abstained  from  all  ritual  observances. 

These  six  sects,  of  which  some  have  disappeared,  have  ^ven  rise  to 
about  twenty  different  schools,  which  for  the  greater  p&rt  exist  to  this 
day.  Amongrt  other  dirinons  of  lest  importuiiec^  ma  Vaisfan'aTsi  are 


usually  distwguished  into  four  principal  Samprad&yos,  or  sects,  of 
which  the  most  ancient  and  respectable  is  the  S'rt  SampradAya, 
founded  by  the  Vaiahn'ava  reformer  RAmAnuja  AchArya,  who  lived 
about  the  middle  of  the  12th  century.  The  eetabllshmentB  of  the 
SSmdnujtgdt  are  still  numerous  in  the  Deccan,  and  the  same  oountiy 
comprehends  the  site  of  the  Oaddi,  or  the  pillow-seat  of  the  primi- 
tive teacher ;  his  spiritual  throne,  to  which  his  disciples  are  suooese- 
ively  elevated;  and  this  ciroumstance  gives  a  superiority  to  the 
AchAryas  of  the  south  over  those  of  the  north  of  India.  The  worship 
of  this  sect  is  addressed  to  Vishn'u  and  to  Lakshm!,  and  thetr 
respective  incarnations,  either  singly  or  conjointly;  fud  this  causes 
many  subdivisions  according  as  these  Vaishn'avas  adore  either  NdrA- 
nm'a  or  Lakshml,  or  Lakshml  NarAyAn'a,  or  BAma  or  SitA,  or  SitA- 
RAma,  Ac.  Images  of  metal  or  stone  are  usually  set  up  in  the  houses 
of  the  private  members  of  this  sect,  which  are  daily  worshipped,  and 
the  temples  and  dwellings  ore  all  decorated  with  the  SAlagrAma  stone 
and  the  Tulad  plant.  A  pecoUari^  of  tiiis  sect  is  they  alwsjs 
cook  for  themsdves,  and  observe  the  most  scrupulous  privacy  m  eating 
their  meals. 

The  chief  ceremony  of  initiation  in  all  Hindu  sects  is  the  com- 
munication b^  the  teacher  to  the  disciple  of  tt^  Mantra,  which 
generally  consists  of  the  name  of  some  deity,  or  a  duvt  address  to  hiir, 
It  la  communicated  in  a  whisper ;  that  of  tiie  BAmAnuja  sect  is.  On 
RAmAys  namah,  that  is,  Om  Salutation  to  RAma ! 

The  Hindu  sects  are  usually  discriminated  from  each  otiier  by 
various  streaks  (Bhaktichehheda)  on  tiieir  faces,  breasts,  and  arms;  for 
this  purpose  all  the  Yushn'avas  employs  white  earth  called  O'opt- 
chaadana,  which  should  be  brought  from  DwArakA,  it  being  said  to  be 
the  soil  of  a  pool  at  that  place,  in  which  the  Gopls  drowned  them- 
selves when  they  heard  of  Xrishn'a's  death.  (This  word  means  the 
"  aandal-wood  of  the  Gopts,"  and  is  nothing  but  a  kind  of  calcareous 
day.)  The  foUowera  of  RAm&nuja  have  for  their  authorities  the  S'rt 
BM^a,  the  Gita-BlUlthi/a,  the  Veddtht'a-Scatgraha,  and  the  eight 
SAtwika  PnrAn'as ;  besides  numerous  other  works  whldi  are  still  cur- 
rent in  various  parts  of  India.  The  doctrine  contained  in  these 
books  is  called  ^e  "  Vis'isht'Adwaita,"  or  doctriue  of  unity  with 
attributes ;  for  althou{^  the  BAmAnujas  maintain  that  Vishn'u  and 
the  universe  are  one,  yet,  in  opposition  to  the  Ved&nta  school  of 
philosophy,  they  deny  that  the  deity  is  void  of  form  or  quality,  and 
reg^ud  him  as  endowed  with  all  good  quiditiee,  and  with  a  twofold 
form — the  sapreme  aiorit,  ParamdtiMd,  or  cause,  and  the  gross  one,  the 
effect,  the  umverse :  and  in  these  tmertiaoM  they  sre  followed  by  most 
of  the  Vaishn'ava  sects. 

The  members  of  this  sect  are  in  the  north  of  India  called  8*ri- 
Vaishn'avss,  and  are  decidedly  hostile  to  the  S'aivas ;  nor  are  they  on 
friendly  terms  with  those  Vaislm'nvss  who  worship  Krlshn'a,  although 
they  adcnowledge  that  deity  to  be  an  incamatum  of  Vishn'u. 

Towards  the  end  of  the  tlurteenth  century  of  our  em,  Bam&naada, 
originally  one  of  the  eeiiieat  teachers  of  the  tenets  prcriEeaaed  by  the 
preceding  sect,  retired  from  the  sodety,  and  established  a  adiism  of  his 
own  at  Benares.  The  principal  object  of  worship  of  BamAnanda's 
followers  Is  Vishn'u  as  RAmachaudra ;  they  of  course  reverence  also 
the  other  AvatAras,  but  they  maintain  the  superiority  of  RAma  in  the 
present  or  Kali  yuga ;  hence  they  are  collectively  known  as  Sdmavati. 
Th^  also  rsmenoe  the  SAlagrtma  stone  and  the  Tulas!  plant,  and 
their  fonni  of  vrorship  correspond  with  thoea  of  the  Hindus  in  geooral; 
but  some  mendicant  members  of  the  sect  consider  all  forms  of  adora- 
tion superfluous,  beyond  the  incessant  invocation  of  the  name  of 
Krishn'a,  and  RAma.  They  are  known  as  Vairdffu  or  Viraktat.  There 
are  many  subdivisiaiB  at  this  school,  which  it  would  bs  tedious  to 
enumerate. 

A  oetA  ci  great  influanoe,  to  which  the  most  opnlait  part  of  the 
population  of  India  belongs,  is  that  of  the  Kudts>SampradAya,  or 
VaJlabhAchAris.  They  attach  themselves  to  the  worahip  of  KrUm'a 
and  his  mistress  BAdM,  one  of  the  Gtopls  of  VrindAvuia,  either  sing^ 
or  conjointly.  There  is,  however,  another  form  which  is  more  popular 
still,  uthough  much  interwoven  with  the  other.  This  is  the  BAIa 
QopAla,  or  the  Infont  QopAla  (Cowh^ — a  name  of  KrKshn'a),  the 
worship  of  whan  is  very  widely  difiiiaed  amongst  all  ranks  of  Hindu 
sooiety,  and  which  originated  i^Ui  the  founder  of  the  Bodra  Bam- 
pmdJ^a,  Vallabha  AchArya.  The  worship  of  Krishn'a  as  one  vrith 
Vishnu  dates  evidently  from  the  MahA-BhArata,  and  his  juvenile 
forms  are  brought  pre-eminently  to  notice  in  the  account  of  his 
infancy  in  the  Vishn'u  and  other  PurAn'aa ;  but  none  of  these  worits 
discriminate  him  from  Vishn'u,  nor  do  they  recomnund  his  infantine 
or  adolescent  state  to  peculiar  veneration.  Eight  times  a  day  ceremo- 
nial wtnship  ii  paid,  and  the  prooasaion  of  JuggsnAtha  is  (or  was)  held 
in  his  honour.  The  most  popular  festival  at  Benares  is  the  Janamash- 
t'amt,  the  nativi^  of  Krishn'a,  on  the  eighth  day  of  Bhodra  (August). 
Another  is  the  RAsa-yAtra,  or  amuul  commemoration  of  the  datue  iA 
the  frolicksome  del^  with  the  sixteen  Gopts.  This  last  is  a  very 
popular  festival,  and  is  celebrated  vrith  the  greatest  solemnity. 

The  Brahma  SampradAya  is  a  eect  institated  in  the  south  of  India 
I7  MAdhava  AdiArya,  who  was  bran  in  the  Saka  jwt  1121  (a-o.  11B9). 
The  doctrine  of  the  members  of  this  sect  is  sunilar  to  that  ol  the 
Rudra  SamimdAya,  with  the  exo^tion  that  they  deny  the  Moksha, 
or  final  emandpatiMi;  they  also  hold  the  Yoga  to  be  io^aati- 
oaUe:  foraocording  to  them  life  is  we  and  eternal,  dependent  upon 
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tbe  Supreme  (Yishn'u),  and  indiaBoluUy  ooimectod  with,  bat  not  the 
same  with  him ;  they  quote  the  following  line  from  the  Mahopaniehad : 
"  AaUie  bird  and  the  Rtriog,aa  joioea  ai^  treee,  aa  riren  andooeatu,  aa 
fresh  mtar  and  aalt,  aa  the  thiaf  and  hia  booty,  aa  man  and  objects  of 
aenae — ao  are  Qod  and  life  diBtinot>aDd  both  an  ever  indefinable ;"  and 
tliia  one  from  the  OarudVPurta'a :  "  From  the  differenoe  between 
omniacieaoe  and  partial  knowledge,  omnipotence  and  inferior  power, 
gupremaoy  and  Bubaerrience,  the  union  of  Qod  and  life  cannot  take 
place."  This  diviaion  of  the  Vaiabn'aTas  ia  however  confined  to  the 
peninsula,  and  ia  altogether  unknown  in  Qangetio  Hindostan. 

Beudea  theae  aeoti^  which  are  the  moat  oonBpiouou8,the  Taiflhn'aTaa 

oompndiend  the  irh^iBj  Haluk  DAiii  Senaia,  Miia-Baia,  NimftvatSj 

Chann'a-Dflais,  Ac 
Thia  account  of  the  Yaiahn'aTa  aeote  haa  been  chiefly  derived  from 

ProfesBor  Wilson'a  valnabla  paper  in  the  fifteenth  volume  of  the 

'Aaiatio  Reeearchea/  to  whuui  we  refer  the  reader  for  fuller 

information. 

Moab  of  theae  religiooi  aacta  are  dtrided  into  olmcal  and  lay 
members,  aa  it  were :  the  bulk  of  the  Totai:^,  though  not  always, 
belong  to  the  latter ;  while  the  reat,  or  derical  olasa,  are  sometimes 
monaetio  and  sometimes  Becalw.  Of  the  ccenobitio  membera  of  the 
different  communitiea  most  pursue  awanderiiig  and  mendicant  life; 
indeed  all  of  them  at  some  period  have  led  such  a  life :  but  when  old 
and  infirm  they  sit  down  in  some  jveviouBly  ezistiDg  maihf  os  monaa- 
teiT,  or  establiah  one  of  their  own. 

Tlie  Hatha,  Aathala,  or  AkAras,  the  resideDooe  of  the  monaatic  ooni' 
munitiefl,  are  aoattered  over  the  whole  coimtry;  they  genially  com- 
prehend a  eet  of  huts  or  chambers  for  the  Mahanta,  or  auperior,  and 
hie  permanent  pupils;  a  temple  saored  to  the  deity  whom  they  wor- 
ship, or  the  SamAdh,  or  shrine  of  the  founder  of  the  aectj  or  some  emi- 
nent teadier;  and  a  Dharma  S&U,  one  or  more  sheds  or  buildings 
for  the  aooommodation  of  the  mendioanta  or  travellera,  who  are 
constantly  viaitlng  the  Math.  Zogreaa  and  egreas  are  frae  to  aU: 
and  indeed  a  reateaint  upon  penonal  libn^y  seems  never  to  have 
entered  into  the  oonooption  of  any  of  the  rdigious  legisUton  of  the 
Hindna. 

Of  the  inanimate  objects  sacred  to  Yishn'u  the  SfUogrftma  stone  ia 
the  principal ;  it  forma  a  probtable  object  of  traffic,  and  enjoys  the 
hif^ieat  veueraticm  of  moat  of  the  Yaiahn'avaa.  The  SUagrAmaa  are 
moatly  ammonitea,  fonnd  in  the  bed  of  the  Gandhakl'  river,  of  the 
flice  of  an  orange^  The  reasons  why  this  stone  is  worshipped  are  very 
oontradictoiy  and  by  no  means  satiBfacton|.  We  refer  to  the  most 
plausible  ones  in  the  '  Aa.  Res.,' vol  zii.;  W,  Hamilton,  'DeBcription 
of  Hindostan,'  vol.  t. ;  Forbea,  *  Oriental  Skmoin/  Toh  iii. ;  and  Bitter^ 
'Erdkunde,'  vol.  iv. 

VISIEB.  rViziB.] 

VISION.   [Liout;  also  Etb,  in  KTat.  Hist.  Dir.] 

VISITATIUN.   [Abchdbacos;  Bishop.] 

VISITOR.   [CoLLSQB ;  Uses,  Charitablb.] 

VISUAL  D18TA  N  CE.  The  reUtive  position  in  which  objects  are 
seen  is  usually  expressed  by  the  relative  direction  of  lines  drawn  to 
them  from  the  eye ;  and  the  angle  oontaiued  by  two  such  lines  ia  tbe 
at^iUar  or  vitiuU  lUttamee  between  the  objects.  [Distance.]  Visual 
nagnitude  may  be  estimated  in  a  aimilar  way,  forming  what  ia  called 
the  vitwil  ai^U  or  qpponut  magmtudt  of  an  object. 

VITELLIN.  A  form  of  albumen  found  in  the  yelk  of  eggs. 
[Albumen.] 

VITREOUS  ELECTRICITY.    [ELEOTBlCint,  COHllOV.] 
VITRIFICATION.  [Glass.] 

VITBIFIED  FORTS  is  a  name  that  haa  been  nvai  to  oertain 
remarkable  stone  enclosurea  existing  in  parte  tuF  Scotland,  which 
wpear  to  have  been  subjected  to  the  aotdon  of  fire.  Attention  was 
mil  called  to  tbe  subject  by  Hr.  John  Williama,  a  civil  engineer  of  the 
last  century,  who  had  examined  some  of  them  while  conducting  certain 
mining  operations  in  the  Highlands  under  the  orders  of  the  Board  of 
Annexed  (or  Forfeited)  Estates  in  1778,  and  who,  in  1777,  published  a 
disquisition  about  than,  under  the  title  of  'An  Account  of  some  re- 
markable antient  Ruina  lately  diaoovered  in  the  Highlands  and 
Northern  Farta  of  Scotland :  in  a  Series  of  [18]  Lettera  to  Q.  C.  M., 
Esq.'  8vo.  Edinburgh.  Williams  gave  these  piles  the  name  of  vitrified 
forts,  untiesitatingly  assuming  that  they  were  artificial  Btructurea. 
Nevertheless  the  idea,  that  the  so-called  forts  were  of  volcanic  origin, 
which  had-  been  previously  held  by  Scottish  writers,  was  soon  after 
started  anew  by  Pennant,  who  had  aeen  one  of  than,  and  ma  taken  up 
by  other  speculaton ;  in  prticular  it  was  attempted  to  be  eatabliabed 
by  the  Hon.  Daines  Barrmgton,  in  a  paper  read  before  the  Sodety  of 
Antii^uaries  in  1781,  and  published  in  the  sixth  volumeof  the  *  Ardueo- 
logia  the  following  year.  But  thia  notion  may  be  said  to  be  now  given 
up  <m  all  hands.  The  subject  has  also  been  discussed  by  Dr.  James 
Anderson  and  other  writers  in  the '  Ardueolc^ia,'  the '  Memoin  of  the 
Wemerian  Sodety,'  the '  Transactions  of  the  Btml  Sooielj'  of  Soot- 
land,'  the  'Statistical  Account  of  Scotland,'  and  of  late  years  at  some 
length  by  Dr.  John  UaoouUodi  in  the  '  TnnBactiona  of  the  Oeological 
Society  of  London,'  and  in  his  '  Highlands  and  Western  Isles  of  Scot- 
i^l  i'ibbert,  as  the  result  of  a  series  of  inquiries  set  on  foot 

by  the  Society  of  Soottiah  Antiquaries,  and  published  in  the  fourth 
^meof  their 'TnasaotuHia,' and  by  Hr.  D.  Wilstm,  in  his '  Axchteo. 
kKyofSootbiid.'  ' 


The  original  description  of  the  general  nature  of  the  viMfled  forts 
given  by  WilUama  has  not  been  corrected  or  contradicted  in  any 
material  point  by  Bubsequent  observers.  And  his  views  were  supported 
at  tbe  time,  on  chemical  and  other  conidderations,  by  Dr.  Black,  and 
also  by  James  Watt,  who  (apparently  before  the  subject  had  attracted 
the  attention  of  Williams)  had  personally  and  carefully  examined  the 
same  fort  (that  on  the  hill  of  Craig  Fhaidrick,  or  Craig  Pabick,  near 
Inverness)  which  Pennant  had  hasti^  inspected.  A  description  of  this 
fort  by  Watt  and  m  letter  froon  Black  are  mibjoined  to  WiUiatna'b 
account. 

Every  vitrified  fort  Williama  had  Been  was  ritnated  on  the  top  of  a 
small  hill,  overlooking  and  commanding  a  suiroundjng  valley  or  plain, 
always  tiaving  at  the  summit  a  levd  area  of  greater  or  less  extent,  and 
for  tbe  most  part  inaccessible  or  very  steep,  at  least  on  toe  sid& 
Indeed,  he  asserta  that  the  hills  ue  always  difficult  of  access,  except  in 
one  place,  which  has  everywhere  been  strengthened  by  additional 
works,  of  which  he  givea  a  description.  What  is  called  the  fort  conaista 
of  a  wall  endosing  tite  level  summit,  generally,  in  part  at  least,  rectili- 
neal and  rectangular,  but  aometimea  having  one  or  more  of  Uie  eidea 
curved  to  suit  the  shape  of  the  area.  Extwior  to  this  is  sometimes  a 
second  circumvallation,  which  in  some  instanoes  approaches  within  a 
few  yards  of  the  first,  in  othm  ia  removed  from  it  to  a  considerable 
distance;  but  this  outer  endosure  is  merdy  constructed  of  loose 
blocks  of  stone ;  it  is  tiie  inner  wall  only  wliicb  ia  entirdy  or  partidly 
vitrified.  Williams's  account  is,  that  the  materiaii  have  bem"  run  and 
compacted  together  by  the  force  of  fire ;  and  that  ao  eflbotnally,  that 
most  of  the  stones  have  been  mdted  down ;  and  any  part  of  the  stones 
not  quite  run  to  glass  has  been  entirely  enveloped  by  the  vitrified 
matter ;  and  in  some  places  the  vitrification  has  been  so  complete,  tiiat 
the  ruins  appear  now  like  vast  masses  or  fragments  of  ooaree  glass  or 
dag^"  Qwterally,  however,  it  would  appear  that  the  vitrification  iB 
not  so  complete  as  this  description  would  seem  to  imply,  though  it 
may  besuffidently  applicable  to  the  more  perfect  spedmens :  in  many 
cases  thiB  fire  has  only  given  the  wall  a  coating  of  glass ;  in  aome,  only 
one  dde  of  the  wall  is  vitrified.  The  walla  appear  to  be^  in  almost  w 
the  forts  that  have  been  examined,  partially  thrown  down  ;  in  aome, 
"  the  vitrified  ruins,"  Williams  states,  "  are  nearly  all  grown  over  with 
heath  and  grass,  and  often  appear  at  first  sight  like  t^  ruins  of  some 
earth  or  sod  buildings fnau  the  instances  in  which  the  structure 
seems  to  be  the  most  entire,  it  may  be  conjectured  that  its  original 
height  was  commonly  about  twelve  feet 

Above  fifty  of  these  vitrified  forts  in  all  have  been  found,  dispersed 
over  the  shires  of  Inverness  (in  which  they  are  most  numerous),  Ross, 
Cromarty,  Banff,  Moray,  Aigyle,  Aberdeen,  Perth,  Forfar,  Kincardine 
and  Bute.  Two  or  three  have  also  been  disoovwed  in  the  Bouthem 
counties  of  Wigtcm,  Kirkcudbright,  and  Berwiok.  The  most  celebrated 
are  that  on  the  hill  of  Knocdiuril,  or  Knockfarril  na  Ktian,  that  is, 
tiie  Place  of  Fingai  on  Knockfarril,  on  the  south  dde  of  tiie  volley  of 
Strathpefibr,  two  miles  to  the  west  of  Dingwall  in  RosB-shtre ;  that, 
already  mentioned,  on  the  hill  of  Craig  Phaidrick,  two  miles  west  <^ 
Inverness;  that  on  the  hill  of  Noth,  in  Aberdeenshire;  that  on  Dun 
MaoSniodiain,  in  Argyleshire ;  that  on  the  hill  of  Dunadeer,  in  Aber- 
deenshire; that  near  Creich,  in  Sutheriand:  that  near  tiie  bhurohof 
Amwoth,  in  Kirkcudbright;  that  on  the  hill  of  Dunakeig,  at  the 
mtranoe  of  Loch  Tarbert,  in  Argyleshire ;  that  on  the  oasm  hill  of 
Finbaven,  four  miles  to  the  east  of  the  town  of  Forfar;  that  on  the 
hill  of  Laws,  near  the  village  of  Drumsturdymuir,  a  few  miles  to  the 
north-east  of  Dundee ;  that  at  the  entrance  of  the  bay  of  Corradole,  in 
Cant^;  that  in  the  parish  of  Kiogarth,  in  the  Ide  of  Bute;  that 
(very  dwitly  vitrified)  on  BanyhiU,  in  the  parish  of  Hdgle,  Perth- 
Bhirej  thtweoi  Castle  Finlayand'Dunevan,  in  Ndnuhire;  that  called 
Torduu  CaaUe,  about  three  miles  from  Vwi  Augustus;  that  on  the 
west  dde  of  Qleoevee,  in  Lodiaber,  about  three  mUes  aouth  from  Fort 
William. 

Setting  adde  the  theory  of  the  volcanic  txc  otherwise  accidental 
origin  of  the  vitrified  forts,  which  appears  to  be  untenable,  seeing  that 
th^  are  manUeetly  artiifidal  atnicturea,  we  have  atill  two  rappodtiom 
between  which  to  chooee  in  aooounting  for  the  appearanoe  they  present. 
The  vitrification  may  have  been  part  <rf  the  process  of  their  erection, 
and  deugned  as  a  substitute  for  the  ordinary  cement ;  or  it  may  have 
been  the  result  of  aoddent  afterwards.  The  latter  view  was  suf^ted 
by  Lord  Woodhouselee  so  early  as  1783,  and  has  since  been  supported 
by  Dr.  Hibbert  and  Sir  Qeotge  Hackeniie;  the  former,  which  was  that 
taken  bj  WilUams  and  other  mrfy  investigators,  has  bean  ably  defended 
in  recent  times  1^  the  late  I^.  Jcdin  Uaooulloch.  It  is  impoanble  for 
us  here  to  enter  at  length  into  the  condderations  which  have  been 
advanced  on  both  skies :  they  amount  for  the  most  part  to  but  slight 
and  unaatis&ct(»7  probabiHties.  Dr.  Hibbert's  notion  ia  that  the  in- 
doBures  were  intended  for  the  protection  of  beacon  fires ;  and  he  has 
endeavoured  to  show  that  the  devations  on  which  they  ore  erected 
are  ao  chosen  aa  that  one  of  these  ■igm^i"  could  always  be  seen 
from  another.  Hia  views  are  adopted  by  Hr.  Wilson  in  hia  valuable 
'  Archseology  of  Scotland,'  before  referred  to.  Dr.  Uacoullooh,  on  the 
other  hand,  maintains  that  this  is  not  the  fact.  Besides,  he  observes 
that  the  extent  of  most  of  the  endosures  is  far  beyond  what  could 
have  bew  required  for  any  beacon  fire  :  the  area  of  that  at  Amwoth, 
for  instance,  is  not  less  than  2700  square  yards.  How  slso,  it  ia  asked, 
should  it  have  happened,  aa  is  genenlly  the  oam,  that  the  waUs  shotild 
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be  vitri&ed  on  both  surfaces,  the  exterior  m  well  w  the  interun',  if  the 
eB^ect  woa  produced  merely  by  the  fluM  of  »  beaoon  lifted  up  within 
the  inolosure !  That  they  were  intended  fw  defaonTe  milituy  posts, 
Dr.  Hacculloch  further  contends,  is  manifest  from  the  whole  ohantoter 
of  the  works — both  the  vitriEed  walls  and  the  auirounding  defences, 
all  of  which,  he  says,  "  vary  in  form  and  size  according  to  the  ground 
they  stand  on,  and  are  so  oonbived,  iust  as  a  militscy  ytoA  would  be 
in  ^e  hands  of  a  modem  engineer,  uiat  they  may  oommaod  all  the 
points  of  access,  and  prerent  the  enony  from  adnDciDg  anywhere 
under  oover."  Macculloch  further  sought  to  show  that  the  material  of 
which  the  walla  are  built  has  evidently  been  selected  with  a  view  to 
its  capability  of  being  vitri&ed.  But,  as  Mr.  Wilson  observes,  his 
statements  "  only  confirm  the  fact,  already  familiar  to  the  chemist  and 
geologist,  that  ^ere  are  few  i^striofcs  in  Scotland  where  rooks  do  not 
occur  more  or  less  capable  of  being  vitrified."  The  materials  tliat 
have  been  commonly  used  are  granite  or  moorstone,  limestone,  sand- 
stone, and  what  is  called  pudding-stone,  all  of  which  have  the  quality 
of  being  more  or  leas  ea^y  fusible  by  fire.  Xone  of  these  forts  are 
found  south  of  the  Tweed;  they  appear  indeed  to  be  peculiar  to 
8cotla,nd. 

VITKIOL.  A  name  formerly  given  to  the  sulphates.  Thus  the 
terms  green,  blue,  snd  white  vitriol  were  i^pUed  to  sulfate  of  pro- 
toxide of  iron,  sulphate  of  copper,  and  sulpnate  of  sine  respectively. 
Sulphuric  acid  is  now  sometimes  termed  vitru>l,  at  oil  of  vitrUiL 

VITRIOL,  WHITE.  [ZiNc] 

VIZIR,  or  VEZIR,  in  the  name  of  the  ministers  of  the  sultan  of 
the  Turkish  empire,  "and  is  also  ^ven  as  a  titJe  of  honour  to  several 
other  high  functionaries,  civil  as  well  as  military.  The  word  is  of 
Arabic  origin,  and  means  literally  ''the  bearer  of  a  burden,"  as  vezr 
designates  "  the  action  of  bearing  or  carrying  a  burden."  Some  write 
ffazf r,  or  va^r ;  but  this  is  nut  correct.  fVom  vizdr,  a  substantiTe 
which  expresses  the  action  of  supporting  a  prince  in  the  administration 
of  his  empire,  is  formed  vizdret,  the  dignity  or  fimction  of  a  vizir, 
which  we  generally  ctdl  vizirat.  There  are  two  plurals  of  vizir :  the 
Turidsh  plural,  vtefrier,  whioh  is  the  coQuam ;  and  the  Arabic  plural, 
vtaerd,  which  occurs  in  imp«isl  decrees,  ss  for  instanee,  in  "vuzerAi 
'iximi  sevl-l-lhtiT&n,"  "the  illustrious  grand  visirs."  The  post  of  a 
prime  minister,  who  direcfa  state  aEKdrs  when  the  sovereign  either  will 
not  or  is  prevented  from  doing  it,  is  a  very  ancient  institution  in  the 
E^ast ;  and  the  lieutenant  of  a  king  was  called  vizir  by  the  Arabs  long 
before  this  ti^e  was  adopted  by  the  Turks-Osmanlis.  The  first  Turkish 
^r  was  the  celebrated  'Alll-ed-dln,  the  son  of  Osman,  founder  of  the 
Turkish  em[rire,  who  was  appointed  to  the  post  of  prime  minister  by 
his  brother.  Sultan  Urkhan,  in  A.H.  726  (a.d.  1836).  Until  tiie  reigii 
of  Hahntoud  XL  the  grand  vizir  was  almost  the  sole  minister ;  but  ms 
power  was  then  mum  arcumscribed.  He  is  now  only  the  head  of 
Uie  ministry,  and  the  other  ministers  have  distinct  departments  tad 
titles,  as  in  European  governments.  At  first  there  was  only  one  vizir. 
But  Timur-Tasb  (Ironstone),  a  general  of  Uiirad  L,  having  gained  a 
great  victrar  over  the  Ttu-ki-Seljuks  of  Canwnania  In  a.b.  788 
(A.i>.  138B),  his  master  gave  him  the  title  of  vizir,  and  tiie  then  visir, 
'AU  Paaba,  was  created  "  vizir  'adm," — that  is,  the  great  or  illustrious 
vizir.  From  tiiis  time  the  number  of  vizirs  was  gradually  augmented : 
Mohammed  II.  had  seven;  Miind  III.,  six;  Hiirad  IV.,  nine;  but 
from  the  time  of  Ahmed  III.  there  were  only  seven  visirs  who  were 
real  ministen.  The  titie  of  vizir  is  likewise  given  to  aba  Beg^B^ys, 
or  governors,  of  Bun^ia^  Anatolia^  and  Dwusous,  to  ths  four  hi^ 


judges,  the  grand  equerry,  the  sirdar,  or  field-marshal,  the  chief  master 
of  we  forests,  and  to  several  other  high  functionaries ;  and  in  former 
times  it  was  given  to  the  silihdar,  or  armbauer  of  the  sultan,  and  to 
tile  agha  of  the  janissaries,  two  dignities  which  are  now  abolished. 
Sometimes,  also,  this  title  is  conferral  upon  governors  of  Sanjaks,  as 
was  the  case  with  the  famous  'Ali  Fasha  of  Janina,  after  bis  victories 
over  the  French  in  1798.  The  titie  is  now  considered  as  ranging  next 
below  that  of  Uuahir,  or  field-morshaL  The  insignia  of  a  vizir  are  a 
splendid  dress  of  velvet  embroidered  with  gold,  pearls,  and  precious 
stones,  a  turban  with  an  ornament  of  diamonds,  and  a  standard,  to  the 
top  of  whioh  are  attached  three  horsetails,  and  which  is  carried  before 
them  by  an  officer :  hence  the  titie  of  pasha  of  three  tails,  which  is 
identical  with  vizir.  The  dress  of  the  grand  vizir  is  still  more  mag- 
nificent than  that  of  the  common  vizirs,  from  whom  he  is  distinguished 
by  several  {uivileges :  he  receives  t^e  solemn  visits  of  all  the  high 
functionaries,  induing  the  common  vizirs ;  he  commands  the  centre 
of  the  army  in  battle ;  and,  except  tiie  sultan,  he  is  the  only  person 
who  is  saluted  with  the  "  alkish,"  a  kind  of  benediction  pronounced  by 
those  who  a^pettf  in  the  presaoce  of  the  grand  vislr.  The  words  of  the 
"  alkish  "  are,  "  Allah  timerler  were  efendUmflse  t "  (Qod  fpvB  a  long 
life  to  our  master  I> 

(Hammer,  Da  OmoiuseAen  Sadun  StanitverfaiMngi  ftc ;  QftckichU 
ilea  (knuMucAat  SeMea;  Kieflbr  et  Bianchi,  DieUoHTuare  7Vnk-i¥anfnif, 
sub.  voc. '  Vizir '  and  '  Alkish.') 

VOICEL  The  voice  (from  the  Latin  vox)  is  an  audible  sound  pro- 
duced in  the  larynx.  The  design  of  the  present  article  is  to  treat  of 
the  sounds  of  the  human  voice  in  its  two  great  functions  of  Song  and 
SpeedL  The  nomenclature  and  notation  of  music  [Muaicj  are  here 
adopted,  vrith  such  an  extennon,  baaed  upon  the  same  prindples,  as  is 
necessary  for  the  purpose. 

The  infinite  varieties  of  sounds  heard  in  the  human  voice  are 
all  embraced  under  the  general  tartna  Fitch,  Loudness,  QuiJity,  and 
Duration. 

The  scale  of  the  human  voice,  from  the  lowest  note  of  the  baas  to 
the  highest  note  of  the  soprano,  within  which  Umits  composers  write 

vocal  music,  ia  four  octaves  in  extent,  namely,  from  nti,  B,        ■ '—- 


in  the  bass  diff  to  mi,  e*. 


in  the  treble  oli£   There  have 


been  instances,  but  ihej  are  very  rare,  of  voioes  capable  of  descending 
lower,  and  others  of  ascending  higher  thsn  those  limits.  This  scale 
of  sounds  is  divided  into  vote  inatcAiIe  (male  voice),  which  extends 
from  mi  (e)  in  the  baas  to  do  ((fi)  in  the  treble  cliff ;  and  voce  ftminile, 
or  voce  himcha  (female  voice)  wnich  extends  from  fa  (f')  to  mi  (b*)  in 
the  treble  cliff. 

The  lower  or  male  voice  part  of  the  scale  is  subdivided  into  Baas  and 
Tenor,  eaoh  containing  two  octaves :  the  bass  extends  from  ud  (e)  to 
/a  (F-) ;  and  the  tenor  extends  from  do  (o=)  to  do  (c*). 

The  upper  or  female  voice  part  o{  tiie  scale  is  subdivided  into  Con- 
tralto and  Soprano,  each  containing  two  octaves :  the  contralto  extends 
from  fa  (f')  to  fa  (f*)  ;  and  the  soprano  extends  from  do  (c*)  to  mi 
(K<).  These  are  the  four  scales  within  which  musicianB  compoee  vocal 
mn«c  for  each  class  of  voice.  The  following  diagram  exhilntB  tlie 
soak  <A  the  human  voice  and  the  relation  of  Its  BubfUviaioDS : — 


Atto.  '     '.     '     ■     '     ^     '     ^     '  1  1  Stvmuia 
CBE    F    O   A   B   C>        £1        Qi  A*        G*  D*        7*  O*  A*  B*  C>  D*  S>       Q*  A>  B>  G*  D*  B* 


H.B.  ns  tens  A»0k  CbNtrsttv^aBd  (lbMiito*-((Mr  sre  the  asms. 


Intermediate  between  the  boss  and  tenor  is  snother  male  voice, 
extending  from  la  (a)  to  fa  (r^,  aad  termed  the  Bu'ytone.  And 
between  the  Contralto  and  the  Soprano  Is  another  female  voice, 
extending  from  la  (aM  to  la  (a*),  and  termed  the  Mezzo-Soprana  The 
Voices  of  eunuchs  and  boys  are  classed  with  female  voioes. 

By  reference  to  the  diognm  it  will  be  seen  Utat  the  scales  of  the 
ssvual  nuoes  overlap  each  other  in  the  great  compass  of  the  human 
voice ;  thos  the  bass  overlaps  the  tenor  eleven  notes,  so  that  the  tenor 
descends  to  within  five  notes  as  low  as  the  bass ;  while  the  baas  asccmds 
to  within  four  notes  as  high  as  the  tenor.  Eleven  notes  are  common 
to  both  bass  and  tenor  scales,  and  any  music  whose  variations  of  pitch 
are  within  tiie  range  of  those  eleven  notes  can  be  sung  rither  by  a  tenor 
or  a  bass  voice.  It  i^ipeara  also  by  the  dtagnuu  Uiat  %  tenor  voice 
Tsadifls  to  within  thne  notes  as  high  as  the  oontnlto,  and  mid-rny  up 


the  soprano  compass ;  giving  twelve  notes  common  to  tiie  tenor  and 
contralto,  and  ei^t  notes  common  to  the  tenor  and  soprano  scales, 
which  explains  the  wide  range  of  music  which  tenof  voioes  can  sing. 

The  ordina^  compass  of  a  voice  is  about  twelve  notes.  aUsxj 
singers'  voices  however  extend  to  two  octaves ;  some  even  beyond  two, 
and  tome  have  rescdied  thne  octaves.  Cataloni's  compass  is  said  to 
have  been  three  and  a  half  octaves. 

The  compass  of  soprano  and  some  other  voices  is  divided  into 
r«f;iaters,  of  which  thero  are  two.  namely,  the  natural  and  the  falsetto. 
The  former  is  termed  in  the  Italian  school  voce  di  petto,  which  means 
chest  voice ;  and  the  latter  voce  ai  lata,  whioh  means  head  voice.  To 
l^ese  the  Italians  odd  anotiier,  which  joins  the  two  roisters,  and 
which  somewhat  partakes  of  the  cbaraotsr  td  both ;  it  is  named  the 
«MRO  f^Uo,  m  noddle  Cdsetto.  Tbo  extreme  upper  notes  of  tlw 
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{aJsetto  m  by  sume  termed  the  fiauttno,  or  fluto  nigister,  but  this 
apiMsra  to  be  aa  unnecessu^  utbdiviaion.  The  f  oUowing  taUe  ncbibits 
at  a  view  the  voices  and  their  registon 


Barjtone 
Tenor  . 
Contralto  . 
Kauo-fhpnako 
Soprano 


Chest 
Cbeit 
Che*t 
CbMt 

OlMt 

Chest 


, '  MeEZO.FalK> 
, !  Hnso-FalM 
,  I  llMto-Fabo 
,  I  Ucxxo-Falao 


Falsetto 
Falsetto 
Falsetto 
Falsetto 


FUnttno, 


Id  this  muaicol  dtatribution  of  the  r^tBten  oi  the  voices  there  is  no 
falsetto  given  to  the  banes.  The  baaa  and  baiTtone  voices  however  ore 
both  capable  of  extending  their  compstt  by  running  up  into  a  falsetto, 
and  henoe  thej  must  each  have  a  mezzo-falso  register  also.  The 
falsetto  is  commonly  adopted  bass  singers  to  imitate  a  woman's 
voice  in  the  opera  bufla. 

There  is  ako  a  feigned  lower  voice  by  which  voices  of  all  kinds  are 
able  to  descend  lower  in  pitch  than  in  the  natural  register.  The  term 
baaao-folBetto  has  been  proposed  to  designate  this  voice,  but  the  term 
lower  fiUsetto  is  more  aocunta. 

QHoIity  of  the  Voiee. — Each  person's  voica  has  a  distinct  quality 
or  tone  {timbrt  qf  French  authors), ^whidi  it  is  reoognised,  even  whtti 
singing  in  unison  wiUi  others.  The  terms  vri^en  are  adopted  to 
describe  the  qualities  of  the  voice  are  vague ;  they  are  descriptive, 
such  aa  nasal,  guttural ;  descriptive  by  comparison  with  other  sounds, 
as  silvery,  flute-like,  musical ;  and  metaphorical^  desciiptive,  as  pure, 
dear,  deep,  brilliant  flexible,  attractive,  mellow,  &&  Attempts  have 
been  made  tu  connect  certain  qualities  of  the  vdce,  as  fulness  with  the 
baas,  brilliancy  with  the  soprano,  &&,  but  witliout  snoceas.  It  is 
however  qutto  true  that  those  who  are  accustomed  to  hear  much 
ainfi;ing  would  mostly  recognise  any  voice  to  be  a  bass,  tenor,  &c, 
although  singing  in  unison  with  contraltos  or  sopranos.  The  essential 
distinction  however  between  voices,  aa  the  basa  and  tenor,  is  not  the 
quaUttf,  as  stated  by  some  pl^uological  writen ;  for  a  voice  is  classed 
smong  basses  or  central  toe,  aa  tiie  case  may  be,  solely  in  consequence 
of  its  compass  lying  within  the  limits  of  the  bass  or  contralto  scales. 

Each  voice  has  its  natural  and  falsetto  qualities,  which  belong 
respectively  to  the  natural  and  falsetto  registers.  Besides  these  there 
is  in  song  an  improved  quality  named  pure  tone,  and  in  speech  a  oor- 
responding  improved  quality  named  the  oratorical  tone. 

&m^voi«r.— The  soug-note  is  a  muidoal  sound  of  some  fixed  {ntoh  in 
the  murical  scale.  When  a  clear  redonant  voice  prodnoes  a  song-note, 
the  accompanying  harmonic  sound  may  be  heard  just  as  it  is  with  the 
sound  of  a  vibrating  etriog.  The  song-sounds  of  the  human  voice 
are  arranged  into  the  diatonic,  chromatic,  and  enharmonic  scales. 
[Mdbic] 

SpettA.  note.— The  speech-note  is  not  a  true  musical  sound,  because 
its  pitch  varies  throughout  its  duration.  These  notes  are  termed 
slides,  accents,  and  inflexions ;  and  they  may  be  imitated  on  the  violin 
by  sliding  a  finger  up  the  finger-board  while  the  bow  is  applied.  These 
notes  may  have  an  ascending  or.descending  course  iu  pitch,  and  some- 
times they  have  both  on  a  syllable.  The  varying  pitch  of  a  speech- 
note  will  be  illustrated  if  the  reader,  with  an  intense  feeling  of  inquiry 
utter  aloud  Hamlet's  interrogatory  "  Pale,  or  red  f "  The  speech-note 
on  the  word  "  pale  "  will  consist  of  an  upward  movement  of  the  voice ; 
while  that  on  "  red  "  will  be  a  downward  movement,-and  in  both  words 
the  voice  will  traverse  so  wide  an  interval  of  pitch  as  to  be  con- 
spicuous to  ordinary  ears;  whUe  the  cultivated  perception  of  the 
musician  will  detect  the  voice  moving  through  a  less  interval  of  pitch 
while  hs  is  uttering  the  wend  "  or  "  of  ttie  same  smtsnea.  Aad  he 
who  can  record  in  musical  notation  the  aonnds  which  he  hears  will 
perceive  the  musical  interval  traversed  in  these  vocal  movements,  and 
the  phce  also  of  thcae  speech-notes  on  the  musical  stafiC 

Speech-notes  are  of  two  kinds,  namely,  simple  and  compound.  The 
simple  consist  of  a  siTigle  riidng  or  falling  movement  of  the  voice. 
These  movements  may  be  of  uiy  extent  from  a  semitone  up  to  an 
octave.  These  differences  of  extent  give  eight  simple  rising  speech- 
notes,  namely,  semitone,  tone,  third,  fourth,  fifth,  sixth,  seventh, 
octave,  and  as  many  simple  falling  speech-notes,  making  a  total  of 
sixteen  distinct  simple  speech.notes.  Mr.  Steele  occiuately  repre- 
sented these  notes  by  diagonal  linee  on  the  musical  staft  The  length 
of  the  line  indicates  the  intervid  or  dimension  of  the  note ;  and  its 
dtui^oa  on  the  staff  indicates  its  local  pitch,  as  in  the  annexed 
diagram,  Koa.  1  and  2,  where  the  eight  notes  ascending  and  desoanding 
are  in  aocordanoe  with  Mr.  Steele's  nototloa. 


No.  1. 


MO.S, 


No.  a. 


In  these  notes  the  sliding  movement  of  the  voice  is  equable,  that  is, 
it  passes  through  equal  spaces  in  equal  times.  The  voice  however  in 
some  notes  ia  retarded  in  some  part  of  its  course,  so  that  it  passes 
through  unequal  spaces  in  equal  times.  Ur.  Steele  noted  this  retar- 
dation of  the  voice  by  slighUy  curving  the  diagonal  line  at  the  part,  as 
in  the  above  diagram,  No.  8.  Ifow  uie  voice  may  be  retarded  at  the 
beginning,  at  the  middle,  or  at  the  end  of  a  speeoh-nota   And  the 


vduM  may  be  aooelerated  in  each  of  those  parts.  It  will  be  atea  that 
these  modifications  of  t^tch  greatly  multiply  the  number  of  speech- 
notes.  And  tiiis  number  can  be  again  greatly  increased  success- 
ively giving  to  each  note  all  the  various  xotma  of  loudness  of  voice  of 
which  it  is  capable. 

The  compound  speech-notes  oonaist  of  both  the  aimide  voosl  move- 
ments combined  in  a  variety  (rf  circumflexes.  They  wore  fiiat  noted 
tm  the  staff  by  Mr.  Steele,  from  whow  'Froiodia  Bationalia'  tha 
f  olloiring  diagnun  ia  coined ; — 


Numerous  as  are  the  varieties  of  circumflexes,  they  admit 
classification,  of  which  the  following,  parUy  taken  from  Dr.  RuMi,  ii 
adopted : — 

Th€  number  of  eongtUuent  vocal  movensHta, 

1.  Simple  circumflex  consists  of  two  movements. 

2.  O>mpound  circumflex  consists  of  three  movements. 

8.  Continuous  ciicumSex  consists  of  more  than  three  movements 

The  dinaim  of  the  fint  vocal  movement. 

1.  Direct  circumflex  biy  the  first  an  upward  movem^t. 

2.  Inverted  circumfiex  has  the  first  a  downward  movement. 

difMsmaiu  ofthevoetd  movemaOa. 

1.  Equal  circumflex,  each  movement  of  equal  dimension. 

2.  Unequal  circumflex,  each  movement  of  unequal  dimension. 

In  forming  a  circumflex  speech-note,  the  voice  may  be  retarded  or 
accelerated  in  parts,  as  well  as  move  equably  through  ita  course.  The 
possible  varieties  o£  ciiwmiflex  are  almost  infinite,  and  the  number  in 
ordinary  use  is  far  b^ond  what  would  be  anticipated.  This  will 
account  for  the  immense  variety  of  sounds  which  am  heard  in  human 
utterance,  and  which  has  been  more  a  subject  of  declamation  tiiaa 
thoughtful  inquiry.  . 

Compost  of  the  5j3«e(A-rt<ice.— Several  of  the  rhetoncians  of 
antiquity  speak  of  the  changes  of  pitch  of  the  voice  seldom  exceeding 
a  fifth  on  any  one  syllable.  Observations  conducted  for  twenty  yean 
on  tiu  Ittding  public  spei^m  of  the  period  have  convinced  tiie  author 
of  this  article  of  tiie  aoourac^  of  this  ancient  statement.  It  is  tru« 
that  higher  intervals  are  used,  even  up  to  the  octave,  but  very  mx- 
ingly,  and  the  fifth  itself  is  of  less  oonmum  occurrence  in  oratory  than 
the  third. 

Speech  melodies  seldom  exceed  the  limits  of  an  octave  and  a  halt 
Whatever  the  speaker's  key  note  m^  be,  he  seldom  rises  more  than  a 
fifth  above  it,  or  descends  more  than  a  fifth  below  it  in  oitrf^  A 
person's  key  note  is  generally  somewhat  below  the  middle  of  his 
compass,  which  circumstance  enables  most  speakcra  to  ascend  an  octave 
if  required  for  the  purpose  of  expression.  The  following  notation  of 
Mr.  Steele's  speaking  compass,  taken  from  the  '  Proeodia  Bationali^ 
is  interesting : — 

CoBMMlavd  ■    .    •    ■ "'    '    -  J—  * .  ~  I 

Lomt  ■OI*  of  ipceck. 

The  voice  of  song  (that  is,  a  song-note)  has  been  described  as  oon- 
tinning  throughout  ita  duration  on  one  level  line  of  pitch.  This  de- 
BOription  was  necessary  at  tha  outset  in  order  to  state  the  essential 
distinction  between  song  (musical)  sounds  and  iveech  sonnds. 

Close  observation  however  of  the  song-notes  of  singers,  especially  m 
dramatic  music,  will  show  that  many  of  the  notes  are  not  of  uniform 
pitch,  but  that  the  voice  rapidly  slides  through  some  intwval,  com- 
monly of  a  tone,  and  the  song-note  Is  produced  at  its  summit.  Let 
the  slide  be  equal  to  a  semiquaver,  and  the  song-note  a  minim, 
or  rather  to  a  minim  minus  the  semiquaver  slide,  which  is  stolen 
from  the  quantity  of  the  song-note :  many  singers  reach  the  aev^ 
rol  d^reea  of  the  scale  by  these  slidM  according  to  the  subjomed 
notatim 


I 


In  taking  the  intervals  from  a  fundamental  note,  it  is  not  uncommon 
to  hear  a  rapid  sUde  through  the  entire  interval,  producing  slide  thirds, 
foui-ths.  Sec,  mid  the  song-note  at  the  summit  at  the  aliCM,  aooor  ding 
to  the  subjoined  notation : — 


^^^^^ 


^=1 


Rirnilar  notes  often  occur  in  the  passionate  intonation  of  tiio  wide 
intervals  of  operatic  muado. 
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These  nng-notes  doself  approximate  to  tbow  spaeoh-notca  in  which 
th«  morement  ot  thavmoe  uratuded  aiHw  opper  part  <tf  its  uoeDt; 
and  the  approzinutioo  is  the  neanr  in  proportion  to  the  greater 

letardAtion. 

Sometimes  the  aong-note  is  preceded  hy  a  rapidly  descending 
alide,  which  may  be  of  the  intcoral  of  a  %0M,  aa  in  tha  subjoined 
diagram 


'J '-j  0  m  u. 


Tbo  Blids  Is  howavar  fra^untly  heard  at  gnatar  intarralsi  eneoiall; 
In  the  mnaleal  vxgnmSaa  A  Ug^  aadtflnuat  ci  faellng^  aa  fat  th«  nib- 
jdnaddiigiim: — 

^^^^^^ 

In  KfDg  a  xwid  slide  Is  oeeanonally  heard  after  the  song-note. 
The  slide  may  either  riae  or  fall  in  pitch,  and  It  may  he  a  tone  or 
of  a  bi^r  internl.  The  subjoined  diagram  is  a  notation  irf  sudi 
notes,  with  a  tone,  8rd,  6th,  and  Sra,  TMpeotiTCly,  asoending  and 
dsBcniding.^ 


Deseen^K. 


The  after-note  of  song  (Nat^atAlag  of  the  Germans)  bein^  always  on 
the  weak  part  of  the  measure,  the  slur  from  ita  principal  to  it  produoee 
a  slide  aa  above  noted,    Theee  however  are  rardy  heard. 

A  ^ur  in  song  binds  two  or  more  notes  into  one  continuous  sound 
by  a  rapid  slide  of  the  voice,  and  thus  approximatee  to  a  speech-note. 
In  the  following  Uluatration  taken  from  Calloott^s  *  Grammar  of  Music,' 
p.  83,  the  ^bet  of  Uie  first  slur  is  similar  to  a  oiroumflez  speech-note, 
of  equal  intervals  and  inverted  flexure ;  and  the  Moond  slur  ia  in  eflbot 
aimikr  to  an  uneq^ual  inverted  circumflex : — 


"  Our  limpid  ■treama." 


Jodma. 


The  preceding  illustrationa  are  given  with  a  view  of  indicaldng,  and 
not  of  ezhaustiog,  the  subject. 

Of  Steitative. — The  notea  of  song,  of  speech,  and  the  mixed  notes 
above  deaoribed,  are  all  to  be  heard  in  redtatlre.  The  speech  and  the 
ni«d  notes  predominate  over  the  pore  notes  of  song. 

Of  Chant — Id  chant  also  are  to  be  heard  the  not«i  of  eong,  speech. 
Mid  the  mixed.  The  rapid  part  of  the  chant  consists  of  q>e«eh-notes, 
and  the  concluding  «yUu>iea  of  the  olauanlar  divisitnis  are  sung  oa  stmg 
and  mixed  notes. 

Of  the  Hitdt  Jfclody  m  Amgi,  ^tetA,  SedtaHve,  and  CAohI, 
Song. — A  Bucceflsi<ai  of  single  Bounda  forma  a  melody  or  tune. 
[Husio.]  A  melody  ia  said  to  jooeeed  by  degreeg  when  its  succemve 
notes  are  in  proximate  degrees  of  the  scale ;  and  a  melody  proceeds  by 
skipt  when  it  omits  or  leaps  over  one  or  mora  degrees  of  the  scale.  In 
general,  degrees  and  skips  are  intermixed,  aa  in  the  melody  of  the 
Easter  Hymn,  taken  from  Calloott's '  Gnumoar :' — 

•*  Jerai  Christ  la  risen  to-day." 


In  the  incantaUon  scene  of  the  opera  of '  Der  Freinchutz,'  Weber  hoe 
produced  an  effective  melody,  consisting  of  a  repeUtion  of  the  same 
sound.  For  the  rhythmical  anangement  of  the  sounds  in  eong,  see 
Hvaio,  Rhtthu,  and  Fbosodt. 

Spe^L — In  speech,  as  in  song,  a  succession  of  sinf^le  sounds  oon- 
sUtuteS  a  meloc^.  A  speech-melody  formed  of  apeecb-notee  may 
proceed  in  aU  ^e  varieties  above  described  of  song.  [Elocutiok.j 
In  vocal  music  the  rhytfamus  of  the  language  bends  to  that  of  the 
musia  It  is  musical  rhythmus.  In  speech-melodies  however  the 
rhythmua  ia  that  of  the  longuue. 

JtecUaiive. — BecitatiTa  meloues  also  proceed  in  all  the  vuietiee  of 
song.  In  accompanied  redtative,  althoum  the  m\isioaI  rhythmua  takes 
theuod,  yet  the  singer  has  much  latitude,  and  in  a  great  degree  con- 
trols the  mn^nsl  rhythmua.   In  unaccompanied  reoitatiTe  the  musioal 

AXn  AID  BCL  DIV.  T0&.  tul 


rhythmus  entirely  yields  to  the  ringer's  Ideas  of  what  is  appropriate  to 
the  required  expression. 

Chant. — Chant  melodies  also  proceed  in  all  the  varieties  of  aong. 
The  ordinaiT  melody  however  conaiata  of  a  rapid  iteration  of  ^e  aame 
note  through  a  clause  to  the  concluding  four  or  five  syllablea,  which 
are  set  in  an  appro[»iate  auooeaston.  The  following  notation  from  the 
Idtany,  as  armiged  by  the  Rev.  P.  Pmaon,  of  Durham  Cathedral,  is 
quoted  from  the  Leeds  Chiinh'Sarrioe,  edited  by  Mr.  "ill,  the  ohoir- 
master : — 


lUniimb**  Mt,  Lord,  onr  offnMi,  boi  tb*  1 
offeacn  9I  Mt  Mnfktben,  Bcltbar  wIm  Una  I 

teDKODW  of  oat  tin*;  •PaMBa.ROOd  hoti,  Vwilk   H     to      e  -  TCI 
tftn  thf  pMfte.  wkm  thoo  Mat  ndeewM  I 
with  ikj  BOrtpntteu  klood,  ul  bt  SM  maaif  J 

The  first  note,  wl,  a,  is  rapidly  reiterated  on  each  nllable  to  the  last 
Ave.  The  ihytiimus  is  left  to  the  taate  and  feeling  of  the  chimter.  In 
botli  redtativa  and  chant  ihe  words  are  more  distinctly  uttered  than 
in  song.  This  srises  from  the  structure  of  the  notes,  which  are  chiefly 
either  speech-notes  or  those  song-notee  which  approximate  to  them,  in 
both  of  which  distinct  utterance  is  infinitely  rasier  thui  in  the  notes 
of  song. 

Of  the  Voiee  aa  a  Katvral  Language  of  tht  Etnatiam. — The  vdee, 
whether  it  be  or  be  not  united  with  verbal  language,  is  expreaeive  of 
the  feelings.  The  voice  ia  the  language  of  the  feelings,  by  which  Ihey 
manifeat  tnemselves  to  the  ear  without  previous  teaching;  and  when 
heard,  are  recognised  and  felt  without  teaching.  The  acreamof  terror, 
the  shout  of  joy,  the  laugh  of  satisfaction,  the  laugh  of  sarcasm,  the 
laugh  of  ridicule,  are  made  man  and  UDderstood  by  his  felbw-man, 
wherever  the  one  may  be  bom  sad  whatever  may  be  the  speedi  of  the 
other.  The  voice  is  a  natural,  a  universal  language.  lijich  mental 
attribute  has  ita  voice,  which  ia  in  relation  to  that  attribute ;  and 
wheUier  that  attribute  form  part  of  the  mind  of  man  or  brute,  it 
inatantJy  recognises  the  voice.  The  piercing  cry  of  pain,  the  affright- 
ing scream  of  tervOT,  the  voice  of  joy,  are  common  to  all,  and  recog- 
nued  hj  alL  The  voices  of  the  feelings,  so  &r  as  [dteh,  duraUoUj  and 
loudness  are  craieemed,  are  capable  m  notation.  Dr.  Colombat  ha* 
attempted  the  notation  of  cries  arising  from  varioua  puns  :  uid  Dr. 
Bumey  baa  noted  the  aong  of  several  birds.  The  changes  of  pitch  pre- 
sent the  moat  remarkable  changea  in  the  voice ;  and  on  theae  momly 
depend  the  voicea  of  the  feelings.  The  mind  adopts  changes  of  pit<ut 
to  expresB  its  condition^  and  the  interval  of  muaio  ia  but  a  meana  of 
meaauring,  and  thence  imitating,  that  expreaaion.  A  hi^ier  intensily 
of  feeling  increases  the  interval.  Compoeers  know  this  not,  and  avw 
themselves  of  it  in  dramatic  music  The  pages  of  Handel,  Mozart, 
Beethoven,  Weber,  and  Roasini  are  full  of  illustationa  of  it.  The 
"  Messiah,"  the  greatest  of  all  musical  compositions,  abounds  wiUi 
degrees  of  intensity  of  the  aame  feeling. 

On  the  Improvement  and  Pretenatio»  of  the  Faux.— In  the  im- 
provement of  the  Bong-vtnce  the  great  objects  to  accomplish  are,  1.  To 
improve  ite  quality  in  cleamesa  and  resonance.  2.  To  make  every  note 
in  ita  oompaaa  equally  pure,  8.  To  extend  ita  compass  both  above  and 
below.  4.  To  obtain  power  to  produce  a  prolonged  note  on  each 
degree  of  its  compass.  The  accurate  intonation  of  the  scales  is  pre- 
auppoaed,  for  without  that  all  training  ia  musically  useless.  To  enbct 
these  objects,  various  syetema  of  discipline  ore  proposed,  but  none 
would  be  successful  without  the  governing  ear  ana  voloe  of  a  master. 
The  work,  however,  of  Signw  Crivelli  etauids  in  the  foremost  rank. 

For  the  preservation  of  the  song-vdce  the  two  great  pitoolples  are^ 
1,  To  be  temperate  in  all  thingSjaa  eating,  drinking,  ftc ;  and,  2.  Dlu^ 
practice  in  the  scales  of  music. 

In  the  improvement  of  the  speccb-voice,  the  first  great  requisite  is 
so  to  produce  voice  Uiat  it  may  not  be  injurious  either  to  the  general 
health  or  to  the  throat  in  putioular.  2.  To  improve  its  qiwiW  in 
dearaess  and  resonance  throughout  its  compass.  8.  To  extend  its 
compass  both  above  and  below.  4.  To  produce  a  prolonged  speech 
note  on  each  degree  of  its  compass.  Theee  have  seldom  be^  systema- 
tically attempted,  and  not  only  have  many  orators  been  limited  in 
their  success  by  the  defects  of  their  voices,  but  many  have  been 
obliged  to  discontiaue  their  avocations,  espetHoUy  the  clergy,  either 
from  the  injury  to  the  tliroat  or  to  the  general  health  which  publio 
speaking  produced.  The  primary  object  of  elocutionaty  Boienoe,  like 
that  of  physical,  is  to  produce  the  greatest  possible  oETect  with  the  least 
expenditure  of  power;  but,  as  in  song-trainiog,  no  system  con  bo 
successful  without  the  governing  ear  and  voice  of  a  master.  The  work 
entitled '  Cull  on  Public  Reading '  contains  an  outline  of  speeoh-vdo* 
training  which  has  been  eminenuy  successful. 

For  the  peservation  of  the  speech-voice,  as  for  the  song-voice, 
temperance  m  sll  things  ia  required ;  also  daUy  practice  in  the  several 
forma  of  apeech-note.  By  this  meana  public  speaking  may  become 
a  pleasurable  and  healthful  exercise. 

The  ancient  orators  were  accustomed  to  exercise  th^  voices  daily 
in  preparatory  declamations,  and  to  ascend  and  descend  through  the 
compasa  of  their  voices  by  repeating  about  600  linea  of  verse  from 
memory.  The  ancients  ad(q>ted  varioua  medicaments  and  diets  as 
beneficml  to  the  voice,  and  certain  nostrums  are  recommended  at  the 
present  di^;  but  let  the  ontor  depend  more  on  a  nsjper  exercise  of 


Digitized  by 


GoUgle 


VOID. 


ioB  orguis,  M  tlie  Binger  doa  oo  lui»  ud  he  will  Iw  nwirded  with 

cheerf  ulnesB  and  health. 
VOID.  [Vacddii.] 
TOIATltE  OILS.  [Oils.] 

VOLCANO.  Tbe  idUiations  on  the  globe  where  mbtemaean  fires 
ham  made  or  found  duamda  to  ibe  suHace  of  the  land  or  to  the  bed 
of  the  HA,  ue  termed  volcajiooe.  A  Tolcano  is  merely  the  abaimel  of 
upwerd  oonununication  from  the  aubterraaean  fires ;  the  mountain  in 
wnich  the  vcdcano  acts,  and  the  extensive  mounds  and  masses  of  ashes, 
lava,  Sao,  (substances  hereafter  described),  which  aumnrnd  it,  are  the 
eSect  and  the  msasure  of  the  expansive  mechanical  forces  which  are 
relisTCd  by  the  poaring  forth  of  the  streams  of  melted  or  flowing  and 
plastic  rocks,  toe  showers  of  ashes,  torrents  of  steam  mingled  with 
gases,  and  of  water,  which  constitute  Hba  eruptions.  By  conudering 
the  nature  of  these  solid,  liquid,  and  gaseous  substaoces,  their  mutual 
relations  and  respective  functions  in  volcanio  phenomena,  and  the 
ciroumstancee  of  tb^  ejection,  some  progress  may  be  made  towards  a 
diemical  theoiy  of  the  nature  and  origin  of  the  subterraneao  fires ;  but 
to  gun  a  proper  notion  of  the  mechanical  foreeB  set  in  action  during 
T<uoamo  excitement,  we  must  enter  upon  a  larger  inquiry : — the  con- 
nection of  earthquakes  and  Tolcanio  eruptions,  the  relimons  of  one 
Tolcanio  district  with  another,  especially  as  to  coincidence  or  reciprodty 
in  the  times  of  their  violent  activity  or  remarkable  repose ;  and  the 
histoiy  not  only  of  volcanic  phenomena  which  are  now  in  progress  or 
have  loimerly  happened  in  ]^articular  situations,  but  the  general  his- 
toTv  of  the  effects  of  the  disturbance  of  the  internal  heat  during  all 
ttola^oal  periods  and  over  all  parte  of  the  dobe.  Those  mabhuiical 
forces,  it  must  be  remembered,  are  simply  the  correlates  of  this  beat, 
and  come  into  action,  primarily,  in  consequence  of  tiie  antagonistifi 
action  of  the  sun's  upon  ibe  surface  of  the  earth,  and  its  more 
immediate  reeults  in  changing  the  pomtliBiof  the  matter  omatituting 
that  surface. 

Has  this  exteniire  inquiry  beau  followed  out  bo  completely  and 
nutfaodioally  as  to  justify  a  belief  that  the  true  theory  of  volcanoes  is 
reduced,  as  several  other  branches  of  the  great  theory  of  nature  have 
been,  to  a  plain  process  induction  I  That  many  geologists  suppose 
80  is  evident  from  the  decision  vrith  which  their  genwal  speculations 
are  advanced ;  but  the  studmt  who  desires  to  posaess  clear  and 
mtematic  inferences  witiiout  being  troubled  with  contending  hypo- 
UieseB  will  find  it  necessary  to  class  the  phenomena  as  if  the  mquiry 
were  very  for  from  completion.  The  following  views  may  aid  his 
researches  into  this  large  and  interesting  subject : — 

Saeeettion  of  yoUanic  Phcwmena. — A  complete  history  of  any  one 
volcano,  by  showing  us  its  origin,  its  alternations  of  rest  and  activity, 
its  progress  to  decay,  and  its  final  extinction,  would  furnish  a  sufficient 
base  ftn-  a  general  tiieoiy  of  volcanic  action ;  for  the  analogies  among 
all  burning  mountains,  as  to  form,  structure,  composition,  and  asso- 
ciated phenomena^  are  ancb  as  to  warrant  Uu  application  oS  a  few 
general  laws  and  one  theory  to  them  alL  But  we  luiow  not  completely 
the  succession  of  phenomena  which  have  happened  in  any  one  volcano. 
We  have  indeed  examples  in  abundance  of  new  isUnda  and  new  moun- 
tains being  raised  in  our  own  days  and  giving  forth  fire ;  we  liave 
the  history  of  Vesuvius  as  an  intermitting  volcano  for  nearly  eighteen 
hundred,  and  that  of  ^tna  for  above  two  thousand  three  himdred, 
years ;  and  we  may  contemplate  on  the  banks  of  the  Bhine,  in  Htm- 
gary,  and  in  Auvergne,  the  aspect  of  a  country  &om  which  the  subter- 
ranean fires  appear  to  have  withdrawn  their  forces  before  (though  in 
the  country  last  named  probably  not  long  before)  the  origin  of  history. 
The  birUi,  continued  activity,  decay,  and  extinction  of  volcanoes  are 
phenomena  seen  in  separate  ports  of  the  earth's  surface,  and  acquire 
imity  and  consistence  only  by  being  rightJy  combined  into  a  ooirect 
general  view  of  volcanic  action. 

Earthjudket.—'Pivn.Qva  to  voloanic  eruptione  generally,  whether 
these  happen  in  old  craters  or  burst  up  in  new  situations,  earthquakes 
prevail,  sometimea  for  a  considerable  period,  in  the  vicinity  of  tlie 
volcano,  and  extend  their  terrors  to  considerable  distances  from  it. 
Ifear  to  the  centre  of  future  violence  springs  have  been  known  to  fail 
and  others  to  burst  forth,  and  unusual  ooiBeB  have  been  heard. 
Previous  to  the  year  1538  the  Neapolitan  shore  had  been  disturbed  by 
earthquakes  for  two  years;  and  tiiese  symptoms  of  subterranean  dis< 
turbance  were  succeeded  by  the  production  of  the  Monte  Nuovo  {pn 
and  over  the  ancient  site  of  the  Luoriae  Lake)  in  the  space  of  forty-eight 
hours. 

Among  the  effects  of  great  earthquakes  are  fissuiee  in  the  crust  of 
the  earth,  both  in  Tolcamc  rwons  and  in  distant  situations.  In  1811 
and  1812  the  movements  of  tbe  ground  in  the  vallw  of  the  Mississippi 
and  in  Caracas  caused  vast  depressions  and  elevations,  some  of  which 
remained,  so  as  permanentiy  to  affect  the  drainage  and  change  the  form 
of  the  surbce.  Some  of  Uie  numerous  fissures  produced  in  Calabria 
by  the  earthquake  of  1783  assumed  a  radiating  form,  and  it  is  con- 
jectured by  Lyell  that  in  these  situations  the  ground  was  perma- 
nentiy ruaed.  In  1669  the  flanks  of  ^tna  were  fissured,  and  through 
tiie  opening  the  Monte  Bosfi  was  raised,  by  ejeotum  of  ashes,  Aa,  to 
the  height  of  150  feet.  In  1759  the  new  volcano  of  Jonillo  waa  fonned 
on  the  plains  west  of  Mexico  by  the  accumulation  of  ajeoted  materials 
(as  is  now  known)  into  a  mountain  1696  feet  high. 

By  these  instances,  taken  from  situations  far  £pom  other  volcanoes 
(JoniUo),  at  points  in  the  vidnity  of  active  and  extinct  vokaaoes  (the 


Monte  Nuovo)^  and  on  the  slopes  of  a  frequently  burning  oone  (the 
Moate  Rossi),  it  appears  that  generally  the  earliest  observable  fact  in 
the  history  u  voloaoio  phenomena  is  the  opniing  of  the  ffoaoAj — 

a.  Along  a  line  of  nasure.  fi.  In  a  system  (tf  intaseoting  fissuret, 
Suidi  openings,  when  happening  on  land,  ooDstitate  soba&ial  volcanoes ; 
and  when  oocuiring  in  the  bed  of  the  sea  th^  produce  nibmariiio 
volcanoes. 

The  preceding  statements  relative  to  the  connection  earthquakes 
and  volcanoes,  and  the  alleged  elevation  of  land  by  the  fanner,  are  in 
agreement  with  the  infenowas  geomlly  dnwn  from  bodl  cfassaa  of 
phenomena  prior  to  the  publication  of  the  reomt  inductive  researches 
on  '^H'fhuuMflSj  of  whim,  and  <A  thdr  results,  we  have  given  some 
Booount  m  the  artidea  E^thqusjue  and  Seisholoot.  Seismie  and 
volcanic  energy  are  evidentiy  the  same  in  origin,  manifested  in  the 
former  in  a  manner  purdy  mechanical,  and  in  the  latter  in  a  thermal 
(if  not  chemical)  and  also  menhanical  manner.  But  we  must  now  admit 
that  these  i^iei^naia  are  not  related  as  cause  and  eflbct  Earthquakes 
do  not  produce  or  commence  volcanoes,  or  initiate,  though  they  may 
be  simultaneous  with,  volcanic  eruptions;  nor  do  Tokanoea  cause 
earthquakes,  though  there  is  a  common  cause,  or  diain  of  eausea,  for 
both.  Hr.  R.  M^et  has  shown  that  fissures  even  are  never  produced 
by  the  direct  passage  of  the  wave  of  shock  in  an  earthquake,  but  are  a 
mere  seccmdaiy  efieot,  conformed  to  and  determined  tiie  dip 
slope  of  the  su^acent  beds  of  rock,  and  are  no  more  uian  indpient 
landslips.  The  movemmta  «t  the  ground  in  Caracas  and  in  the  nOev 
of  the  MissiesipiM,  mentioned  above,  were  in  all  probability  of  this 
description.  In  like  manner,  having  deduced  from  theory,  as  well  as 
inferred  from  olieervation,  that  earthquakes  cannot  produce  elevations 
(although  the  latter  have  been  known  to  have  taken  {dace  about  the 
same  time  as  earthquakes  and  in  the  same  region),  he  examined  with 
care  more  tiian  150  miles  of  seanxMst,  as  mil  as  rivMHioursea,  for 
evidence  of  any  permanent  elevatitm  of  land  having  taken  place  even 
concurrentiy  with  the  earthquake  of  the  18th  of  December,  18S7i— the 
greatest  that  has  occorred  in  Italy  since  that  of  1768,  rafaiiad  to 
above, — but  found  none. 

The  production  of  elevations  and  true  fisBurea  appears  in  £>ct  to  be  a 
third  great  efiect,  or  class  of  efiects,  of  the  common  chain  of  causee  of 
earthquakes  and  volcanoes, — to  be  a  distinct  consequence  from  them  of 
"  the  tendency  iA.  the  globe  to  awell  into  froth  at  the  surfoce,"  to  use 
the  emphatic  and  oomprdwndva  expression  of  Sir  J.  F.  W.  HersoheL 
That  a  volcano  begins  by  tiie  production  of  a  fissure,  through  which 
the  ejections  constituting  an  eruption  are  subsequently  to  be  disdiarged 
by  the  continuance  of  the  force  originating  the  fissure,  is  most  imibable; 
though  it  may  often  happen  that  the  elevation  of  such  materials  from 
below  falls  short  of  an  eruption,  and  merely  fills  the  fissure  (afterwards 
to  be  observed  as  a  dyke),  or  that  the  materials  elevated  are  of  a 
difierent  description,  and  an  not  otherwise  related  to  vokanio  pheno- 
mena than  as  being  eSecta  of  a  ccnnnum  [simaiy  oause— snhtenanean 
heat  We  shall  again  have  to  notice  the  light  thrown  upon  Uta 
philosofdiy  of  vdcanoM  by  the  recent  iuvestigatioDS  of  earthquako- 
phenomena. 

Entptim*. — When  by  some  movement  of  the  ground  a  channel  is 
opened  from  the  interior  to  the  surface  <A  the  earth,  a  paroxysm  of 
volcanic  ezdtement  foUows,  and  an  eruptiai  happens  through  the  new 
opening.  There  may  be  a  dow  outpouring  M  suited  rook,  -ptteBBA. 
upwards  against  gravity  by  an  internal  force ;  or  a  violent  upbuiat  of 
clouds  of  ecorise  and  ashes,  mixed  with  larger  stones ;  or  a  torrent  of 
the  same  materials  mixed  with  water,  and  constituting  mud ;  or 
volumes  of  steam  and  gases  of  diflbrent  sorts ;  but  permanentiy  gaseous 
matter  appears  to  be  much  inferior  in  quanti^  to  aqueous  vapour,  and 
frequenUy,  if  not  generally,  to  be  the  least  important  product  or  educt 
of  an  eruption.  These  are  exactly  the  products,  ringly  or  in  combina- 
tion, whidi  are  delivered  by  long-established  vents,  and,  as  far  as  we 
can  judge,  the  same  have  been  yielded  by  volcanoes  which  probably 
became  extinct  before  the  historic  era  of  the  human  race;  moreover, 
the  volcanoes  of  all  regions  agree  generally  in  this  respect.  Evidentiy, 
therefore,  the  condition  of  the  interior  parts  of  the  earth,  wtiich  are 
under  the  influence  of  vdoanic  excitement,  is  of  a  general  and 
continuous  nature,  and  must  be  supposed  oa^ble  <A  intei^«tatioD 
by  examination  of  the  products  and  the  arcumstanoes  of  thdr 
extrication. 

The  enormous  flashes  of  lightning  wliich  accompany  volcanic  erup- 
tions, issuing  from  the  ascending  column  of  steam  and  solid  ejections, 
and  which  are  ec[uaUy  characteristic  of  eruptions  originally  submarine^ 
when  they  rise  mto  the  atmosphere,  have  been  celebrated  from  the 
timeofPlin^;  but  they  had  not  been  accounted  for  in  any  satisfactory 
manner,  haviiu;  only  been  vagudy  referred  to  an  evolution  of  dectricity 
connected  with  the  intense  actions  of  various  kinds  taking  place  in  the 
eruption.  After  Mr.  (now  Sir  William  G.)  Armstrong  had  observed 
the  electricity  of  efiluent  steam,  Mr.  Brayley  pointed  out  the  precise 
analogy  of  the  sparks  given  by  it,  to  this  voloanic  lightning.  ('  PhiL 
Hag.,^eries  8,  v^  xviii.  p.  Hi.)  Dr.  Fkrad^aubiequentiy  ascertained 
that  the  dectridty  of  effluent  steam  is  produced,  in  reality,  by  the  frictiw 
of  the  globules  of  water,  resulting  from  its  partial  condensation,  and  of 
particles  of  foreign  matter,  both  merdy  driven  onward  by  the  steam  as 
a  mechanical  agent,  upon  the  substance  of  the  tube  from  which  it 
issues.  In  the  eruption  of  a  volcano  we  have  all  these  dements  in 
perfection,  and  oa  an  immense  scale,  the  foreign  partidea  being  supplied 
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Ij  the  Tolcanio  ashes,  saA  we  Ttmj  lliarafore  ooDshida,  thai  the  anor* 
moua  evolution  of  electricit;  accompan^ng  it  arises  from  fbeir  fdetion, 
as  in  the  hydro-electric  machine.  It  is  probably  the  gneteBt  eznai^ 
in  nature  of  the  production  of  friction^  eled^city, 

Masa  of  Yolcanie  ProducU.^'Now  the  first  thing  which  arreete  tiie 
atteation  in  regard  to  the  oiroumataneee  wUeh  aooompat^  tin  prodoota 
of  Toloanie  enipfcion^  ia  the  eiunmoiu  man  matenall  qested  at 
particular  pobits.  In  48  hoata,  in  1S38,  flie  Xante  Kuoto,  440  feet 
high  and  8000  feet  in  oiroumferenoe,  was  thrown  op  in  a  place  which 
may  be  regarded  m  a  new  vent  of  the  Naapditan  voleanio  region.  In 
1759  0,  new  vent  was  opened  west  of  Mexico,  a  new  Toleanio  momttatn 
(JoniUo)  was  thrown  up  to  the  height  of  1696  feet,  and  an  area  of 
tiireetn- four  miles  waeoovered  with  its  lavas.  (See  ooL  670.)  Between 
July  and  Angoib,  in  1881,  Gzaham'a  Idand  had  baan  laiaad  from  the 
■ea-bed,  100  uthonn  de^,  to  a  height  of  107  feet  above  the  aea,  with 
a  droumferenee  of  8240  feet ;  in  September  its  height  was  100  to  280 
feet,  and  its  otroumference  2800.  In  the  winter  ol  1881-2  the  whole 
vast  heap  of  aahea  had  been  dispersed  by  the  waves,  and  nothing 
remained  of  this  short-lived  volcano  but  a  dangerous  shoal.  Subse- 
quently this  haa  been  lowwed,  and  a  comparatively  slight  elevation 
above  the  average  level  td  the  nei^bouzing  aea-bed  ii  now  under  deep 
water.  The  lava  ourrenta  from  many  volcanoes  are  of  the  aame  gigan- 
tie  proportions.  In  1737  Yeanvius  poured  f orUi  83,687,058  oubio  feet ; 
in  1 794, 46,098,766  cubic  feet ,-  and  .£tna,  m  1669,  gave  forUi  98,888,950 
cttbio  feet,  which  would  make  a  considerable  hill ;  for  it  wonld  covw  a 
space  of  ground  one-quarter  of  a  mile  acroas  with  a.conical  mound  180 
feet  hi^  The  aooumolated  effecte  of  two  yearn*  eruptions  of  Ski^itaa 
Jokolt  in  Iceland,  ^ipear  to  have  filled  vaUeya  and  lakeaand  l»oad 
plains  irith  floods  of  melted  rock.  The  lava  b  said  to  have  flowed  in 
one  direction  50,  and  in  another  40,  miles,  vrith  breadths  of  15  and  7 
railee  reapeetively,  and  with  a  depth  avenging  about  100  feet,  but  in 
places  reaching  600  feet.  If  these  data  have  any  claim  to  be  regarded 
as  fair  approximations  (they  are  ao  regarded  by  Lyell  and  other 
writers),  the  maaa  of  lava  poured  out  in  two  jean  by  tius  modem 
voIoaDo  exoeeda  a  hundredfold  that  ci  the  Fluttauo  rocka  wludi  appear 
In  the  chain  of  the  Ualvem  Hills,  It  would  cover  all  theooal-flelJa  of 
the  Britiah  lalanda  with  a  plateau  of  baultic  rock  20  feet  thlok,  or  buiy 
London  under  a  moontam  rivalling  the  cone  of  Tenerifi^  ia  the 
onptions  of  Tomboro,  in  Sumbawa,  in  1815,  aehee  and  Boorisa  were 
thrown  oat  sufficient  to  form  three  mountains  equal  to  Mont  Blanc,  or 
to  cover  the  whole  of  Germany  two  feet  deep.  The  volume  of  muddy 
and  watny  eruptions  from  volcanoes  can  seldom  be  accurately  mea- 
sured. Humboldt  speaks  of  mud  eraptaoDS,  called  "  Hctya,"  as  frequent 
in  the  volcanic  system  of  the  Andes,  and  ^ey  are  abniMant  enough  to 
fill  vaUeya  and  stop  the  channels  of  riven. 

From  such  data  as  can  be  collected  there  appears  no  sign  of  any 
general  decay  in  the  magnitude  of  the  volcamc  eruptions  tAkec  gene- 
rally, thouf^  in  respect  to  any  particalar  volcano  the  contrary  may  be 
inferred. 

Sntptive  Ptsrcex. — If  the  quantity  of  matter  ejected  by  volcanoes  be 
taken  as  a  measure  of  the  amount  of  unbalanced  pressure  whidi  required 
and  obtained  relief,  the  /oree  with  which  it  was  ejected  may  be  re^^trded 
aa  a  measure  of  the  inUitdty  of  ttiis  pieeaure.  Accurate  observations 
on  this  pdnt  are  needed.  If,  aa  recorded  Sir  W.  Hamilton,  atones 
were  thrown  so  high  above  Yesuviua  aa  to  oooupy  11  aeoonda  of  time 
in  faUing  to  the  level  of  the  crater,  thia  givea  an  upmrd  vdooity  of 
860  feet  in  a  second  at  the  level  of  the  enitar,  and  a  height  of  about 
2000  feet;  but  the  mountain  befaw  above  8000  feet  high,  we  must 
estimate  the  pressure  at  the  levd  tn  the  sea  as  competent  to  sustain  a 
column  of  matter  oE  the  ordinary  weif^  of  lava  (aay  twice  and  a  half 
that  of  water)  nearly  a  mile  in  height.  This  would  equal  tiw  {Hesanre 
of  between  800  and  400  atmospheres. 

Lava  which  had  flowed  in  1798,  was  traced  by  Humboldt  to  the 
summit  of  tiie  Peak  of  Teneriffii,  and  must  therefore  have  been  sus- 
tained (unlees  the  lava  were,  as  is  probable,  of  a  lighter  kind)  by  double 
the  pressure.  These  pressures  appadr  great,  but  in  no  d^ree 
improbable  if  judged  by  the  well-known  eSeota  of  steam.  A  tempera- 
ture of  800*  fUu*.  would  give  the  steam  prenure  for  a  faeif^  2000  feet 
above  the  cone  of  Vesuvius ;  and  so  r^idly  does  this  power  augment 
with  additional  heat,  that  kea  than  1000*  Vtlbx.  may  be  suffident  to 
^ve  steun  a  force  eqiul  to  bahace  the  whole  column  of  lava  in  the 
Feijc  of  Teneriffe.  Now  these  are  tempcnturee  which  appear  to  fall 
within  the  observed  heats  of  some  of  the  lava  currents,  for  these  have 
been  found  to  mdt  silver  and  to  perform  heating  effects  greater  than 
those  of  red-hot  iron.  Steam-power,  generated  by  the  admission  of 
water  to  the  hot  interior  parts  of  the  earth,  appears  entirehr  adequate 
to  the  "  eruptive  forces  "  actually  witnessed  in  volcanoes.  It  ia  much 
in  &VOUT  of  this  being  really  the  agency  employed,  tiiat  we  find  in 
explosive  eruptions  auch  considcraiile  bodies  of  aqueous  vapour 
erupted  during  moat  parts  of  the  paroxysm ;  that  some  eruptions  have 
yieUed  little  else  than  steam,  and  others  chiefly  hot  water.  Moreover, 
on  considering  attentively  the  distribution  of  volcanoes  over  the  globe, 
we  find  tiw  active  volcanoee  most  frequentiy  1^  the  side  of  the  sea,  or 
by  otiiar  con^erable  bodies  of  water ;  and  uie  extinct  vokanoea  In  the 
vicinity  of' ancient  lakee,  or  desiocated  branches  of  the  anoieiit  ocean. 
Why  wiof  should  be  in  the  immediate  proximity  of  tiie  ocean  or  of 
Ukes,  will  appear  intiie  sequel.  Butwhilesuch  proximity  undoubtedly 
faolitatea  the  operation  of  water  in  vdoanio  phenomena,  that  operation 


^vpeara  not  to  depend  upon  it ;  volcanoes  may  receive  water  on  account 
of  their  vicinity  to  it,  but  that  vicinity  is  not  occasioned  Uie 
neoessary  agency  of  water  in  their  eruptions. 

The  general  type  of  a  volcanic  eruption  appears  to  be  as  follows  : — 
The  ground  is  rocked  by  frequent  coirthquakeB ;  special  movemente  and 
noises  happen  in  and  about  the  volcanic  mountain ;  clouds  of  steam 
riae  from  the  crater,  followed  and  mixed  wit^  showers  of  ashes  and 
Bcoriffl  driven  up  by  the  exploding  and  expanding  vapour ;  the  tube  of 
the  crater  beoomee  filled  1^  melted,  or  at  least  flowing  matter,  which 
unduktea  upward  and  downward  with  the  irregular  presmu^  of  the 
vaporous  or  {pseous  matter ;  these  burst  in  large  bubbles  through  it, 
scattering  it  into  granular  dust  and  ashes,  till  the  lava  overtops  or 
breaks  through  tiie  loose  conical  walls  of  tiie  crater,  and  flows  abun- 
dantly, so  as  partially  or  wholly  to  relieve  for  a  time  the  unbalanced 
internal  pressure. 

Volcaaic  Products. — The  substances  thrown  out  during  volcanic 
eruptions,  whether  stony,  liquid,  or  gaseous,  disclose  more  or  less  com- 
pletely the  nature  and  condition  of  the  interior  masaea  of  the  globe, 
at  depths  greaUy  exceeding  the  dimenBions  of  the  greatest  volcano  or 
mountain  known,  but  still  very  small  in  comparison  to  the  earth's 
radius,  and  belonging  to  the  mere  outer  crust  of  the  dobe.  The 
lava  or  melted  rock  is  generally  referrible  to  a  very  small  number  of 
B^regations,  in  which  felspar,  augite  (or  hornblende),  and  oidde  of 
iron  are  the  most  important  ingredients,  the  mass  being  modified  by 
additional  minerals,  as  lencite,  idocrase,  olivine,  garnet,  epidote, 
stilbite,  heulandite,  and  many  others.  Combinations  of  sulphur,  and 
of  uranium,  copper,  lead,  arsenic,  and  manganese,  also  occur  in  various 
propOTtions;  but  these  metallic  bodies  do  not  play  an  impartaot 
part  in  volcamc  phenomena.  The  so-called  ashes  and  acoiia  oonaiat 
of  the  same  aubstancea  as  the  lava,  the  most  prolific  repodtoriea  ot 
the  rarer  minerals  being  always  in  cavities  of  the  lava  or  acoriform 
aggregations.  [The  characters  of  these  mineral  substances  have  been 
described  under  their  respective  names  in  Nat.  Hist.  Ctv.] 

In  these  particulara  modem  lava  will  bear  comparison  with  ancient 
Hntonio  rocks,  for  tluy  are  composed  of  similar  mineral  aggregates, 
modified  by  many  of  the  same  ram  oryatalUsations,  whhm  mostly 
occur  in  the  cavities  of  th^  mass.  The  difibrence  of  most  importance 
between  I^utonic  robka  (granite,  ko.)  and  volcanic  rocka  (trachyte,  &c) 
is  in  the  degree  of  their  consolidation ;  and  this  di^rence  appean 
quite  intelligible  by  a  comparison  of  the  various  appearance  and 
character  of  lava  which  haa  cooled  and  become  solid  under  different 
circumBtsnces.  Lava  cooled  in  afr  under  slight  preeaure  la  often 
cellular ;  cooled  under  the  preaaure  of  water  (as  in  the  case  of  the 
current  which  passed  through  Tone  del  Greco  into  the  sea),  it  is  more 
compact;  when  vitreous,  and  much  distended  by  steam,  it  becomes 
vesicular  pumice.  We  may  therefore  believe  that  lavoa  which  remain 
and  grow  solid  under  great  pressure  about  the  internal  base  of  the 
volcano  ore  of  a  more  dense  nature  than  those  which  come  tu  the 
aurfsce,  and  may  thua  oloselv  resemble,  or  be  even  identioal  with, 
some  of  the  older  Fhitonic  rocu,  which  thus  regarded,  and  from  other 
evidence,  appear  to  be  in  fact  itnerupted  laviu. 

The  foregoing  account  of  volcanic  rocks  applies,  principally,  to  one 
class  only  of  lavas,  the  stony  or  common  lavas,  the  most  abundant 
product  of  volcanoes ;  but  there  is  a  second,  the  vitreous  or  glassy  lavas, 
of  which  the  mineral  called  obddian,  or  volcanic  gloss,  is  the  ^pe, 
and  of  which  pearlstone  and  pitbhstone  and  a  few  other  minenda  are 
examples,  but  partly  in  a  different  condition.  While  the  lavaa  of  the 
greater  number  of  volcanoes  belong  to  the  former  class  (though  mingled 
we  believe  in  those  of  every  one  with  some  glassy  lava),  those  of 
certain  volcanoes  are  exclu^vely  vitreous,  of  which  that  of  the  volcano 
in  the  Island  of  Bourbon  is  an  example.  In  the  flowing  state  the 
nature  of  these  two  classes  of  lavas  is  very  different.  The  vitreous 
lavas  are  then  essentially  in  a  sUte  of  dry  igneous  fuaion,  comparable 
to  that  of  arti&cial  glass,  or  metala ;  but  the  stony  lavas,  even  while 
fresh  erupted  and  flowing,  are  not  properly  in  a  melted  state,  being  in 
fact  OS  tntly  aggregates  of  distinct  mineral  substances  while  in  that 
state  as  they  are  when  they  have  ceased  to  flow,  acquired  the  character 
of  ordinary  solids,  and  become  cold.  They  are,  while  they  retain  the 
flowing  property,  as  Mr.  G.  Poulett  Scrope  first  observed  and  maintained 
(in  his  work  referred  to  below)  more  thui  a  third  part  of  a  century  since, 
a  eort  of  mud,  consisting  of  the  crystalline  grains  of  the  minerals  found 
to  constitute  them,  allowed  to  slip  or  glide  over  each  other  by  the 
intervention  of  water  or  of  aqueous  vapour  in  a  peculiar  condition  ot 
condensation  and  adhesion  to  the  surfaces  of  the  solid  particles,  though 
at  a  red-  or  even  at  a  white-heat,  Mr.  Scrope's  views,  thouj^  almost 
contemptuously  rejected  at  the  period  of  their  enunciation,  have 
received  great  support  from  the  subsequent  discofety  of  the  poaaible 
existence  of  water  in  a  liquid  state  at  high  temperatures  (aa  they 
might  have  received  it  from  a  contemporary  one  of  its  convertibility 
into  vapour  of  its  own  volume),  and  from  the  now  admitted  necessi^  ' 
of  the  agency  of  water  in  the  production  of  all  the  crystalline  aggrentea 
constituting  the  Plutonic  rocks,  including  granite  itself,  which  luw  been 
referred  to  by  Mr.  Scrope  in  a  confirmatory  paper  communicated  to  the 
Geological  Society  in  1856.  A  remarkable  proof,  among  many  oth^^ 
that  the  stony  lavas  are  not  really  in  a  f  us^  condition,  is  afforded  b^ 
the  fact  urged  by  Mr.  Scrope,  that  the  radiation  of  heat  by  them  is 
comparatively  so  slight,  evincing  that  the^  cannot  possess  that  intensely 
high  temperature  wuioli  woii^lie  requisite  to  impart  to  tiieir  minentl 
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and  chemicil  dementa  a  truly  liqtud  itatejiailepeiidaatlj  of  the  agency 

of  water. 

The  views  of  this  consommate  volcanio  geolopBt,  bowev^,  are  now 
probably  to  be  regarded  as  {oming  only  a  first  approximatioii  to  a 
true  ^eory  of  tho  nature  of  lava.  The  researches  which  have  been 
lubeequently  pursued  in  the  chemistry  of  geology,  and  in  the  artificial 
synthetic  production  of  minerals,  aa  well  as  in  the  geology  of  the 
metamorphic  rooks,  and  respecting  the  actios  of  the  igneous  rocks 
upon  the  sedimentary  strata,  tend  to  modify  the  original  conclusions 
of  Hr.  Scnpe,  but  only  in  the  manner  which  has  characterised 
the  progress  of  all  great  discoveries  in  sdence.  The  necessary  agency 
of  water,  together  with  intense  heat,  in  the  production  of  the  crystalline 
rocks,  has  been  urged  by  Scheerw  and  E.  de  Beaumont,  Its  operation 
through  a  great  range  of  temperatures,  both  in  producing  and  in  alter- 
iug  rocks,  has  been  demonstrated  or  illustrated  byBunsen  and  Delesse, 
and  more  receatiy  by  a  remarkable  series  of  experiments  bj  Professor 
Daubrte  of  Stnsburg.  He  has  shown  "  that  the  molecular  state  <^ 
the  water  in  lavas,  'be  it  what  it  may/  has  had  a  great  ^bet  in  the 
formation  silicates,  even  when  anhydrous.  It  oaoses  them  to 
separate,  and  to  crystallise  at  a  temperature  much  below  their  point 
of  fusion ;  it  enables  them  to  cryrtallise  in  an  order  of  succesmon 
difierent  fnm  that  of  their  fusibility ;  thus,  for  example,  leucite,  on 
infusibie  silicate  of  alumina  and  potash,  occurs  in  lavas  in  well-formed 
crystals,  often  of  luge  uie.  To  this,  Lndwig,  in  his  German  trans- 
lauon  of  Daubr^s  essay,  adds  that  tiie  crystals  of  leucite  often  oon- 
ttun  fnigments  of  lava,  and  even  small  crystals  of  the  very  fusible 
mineral  augite."  *  These  results  are  moat  apposite  to,  and  beautifully 
elucidatory  of,  the  true  nature  of  lava  as  originally  observed  by  Mr. 
Scrope.  His  views,  perhaps,  would  have  sooner  been  entertained  by 
other  geolcwsts,  had  he  more  explicitly  distinguished  between  the 
Titreous  and  the  stony  lavas  when  flowing.  The  former  when  in  the 
purest  and  most  characteristia  condition  jmsent  ns  with  the  state  of 
^eouB  fusion  in  its  most  perfect  form;  solidifying  into  glass  when 
n^idly,  and  crystallising  when  very  elowly,  cooled.  Taking  volcanic 
phenomena  aa  a  whole,  Uiere  doubtless  exists  every  gradation  between 
this  and  the  hydroplastjc  condition  of  lava  such  as  that  of  Vesuvius 
and  Ebia,  which,  however  rapidly  cooled,  does  not  solidify  into  glass, 
but  into  sn  ag^egate  rock  or  itone,  identical  with  that  resulting 
from  its  slow  cooling  in  nature.  It  is  impratant  to  observe  that  the 
glassy  lavas  are  converted  by  slow  cooling  not  into  stony  lava,  but 
merely  into  the  ciystAlline  state  of  the  combination  of  silicates  of 
which  thay  consist.  The  stony  lavas,  however,  when  truly  fused, 
whether  naturally  or  artifi(»ally,  become  the  glassy  lavas  if  quickly 
cooled,  or  the  correiponding  vitoite  or  crystalline  substance  if  lUlowed 
to  cool  slowly.  Such  also  is  evidently  the  origin  of  the  vitreous  lavas 
in  volcanoes,  iihear  observed  transitions  from  the  glassy  to  the  crystalline 
or  stony  form  depending  partly  on  their  mineral  constitution  and  their 
condition  when  in  the  &>wing  state,  and  partly  on  the  circumstances 
obd  rate  of  their  refiigeration.  Of  all  this  \va  now  possess  ample 
evidence,  both  geologi(»l  and  experimental  For  some  of  the  former 
we  may  refer  to  the  facta  detailed  by  Mr.  Darwin  in  his '  Geological 
Observations  on  th'  Volcanic  Islands,'  &C. ;  and  as  an  example  of  the 
btter,  to  the  results  of  fusing  basalt,  which  is  an  ancient  lava,  and 
when  melted  and  rapidly  cooled  becomes  a  glass  scarcely  distinguishable 
from  obsidian,  but  when  gradually  cooled  does  not  return  to  its  original 
condition  of  a  atony  lava,  an  aggi^ate  rock  consisting  of  several  mineral 
substances,  but  beoomee  a  kind  of  pearlatone — the  peculiar  crystalline 
condititm  of  the  glass.  The  importance  of  these  latter  facts  in  reference 
to  the  acceptance  and  right  understanding  of  Mr.  Scrope's  viewa  has 
already  been  urged  by  Mr.  Brayley  [Watt,  GreqoBT,  in  Bioo.  Div.],  and 
been  frequently  adverted  to  by  him  in  lectures  on  igneous  geology. 

Water  undoubtedly  is  second  only  in  quantity  among  uie  products 
or  educts  of  volcanic  action,  to  the  solid  earthy  matter,  oxides,  like  it, 
some  of  non-metallic  oombiistible,  some  of  metallic  bases.  Its  func- 
tions in  the  origination  of  Plutonic  and  volcanic  action  were  first  sug- 
sested,  as  we  shall  find,  by  the  discoverer  of  the  chemical  nature  of 
that  earthy  matter.  Sir  H.  bavy.  Those  which  it  possesses  in  volcanic 
|)henomena  themselves,  partly  in  the  condition  of  vapour,  and  partly 
it  is  probable  in  a  peculiar  intermediate  condition  not  yet  under- 
stood, were  first  truly  discovered  by  Mr.  Scrope,  and  established  in 
his  *  Considerations  on  Volcanoes.'  The  liquid  produets  of  volcanoes 
also  contain,  though  rarely,  the  sulphuric  and  muriatic  adds;  and 
among  tiia  substances  of  most  interest  in  aiding  to  complete  the  theory 
of  chemical  actions,  are  sublimations  of  common  salt,  and  muriate  of 
ammonia.  The  origin  of  these  where  the  volcanoes  are  situated  by 
the  sea-side  cannot  be  doubtful.  Boracic  acid  is  another  product  of 
this  kind  occurring  in  the  crater  of  volcanoes  <Daubeny) ;  but  this  we 
now  know  is  an  abundant  element  of  the  earth's  crust,  wide^  dissemi- 
nated, though  but  rarely  in  great  quantities  in  a  ^gle  locality.  Com- 
pounds  of  boron,  however,  do  not  appear  to  play  an  important  part  in 
the  history  of  volcanoes. 

The  gaseous  products  of  volcanoes  are  important  in  the  investigation 
of  the  chemical  theory  of  the  igneous  action.  Besides  the  clouds  of 
vapour  of  water  (so  abundant  in  eruptions,  and  so  often  productive  of 
local  nia»)f  chknioe,  asote,  sulphuretted  hydrogen,  sulphurous  acid, 
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and  carbonic  acid,  are  the  most  common.  The  evolntion  of  eulphu- 
retted  hydrogen  (depositing  sulphur)  continues  under  various  oiroum- 
stances  after  other  signs  of  activity  have  ceased  in  particular  volcanic 
r^ona ;  and  even  after  the  craters  have  follen  in  and  become  full  of 
water,  mineral  qaings  and  springs  rich  in  carbonic  add  flow  with  Uttie 
variation  for  centuries  (many  audi  have  been  flowing  from  before  the 
commencement  of  history  to  the  present  d&y),  while  aaotised  waters, 
rising  to  the  aurface  along  the  lines  of  fissures  more  andeut  than  any 
known  volcanic  systems,  concur  with  them  in  denumstrating  the  almost 
interminably  slow  process  by  whiob  inbtemnean  heat  lues  to  the 
suifaoe  of  l£e  euiJL 

Chemical  HypotKtM  of  Voleatae  Adioit.—'Sha  nature  of  these  various 
products,  and  tiie  order  in  which  they  suocesaively  make  their  appear- 
ance,  have  been  the  bases  for  speculations  aa  to  the  chemical  i»x>cesses 
going  on  in  tiie  interior  of  volranio  r^ions.  Sir  H.  Davy's  diaooveiy 
of  the  metallic  bases  of  the  earths  and  alkalis^  and  of  the  eztnordfaksiy 
appetency  for  oxygen  of  sevnal  of  these  bases  (potasrinm,  sodium,  Ac), 
suggested  to  that  great  chemical  philoscmher  a  new  and  ingenious 
hypothesis  of  volcanic  action.  Water  admitted  to  some  of  the  metallic 
bodies  alluded  to  is  instautiy  decomposed,  and  its  ojngen  absorbed, 
with  an  immediate  and  very  remarkable  evolution  of  heat  and  lights 
while  the  metals  become  esj^  or  alkalies.  The  subetanoea  most  abun- 
^t  in  volcanic  products  contain  these  earths,  and  tiuse  alkaliea, — 
namely,  potash,  soda,  lime,  silica,  alumin^  Ao.,— 4n  various  oombina- 
tions,  evidentiy  the  result  of  successiva  crystallisations  itom  a  fluid 
mass.  In  tUa  hypothesis  it  is  assumed  that  the  interior  portions  of 
the  earth  consist  m  part  of  the  metallic  bases  of  the  earths  and  alkalies; 
that  water  is  from  time  to  time  admitted  to  these ;  liiat  violent  com- 
bustion and  great  heat  follow ;  that  the  oxides  generated  are  melted 
together,  constituting  lava,  while  tiw  hydrogen,  and  some  of  the  water 
undecomposed.  go  off  to  form  new  combinations  with  so^hur,  dilo* 
rine,  carbonic  acid,  dbc,  which  are  liberated  from  previous  states  by  the 
heat  and  the  various  chemical  agencies  set  in  activity.  The  power 
which  raises  the  lava,  and  throws  out  the  clouds  of  ashes  and  scortee,  is 
the  undecompoaed  and  confined  steam. 

Whoever  looks  carefully  at  this  hypothesis  will  find  in  it  much  that 
is  admirable,  and  little  that  is  open  to  strong  obiecti(Mi,if  it  be  regarded 
merely  aa  a  theory  of  the  trupivm  of  voleanoes,  not  aa  a  theory  of  the 
changes  in  the  ouidition  of  tite  interior  parts  of  the  ^be,  of  which 
volcanic  action  is  one  of  the  visible  exponents. 

It  is  some  recommendation  of  this  view  that  it  seems  to  unite  itself 
with  a  gener^  and  not  improbable  speculation  regarding  tiie  ori^  of 
the  more  ancient  Plutonic  rooks,  which  certainly  must  be  supposed  to 
have  passed  throuj^  a  very  dndlar  series  of  <mangea  to  thoae  which 
lava  has  undergraie.  Those  rocks  have  the  same  baaes  as  lava ;  it  is  the 
natural  result  of  *ohenucal  reasoning,  that  the  elements  which  are  now 
combuied  in  them  existed  at  some  earlier  time  in  a  situate  state ;  the 
oxidat^  and  melted  granite  crust  of  the  earth  is  formed  by  the  union 
of  these  elements,  and^  according  to  the  hypothesis  of  Davy,*  the  new 
rooks  which  volcanoes  yield  are  produced  by  a  somewhat  sii^u-  process 
of  oxidation  and  fudou. 

But  tiiis  hy^Kttheeis  was  nevertholcss  neglected  by  its  author  for 
reasons  which  do  not  appear  to  have  been  fully  stated  by  faimsell 
It  was  taken  up  by  Dr.  Daubeny,  and  has  been  maintuned  by  him 
with  mudi  perseverance  and  ingenuity  of  research  es  a  suffident 
'  Chemical  Theory  of  Volcanoes.'  We  may  call  it  the '  Hypothesis  of 
Subtoraneaa  Oxidation,'  and  develop  it,  according  to  Dr.  Daubeny,  as 
follows : — 

Below  the  sorfiiee,  at  a  depth  of  a  few  miles,  the  interior  of  the 
earth  is  aasumed  to  contun  tiie  earthy  and  alkaline  metalloids,  iron 
and  othw  metals,  sulphur  and  sulphuretted  salts.  Slow  combustion 
happening  amongst  them,  even  under  the  continents,  by  slight  additions 
of  moisture  and  air,  generates  particular  gases  (nitrogen,  carbonic  add, 
sulphuretted  hydrogen,  tec);  these  rise  and  combine  with  springs 
which  issue  along  lines  of  natural  fisaurea,  or  are  discovered  in  artificial 
wells,  often  giving  to  them  a  temperature  higher  than  tiiat  of  the 
country  where  they  occur.  Under  the  sea  or  Urge  bodiea  of  water, 
and  espedally  along  lines  of  sea-ooaat  (where  fiasures  may  be  supposed 
more  numerous  than  elsewhere),  water  may  be  admitted  to  the  interior 
more  eadly  and  in  greater  quantity,  and  may  occasion  j^nomena  of 
the  same  order,  accompanied  by  ouier  ^bcts  more  powerful,  r^iid,  and 
characteristic,  un^  the  process  ceases  for  awhile  by  the  dioking  of  the 
pessages  whidi  admitted  the  water. 

The  water,  decomposed  by  contact  with  the  metalloida,  yidda  its 
oxygen  to  them ;  the  hydrogen  is  liberated,  but  not  allowed  to  escape 
in  great  quantity  alone,  for  it  readUy,  under  the  iaflueooe  of  heaty 
combines  with  sulphur  into  sulphuretted  l^drngan,  or,  with  the  oxygen 
of  atmospheric  air  (if  any  be  preeent),  reconstitutes  water.  Nitrogen 
is  tiius  libented,  and  may  be  concdved  to  pass  off  partiy  free,  partly 
combined  with  hydrogen,  so  aa  to  constitute  unmonia,  which  again 
unites  with  chlorine  (derived  from  the  sea-water),  and  constitutes  sal- 
ammoniac.  While  oxygen  (derived  from  atmospheric  ur)  is  plentiful 
in  the  volcanic  channels,  the  hydrogen  will  not  unite  with  su^nr, 
which  accordingly  combines  with  oxygen  into  sulphurous  add.  When 
tlie  o^gon  is  consumed,  sulphuretted  hydrogen  is  formed  in  abnadsno^ 
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ud  predominates  towardi  the  doae  of  tlie  aniptjon,  and  even,  "by  the 
aid  of  the  reeidual  internal  heat  operatii^  on  sulphur,  is  evolved  for 
centuries  after  the  volcanic  violence  la  spent 

The  evolution  of  chlorine  is  easily  traced  to  a  double  decomposition 
of  aaa-aalt ;  carbonic  acid  is  supposed  to  rise  from  calcined  limestone 
rooks ;  and  specular  iron-ore  {fer  oUgiite)  is  a  produofc  of  sublimation, 
llins,  in  the  c^Hiiuni  of  Dr.  Dwibei^,  all  main  phenomena  oonco- 
mitutupon  volcanic  action  seem  to  admit  (rfezplani^toi  if  ve  suppose, 
first,  sea- water,  and  afterwards  atmospheric  air,  admitted  to  consider- 
able masses  of  metals,  metoUoids,  aulphiu-,  &o„  the  basis  of  the  whole 
speculation  being  the  abundant  deoompoution  of  water  at  a  moderate 
depth  below  the  surface  of  the  earth,  The*  views  of  Dr.  Baubeny  have 
been  controverted  by  veiy  eminent  writers  (as  Dr.  Davy,  Prof.  Bischof , 
and  others)  on  putdoular  points;  but  we  are  not  aware  ^  any  attempt 
upon  other  assumptions  quite  so  saitisfiuitoiT  as  this  of  Dr.  Daubeny,  to 
explidn  generally  the  ehenUcat  produets  of  volcanic  eruptions  in  the 
order  of  their  occurrence. 

Perhaps,  therefore,  we  may  concede  to  this  hypothesis  the  proba- 
bility that  in  the  int^ior  of  uie  earth  the  metalloids  exist  in  quantity 
sufficient  to  cause  an  abundant  deeomposition  of  water,  and  thus 
oripnate  a  given  series  of  chemioal  obanns  such  ss  ore  witeeesed  in 
Tolcanio  eruptions.  Bot  before  we  aoocpt »  as  a  general  erpIonoA'tm  of 
Tolnnio  disturbances,  other  classes  of  data  than  those  fumlslud  hj 
diemiosl  and^fsis  must  be  Inouglit  into  the  reasoning. 

An  important  circumstance  in  the  general  theory  of  volcanoes  is  the 
connection  and  reciprocal  activity  whidL  exists  underground  between 
Tolcsnio  r^itma  antaely  separated  on  the  surfaoe,  as  between  Sicily 
and  Naples;  between  the  Msditerranean  volcanic  region,  taken  geiw- 
rally,  and  the  region,  of  extinct  (or  long  suspended)  volnnic  action  in 
Asia.  To  this  we  must  add  another  and  larger  series  of  facts  regarding 
the  extent  and  distribution  of  volcanie  action  on  the  surface. 

VoUaaic  BegioM  and  their  GonnecHcm, — Volcaoio  regions,  if  estimated 
by  the  area  over  which  the  lava  and  ashes  have  been  dispersed^  con- 
lutntebnt  Bsmallporticm  ^Mriianiless  than  i^j^th  part)  of  the  surface 
of  the  gjobe,  but  in  a  smrrey  of  ^ese  rejpons  we  must  inolnde  not  only 
the  active  vents  and  extinct  cratws,  but  also  "  large  intenuediate  spaces 
where  Oten  is  abundant  evidence  that  the  subterranean  fire  is  at  work 
continuously,  for  the  ground  is  convulsed  from  time  to  time  by  earth- 
quakes ;  gaseous  vapours,  especially  carbonic  acid  gas,  are  disengaged 
plentifully  from  the  soil ;  sprinin  often  issue  at  a  very  high  tempera- 
ture, and  tiieir  waters  are  usually  impregnated  with  the  same  mineral 
matters  as  are  discharged  by  Tolcuoes  during  eruptions.  (Lyeli, '  Princ. 
<^  Gteology/  book  ii,  ch.  ix.) 

To  describe  these  distriots  would  be  entirely  foreign  to  Hia  purpose 
of  this  essay,  but  we  may  hr  a  simple  clasuflcwtm  show  how  mu<ui  of 
the  grandest  fesboros  <»  poyncal  geognj^  is  doe  to  valoaoio  dis- 
turbance. 

European  Vokonio  DiaUieU. — The  Icelandic  volcanoes,  remarkable 
for  abundant  lava  ateams ;  the  Azores,  amongst  which  now  islands 
have  been  thrown  up ;  Steely,  including  ^tna  and  the  vanished  Gra- 
ham's Island,  often  ctdled  Soiaoca,  whidt  is  properly  only  the  name  of 
the  opposite  point  of  Sicily ;  the  Lipari  Isles,  with  Stromboli  always 
burning;  the  Neapolitan  tract,  including  Vesuvius;  Ischia  and  the 
Ponsa  Isles;  Santtnini  and  some  nei^bouiing  islets.  The  above  are 
aSL  oonsidsred  u  aethe  Tokaoio  cautres,  and  have  been  sulneot  to 
wnpUona  in  historical  times.  The  eeftnet  volcanic  systems  at  Europe 
are  the  trachy  tic  domes  in  the  centre  of  France  ( Auvergne,  [Auvebonx, 
in  Qeoo.  Div.1  the  Vivanus,  ftc.),  the  Eifel  country,  the  Seven  Moun- 
tains, and  other  trachytio  and  basaltic  parts  along  the  Rhine;  the 
Westerwald,  VogeLBgebirge,RhtogebiTge;  together  with  the  Kaiserstuhl, 
and  many  other  scattered  basaltic  hills  in  the  middle  of  Qermany; 
Uunpry,  Trwaqrlvania,  both  remarkably  rich  in  trachytes  and  the 
vitreous  lavas  called  peorlstonee;  the  Qleichenberg  in  Styrio.  In 
ItaW,  the  Eugoneon  hillB  and  other  smaller  points  appear  in  the  north 
of  Itn^;  while  between  Rome  and  Naples  lai:ge  ancient  craters  occur, 
and  connect  Mount  Albono  with  Vesuvius.  (Uaubeny.) 

Anaftc  Voleanic  DittrieU. — Mixed  active  and  extinct  volcanic  moun- 
tains occur  about  the  Persian  Gulf,  the  Red  Sea,  and  the  Dead  Sea,  in 
the  Tunnity  of  Smyrna,  in  the  Caucasus  (especially  in  Mount  Atuat), 
and  in  the  Elbun  Mountains,  including  Demavesd.  These  are,  or 
appear,  detached  points  of  more  or  leas  decayed,  though  once  powerful, 
action,  fed  by  iidand  seas.  On  the  southern  and  eastern  shores  of 
Asia  the  subterranean  energies  ore  still  unsubdued,  and  constitute  a 
long  chain  of  lofty  islands  and  promonttmes  from  Barren  Island,  in 
the  Bay  of  Bengal,  throu^  the  length  of  Sumatra  and  Java,  by  Bidly, 
Sumbawa  (already  notio^),  Florea,  Celebes,  Sangir,  Mindanao,  Fugo, 
Lug<m,  Formosa,  Loochoo,  Japan,  tiie  Kurilian  lues,  the  magnificent 
motmtaiuB  of  Kamtchatko,  examined  by  Ermon,  and  the  line  of  the 
Aleutian  Isles,  to  Alaechka,  on  the  western  coast  of  North  America. 

A frican  Voliamie  DUtricla.  —The  African  islands  are  nearly  all  volcanic, 
though,  as  in  St.  Helena,  the  action  has  long  been  extinct;  or,  as  in 
the  Canary  Isles,  tiie  localities  once  devsstated  now  enjoy  immunity 
through  the  great  safety-valve  of  TenerifiFe.  (Von  Buch.)  On  the 
continent,  traces  of  volcanio  action  appear  in  the  chain  of  the  Atlas ; 
while  in  the  northern  as  well  as  in  the  equatorial  portions  of  the 
"  Mountains  of  the  Moon,"  now  known  through  Dr.  Beke  to  be  a 
meridional  range  parallel  to  tlw  coast,  and  ext^ding  from  the  n<nih- 


eastem  to  the  Bouth-eaatem  regions  of  the  continent,  are  many  active 
volcanoes.  An  account  of  an  eruption  of  one  of  these,  Jebel  Dubbeh, 
in  May  lost  (1861),  by  Captain  R.  L.  ^yfidr,  B.N.,  was  recently  com- 
municated to  the  Qeological  Society. 

The  late  M.  Daussy,  geographer  to  the  French  Board  of  Longitude, 
collected  observations  of  earthquake-shocks  received  by  vamels  at  sea 
at  vaiiouB  periods,  bat  all  within  a  ^von  limited  area,  which,  according 
to  Mr.  Mallet,  render  the  existence  almost  certidn  of  a  vast  active 
volcanic  sobooeanic  area  in  the  basin  of  the  Atlantic,  nearly  midmy 
between  Cape  Palmas  on  the  west  coast  of  A&ica,  and  Cape  St  Roque 
on  the  east  coast  of  South  America,  or  in  the  narrowest  part  of  the 
ocean  between  these  continents.  This  vast  disturbed  and  perhaps 
partially  i^eous  ocean-floor  can  be  no  less  than  nine  degrees,  or  above 
620  milea,  in  length  from  west  to  east,  and  from  three  to  four  degrees, 
or  between  200  and  800  miles,  in  breadth  from  north  to  south.  We 
have  tiius  a  snlnnsrine  volcanic  tssct  in  activity  bnteath  the  Atlantic, 
as  largo  in  area  as  Great  Britain,  and  where  the  bottom  of  the  ocean  is 
rendered  uneven  in  the  extreme,  immense  {wotrusions,  that  is,  dera- 
tions ol  land,  whether  penustent  or  tempcnniy,  tsking  place  in  dsi^ 
water. 

Amawm  Feleanu  Dutrieti.—"  A3xma  die  nortii-west  eoaskof  tiie 
American  continent,"  Sir  John  Herschd  states,  "the  chain  of  newer 
igneous  formations  Is  almost  continuous  and  in  Oregon  atbUna  an 
imTnanaa  dcvdopment;  nor  are  active  volcanoes  of  ^nat  magnitude 

wanting,  but  only  lAoie  porta  i\f  the  volcanie  zone  wAtcA  he  upon  tAe  coast* 
Une  contain  such,  namely,  Mount  Regnier  and  St  Helen's,  at  the 
mouth  of  the  Columbia  river."  The  Rocky  Mountains  show  many 
marks  of  ancient  vtdoanic  actum,  and  serve  inoompletely  to  oonneot  the 
long  Auatio  line  just  described  with  another  enormous  volcanic  system 
running  through  California  and  Mexico,  interru^^  at  the  isthmus  of 
Darien,  but  continued  through  Posto,  Popi^an,  Quito,  Peru,  and  Chili, 
to  Tierra  del  Fu^ ;  in  the  last  locality,  however,  tiiongh  there  are  tn^- 
rocks,  there  are  no  active  volcanoes.  This  mighty  range  of  mountains  u 
everywhere  parallel  to  the  sea,  being  only  crowed  hjr  the  line  of  Mexican 
voloanoea^hioh  includes  the  new  mountain  JaruIlo>snd  paaaes  perhaps 
from  the  West  Indies  to  the  Revillagigedo  Isles.  The  volcanio  vents  are 
unequally  distributed  along  the  great  Cordillera :  one  in  California, 
five  in  Mexico,  and  above  twenty  between  this  and  tiie  isthmus  of 
Darien.  South  of  this  point  tlw  volcanoes  are  few,  but  mostly  of 
{H^>digious  grandeur  and  frequent  activity,  the  fire  issuing  from  one  or 
other  of  the  mountains,  which,  according  to  Humboldt  and  Darwin, 
are  all  parts  of  one  grand  swollen-up  mass — supp<nting  Cotwaxi, 
Antisnna,  Tunguragua,  and  other  huge  cones.  Only  one  active  vowano 
occurs  in  Peru,  but  nineteen  are  active  at  frequent  intervals  in  Chili, 
and  one  (Villorica)  bums  almost  unintoTuptedly.  Here  also  is  the 
highest  volcano  in  the  world,  Aconcagua,  messurmg  23,910  feet  Most 
of  the  West  Indian  islands  are  volcanic,  or  parUy  volcanic  and  partly 
oaloareous,  the  limestone  being  mostly  due  to  the  growth  of  corals, 
perh^is  on  the  craters  or  round  the  slopes  of  voloiinia  mounds.  A 
rimilor  view  appears  applicable  to  the  numerous  groups  d  islands  in 
the  Pacific  Ocean,  in  some  of  which,  as  tiie  Ladrone  Idee  and  Hawaii, 
are  lofty  and  active  vtdcanoes. 

In  general  the  Banda  Isles,  New  Guinea,  New  Britain,  Norfolk 
Island,  and  St  Philip,  the  Society,  and  the  Sandwich  lelandB,  ore  princi- 
pally of  volcanic  origin.  The  low  lagoon  islands,  described  by  Mr. 
Btntchbuiy  ('  Journal  of  the  Bristol  Institution ')  sa  deriving  this  form 
fcim  the  growth  <fi  coral,  have  been  tiiought  to  be  so  many  points  of 
voloimic  mounds;  but  it  has  been  suggested  by  Darwiu  ('  Trans.  Geol. 
Soc.')  that  they  are  points  of  subsided  land,  on  which  the  zuophyta 
attadied  themselves.  Western  Australia  contains  basaltic  and  other 
volcanic  accumulations. 

"  The  east  coast  of  Australia  offers  no  active  volcano,  but  is  marked 
along  its  whole  extent,  from  north  to  south,  with  evidences  of  former 
igneous  activity,  occurring  (in  striking  resemblanoe  with  wbrnt  prevails 
on  the  opposite  coast  in  South  America)  among  the  crystallhie  and 
bonsition  [primary  and  pahcozoic}  rocks  which  constitute  the  general 
seaboard.  But  the  subterranean  fires  would  seem  here  to  have  shifted 
their  ground,  and  taken  up  a  new  line  of  action  to  seaward,  at  on 
interval  of  from  1000  to  1200  geograpliical  miles  from  the  coast,  but 
still  conforming  to  its  ourrature,  prolongiog  the  series  through  the 
Solomon  Islands,  New  Helvides,  and  Friendly  Islands,  to  New  ZwJwd. 
(Horschel, '  Phys.  Geog.') 

Oa  comparing  this  synopsis  of  the  geographical  distribution  of 
volcanoes  with  a  good  nu^  of  the  world,  two  remarkable  features  of 
that  distribution  will  be  obvious :  titese  are,  in  the  words  of  tiie  phi- 
losopher last  cited,  "Their  tendency  to  a  linear  arrangement  waea 
insular,"  and  "  their  constant  assodatifm  with  coast  lines." 

In  reference  to  these  features,  and  to  the  phuiomena  described  in  the 
preceding  review  of  vulcanic  regions  and  theirconneGtion,Sir  J.  Herschel 
resumes :  "  It  seems  impossible  to  disconnect  this  obviously  systematic 
arrangement  with  the  general  evidence  we  have,  from  other  sources,  of 
the  tWMlenoy  to  continued  elevation  of  the  coast  line  of  the  An^^ 
and,  indeed,  of  the  whole  continent  of  South  America,  on  the  one  hand, 
and  of  the  depression  over  a  large  portion  of  the  bed  of  the  Pacific  on 
the  other — alternations  which  would  natundly  result  from  a  change  in 
the  incidence  of  pressure  on  the  general  substratum  of  liquefied  matter 
whidl  supports  uls  whole.  The  bed  of  an  ocean  supported  on  a  yield- 
ingsobstr^um  may  be  defreased  without  a  corresponding  depression 
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of  its  surface)  hj  tiie  nmple  laying  on  of  material,  whether  abraded 
from  the  land,  or  chemically  abstracted  from  the  sea  itself.  That 
matter  u  in  process  of  abrasion  and  transportation  from  the  land  into 
the  ocean  at  every  instant,  and  along  every  coast  lino,  we  know  as  a 
matter  of  fact.  We  know,  too,  that  all  existing  strata,  however  enor- 
tnous  ^eir  thioknas,  have  been  formed  si  the  bottom  of  the  sea,  and 
it  is,  therefore,  no  hypothesis,  but  a  perfectly  legitimate  assumption, 
that  the  same  process  is  eUll  in  progress,  no  matter  how  elowlTr  from 
this  cause,  at  least  in  the  vicinity  of  coast  lines ;  and  when  we  look  at 
the  vast  amount  of  organised  ezuviis  which  constitute  ao  large  a 
portion  of  many  of  the  secondary  and  tertiary  beds— the  secretions  of 
mollusca,  infusoria,  and  zoophytes— and  beuing  in  mind  tiie  large 
proportion  of  continental  substaoce  which  has  been  so  formed,  look  to 
tibe  evidence  afRoded  by  dee^t^ea  soundings,  and  by  coral  forma- 
tion b,  that  the  same  process  is  going  fonrard  in  open  sea,  far  out 
of  the  reach  of  coast  washing  and  river  deposit  (the  material  being 
taken  vp  ckemically  by  the  river  oiul  coast  waters,  and  dumicaUy 
txtracted  fi-om  Oiem,  when  diffused  cnrrents,  by  the  processM  of 
organic  life),  we  shaU  at  once  perceiTe  that  any  amount  of  pressure  on 
the  one  hand  and  relief  cm  the  other,  which  the  geologist  can  possib^ 
require  to  work  out  his  problon,  and  an^y  law  of  dis&ibation  of  that 
relief  and  that  pressure,  is  availaUe  without  calling  in  the  lud  of 
unknown  causes.' 

In  apposition  with  these  views  of  the  physical  geographer,  taken,  as 
tt  were,  from  on  eminence  based  on  all  science  (and  to  which  we  shall 
return),  we  may  appropriately  place  the  mort  recent  view  of  the  rela- 
tions at  earthquakes  and  vcdcanoes,  regarded  on  a  oosmical  scale ;  that 
taken  by  Ur.  Mallet  in  his  fourth  rqxnt,  the  fcdiowtng  portions  of 
which  embrace  the  principal  points  of  the  subject,  as  resulting  from  his 
own  s^mological  researches  and  those  of  M.  Perrey. 

"  Should  it  ultimately  prove  a  fact,  as  rendered  probable  from  the 
Iteautif  ul  investigations  of  Darwin,  that  there  are  great  areas  of  gradual 
Rubsidence  now  in  motion  beneath  the  Pacific,it  may  still  happen  (though 
it  is  not  probable)  that  seismic,  or  even  volcanio  bands  may  traverse 
suoh  areas  of  subsidenoe,  without  materially  affecting  their  general 
downward  movement.  Although  man^  portions  of  the  earth's  surface 
now  show  evidences  of  vertical  instability,  either  slowly  or  per  saltumt 
occasionally  rising  or  sinking,  these  effects  are  all  comparatively  insig- 
nificant in  extent.  The  great  formative  forces,  whatever  they  were, 
mmn  which  the  elevated  Umd  of  the  great  continents  and  the  depree- 
Hon  of  the  ocean-beds  denuded,  have  ceased  sensib^  to  act.  The 
function  of  tiie  volcano  and  the  earthquake  is  the  existing  cosmos  is 
not  creative,  but  simply  preservative ;  and  vast  as  they  appear  to  the 
eye  and  sense,  their  effects  are  very  small  in  relation  to  the  totality 
of  the  great  terrestrial  machine.  If,  however,  such  large  areas  of 
oceanic  subsidence  as  have  been  supposed  really  exist,  they  will  most 
probably  be  fotmd  situated  almost  centrally  within  the  oceamc  sub- 
basins,  and  hence  surrounded,  but  not  traversed,  by  seismic  bands  [or 
lengthened  tracts  subject  to  earthquakee]. 

"  There  is  one  fact,  which  is  shown  by  the  relative  positions  of  the 
greatest  volcanic  areas  upon  our  globe  (uid  these  the  most  active)  and 
of  the  areas  of  [vobable  subsidence,  that  is  worthy  of  ffxlng  our 
attrntitm. 

"  It  will  be  observed  that  the  bands  of  probable  subsidence  are 
tolerably  adjacent  to  the  greatest  seats  of  volcanic  activity,  and  that 
the  latter  generally  have  subsiding  areas  at  more  than  one  side.  Thus, 
in  the  Pacific,  the  band  of  sutisidence  is  along  the  great  volcanic  girdle 
from  Celebes  to  New  Zealand,  and  thence  stretches  between  (and  at 
one  point  may  cut  through)  the  line  of  Bub-ooeanio  volcanic  girdles, 
from  the  New  Hebrides  to  the  Marquesas. 

"Again,  the  great  volcanic  hoiset^oe  girdle  ci  Sumbawa  is  between 
the  subsiding  area  in  the  China  Sea,  north  of  Borneo,  and  the 
eoial  bands  north  of  Australia,  which  whole  continent,  or  at  least  its 
western  and  northern  parts,  may  jn'obably  be  subsiding  alao.  Lastiy, 
in  the  north  we  have  Iceluid  and  its  volcanic  system,  between  the 
sinking  coasts  of  Greenland  and  those  of  the  Baltic 

"  If  we  admit  then,  ascertain,  that  these  vast  tracts  ire  snbtidtng,  we 
can  searcelsr  withhold  our  belief  that  the  subsidenoes  are  due  to,  and 
are  the  equivalent  in  bulk  of,  the  solid  ejecta  and  exhalations  of  these 
various  great  volcanic  areas  respectively.  The  assumed  area  and  extent 
of  subsidence  of  those  supposed  subsiding  tracts  are,  however,  I 
Sl^rehend,  greatly  overrated. 

"  The  seismic  intensity  in  any  part  of  the  world,  so  far  as  originating 
impulse  is  cono»ned,  does  not  seem  to  be  connected  with  the  super- 
fleial  character,  to  the  grsatest  known  depUi,  ot  the  geologio  forma- 
tions, beyond  what  connection  is  necessarily  mferuitial  h'om  the  seismio 
bands  twhere  they  exist),  following,  on  the  whole,  the  lines  of  moun- 
tains and  ridges  that  separate  the  surface-basins  of  the  earth,  whether 
volcanic  or  not.  While,  therefore,  the  seismic  waves  diverge  from 
axial  Knee  that  are  generally  of  the  older  rock  formations,  and  often 
ol  orystalline  igneous  rocks,  or  actively  volcanic,  thw  penetrate  thence 
fonnatsons  of  every  age  and  sort,  even  to  plains  of  the  most  recent 
post-pleistocene  day,  sands,  and  gravels;  and  occoaionaJly,  by  the 
secondary  efforts  of  great  shocks,  these  loose  materials  are  shaken  or 
oaofed  to  slip,  and  gather  up  into  new  forms  (as  in  the  Ullah  Bund  at 
the  mouths  of  the  Indus,  ic,),  and  so  the  earthquake  has  come  to  be 
mistakenly  viewed  as  a  direct  agent  of  elevation.  Its  true  cosmical 
fanetkmistheTefyc^iporite:  it  is  part  of  the  didocating^dsgmding^ 


and  levelling  machinery  of  the  Sur£uw  of  our  globe,  while  the  part  of 
the  volcano  is  restoration  and  renewal.  Both  are,  however,  not  creative, 
but  conservative  (strange  as  it  may  sound),  and  suited  to  the  period  of 
man's  ^pesrsnoe  and  posseamon  «  the  eartiL** 

The  philosophio  investigator  of  the  volcanic  syston  td  the  Canaries 
(Yon  Budi)  has  arranged  the  groups  of  volcanoes,  which  hare  thttV 
been  briefly  sketched,  into  two  systema  1.  Central  Volcanic  Systems, 
where  the  vents  are  grouped  round  some  principal  cone,  as  .^tna,  or 
arranged  in  an  expanded  area,  as  Iceland,  2,  Linear  Volcanic  Systems, 
as  the  ^rand  chain  of  Asiatio  Ides  and  the  lofty  range  of  the  Andes ; 
and  this  view  is  perhaps  of  'the  more  importance,  because  it  is  i^qdio- 
aUe  to  the  andoit  Plutauo  rooks,  whudt,  from  other  ooDsidenitioBS, 
we  have  inferred  to  be  of  the  nature  of  unempted  lava.  Thus  the 
Sienitio  Um  of  the  Malvern  Hills  may  be  oontrasted  with  the  aoattered 
groupt  of  traps  about  Ohamwood  Forest  and  the  country  north  of  the 
Cheviot  Bills. 

In  the  one  case  the  crust  of  Uie  earth  has  yielded  to  pressure,  uid 
has  been  broken  in  many  places  near  a  certain  point;  in  the  other 
it  hsfl  yielded  alcmg  a  oerbtin  line  of  weakness  in  the  roek&  Vat 
Buch  inured  that  the  caUral  voloaniosystems,  like  those  of  the  Mont 
d'Or  and  Uie  Plomb  du  Cantal  in  France,  had  been  (niginally  formed 
by  ao  uplifting  of  the  ground  in  a  rudely  dom»<haped  elevation 
(Brheiungi-eratcre) ;  while  along  the  linear  volcanoes  a  great  fault  bad 
occurred.  Exactly  similar  suppositions  have  been  employed  for  the 
more  ancient  examples  of  un^^pted  Plutonio  rocks  j  but  in  each  case 
there  is  a  part  certain,  namely,  the  fracture  along  the  line,  and  a  pari 
disputable,  namely,  tiie  uf^eaval  in  a  dome.  Sir  C.  Lyell  is  indisposed  to 
admit  in  any  case  the  origin  of  a  volcanio  vent  fay  upheaval  in  a  dome- 
like figure ;  he  even  dissents  from  the  opinion  or  narration  of  Hum- 
boldt respecting  the  elevation  of  JoruUo  by  inflation,  and  from  the 
conclusions  of  De  Beaumont  and  Dufresnoy  r^;arding  the  Mtmt  d'Or  and 
the  Plomb  du  CantaL  This  is  a  point  which  would  be  of  liUJe  con- 
sequence, but  for  the  interest  justly  attached  to  any  infemee  con- 
oeming  the  orimn  of  volcanio  phenomena.  That  there  have  been  aoine 
rudely  dome-shaped  elevations  in  the  older  stnta,  in  oonnectiott  with 
disturfaanosB  of  the  interior  of  the         is  evident  toany  one  vhohM 
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Voolbope  elsratm. 

1 ,  line  of  the  Ajrmeitry  Uaiestone ;  9,  Una  of  the  ^Tenlotik  Unwitma ;  8,  Itae 
of  the  Woohope  Umeatoaa ;  4,  Uno  of  Uie  Caiadoo  sudstoae  [now  termed 

the  Upper  Llandovery  Koek.] 

studied  the  strata  in  the  vicinity  of  Woolhope,  dewaibed  Sir  B.  I. 
Murchison,  of  which  the  subjoined  cut  gives  a  cross-section.  That  the 
structure  of  sudi  stratified  domes  of  elevation  is  entirely  different  from 
that  of  a  volcanic  cone  of  eruption  is  evident  by  oont^^ting  with  the 
former  figure  the  section  across  Vesuvius  and  the  profile  of  the  crateri- 
form  Monte  Nuovo.  Some  further  information  on  this  head  appears 
under  ^e  article  StratitioaTion,  in  Nat.  Hist.  Div.,  and  upon  the 
whole  it  is  certain  that  in  respect  of  a  volcanio  mountain  or  region, 
whose  internal  structure  is  sufficientiy  exposed,  there  are  <AanioteriBtio 
marks  by  wfaidi  the  existenoe  of  "  craters  of  elevation  "  con  be  afiSnnar 
tivalr  proved,  ii  Kgg  luch  craters  exist,   Von  Buch,  Ce  Beaumon^ 
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Profenor  Junes  D.  Forbee,  and  otliera  agree  in  ascribing  thii  <nigia 
to  some  of  ibe  mountains  in  ceotnl  France,  and  appareutijr  on  ni£^iieQt 
evidence.  It  ii,  howerar,  not  »  phanomanoD  aataitting  of  frequent 
eitatiou. 

Now,  the  districts  thus  claaaed  together  are  not  onljr  related  by 
geographioal  proximity,  but  bare  acme  real  Bubterranean  as  well  as 
apparent  superficial  connection.  Humboldt  and  Darwin  speak  con- 
fidently of  the  great  volcanic  rc^ns  of  tba  Andes  as  one  grand  system 
of  Bubtemmean  activity;  though  the  manifestations  of  thia  at  the 
surface  offer  local  peculiarities,  both  as  to  tinM  and  eircunistances. 
Mr.  Darwin  has  been  led,  by  the  investigation  at  the  voloaooos  and 
flsithquaksB  of  the  Cordillstw  of  the  Andes,  to  regaird  than  all  as 
depending  piimarify  on  the  disturbance  of  a  vwt  internal  sea  of  melted 
rock,  q>read  below  a  large  part  of  South  America. 

Other  conclusions,  equally  on  a  luge  scale,  whidi  have  been  drawn 
by  M.  da  Beaumont  from  other  cUsees  of  phenomena,  have  a  direct 
btioring  on  this  subject  il.  da  Beaumont  has  inferred  that  the  principal 
niouatain-miges  througluut  the  world  have  their  several  geological 
dates  datermimMe  by  comparing  the  positions  of  the  disturbed  uid 
the  undkturbed  strata  in  and  around  them ;  that  to  each  great  period 
dl  fraotures  in  the  earth's  crust  belongs  a  certain  prevalent  direction  in 
which  those  fractures  happened ;  and  though  this  view  may  be  subject 
to  particular  objectiona  and  restrictions,  there  is  this  great  truth  in  it, 
that  the  eeveial  systematic  fractures  which  it  professes  to  refer  to  one 
certain  geological  data  have  each  an  assignabto  date.  This  date  being 
airipiiyj,  we  find  that  the  earUi's  crust  fass  in  andant  geologiosl  times 
been  broken  by  linea  of  fracture  or  bent  into  flexures,  10,  SO,  100,  or 
sevend  hundred  n^es  long,  and  this  often  (there  are  muiy  examples 
in  the  British  Isles)  with  no  unusual  exhibition  of  really  volcanic  rock 
on  the  Ihie,  and  even  with  little  appearance  of  imenipted  grsoite  or 
menite.  These  great  fractures  traverse  nearly  all  regions,  with  no 
special  refarenoe  to  active  or  extinct  volcanoes,  and  it  is  dear  that  they 
are  due  to  a  general  caose,  which  has  been  in  operaticn  throiigh  aU 
past  gedogicu  periods,  and  which  produced  effects  exactiy  comparable 
m  kind,  if  greater  in  degree,  to  those  now  performed  by  modem  earth- 
quakes. But  if  we  consider  the  account  of  the  effects  of  the  great 
Lisbon  eartiiquake  in  1755,  which  extended  over  Euro|>e,  ohangiog 
momentarily  the  levd  of  the  land,  raising  waves  60  feet  high  at  Cadis, 
•nd  18  feet  at  Madeira,  and  causing  sensible  disturbance  in  the  West 
Indies  and  Loohf^e;  or  the  narratives  of  the  Chilian  earthquakes  in 
1823  and  188S,  the  foriner  of  which  nused  the  aea-sbore  fur  100  miles, 
and  the  latter  rent  and  ahattoed  the  entire  jvovinces  of  Canquenes  and 
CcNSoqwioa  in  eveiy  direction — it  will  remain  very  doubtful  in  our 
inityln  whether  the  internal  power  to  which  earthquakes  owe  their 
force  has  really  decreased,  or  the  violenoe  of  the  earthquake  been 
moderated  and  reeved  by  the  intermitting  action  of  yoloanoes,  Mr, 
Darwin  tfttJa  confident  of  earthquakes  and  volcanic  eruptions  in 
South  America  as  parts  of  the  same  ^lenomeaoQ,  now  one  and  then 
the  other,  or  both  together,  but  at  different  points,  relieving  the 
I»eMureon  the"  intsmsl  sea  of  molten  rock;"  and  this  view,  which  is 
the  largest,  appears  at  the  same  time  the  simplest  and  best  founded  of 
^  the  postulates  for  a  general  theory  of  volcanoea. 

This  aUe  writer  has  indeed  \^  a  simi^  inference  brou^t  us  at 
onoa  to  tiie  bwda  of  this  theory.  He  has  Infamd  that  the  primary 
dioefc  of  an  earthquake  is  oansed  by  a  viotont  rending  <A  the  strata, 
irtiioh  on  the  coast  of  Chili  and  Peru  eeems  generally  to  occur  at  the 
bottom  <d  the  nei^bouring  sea. 

Here  then  we  tue  our  basis  of  a  general  theory  of  volcanic  actions. 
The  earth's  cruat  is  subject  to  fractures,  and  has  always  been  subject 
to  fractures  on  a  great  scale :  below  the  sur&ce  of  tho  earth  ia  now, 
and  was  in  andent  gecdogical  periods,  an  internal  sea  of  molten  rook ; 
this  sea  is  agitated  and  thrown  bodi^  from  its  place  by  the  rending 
of  the  sbnta :  a  vcue  of  tramlatiM  (not  an  ordinary  undulation)  is 
generated  in  the  liquid  mass  [Wavxs  asd  Tides],  whidi  passes 
rapidly  onwards  and  moves  the  land  on  its  creet,  in  a  given  direotion : 
thi«  ia  the  earthquake.  A  portion  of  the  melted  rock  is  forced  by  the 
genwal  pressure  into  cavitiea  of  the  rooks,  or  spread  out  in  irregular 
sheets  on  the  bed  of  thesaa;  these  are  the  dykes  and  interposed  beds 
of  Flutonitt  Todc :  to  some  part  of  the  internal  hot  fluid,  water  finds 
aocesB,  and  the  steam  which  is  generated  and  confined  supports  local 
oolumns  of  melted  rook,  in  particular  fissures  of  the  earth's  oruat,  till 
the  lava  finds  vent  and  flows  to  the  sur&ce,  or  ia  driven  up  in  dust  and 
soories  by  the  violtmt  extrication  of  the  vapour :  this  is  the  looal 
Tolcaoio  action.  As  to  the  composition  of  that  internal  sea  of  melted 
nx^,  we  may  admit  it  to  'ftff"tf''^  unoxidised  metalloids,  if  by  this 
means  we  can  better  ex^ain  the  peonUar  chemical  nature  of  the  pro- 
ducts whioh  come  to  the  surface ;  and  thus  we  find  at  last  only  one 
condition  remaining  to  be  satisfied,  namely,  the  condition  of  a  continual 
and  laogi'oeaive  deetruotion  of  the  equilibrium  of  the  internal  masses 
of  the  earth,  which  causes  the  violent  rending  of  the  strata  ante* 
oedent  to  eartiiqiukes  and  volcanoes.  On  this  point  we  need  not 
enlwBe.  The  general  ^ngreis  of  oeological  and  maioBl  ecienee  hae 
rendned  it  very  probable  that  the  disturbanoa  of  the  equilitnium 
of  the  earth's  internal  masBee,  which  has  at  bo  many  geological 
epochs  been  exalted  to  an  intensity  equal  to  sink  and  raise  hun. 
dreda  of  miles  equare,  and  to  fold  into  complicated  contortions  the 
wemingly  solid  crust  of  the  globe,  is  due  simply  to  a  slow  change  and 
padual  diminutum  _o£  the  earth's  intsnud  heat.  Qreat  fiactune. 


Plutonic  rocks,  and  volouuo  sooumulati(»is,  are  of  all  geologloal  ages  * 
but  as  our  existing  land  is,  in  respect  of  a  very  large  part  of  its  surface, 
of  very  recent  date,  and  voloanic  cones  of  loose  materials  cannot  with- 
stand the  wasting  action  of  the  aea,  it  is  no  wtmder  that  the  antiquity 
of  volcanoes,  if  judged  only  by  the  relation  of  volcanie  [Sodnets  i^ble 
on  the  land  to  the  stratified  crust  of  the  earth,  appears  much  inferior 
to  that  of  the  Plutonic  ro<^,  which  were  formed  among  the  strata  of 
every  age,  under  circumstances  which  admitted  of  thdr  bdng  preserved. 
But  if  we  more  closely  study  this  matter,  and  compare  manue  volcanic 
Bcdimenta,  auch  as  have  been  spread  by  the  waves  round  the  base  of 
Sciacca,  or  Sabiina,  with  the  "trappean"  aandstones  described  by  Sir 
R.  I.  Hurchison  interposed  amongst  Uie  Silurian  strata,  we  shall  perceive 
that  looal  volcanic  excitement  consequent  on  general  diaoges  in  the 
internal  condition  of  the  earth  is  a  jdienomen<m  ^  all  geologioal  periods. 

The  subject  of  Uie  production  of  volcanic  ocnes,  wheUtea'  by  eruption 
or  by  elevation,  or  partly  by  both,  has  been  adverted  to  in  the  pre- 

a considerations,  and  the  remarkable  example  of  Jorullo,  re- 
y  mentioned  in  the  descriptive  part  of  this  artide,  cited  from 
ildt  as  one  of  elevation.  Since  their  original  puUifiation,  much 
research,  in  which  have  been  obeerved  numerous  facts  explicatoiy  ot 
the  subject,  and  much  reasoning  and  discusaion  relating  to  it,  have 
been  instituted  and  made  public,  especially  by  Mr.  Scrope,  in  oontinuar 
tion,  or  rather  reaumption  of  tus  argumenta  in  support  of  the  reali^ 
of  tiie  production  of  voloanic  cones  exdusively  by  eruption,  by  Sir  C, 
Lyell,  and  by  M.  Abich,  all  on  the  same  side. 

The  most  recent  view  of  the  subject,  in  relation  to  these  msonrchos 
and  discussions,  taken  by  Professor  John  Phillips,  F.R.S.  ('Anniv. 
Address  to  GeoL  Soc'  1850),  which  it  is  just  to  him  to  quote  in  this 
place,  is  as  follows :  "  In  general,  it  appears  probable  that  cones  of 
devation  are  at  least  of  rare  occurrence,  while  cones  of  eruption  are 
numerous ;  but  aa  vertical  movement  of  tiie  ground  ia  an  essential 
condition  for  volcanic  exdtement  at  the  outaet,  we  must  be  prepared 
to  admit  the  possibility  of  its  occurrence  as  a  part  of  vdcanlc  oistory : 
and  the  only  queetions  which  remain  for  calm  and  serious  study  in 
reference  to  a  given  volcano  are — How  much!  and  at  what  epoch  f 
Queationa  not  to  be  answered  hastily."  On  this  point,  however,  we 
submit  that,  however  theoretically  probable  it  may  be,  that  vertical 
movement  of  the  ground  is  essential  to  the  beginning  of  volcanic 
excitement,  no  {uroof  that  it  is  so  has  yet  been  a&uoed,  beyond  that 
required  to  produce  fissures,  and  oeasing  with  their  nroduchon ;  while 
induction  from  the  late  obs«^ations  of  eorthquake-pnenomena  already 
noticed,  is  opposed  to  it,  and  some  of  the  results  obtained  by  Mr.  W. 
Hopkins,  in  tua  reeearohas  in  physical  geology,  appear  to  indicate  that 
the  theory  is  itself  defective,  if  not  erroneous. 

Mr.  Scrope's  recapitulation  on  this  question  ('Quwt.  Jouro.  of 
Geol.  Soc.*  ToL  XT.  p.  646),  itatas  its  ^eent  aspect  in  these  toms ; 
"My  ai^ument  then  is,  that  the  ' elevation-cmter '  or  'upheaval' 
theory,  aa  applied  to  volcanic  action  by  MM.  de  Humboldt,  De  Buch. 
de  B^umont,  and  Dufresnqy,  and  to  some  extent  by  Dr.  Daubeny  and 
Prof essor  Jamea  Forbes,  as  well  as  in  several  popular  geologi<»l  com. 
pilations,  is  an  assumption  irreconcilable  with  the  appeanmcea  it 
professsa  to  account  for,  and  wholly  hprpotiietical — such  a  process  never 
having  been  witnessed;  while  tiiere  is  nothing  in  the  form,  structure, 
or  c(»nposition  of  any  d  the  ooofls  or  orators  to  which  it  is  applied 
by  ite  advocates  inconsistent  with  the  supposition  that  they  owe 
their  origin  to  tho  simple,  ordinary,  normal,  and  perfeoUy  intdOiglble 
phenomena  of  voloanic  eruptions,  aa  witnessed  repeatedly  by  competent 
observers  as  wall  in  the  present  day  as  through  all  post  hiatcrioal 
times." 

Subsequently  to  the  promolgation  tA  these  arguments,  evidence  (A 
the  most  precise  nature,  proving  that  the  volcano  of  Jorullo  is  truly  a 
cone  of  eruption,  as  contended  long  ago,  even  on  the  evidence  of 
Humboldt  himself,  by  Mr.  Scrope  and  Sir  C.  LyeLI,  and  that  it  was 
formed  in  no  degree  by  upheaval — of  which  process  it  had  been 
brought  forward  by  Humboldt  at,  almost  a  crucial  inatanoe — has  been 
given  by  M,  H.  de  Saussure,  a  geolc^iBt  of  Geneva,  the  third  in 
descent,  we  presume,  of  a  name  dear  to  science.  Ha  eommunicated 
this  evidence  to  the  '  Sod^  Vaudoise  des  Sdences  Ksturdles,'  in  1858, 
exactly  a  century  after  the  surboe  of  the  fertile  valley  of  JcnuUo  had 
been  transformed  into  a  barren  sheet  of  lava,  b^  a  catastrophe,  having 
"for  <me  of  its  reeidts  a  perfectiy  characterised  volcanic  mountain, 
which  suddenly  sprung  up  on  the  surface  of  the  riobe,  with  un- 
exampled rapidity  and  grandeur  of  proportions."  Described  about 
half  a  century  after  ite  formatimi  the  great  traveller  under  the 
influence  of  on  imposing  hypotheds,  it  became  one  of  Uie  subjects,  for 
another  half-centuiy,  of  a  controversy  among  the  most  eminent 
investigators  of  the  globe's  physical  structure.  This  controversy,  we 
think,  as  respects  Jorullo,  must  now  oease.  M.  de  Saussure  states  that 
the  fleets  of  lava  surrounding  the  mountain,  called  Malpais, — which 
Humboldt  regarded  to  be  the  result  <^  a  softening  of  the  pre-existing 
eurfsoe  soil  by  gases,  and  its  inOatinn  hr  them  from  beneath  like  « 
bladder, — are  nothing  else  than  vast  outflows  of  inoandesoent  matter, 
which  have  lined  the  whole  valley,  filling  its  cavities  and  forming  pro- 
montories, just  as  a  masa  of  molten  lead  would  spread  when  poured  on 
an  uneven  surface.  The  edges  of  the  Malpaia  are  not  a  aection  or 
broken  edge  of  an  devated  tract,  but  only  the  lateral  or  terminal 
bcffden  of  cuirente  of  lava.   The  cone  which  forms  the  mountain  of 
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Jonillo  iteclf  Ib  the  simple  result  of  the  heaping  up  of  cinders  uid  acorue 

3'ected  by  gaaeoua  expIosioiiB  from  principal  orifice  of  eruption, 
ber  the  outbursts  of  lava  had  ceased.  The  eruption  took  place 
originally  from  an  axial  fissure  running  north  and  souUi,  but  there  is 
no  trace  of  t^e  elevation  of  the  beds  along  thiR  axis.  The  Toloanic  pres- 
sure from  beneath  had  only  forced  an  exit  thnnigh  this  foott  for  the 
escape  of  the  liquid  and  aeriform  matters  erupted.  In  short,  the 
phenomena  of  Jorullo  show  that  the  most  powerful  volcanic  outbursts 
can  take  place  without  the  slightest  dmuigement  of  the  supwfioial 
beds.  ('  Quart.  Jonm.  of  GeoL  Soo.'  toL  xviL ;  '  Tnndations.*  &a. 
p.  18, 14.) 

The  subject  of  subterranean  beat  and  its  consequences  is  so  Tost,  and 
its  ramifications  in  science  are  so  unlimited,  that  the  preceding  view 
of  reasonable  explanations  of  Plutonic  and  volcanic  action  is  far  from 
having  exhausted  the  catalogue.  ITot  merely  geolc^^ists,  mineralogists, 
and  chemistSf  but  astronomers  and  mathematicians  have  attempted 
the  solution  of  the  problems  involved;  tiie  former  directing  their 
attention  chiefly  to  special  structures,  lowducte,  or  phenomena,  the 
latter  to  such  invbable  causes  as  point  to  hypotheaoi  of  wide'  generality, 
embracing  the  entire  system  of  the  reh^miB  between  tiie  earth  &a  a 
planet  to  the  heat  of  its  interior  regiona,  and  to  that  which  it  receives 
from  the  solar  radiation. 

While  Dr.  Daubeny  was  engaged  in  perfecting  what  has  been  called 
the  chemical  theory  of  volcanoes,  originated  by  Davy,  other  inquirers 

ELve  th«r  attention  to  that  subject  tmder  different  aspects.  Sir  C. 
yell,  as  a  unifonnltarian  in  geological  qieoulation,  and  the  advocate, 
not  only  of  the  ButHciency  of  existing  causey  but  of  thdr  peruatenoe 
without  the  trace  of  a  banning,  or  the  prospect  of  an  eaa,  naturally 
sought  for  elements  of  chemical  causation,  by  which  a  perpetual 
circulation  of  cause  and  effect  returning  through  effect  to  cause  might 
be  BtippOBed  to  bo  maintMned;  and  the  late  Professor  Daniell,  of 
King's  CoU^,  liondon,  suggeeted  to  him  hydrogen,  with  its  continual 
■^aration  from  water  by  meuis  of  ozidable  bodies  and  ita  re- union 
with  oxygen  affected  bylugh  temperature,  as  such  an  dement 
^  Two  mathematicians  concurred,  though  iudependentiy,  in  enun- 
ciating a  theory  of  Plutonic  and  volcanic  action,  dependent  on  that  of 
the  secular  variation  of  the  isothermal  surfaces  wittun  the  globe.  The 
foundation  of  this  woa  the  observed  augmentation  of  temperature  as 
we  descend  from  the  siuface  of  the  earth  towaida  its  interior ;  of  which 
subject weadopt  from  Mr. W.  Hopkinsthefollowhig  oondawadrtatement. 
A  considerable  number  <rf  observations  have  been  made  to  asoertain 
the  temperature  of  the  earth  at  considerable  depths  beneath  it«  surfoce, 
and  the  law  according  to  whidi  that  temperature  increases  in 
descendiiu;.  This  law,  in  a  considerable  number  of  localities,  may  be 
considered  oa  approximately  determined  to  be— that  the  increase  of 
temperature  above  that  of  the  mean  temperature  at  tiie  surf^  in  any 
proposed  locality,  is  proportional  to  the  depth  beneath  the  auriaoe. 
The  results  of  observation  also  lead  to  the  oonduaion  that  the  rate  of 
increase  of  temperature  in  descending  beneath  the  earth's  surface  is 
nearly  uniform  in  each  locality,  and  nearly  the  same  in  different 
localities,  bwng  equal  to  about  l"  Fahr.  for  60  feet  of  depth.  At  all 
depths,  therefore,  there  will  be,  mathematically  speakiiig,  spheroidal 
concentric  anrbcea  of  the  same  temperature  throughout,  or  itoUurmal 

The  upward  migration  of  heat  from  the  interior  towards  tiie  aur&oe 
of  the  globe,  in  consequence  of  the  deposition  of  fresh  matter  upon  its 
surface,  had  been  indicated  as  a  cause  of  geological  phenomena  by 
Mr.  Poulett  Scrope  j  but  the  theory  of  the  seouhir  variation  of  the 
isothermal  surfaces  of  the  interior  of  the  globe  coniidered  as  so  caused 
was  proposed  by  Mr.  Babbag^  in  a  paper  read  before  the  Ooological 
Society,  in  1834,  and  by  Sir  J.  P.  W.  HeiBchel,  in  letten  cmmnu- 
nicated  to  that  Society  three  years  afterwards,  and  eventually 
printed  by  Mr.  Babbago,  together  y^ith  his  own  paper,  in  the  appendix 
to  his  work  entitled  '  The  Ninth  Bridgewater  Treatise,'  published  also 
m  1837.  His  application  of  the  theory  to  volcanic  phenomena, 
jaroperk  so  called,  bad  been  announced,  however,  in  terras  of  extreme 
wnerality,  and  the  mun  object  of  his  paper  was  to  explain 
by  Its  means  the  pyrometric  expansion  of  rodcs  aa  the  cause  of 
elevation.  From  these  raroumstances,  apparenUy,  it  happened  that  his 
viewB  remained  comparatively  unregarded  until  the  subsequent 
promulgation  by  Sir  John  HerBohel  of  views  identical  with  tiiem  in 
their  leadmg  features,  but  more  explicitly  developed  in  their  appli- 
cation to  those  phenomena. 

Ahnoet  every  article  in  tiiis  Cydopeedia  which  relates  to  any  subject 
ofgrological  science  describes  facts,  wbeUier  structural  or  ^amfcal, 
which  mvolve  the  truth,  tiiat  solid  materials  dwived  from  the  land  are 
perpetually  being  distributed  over  and  accumulated  upon  the  bed  of 
the  sea ;  this  having  been  the  process  also  of  the  formation  of  the 
sedunentary  strata  of  which,  mainly,  the  present  land  consists.  We 
have  seen  that  it  is  also  true  tiut  the  temperatniv  of  the  globe  below 
the  Burfiice,  and  to  the  greatest  depth  with  which  we  are  acquainted, 
increoses  as  we  descend,  the  heat  communioated  to  the  rnir&ce  at  last 
Mcaping  from  it  by  radiation  into  epaoo.  By  the  continued  d^xwition, 
therefore,  of  the  new  sedimentary  strata,  which  are  necessarily  bad 
conductors  of  bent,  on  the  bed  of  the  ocean,  the  interior  heat,  instead  of 
being  permitted  to  escape,  wiU  be  accumulated,  and  the  oridnal  surface 
wiU  acquire  the  temoerature  before  possessed  Iw  aome  isothermal 
sur&co below,  i^ad«^  equal  to  the  thiokness  of  the  matter  deposited 


upon  it,  the  amount  of  the  accumulation,  or  the  increase  of  the  tempe- 
rature, augmenting  with  the  ino-ease  of  this  thickness;  and  conse- 
quently, by  the  necessary  extension  of  this  process,  tiie  temperature 

every  isothermal  surface  vertically  below  the  maaa  of  accumulating 
matter,  to  an  indefinite  depth,  will  rise  in  the  same  prapar&m.  If  the 
temperature  at  which  watw  hcdla  at  the  soifaoe,  for  exam[de,  originally 
existed  at  the  depth  of  two  miles,  tbe  depo«tion  of  strata  of  that  tiuck- 
neas  would  cause  the  temperature  of  the  oiiginal  sea-bed  to  rise  to  that 
amount ;  and  if  the  isothermal  surface  at  a  certain  other  depth,  of  six 
or  seven  miles,  perhaps, had  the  temperature  of  ignition.the  depodtion 
of  a  thickness  of  sediment  equal  to  that  depth  would  cauae  the  OTig^nal 
sea-bed  to  become  red-hot,  and,  by  the  continuance  of  dqwaition,  it  would 
eventual^  "  beeone  ttctit^bf  tnat^,"  however  refractory  its  materiala, 
"  and  that  without  any  hodUy  tramfa-  of  matter  in  a  U^md  state  from 
below."  This  process,  to  use  a  familiar  illustration  given  by  Sir  J. 
Herschel,  *  is  precisely  that  by  which  a  man's  akin  grows  wanner  in  a 
winter  day  by  putting  on  an  additional  great  coat :  the  flow  of  heat 
outwards  is  obstructed,  and  the  sui&oe  of  coogektion  carried  to  a 
distance  from  his  panwn,  by  the  accumulation  tlwreby  caused  beneath 
by  the  new  covering. "  In  the  onae  of  the  human  boc^,  however,  we 
cannot  cany  the  illustration  further ;  a  suoceesion  of  great  coata  would 
not  now  raise  the  temperature  of  the  skin,  because  the  heat  of  the  body 
is  limited ;  whereas  the  succession  of  external  coverings  of  the  earw 
will  indefinitely  exalt  the  temperature  of  the  original  surface  of  depo- 
sition, and  successively  that  of  all  the  iaothwiual  surfaces  below, 
because  the  heat  of  the  Interior,  hy  the  theoiy,  ii  oonouved  to  ba^ 
and.  ao  far  la  we  know,  ia  aetual^,  unlindted. 

Tba  removal  of  matter  from  above  to  below  the  sea,  in  the  pro- 
duction of  sedimentary  strata,  produces  a  subversion  of  the  ei^uilibrium 
of  pressure,  and,  as  we  have  seen,  and  which  is  the  moat  important 
effect,  a  subversion  of  the  equilibrium  of  tomperatutei  But  the  pro- 
cess, as  described,  by  which  this  is  effected,  miut  be  exee$nvtbf  alow,  and 
it  will  depend,  "  Ist,  on  the  depth  of  matter  depouted  [ai  alnadj 
explained];  2ndly,  on  the  quantity  of  water  retained  by  it  under  the 
great  squeeze  it  has  got ;  Srdly,  on  the  tenadiy  of  the  incumbent  mass, 
— wheuMT  the  influx  of  caloric  from  below,  which  xust  takb  flags, 
acting  on  that  water,  AaiH  either  heave  up  the  whole  mass  as  a  conti< 
nent,  or  shall  crack  it,  and  [the  results  of  the  action  of  the  heat  upon 
the  sedimentary  mattw  and  the  water]  eac^w  as  a  submarine  vok»no 
[or  a  linear  series  of  nioh  volcanoea,  afterword  to  become  mbaerial 
and  insular],  or  ahdll  be  supwened  until  the  mere  w«ght  of  the 
continually  accumulating  mass  oreaks  its  lateral  supporte  at  or  near  the 
coast-lines,  and  opens  there  a  chain  of  volcanoes."  For  a  further  account 
of  these  and  other  consequences  of  the  rise  of  the  isothermal  surfaces, 
the  reader  must  consult  the  original  papers  of  the  authors  of  the 
induction,  or  of  what,  for  the  sake  of  convenience,  we  have  termed  the 
"  thermotic  thecny  of  Plutonic  and  voksanie  actiao."  Bat  we  may 
now  refer  to  Sir  J,  Heraohd'a  account  of  the  facta  of  the  local  dis- 
tribution and  aystematie  amngement  of  volaanoea,  dted  in  a  previous 
column  (tt66),  as  evindng  their  entire  agreement  witii  his  thenetical 
views  here  given. 

Such  being  the  poution  of  the  subjeot,  an  effort  was  now  made  to 
deduce  from  the  thermotio  tiieory,  in  tiie  most  general,  but  ^so  in  the 
most  explicit,  manner,  the  chemical  theory  of  Plutonic  and  volcanic 
action,  uui  to  show  l^t  tiie  latter,  as  raiginated  by  Davy,  adopted  by 
Gay-Luasac,  and  explidtiy  advocated  by  Daubeny  (though  Davy's 
speculatiOQ  had  been  rejected  by  one  of  the  authors  of  the  thermotic 
theory),  was  In  reality  a  simple  <and  necessary  consequence  of  the 
theory  of  the  secular  variation  of  the  isothermal  surfaces,  explained  by 
Babbage  and  Herschel,  and  applied  by  them  to  account  for  the  same 
phenomena.  This  was  done  by  Mr.  anley,  in  a  Friday  evening  dis- 
ooune  at  the  Rt^al  Institution  (where,  thirty  years  before,  Sir  H.  Davy 
lud  announced  his  theory),  dellverd  May  llth,  1838,  and  published  in 
the  '  Philosophical  Magazine,'  series  3,  vol.  zii.,  pp.  S3S-£S6, 

Viewing  the  subject  in  the  most  general  approximate  manner,  agree- 
ably to  the  amount  of  our  actual  knowledge  at  the  time,  and  unavoid- 
ably disregarding  a  multitude  of  modifying  considerations  which  must 
enter  into  the  discussion  oi  the  problem,  m  order  to  obtun  an  exact 
solution  of  it,  Mr.  Brayley  first  pointed  out,  on  the  one  hand,  how 
great  a  thickness  of  deposited  matter  would  be  required  for  the  original 
surface  to  attun  even  a  moderate  temperature  above  that  due  to  its 
geographical  position ;  but,  on  the  other  hand,  at  how  insigniSouit  a 
thickness  (or  depth),  compared  to  the  earth's  radius,  adequate  tem- 
peratures for  Plutonio  action  would  occur, — all  these  inferences  haxig 
founded  on  the  observed  law  of  the  increase  in  temperature  in  descend' 
ing  of  one  degree  of  temperature  (1'  Fahr.)  for  every  fifty  (more 
accurately  sixty)  feet  of  depth.  The  depths  at  which  the  temperatures 
of  boil  tng  water  and  of  ignition  respectively  would  be  found,  are  stated 
abov&  At  the  depth  of  26  miles,  less  than  iljjth  part  of  the  earth's 
radius,  cast-iron  would  melt,  or  the  temperature  of  2786'  be  attained ; 
at  £0  miles  depth,  a  temperature  of  5000°;  and  at  100  milea,  only 
Jgtfa  of  the  earth's  radius,  one  erf  nearly  11,000* ;  either  of  which, 
nrom  all  andogy,  would  be  more  than  adequate  to  the  effects  required; 
for  it  cannot  be  doubted  that  at  such  temperatures  even  the  most 
infusible  and  fixed  bodies  known  to  form  the  earth's  crust  would  be 
not  only  liquified  but  Tolatilised. 

Davy,  after  repeatedly  advocating  his  own  theory,  had  finally  relln- 
quishcKl  it,  for  reasons  which  it  is  remarkable  tiiot  he  should  not  have 
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Been,  were  a]t<^ther  in  its  support,  wlien  tlie  theory  waa  duly  followed 
out — in  favour  of  that  of  an  Ignited  nucleuB  of  the  OMib,  but  admitting 
at  the  same  time  that  it  waa  adequate  to  the  ezphaatton  of  all  the 
j^enotnena  it  sought  to  aooount  for. 

After  drawing  attention  to  Hhem  pomii,  Mr.  Brwley  poceeded  to 
argue  that  if  the  theory  of  volcanoes  depouUnt  on  that  of  the  secular 
Tariatiou  of  the  isothermal  surfaces  were  .true,  then  tlie  chemical 
theory  must  also  be  true,  aa  being  necessarily  invcdved  in  tiie  wider 
geneniltsation  of  the  former.  The  grounds  of  the  argument  were  the 
following,  which,  aa  nearly  a  quarter  of  a  century  has  elapsed,  we 
DOW  atate  in  the  words  of  Mi.  Brayley's  original  enunciation  of  his 
dednction. 

"  The  new  dqtodta  formed  at  the  bottom  of  the  sea  by  detrital 
matter  must  inevitably  contain  much  carbonaceous  and  other  combus- 
tible materials  derived  from  organised  beings,  and  these  would  become 
distributed  sometimes  in  a  finely-divided  state,  intimately  mingled  wiUi 
earUiy  bodies, — that  is,  with  the  oxides  of  the  earthy,  alkuine,  and 
common  metAls.  At  the  exalted  temperatures  implied  in  the  theory, 
many  of  these  oxides,  including  those  of  the  earthy  and  alkaline  bases, 
would  become  reduced  to  the  metallic  state ;  the  ignited  water  with 
whidi  the  whole  would  of  neceasi^  be  saturated,  would  be  decom- 
posed; its  oxygen  re-oxidising  the  bases,  and  its  hydrogen  being 
evolved  in  an  unoombined  state.  How  one  of  the  most  abundant 
elements  in  aH  the  detrital  matter  would  necessarily  be  oxide  of  iron, 
which  would  thus  be  presented,  in  a  state  of  minute  divisioD,  to  incaa- 
descent,  but  enormously  rnmprnmind  free  hydrogen,  by  which,  agree- 
ably to  known  results  of  esperiment,  it  would  be  reduced  to  the 
metallic  form,  water  being  re-composed.  A  new  affinity  would  now 
come  into  action  :  finely  divided  metallic  iron  being  in  intunate  contact 
with  the  earthy  and  alkaline  oxides,  tiuy  would  m  reduced,  as  in  the 
ordinary  method  of  obtaining  potasdum  and  the  process  which  Davy 
and  Berzelius  first  succeeded  in  dsozidiBing  the  ocmbustiblfl  bases  of 
i^ica  and  alumina,  and  would  eventually  react  upon  the  water  still 
present.  By  this  constant  circulation  of  atSnities,  exerted  simulta- 
neously in  different  portions  of  the  heated  mass,  according  to  their 
respective  temperatures  and  to  the  loc^  distribution  within  it  of  the 
various  BubstuiGes  evolved  (dependeot  on  their  respective  [vopertieB, 
as  modified  hy  the  enormous  weaauree  to  whudi  Uiot  wouldbe  subject), 
chemical  equilibrium  would  altemately  be  establisned  and  Bubvnted; 
and  all  the  phentnnena  and  efieots  of  plutonic  and  volcanic  action  would 
ensue." 

Ur.  Brayley  also  briefly  alluded  to  Mr.  Scrope's  "  views  of  the  origin 
and  constitution  of  lava,  Ac.," — then  and  recently  considered  bo 
anomalous, — "aa  oUier  probahlB  truths  Involved  inuie  new  [that  is, 
the  themiotio]  theoay,  from  which  indeed  the^  were  considered  in 
this  discourse  to  be  as  necessarily  dedudUe,  as,  in  the  present  article, 
they  luve  been  advocated  aa  conSrmable  by  known  focta. 

Unacquainted  with  Hr.  Brayley's  views.  Professor  John  Phillips,  at 
about  the  same  time  (1838),  in  his  'Treatise  on  Geologr,'  in  the 
'Cabinet  Cyclopeedia,*  remarked, — "There  is  not,  we  bSieve,  any 
attempt  on  record  to  deduce  all  the  cAmieof  phenomena  of  volcanoes 
from  uie  hypoUiesis  of  general  heat  below  the  surface  of  the  earth ; 
we  must  thwefore,  at  present,  suppose  thia  Is  ^tficult,  except  upon  ^e 
admission  of  that  powerful  abetmition  of  oxygen  from  water,  which 
the  cheiDical  hypothesis  provides.  Proceeding  to  inquire  wheUier  the 
results  of  the  latter  "  Involve  the  rejection  of  the  hypotheus  of  a  per- 
vading  high  temperature  below  the  surface  of  our  plauflt,'*  and  replying 
in  the  negative  ne  con^ues :  "  It  appears  to  us  very  clear,  that  the 
union  of  the  two  speoulations  here  brought  into  ammnsoniB  not  only 
praotioabls,  bat  reastniaUe,  and  even  necessary."  We  have  seen,  how- 
ever, that  an  attempt  had  been  made  to  deduce  all  the  chemiod  phe- 
nomena of  volcanoes  from  the  hypothesis  of  aubterrauean  heat,  by  the 
intervenUon  of  the  thermotio  the(ny,  certain  chemical  coneequenoea 
being  asmgned  to  the  latter.  Several  years  after,  Prol  Phillips  penned 
the  view  of  the  subject  taken  in  the  preceding  section  of  tiie  present 
artaole ;  aiid  his  most  teoant  ideas  remotins  it  are  stated  in  the 
following  terms  in  Ua  fint  !^eaidentud  AtUreea  to  the  Oeidogioal 
Society,  1859. 

"  That  the  earth  is  still  fluid  within,  under  the  r^ons  of  volcanic 
action,  and  ever  ready  to  pour  out  its  melted  constituents  under  the 
pressure  of  elastic  vapour,  is  evident  by  all  the  phenomena  of  volcanic 
excitement.  Is  this  fluidity  due  to  the  residual  heat  of  tiie  globe,  still 
eflectiva  in  these  nffoaa,  or  maintained  if  not  excited  h^  by  the 
chemical  process  of  oxidation,  by  the  deoomposltioD  of  water,  and  the 
reunion  of  one  of  its  elements  with  the  uncombined  bases  of  the  earths, 
alkalies,  and  metals  t  The  answer,  if  taken  from  volcanic  phenomena 
alone,  appears  amUguoua.  The  cheaoical  products  of  volcanoes,  indeed, 
require  we  admiaaion  of  water  to  the  roots  of  the  fiery  action,  and  the 
decomposition  of  it  tiiere ;  but  thia  seems  not  decisive  of  the  question, 
whether  tlie  bases  of  the  alkaUai  and  earths  and  metab  eiiBtmiocHnr 
bined  with  oxygen  in  these  sitoatiuu,  chemists  of  cminenee  taking 
diHerent  views  of  the  matter." 

"  If  we  take  earthquakes  for  our  guide,  these  taremors  appear  to 
follow  laws  which  apply  to  dostic  solids,  not  undulating  floida,  and  yet 
they  presuppose  a  diocV  or  displacement  [aee  ooL  869],  such  as  a  fluid 
suppmrt  for  a  solid  crust  mi^t  well  account  for." 

All  the  proDeding  inductdans  and  speoulatiotu,  howevar,  will  be 
affoctad  1^  the  ooneuudoni  at  which  we  may  arrive  on  a  subject  of  a 
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oosmical  nature,  and  relating  to  the  structure  of  the  ^anet.  This  is 
tiie  probable  thieknees  of  the  solid  crust  of  tiie  globe,  assuming  it  to 
con^st  of  a  fluid  nucleus  of  high  temperature  inclosed  in  a  solid  shell. 
The  phenomena  of  the  increase  of  temperature  with  the  depth,  and 
their  consequences  with  regard  to  the  heat  to  which  the  bodies  com- 
posing the  orast  must  be  subject  at  oomparatively  small  d^tha,  aa 
briefly  noticed  above,  have  led  some  geologists  to  conclude  tiiat  the 
cruat,  or  external  aolid  Bhall,  is  not  of  greater  thiokneBs  than  sixty  or 
seventy  milea,  and  others  have  considered  it  even  less :  Mr.  Darwin, 
for  example,  from  his  researches  on  the  South  American  volcanoes, 
infers  a  probable  thickness  of  twenty  miles  only.  Mr.  W.  Hopkins, 
and  AruLdeacon  Pratt,  of  Qtmtedge,  Professors  SeDOMBj  and 
Haughton,  of  Dublin,  all  mathematioiuui  and  phyaidrts,  and  t^liavioK 
a  weU-eamed  right  to  independent  judgment  in  matters  of  phytinu 
geology,  have  severally  investigated  tins  problem,  and  tiie  latter  two 
inquiren  diflbr  greatiy  from  the  former,  if  not  in  some  degree  from 
each  other,  in  the  thickness  they  respectively  assign  to  tiie  crust.  But 
we  are  dii^>08ed  to  agree  with  AichdeactHi  Pratt,  that  the  result  Mr. 
Hopkins  has  obtained  agrees  best  wiOi  all  onr  knowledga  The  nume- 
rical result  of  his  refined  investigation  (1639-1841)  is,  that  tiie  least 
admissible  tiiicknesB  of  the  crust  must  be  al>out  one-fiftii  of  the  earth  a 
radius ;  a  result  which  after  many  years'  devotion  to  physiral  geology 
he  has  recenUy  (1859)  confirmed,  remarking  that,  "  without  assigning 
any  great  importanoe  to  an  exact  numerical  result,"  he  retained  fuS 
confidence  in  tiie  investigation,  "  as  showing  that  the  thickness  of  the 
cruat  could  not  be  bo  smidl  aa  200  or  SOO  muea,  and  oonsequentiy  that 
no  geological  theoiy  can  be  admitted  which  rests  on  the  hypotho^ 
of  the  crust  being  nearly  aa  tiiin  as  it  has  been  frequently  aaaomed 
to  be." 

This  conclusion  will  neoeeaarily  afiect  all  our  views  relative  to  the 
causation  of  [datonio  and  xoUasao  ^lenomena,  on  whatever  foundation 
they  may  rest.  The  source  (tf  vouanoes  must  be  in  cavities  contidned 
in  uie  solid  cruat  at  depths  probably  not  greater  than  Uiose  at  which 
tiie  solidity  of  the  crust  had  been  supposed  to  terminate,  by  those 
geologists  who  reasoned  only  from  the  known  increase  of  he^  from 
the  aurface  downwards.  Mr.  Hopkins,  himself,  proposes  to  explain 
their  phenomena  "  on  the  supposition  that  a  portitm  oi  matiet  more 
fusible  than  the  general  maaa  of  the  ^oh9,  exists  in  a  of  fution  in 
subterranean  reaaroirs,  forming  so  manv  subterranean  lakes  ot  iebn- 
minate  extent;  in  some  cases  originwy  distinct;  in  others,  com* 
municating  with  adjoining  lakea  by  more  or  lees  obatruotad  channels."  . 

The  view,  however,  of  plutonic  and  volcanic  action  at  which  we 
have  now  airived,  oombining  the  thermotio  with  the  chemical  theoir, 
uid  including  also  the  ctmndeiataon  of  the  thickneea  of  the  eartii  a 
onist,  will  itmf  zeqidre  Tondiflcati'fln,  in  ^ooMaqaeoce  of  Mr.  Grove's 
remaritaUe  observaUm  of  the  deoompcatioit  of  water  by  heat  alone, 
independently  of  chemical  action.*  fV7i,TiB.] 

From  thia  it  would  appear  to  foUow  irresistibly,  first,  that  in  the 
very  interior  of  the  globe  the  elements  composing  water  muat  exist  is 
a  state  of  aeparation  from  each  other,  as  it  were  rigidly  separated  by 
heat ;  tut  still,  from  the  immense  ^essure  to  whidi  they  must  neces- 
sarily be  Bulqeet^  In  a  very  deose  state,  so  that,  upon  reduction  of 
temperature — lowering  of  the  heat — ^they  would  Inunediately  enter 
into  combination. 

Secondly,  that  even  in  the  Buperfloial  lakes  of  molten  or  flowing 
matter,  to  which,  after  Mr.  Hopkios,  as  we  have  seen,  we  must  attri- 
bute volcanoes, — universally  diabibuted  below  the  mere  aurface  of  the 
earth, — as  shown  by  Mr.  Darwin, — the  result  of  the  depositi«i  on  the 
bed  of  the  ocean  <x  new  deposits,  causing  the  rise  ot  the  isothermal 
surfaces,  aa  demonstrated  oy  Babbage  and  HenKdiel — ^in  the  more 
heated  parts  of  those  lakes  water  will  exist,  not  as  steam  or  as 
incandescent  or  ignited  water,  but  as  mixed  but  unoombined  oxygen 
and  hydrogen  gases.  At  the  same  time  the  mere  effbct  of  heat  will  be 
modioed  by  pressure,  and  the  chemical  action  of  the  bodies  present,  so 
that  we  have  here  another  great  result  perfectly  in  humony  with  the 
therswitio  theory  on  tiie  one  hand  and  the  chemical  theory  on  the 
otto-.  But  we  are  not  to  e^ieet  ooy  evidence  of  the  existence  of  free 
o^gen  and  hjrdrogen  below  to  arrive  at  the  aur&ce,  for  aa  the  upper 
parts  of  tiie  mdten  flood  will  be  of  inferior  temperature,  in  them,  or 
m  their  ignited  solid  roof,  the  gsaes  will  reunite  into  water,  and 
eventually  asoend  to  tiie  surface,  as  steam,  or  minj^ed  with  tiie  mineral 
elements  of  lava,  in  some  state  intermediate  between  those  of  liquid 
and  vaporous  wiAer,  to  be  disengaged  as  steam  in  the  volcano,  and  from 
the  surface  of  currents  of  lava. 

Thus,  all  the  great  powers  and  forces  which  govern  the  material 
elements  of  the  ^be  mutually  act  and  react  upon  each  otiier.  Pres- 
sure and  condensation  caused  by  gravity,  combination  resulting  from 
chemical  i^Bni^  or  attraction,  he^,  producing  alternately  nre&ction 
ot  ooDdensation,  oomUnation  or  sepanUion,  aooordin^dy  as  it  ia  rdatad 
to  the  other  foroes ;  the  wfade  beong  so  held  in  equilibrium  botvaen 
themselves  and  the  antagonistic  action  of  the  sun  upon  the  sorfaoe  of 

*  It  has  been  OovUed  wbatber  the  dceomposltlon  of  water  la  Ur.  Grore'i 
ej^srlmoit  !•  nally  dns  to  a«  action  of  heat;  bat  tbeie  is  aoioosa  tor  donbt 
that  It  Is  doe  at  leart  to  agmeUs  exsited  Ij  the  tamp«atara  oMaloed,  ec 
InaeparaUe  ftom  It,  as  tbat  the  argnmeat  In  the  text  will  Tflmahi  valid.  The 
deeompoiitkii  Is  efleoted  at  the  temperttnre,  whether  Imioe^triy  by  Iti  mesu 
or  ut,  and  «a  aot  take  plsee  lit  ^a  Infeslor  boat. 
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the  earth,  that  the  nu^tude,  figure,  ord«r,  mi  Imbu^  oI  oar  tduet 
■re  perpetually  nuintamed.* 

(The  reader  may  onwult  Daubenj  On  VekoMaj  Poulett  Sraope's 
OoatideratioMeH  V<jUeouet,mdOeologiftatdVakowaqfOmtralFMMce; 
Lydl,  Prineipla  mi  Mmuat  itf  Qedoffg,  and  On  JEtna,  in  Phil.  TVtms., 
1858;  Durwin,  Tram.  GtoL  Soo.,  Oed.  of  Volcanie  Idand§,  OeaL  of 
South  Ameneaj  De  la  Beohe,  Gtological  ManutU;  Calddeugh,  in 
PhiltuopMcal  TrantaeUotu;  Humboldt's  Oomoa,  Travdt,  and  Ireatite 
OM  Jtoda  ;  Von  Buoh,  On  the  OoMty  Idandt ;  Abioh.  H.,  Utber  die 
JVabtr,  dx.  der  VvUumiadun  BMiagm  m  It^ien,  and  Ftiei  lUbutnt- 
fjvM  ;  8.  Ton  Waltanhauseil,  AUat  at  V&ita,KDA  U^mt  tHa  VulkmoKhe 
Oerieint,  Jic:  De  Beaumont  and  Duiresnoy,  OnAuvergne;  Beudant, 
Huvgm-y  ;  D'Aubulason's  Qeologg  s  Biaohof ,  On  Mineral  Watert ;  Rogers, 
'  On  the  ApaDachian  Chain,'  in  Reports  of  BnL  Attoe.,  1842 ;  Prof. 
John  Phillips,  Treatiit  on  6eolom  ;  Mitchell, '  On  Baiiihqnakfli^'  PhH. 
IVwH..  1760;  Aosted'B  Qeoloffieeu  Oouip.) 
VOLTAIO  EL&CTRIOITY.  [Oai.TAKiBK.] 

VOLTAIC  PILB.  [GALTAMIO^ATTBhT.l 

VOLTAMETER.  [BLBorRO-CfiBiciBTRT.J 

VOLUME.  This  word,  na  meaning  a  part  of  a  book,  is  derived  from 
the  old  form  of  a  book,  a  roll  (of  par^mient).  But  our  language  takes 
from  the  French  a  aenae  of  which  the  Latin  knows  nothing;  and 
volume  means  bulk,  size,  or  s<did  content.  Thus  the  Tolume  of  a  sphere 
is  two-thirds  of  that  <^  ita  oironmsoribed  ojrlio^ :  the  volume  of  a 
oone  Li  one-third  of  that  of  a  cylinder  of  the  nine  base  and  aHitade, 
and  so  on. 

Uoder  the  various  wards,  Paiftv,  Ctukdbb,  Coks,  Sphere,  ftc,  will 
be  found  the  modes  of  aacertwning  their  volumes.  The  mode  of 
fi tilling  the  volume  which  is  contained  under  a  given  surface  is  a  pro- 
oess  of  the  integral  ealonlus,  which  it  would  be  useleea  to  attempt 
daaoriUag  wttliiil  atiT  limita  W8  oould  affiird. 

VOLUlCETBIC  AKALTSia  FobMWtnoaljliHi/yais.  InehonistaT, 
analjmia  eomprehesda  that  series  of  operations  by  whloh  a  compound 
body  is  resolved  into  its  oonstitusnts.  Alialysis  may  be  guaUlativc, 
and  have  for  its  object  the  mere  aseertainiog  of  the  number  and 
nature  of  the  oonsUtuents,  or  it  may  be  qaantitaUve,  which  as 
well  inolttdea  the  determinati«i  of  the  amount  of  each  ingredient 
Quantttativa  analyas  la  based  upon  the  great  chemical  law  of 
definite  oomUniiig  propcntioDS,  and  tsar  be  proceeded  with  cdAer 
in  a  gravimetrical  or  in  a  Tolumetrieu  manner;  that  is,  a  body 
may  be  isolated  and  weighed  slone  in  a  baUnce,  and  its  quantity 
asoertained ;  or  it  may  be  separated  by,  and  weighed  in  combination 
with,  anoUier  body,  whose  combining  proportion  ie  well  known  ;  suoh 
ii  the  gravimetoio  method.  The  balaQce,  tixm  instrument  used  for 
measuring  the  gravitating  force  of  Ha  oon^ound,  may,  however,  be  in 
part  or  whoDy  disoarded,  and  the  amount  of  a  constituait  of  a  com- 
pound be  ascertained  by  noting  the  volume  of  a  liquid  which  is 
required  to  be  added  to  the  compound  before  a  given  effoct  is  pro- 
duced :  such  is  volumebio  analysis.  Qravimetry  is  more  generally 
^plioable,  but  requires  an  exoeedingly  delicate  balance,  with  perfectly 
aoeurate  weights,  great  skill  in  manipulation,  and  Hxe  expenditure  of  a 
onnsidfl*rf)le  amount  of  time.  Volumetric  onalyais  is  only  aj^Ucable 
to  a  limited  extent;  and  the  liquids  referred  to,  or  standara  solu- 
tions as  they  are  called,  sometimes  require  considerable  care  in  their 
jH^paration ;  but  no  elaborate  appsrstus  is  necessary.  The  operation 
IS  simple,  «id  esay  of  execution,  uid  may  usually  be  performed  in 
one-tenth  or  one-twentieth  part  of  the  time  neoessary  for  a  gravimetrical 


^olumetrical  anslysia  seems  to  have  first  sprung  from  Blditer's 
obeervfttions  on  neutral  saline  solutions,  a  research  which  mudh  aided 
the  discovery  of  the  laws  of  chemical  combination.  Quantitive  estima- 
tion by  the  balance,  or  restricted  gravimetrical  analysis,  existed  prior 
to  that  time,  and  was  oonitwtUy  ^pealed  to  in  determining  t^e  truth 
of  theae  Inn,  beeanse  the  bafamoe  was  already  well  known,  and  its 
indioaUons  could  be  relied  on.  Until  i^emistiy  be^  to  be 
applied  in  the  arts  and  mann&otures,  there  was  httle  or  no 
demand  for  expeditious  anal^cal  prooeeses ;  even  tiie  volumetrical 
prooesses  of  allulimetry,  acidimetry,  and  ohlorimetry,  introduced  by 
Deeoroimllee,  and  improved  by  Qay-LusBac,  Dalton,  and  Faraday,  for  a 
long  time  tbooA  alone ;  and  not  until  within  the  last  ten  or  fifteen 
yean  did  the  operation  of  analysis  hv  measure  attnct  any  particular 
atteoUon,  or  seem  likely  to  tad,  much  less  to  aov  extent  aupersede,  the 
old  method  of  gnvimebT.  Since  that  time,  however,  tiie  tuidency 
has  been  in  the  oppodte  Erection ;  and  now  many  of  the  elements,  as 
well  as  the  more  oommonly  occurring  proximate  principlea,  can  be 
estimated  by  voltmietric  msuiods.  Oases  have  been  almost  exdusively 
analysed  volumetrically,  bat,  requiring  speolal  and  peculiar  treatment, 
their  examination  ia  deanibed  undo-  Qasowtbio  AHALTan,  which  is 
generally  lodced  upon  as  a  distinct  and  separate  branoL  of  ohemistiy. 

An  enumeration  of  all  tiie  processes  of  volumetric  analysis  would 
require  ntora  space  than  can  be  devoted  to  such  a  subject  in  this 
Cyclopeedia  :  nor  would  such  a  list  be  of  value  for  any  length  of  time. 
The  masterly  researches  of  Buusen  and  othets  have  already  systema- 
tised  and  extended  the  applications  of  many  of  these  processes ;  in  a 

•  This  tUm  of  the  effect  of  Mr,  Groye's  obeerrstlon  on  tbc  ohemlcai  part  of 
pVutoDlo  sad  TolcanU  theory,  fomifd  part  of  a  lecture  delivered  by  Mr.  Braylcy 
at  tbe  Kmsdl  butUntiui.  in  1B4T,  shortly  after  that  otisemttim  bad  twen 
canaumkatsd  to  the  Boyal  Society. 


few  yens,  therefore,  it  is  hoped  that  an  mproaidi  to  olasai&aatitm  may 
be  attained,  and  tlut  the  preeent  inconvenience  of  having  to  make, 
and  the  difficulty  of  keeinng,  so  many  standard  aolutitms,  to  a  great 
extent  will  be  got  rid  of.  Moreover,  several  volumetric  methods 
have  already  been  ti«ated  of  in  this  Cyok^ieedia  [Alkalik KTrt  ; 
Aoidimetbt;  Absatdio;  Chlobimetry;  Copper;  Soap-Test; 
TAHHur ;  Usea],  so  that  tiie  subject  need  only  be  generally  treated 
of  here. 

The  manner  in  which  the  processes  involved  in  volumetric  analysis 
are  carried  oat,  irill  be  readily  Been  on  referring  to  any  of  the  articles 
above  mentioned,  or  In  considering  a  generally  applicable  prooeaa 
by  Bunsen,  presently  to  be  described.  The  only  apparatus  neces- 
sary are  some  pipeU^  and  a  few  accurately  graduated  measuring- 
glasses  of  small  and  large  capacity.  One  of  the  latter  should  be  capable 
of  delivering  fluid  both  in  a  free  stream  and  slowly  in  small  drops.  A 
special  measuring-tube,  or  burette,  bos  been  contrived  for  this  purpoao 
by  Moiir,  and  ie  now  geoeraliy  twed  for  the  purpoeo.  i^.  1  la  a 
diawing  of  the  instrumrat. 

Kg.  I. 


rig.  1. 


Pig.  3. 


It  consista  of  a  glass  tube,  a,  from  three-  to  five-eighths  of  sn  inch 
wide,  contracted  at  the  lower  extremity,  i,  and  graduated.  To  the 
oontraeted  portion  ia  fitted  a  small  piece  of  vuloaniaed  caoutchouc  tube, 
e,  into  the  other  extoemily  of  which  a  small  spout,  d,  mads  of  narrow 
glaca  tube,  ia  inserted.  A  wire  clamp,  e,  efiectoally  prevents  any  fluid 
nom  passhig  out  of  the  burette,  unless  Uie  knobs,  e,  t,  are  preeaed  by 
the  finger  and  thumb  of  the  operator,  when  the  liquid  either  flows  or 
drops  as  may  be  wished.  The  accurate  reading  off  of  tiia  hei^it  of 
the  solution  m  the  burette  is  a  matter  of  great  importance ;  Erdman 
recommends,  for  this  purpose,  the  use  of  a  float,  fig.  2.  It  la  a  hollow 
glass  bulb,  and  is  usedas  indicated  in  fig.  8,  which  represents  the  uraer 
part  of  the  burette.  It  must  move  freely  within  the  burette,  and  its 
specific  gravity  be  so  adjusted,  by  endoemg  In  It  a  small  quantity  of 
mercury,  that  the  upper  edge  of  the  liquid  in  the  burette  may  cut  it 
uniformly  on  all  sides  at  a  line,  a,  marked  round  the  central  TKvUim  of 
it.  In  order  also  that  the  line  on  the  float  may  be  paralld  with  the 
E^vduatKm  on  the  burette,  and  that  no  undue  friction  may  oxut  be- 
tween the  two  glass  smfaces,  tiie  axis  of  the  float  must  coincide  with 
that  of  the  tube.  In  cases  where  the  test-liquid  contains  anything 
that  may  oot  upon  the  caoutchouc,  the  end  (&,  jig.  1)  of  the  tube  may 
be  more  finely  drawn  out  and  fluid  expelled  gradually  oomweesing 
an  india-rubber  ball  attached  to  the  upper  extremity  of  the  burette. 
Burettes  may  be  specially  graduated  for  a  portieolar  cuss  of  {^Mntioos. 
as  seen  under  Alkaliuetrt,  and  Aoidihetrt;  tite  degreee  may  indi- 
cate measures  of  ten  grains  each,  as  described  under  Soap-Test  ;  or,  as 
now  usually  adopted  in  chemical  laboratories,  tiie  division  may  be  into 
cubic  centimetres. 

By  classifyiog  the  reactions  \n  which  reducing  or  oxidising  volu- 
metric determinations  are  eSected,  Bunsen  has  succeeded  ill  preparing 
three  teetrsolutions,  by  which  any  of  the  following  tubetanoes  ean  be 
quantitativdy  estimated :  mixtures  and  compounds  of  iodine,  oblorine, 
bromine,  dUorites,  hypodiloriteB^  euliddde  of  l^drogMi,  sulphites, 
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chromates,  cUoistw,  anenitM ;  the  peroxidas  of  iron,  manganeae,  lead* 
niokel,  &o.,  protoxide  of  iron,  Ac  The  fact  on  wlu<:^  the  metliod  if 
bftsed  ia  aa  follows : — that  when  iodine  ia  brought  into  contact  with 
ta  aquwufi  lolution  of  nilphuroat  acid,  containing  not  more  than  0*04 
or  0*05  per  eent  bf  mi^t  of  anbydimu  add,  hjdriodio  and  ■ulphuiie 
aoida  an  n^wottm^  fonned  :— 

I    +    HO    +    BO,    =    HI    +  80, 

lodfu.  Vatar.  Stilplintoos  Hydriodlo  Bnlphnri* 
Bold.         oold.  aold. 

The  atandatd  lohition  of  iodbie  is  mads  by^Holving  fin  gramnM 
of  perfectly  pure  Iodine  in  a  sonoantrated  ■olattim  of  pore  iodide  of 
potosaium,  and  making  up  the  liquid  to  exactly  one  htre  with  pure 
distilled  water.  Thla  aolution  (==1000  cub.  cant)  will  obviouely  oon- 
tain  O'OOfi  gram,  of  iodine  in  every  cubic  centimetre.  The  aulphuroua 
acid  liquid  la  made  by  adding  86  or  40  cub.  cent  of  a  saturated  solu- 
tion of  ao^urouB  aoid  to  SOOO  cub.  ceob,  of  water,  introducing  a  little 
■teroh  parte  into  aonw  of  the  idutioa,  and  Hun  pounng  in  the 
■tondard  mdution  of  iodine  nntil  afUr  faviak  agitation  a  diatinot  Uae 
coloration  runaina.  The  Talne  of  ihia  suli^uroua  aolation  having  been 
caloul^ed  aoeordhig  to  the  above  equation,  it  mnat  be  diluted  till  it 
oontains  0*08  gram,  of  auljdiuroiis  acid  in  100  oub.  cent.  Tlie  third 
teat-liquid  neeesaaiy  ia  one  oontaining  about  one  gramme  of  pure  iodide 
of  pcAuidam  m  10  cub.  cent  of  water,  bk  vmag  these  atandard 
adntiMiB  for  estimating  an  unknown  quantttj  of  f»e  k>dine  In  angr 
■ubataooe,  a  weired  quantity  of  the  latter  ia  taken,  the  iodide  of 
potaaaiuin  aolution  added  to  diaaolve  the  iodine,  (If  not  already  in 
aolution)  and  the  sulphuroua  acid  aolution  then  added  until  the  brown 
colour  of  the  iodine  haa  dinppeared.  To  afFeot  thia,  an  excea  of  the 
sulphurous  add  ia  neceaaaiy,  but  that  exoees  ia  detomined  by  mixing 
•  quantity  of  starch  paste  with  the  liquid  and  than  adding  the 
standard  sdnticni  at  iodine  until  the  bliu  ooionr  Miaan  and  nmafni 
permanent.  Tto  quantity  of  iodine  equivalent  to  the  total  amount  td 
anlphuTOua  add  uaad,  len  the  quantity  of  iodine  afterwards  added  to 
neutralise  excess  of  sulphurous  add,  will  be  the  amount  of  iodine 
OTesent  in  the  portion  of  substance  that  was  submitted  to  examination. 
The  great  value  of  this  volumetric  method  of  Bimsen  depends  upon  the 
circumatanoes  tiiat  ao  many  bodies  may  be  made  directly  or  indirectly 
to  liberate  iodtaie  from  iodide  of  potaodum,  and  that  the  naotiona 
whioh  ooonr  ia  the  procawoa  am  oonrtant,  aoonrate^  defined,  and  well 
known.  Any  body  alao  which  Is  deeomposed  hf  iodine  in  a  known 
manner  can  be  tiius  estimated.  For  example,*  an  unknown  quantity 
of  sulphuretted  hydrogen  in  any  fluid  is  at  once  determioed  on  adding 
to  a  given  amount  of  the  fluid,  first  a  litUe  standi  paste  and  then  the 
standard  iodine  s(>lution  until  a  permanent  blue  (iodide  of  starch)  ia 
produced,:  as  tlie  equival^  of  iodine  is  to  that  td  sulphuretted 
bydrogcni  so  ia  the  amount  of  iodine  used  to  the  amount  ^  sulphu- 
retted hydrogen  sought  lor.  Hypochlorites  are  valued  acooiding  to 
this  method,  by  mixing  a  scdution  of  a  known  weight  of  tiia  salt  with 
the  test  solutiini  of  iodide  of  potamium ;  adding  hydrochlorio  add  till 
an  add  reaction  ia  obtained,  and  than  determining  tiie  amount  of 
libented  iodine  in  tlie  mamier  already  deseribed.  Be^dea  a  large 
number  of  aubatanoes  whkdi  dlrMtlj  Ubnate  dibrine,— and  indirect^ 
therefor^  iodine.—tboie  sobiiinafla  wbiah  are  readily  and  parfaot^ 
oxidised  by  chlorine  also  oome  within  the  range  of  this  metbod:  auch 
bodies  may  be  heated  with  a  known  weight  of  biohnMoate  of  potaah 
and  hydroddotie  add ;  every  two  equivalents  of  the  diiomio  aoid  yield 
under  these  droumatanoea  three  equivalents  of  chlorine,  exoesa  of 
which  must  of  course  be  uaad,  and  that  excess  determined,  as  above 
indicated,  by  the  amount  of  iod^  it  will  Ubwata.  Vat  other  examples 
of  the  adaptation  of  Bnnsen^  method,  see  the  Eugliah  tnnslBtion  of 
Freseuiui^s '  Qualitative  Analjnds/  third  edition. 

Gay^LoMse's  volumetrio  m^od  of  estimating  nlver  by  a  standard 
Bolutiou  of  ddoride  of  sodium,  bas  already  been  described  under 
AaaATiaa.  The  convene  is  of  course  equally  easy,  namely,  the  detu-- 
mination  of  the  anuHmt  of  dilorine  in  any  chloride  1^  a  standard 
aolution  of  nitrate  tA  ^rw.  Mohr  has  shown  that  this  method  admits 
fd  very  gener^  appUoMim :  tiiui  ammonia  majbe  astimated  1^  adding 
ezesM  ot  hydrochloric  add,  eviqwrating  to  drybesa,  and  dtAermining 
the  amount  of  dhhniDe  in  the  residua;  the  resulting  chloride  of 
ammonium  being  a  definite  salt,  it  ia  only  necessary  to  know  the 
amount  of  chlorine  in  the  reeidue  and  then  a  ain^ls  calaulaticn  will 
give  the  qnaBtil?  of  ammonia  experimented  on.  Ifitngen  may  be 
astermined  in  a  MTnilw  manner  after  omrmim  into  yi""Minin  br  soda 
lime.  Caibonio  add  may  ho  absorbed  in  a  mixture  of  ohlmde  of 
barium  and  ammonia,  the  carbonate  of  baryta  collected  on  a  fllt«r, 
wai^Md,  ditHolved  ia  hydrodilorio  add,  the  solution  ev^xnated  to 
diyneaa,  and  the  chlorine  estimated  aa  before ;  the  wei^t  of  the  latter 
being,  of  course,  transformed  by  calculation  into  an  eqmvalent  quantity 
of  cartMinio  acid.  Oarbooates  or  nitrates  are  oonveited  into  chlcnidea, 
the  ohiorine  estimated,  and  the  equivalent  oi  nifnte  or  aathMiate 
calculated,  BalU  of  organic  adds  may  he  altered  to  carhimates  1^ 
ignitioo,  and  the  oarbonates  treated  as  already  described.  Ohloratee, 
iodateS)  and  bnmiates  are  reduced  to  chlorides,  iodMes,  and  bromidss, 
and  alao  acted  upon  in  the  way  indicated. 

Permanganate  ot  potaah  is  a  re-agent  of  considerable  value  in  the 
volumetrio  ana^ais  of  substances  which  readily  absca-b  definite  quan- 


titiea  of  ozygeq.  Fossssapd  an  intense  porpla  colour,  its  solutioa 
freely  gynm  up  its  oxygen  and  becomes  almoat  oolourless.  It  is  best 
standarised  by  noting  the  quantily  necessary  to  be  added  to  a  known 
amount  of  a  definite  protosalt  of  iron,  such  as  tlie  ammonio-protosol- 
phate»  before  a  permuupt  pni^  tint  is  prodnoad :  this  of  ooune  only 
oeonn  when  the  protoxide  of  iron  is  whol^  ctmverted  into  peroxide. 
After  the  strengui  of  the  permanganate  of  potash  scdution  haa  been 
thus  fixed,  it  can  be  used  for  eatimating  an  unknown  amount  of  pro- 
toxide  of  iron  in  a  weighed  quantity  of  a  mixture  of  the  two  aalts  and 
for  other  similar  operations. 

Xq  all  the  above  deooribed  processes  of  volumetrio  analysis,  as  well 
at  in  those  onlj  rafsned  to,  a  balance  and  irai^te  or  aatuzaied  solu> 
tims  of  definite  atrength  are  neoeasary  at  some  stage  of  the  operatkma. 
Quantitative  determinations  can,  however,  be  made  witiiout  the  use  of 
wdg^ts,  with  volumetrio  solutions  of  unknown  strength,  and  the 
str^gth  of  which  used  not  be  ascertained  or  r^pilated.  For  example, 
let  it  be  required  to  know  tiie  amount  of  carbonate  of  soda  in  a 
nwcimeo  of  crude  soda-ash.  Place  on  one  pan  of  a  balance  a  ^eea  of 
uianioally  pnn  oarbonata  of  aoda  and  oouuterpoiae  it  by  the  onide 
aah ;  dissdve  in  smnte  quantities  of  watw,  tinge  the  solutians  bj 
Utmus,  then  add  dilute  add  from  a  gnduated  maaaure  until  both  are 
aaturated;  suppoae,  now,  that  twenty-two  volumea  of  add  w«M 
required  for  we  pure  aoda  and  sixteen  for  the  impure,  than  as 
22  :  16  : :  lOO  :  a,  a  calculation  that  ahows  the  crude  aah  to  contain 
727  per  oeni.  <A  pure  oarixmate  of  aoda.  Uany  other  determinations 
may  obviously  be  made  on  the  same  prind^  Th«  substance  to  be 
determined  need  not  even  ha  availaUe  in  the  pure  statv;  aaa  of  ita 
compounds  must,  however,  be  attainable  in  that  condition,  and  botii 
that  compound  and  the  impure  body  m\ist  be  capable  of  being 
similarly  acted  upon  by  the  test-liquid  employed.  For  instance,  in  the 
example  above  woiked  out,  pure  carbonate  of  lime  may  be  substituted 
for  carbonate  of  soda,  but  the  number  <A  v<dumea  of  teet-liqoid  used 
must  be  added  to  or  eubtntcted  from  ascordioa  at  the  aquivalsBt  at 
the  substituting  body  is  higher  or  lower  than,  that  cJ  the  body 
Bubstitntad. 

TOLUNTABT  BETTLEUENT.  [SinxKHKin.j 
VOLUTE,  a  rolling  or  spiral  curve,  a  name  particulariy  glren  to  the 
8|anls  which  wpear  in  architectural  ooluraua  aa  oruaments  of  the 
o^itals.  The  Icmio  volute  (figund  in  OoLgin,  col.  49)  is  that  whioh 
ia  dE  mart  interastk  There  has  bem,  w«  bdieve^  SMnadisoarion  aato 
what  the  form  of  this  curve  really  was.  Whether  the  arohlteot  of  a 
Greek  temple  employed  anything  but  his  eye  to  give  an  agreeable  f  onn, 
we  do  not  know ;  but  a  mathematician  would  say  bsforehand  that  it 
would  be  hardly  poatible  to  draw  such  a  numbw  of  ooneentric  spirals 
not  interfering  with  each  other  as  are  seen  in  the  diagram  above  dted, 
unless  each  ^  them  was  tolerably  near  to  a  kgarithmio  qtiral,  in 
iriudi  the  taagMt  always  naaket  the  ssmaanrie  with  tbi  ndiH.  Wa 
examined  with  parlaonlar  att«nti<»  aoast  made  at  Athens  1^  Profoesot 
Donaldson,  ana  found  the  fdlowing  result : — Tufcing  the  diagram  hi 
CoLDini  (col.  53),  we  found  that  each  spirid,  m  far  as  o,  or  there- 
abouts, was  remarkably  tnie  to  the  logarithmic  spiral :  but  tlut  from 
0  the  law  of  the  curve  ehanged,  and  the  acute  angle  made  by  the 
tangent  with  the  ladiua  vector  b^u  to  inoreaae,  until  it  beoome  a 
ri^t  ana^  at  a< 
TOMICUTE.  pITuxToKnUfALKALOiiMor)  JlnietM] 
VORTEX.  The  theoiy  of  DesoMTtM  Ml  the  formation  and  mechanical 
laws  of  the  univene  was  first  puUiahed  in  1637,  in  his  '  Prindpia 
PhiloaoidiiiB.*  One  part  of  this  tiieory,  namely,  tiie  hypothesis  of 
vortices,  is  almost  the  (mly  one  which  generally  passes  by  the  niune  of 
Dee  Cartee.  But  it  ahould  be  remembwed  that  this  is  only  a  part,  and 
a  small  part,  of  the  ayatem  which  rendered  the  Kewtonion  view  o< 
aktronomy  for  a  long  time  unacceptable  to  the  continental  philoeopbov. 
The  metaphyuos,  the  meehaoics,  and  the  astronomy,  ot  the  once  oele- 
biated  Cartesian  system,  combined  as  th^  woe  1^  one  miter,  and 
that  writer  a  most  skilful  and  elegant  propoeer  of  his  own  views,  are  to 
be  looked  at  together  as  that  which  Newton's  philoet^y  had  to  meet 
Peih^ia  we  ahould  not  be  wrong  in  si^iiig  that  tiie  impossilaUty  of  a 
vacuum,  maintamad  by  Dee  Chutes  aa  aelf-evidcait,  was  a  greater  ob- 
stacle in  the  way  of  the  theoty  of  gravitation,  with  whleh  Hb  seemed 
incompatible,  than  the  theory  ot  vortioes,  whidi  Dee  Cartes  ncqpoeed 
aa  an  hypothflaia,  tmd  which  did  not  neoeesarily  contradict  Kewtim's 
deductions.  We  diall  here  preaent  a  Inief  Aeitb  of  the  aystem,  ao  far 
as  is  neoeasary,  from  the  third  book  of  the  '  ftindpia  Philoeophin  : ' 
thia  sketch  is,  as  £tr  as  it  goes,  only  a  table  of  ofmtenta  <rf  the  wmk 
itself. 

The  human  imagination  must  not  diher  Undt  the  power  of  Ood  or  ' 
unduly  exalt  its  own ;  and  it  must  not  suppose  liiat  all  things  were 
made  for  man's  use  only.  In  enumarating  phemKnena  Descartes  pre- 
fers rather  to  deduce  them  from  couaea  thui  to  make  them  serve  in 
finding  oausca.  He  then  deseribea  the  relative  distances  of  the  planeta, 
and  araerta  the  immennty  of  the  distances  of  the  fixed  stars.  After 
tiie  usual  statements  rahtiva  to  tha  11«^  of  the  sun,  Janets,  and  fixed 
Btan^  he  rejeots  the  FtotRmdo  ImKitheais,  and  observes  that  those  ci 
Copernicus  and  Tyoho  Brahtf  diinr  very  little  as  faypothesee,  and  ex- 
plun  phenomena  in  the  aame  manner.  He  says  also  that  Tydio, 
though  he  denies  the  motion  of  the  earth,  yet  in  reality  gives  it  more 
motion  than  the  former  (with  Descartaa,  relative  motion  woa  a  most 
absolute  idea) ;  wbence>  differing  from  both,  he  will,  wHh  mere  truth 
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tjh^n  Tycho,  aud  more  care  than  Copemicua,  take  awaj^  the  motion  oi 
the  eortiL  To  this  end  ha  proposes  art  hypothesis,  which  will  be  very 
fit  to  eiplain  phenomena ;  but  only  as  an  hypotiiuds,  not  as  an  abfo- 
Inte  truth.  The  fixed  Btars  are  exceedmgly  distant ;  tiie  nm  coniista 
of  a  fluid  and  mobile  matter,  which  would  carry  the  circumjaorat  parta 
of  the  hasraia  with  it,  but  which  does  not  change  its  place  in  the 
heavena :  the  solEtr  matto-  does  not  need  aliment.  Each  one  of  the 
fixed  Btara  has  an  inunense  space  about  it,  in  which  there  is  no  other 
fixed  star.  The  heaTana  are  filled  with  fluid  matter,  aa  aatrooomets 
commonly  suppose,  because  th^  do  not  see  how  the  lAunomena  of  Uie 
planets  can  be  otherwise  explained.  Eadi*  oi  the  heaTens  eanies  with 
it  an  bodlea  therein  contained.  The  earth  and  every  planet  is  at  rest 
in  its  heaven,  ihoo^  it  may  be  carried  with  that  neaven ;  {he  earth 
therefore,  or  any  one  pluiet,  may  be  said  not  to  move,  but  all  the 
others  must  be  said  to  more.  The  whole  heaven  of  the  sun  is  moved 
round  it  in  the  manner  of  a  whirlpool,  "  in  modum  eujusdam  Tortida," 
the  more  distant  parte  moving  more  sbwly  than  the  nearer ;  and  the 
planets  are  carried  round  with  this  heaven.  And  as  in  the  ^ger 
whirlpool  are  aometimeB  seen  smaller  ones,  which  are  carried  rotmd  in 
the  hwger ;  so  each  planet  ia  the  centre  of  a  smaller  vortex,  in  which 
its  aatdhtea  are  earned  round  their  primary.  The  sun  and  planets  are 
carried  round  their  axes  by  the  motion  of  their  vortices  (Uie  inolina- 
tiona  of  the  planetary  orbits  to  tiie  ecd^tio  have  an  obrioua  explana- 
tion :  the  inequiditiea  in  Imgitude  are  mentioned  without  explan^iion). 
It  can  hardly  be  that  an  hypothesis  whioh  thua  ezpbuns  phenomena 
can  be  false  :  to  say  this  woiud  seem  to  be  an  imputation  upon  the 
Dei^,  namely,  the  supposition  that  Ha  made  us  so  imperfect,  that  a 
rig^t  use  of  reason  m^fht  lead  us  to  deoeive  ourselves  (Deecartes  is 
not  the  only  one  who  has  used  this  sort  of  argument).  NevertheUes, 
he  is  willhiz  that  it  should  be  put  forward  only  aa  an  hypothesis.  And 
though  bou  reUgjon  and  reason  teach  that  God  nude  the  worid  cwn- 
I^ete,  ttwt  not  only  the  seeds  of  plants  were  formed,  but  ^)aata  them- 
selves, Ac.,  yet  the  nature  of  tilings  will  be  better  ex)|dained  if  it  can 
be  shown  how,  as  from  seed,  the  solar  system  was  produced  (Descartes 
here  fears  the  imputation  which  was  afterwards  cast  upon  the  author 
of  the  rubnlar  hypolhau  [Solar  STaTxxl ).  Alt  matter  originally  con* 
sisted  of  particles,  forming  numbers  of  fluid  heavens,  revolving  about 
their  several  axes.  These  particles  were  originally  equal  in  ake  and 
motion;  they  also  became  spherical,  when  the  comers  had  been  worn 
down  by  rubbinK  agunst  each  other.  And  aince  no  portion  of  space 
can  be  vacuous  t^otrcu],  the  interstices  of  those  spheres  must  be 
filled  by  matter,  of  f<nm  perpetually  changing,  derived  from  the  parts 
worn  off  the  angles  ;  this  last  kind  of  matter  moves  more  quickly  titan 
the  other.  Sendee  this  there  is  a  third  sort  of  particles  of  matter, 
more  SoUd,  or  dae  id  form  more  adigted  to  motiMi :  of  this  planets 
and  comets  are  ocHupoMd.  There  are  three  dassea  of  celestial  heavens  : 
the  fizat,  that  of  our  sun  and  its  system ;  the  second,  iba  various 
heavens  of  the  fixed  stars  immediately  adjoining ;  the  thbd,  including 
all  whioh  are  beyond,  and  which  never  can  be  seen  in  this  lifei  The 
primary  parUolM,  as  those  are  called  which  are  obtained  by  attrition 
from  the  seoondaiy  particles,  at  last  become  more  than  enough  to  fill 
the  intamning  Rpaoaa  (how  this  oould  ha  Deaoartea  does  not  aay),  and 
the  realdue,  as  fast  as  it  arises,  was  f<»«ed  to  the  oeotree  of  the  vorticee, 
vhere  it  UameA  certain  very  fluid  spherical  bodies :  these  are  the  sun 
and  fixed  stars.  The  seoondaiy  partiolea  receded  from  the  oratres  to 
make  room.  The  efflux  of  these  {nimary  particles  from,  the  flu^  bodies 
just  described  is  light  The  centrifugal  fbrce  of  particles  in  motitm 
round  a  centre  ii  then  dwelt  <m,  and  the  circular  form  of  (he  sun  and 
fixed  stars  is  attributed  to  it.  The  motion  of  the  vorttoea  must  be 
suoh  that  thdr  contiguous  parts  may  have  a  eomnum  moticn.  The 
IHimaiy  portiales  flow  from  the  poles  of  each  vcatex  towards  the  centre, 
and  from  the  centre  towards  the  other  parte.  But  same  must  not 
be  said  of  the  seoondaiy  or  spherical  porttclaa  (tiie  reaacnu  gjren  are 
&noiful  in  the  extreme,  conaistiiig  entirely  in  wffbraufc  motive  powers 
given  to  the  two  spedw  of  particlee). 

The  preceding  may  give  a  aufBdent  idea  of  the  sort  of  fonndation 
whioh  Descartes  builds  upon,  and  his  manner  of  raising  the  structure. 
He  proceeds  through  what  he  suppoaes  to  be  explanations  of  all  the 
phenomena  of  liditt  the  formation  of  planets  and  comets,  and  of  all 
the  varieties  of  conformation  which  are  seen  in  the  solar  syatem. 
Why  comets  have  tails  and  planets  none;  how  the  primaty  particles  of 
othw  vortices  find  their  way  into  oun^  ao  that  we  can  see  the  fixed 
stars;  how  the  ^awU  obtained  their  flnt  motitmi  of  lurojection : 
how  the  spots  on  the  sun  are  formed,  and  so  on,  are  all  explidned  by 
the  powers  of  the  two  epeoiee  of  particles :  an  hypothesu  on  their 
nature  being  always  ready  when  wanted.  A  reader  who  has  looked 
into  this  book  of  Deeoartea's  '  Princiina'  begins  to  understand  two 
things  better  than  before :  first,  the  satire  on  philoeophical  exfdana- 
tions  cwtained  at  the  end  of  UoU&re's '  Malade  Imagiiiaire,'  written  a 
few  yean  after  the  death  of  Deinrtea;  imz^  the  deabniion  <A 
Newton,  Sjfpo^mtnonfitgo. 

As  the  hypothems  of  vortices  ia  usually  represented,  it  haa  a  eertun 
reasottablenees  of  appearance,  whioh  no  doubt  makes  many  wonder 
why  it  ahould  be  ao  universal^  omtemned.  If  a  finid  maaa  were 
wUikd  mmd  the  nui^ifc would  oanythe  plaMti  vUh  it:  and  the 

*  The  BMtter  ia  the  apaoa  stent  a  plaaeL  or  star,  whlA  1*  BBdar  tte  InflHMs 
of  tbat  plaot^  is  sailed  Its  ktaptn. 


suppoaition  of  minor  vortioes,  one  round  each  planet  whioh  has  a 
se^uUte,  is  perfectly  oonsistait  with  the  laws  of  ^droetatics.  When 
Newton  proposed  to  refute  the  cystem  of  Deaoartea,  he  wu  oUiged  to 
have  reooune  to  numerical  consideratioiui :  he  could  not  but  admit 
^t  a  planet,  in  one  of  Deseartea's  vortices,  would  have  an  orbit ;  but 
he  showed,  from  the  nature  of  fluid  motion,  that  it  oould  not  have  tkt 
orbit  which,  from  the  time  of  Kepler,  it  was  known  to  have.  The 
quality  of  a  phenomenon  ia  known  before  ita  amount  is  measured ; 
and  it  ia  natwal  to  expect,  in  the  history  of  i^osophy,  that  explaoar- 
tiona  which  sore  to  account  for  the  nature  of  a  phen<nnenon,  but  are 
irreconcilable  vrith  its  amount,  diould  precede  those  which  are  drawn 
from  consideTstion  of  both.  The  possibility  of  the  planetary  motions 
finding  their  proximate  cause  in  the  rotation  of  a  fluid  mass  which 
fills  the  solar  system,  is  a  thing  whioh  did  aug^t  itself,  uid  ought  to 
have  suggested  itaelf,  to  the  inquirers  of  the  time  which  elapsed  be- 
tween CoperuicuB  and  Kewton.  Deacartea  says  expressly,  "  putandum 
eet,  non  tantnm  Solis  et  nxarum,  sed  totius  etiam  cobU  materiom 
fluidam  esse :  quod  jam  mUgo  omne*  attrommi  emeedmt,  quia  vident 
phsonomena  plimetajiun  vix  aliter  posse  exfdicari."  No  mechanical 
difficulty  stood  in  the  w^  in  their  time ;  and  those  who  had  seen 
particles  of  dust  whirled  about  by  the  air  would  have  no  difficulty  in 
imagining  the  hypotheaiB  of  a  vortex.  Now  we  find  this  fault  with 
the  common  notion  of  Deseartea's  system :  the  disparagwent  which 
belongs  to  it  a*  a  wAoIe — to  the  primary  and  seconduy  partioleB  which, 
thon^  obtained  from  the  same  oiigioal  particlee,  yet  have  different 
laws  of  motion,  and  to  the  gratuitous  deduction  of  everything  from 
this  fancy — ^is  conveyed  to  their  readers  by  writers  who  only_  present 
tiie  most  rational  extract  which  could  be  made,  namely,  the  idea  of  a 
vortex.  This  is  the  sort  of  syllogism  on  which  such  writora  prooeed  : 
"  Deseartea's  aystem  is  ridiculous;  all  I  know  of  that  system  ia  its 
vortioes;  ther^re  I  must  laugh  at  the  vortioes."  Yet  not  only  was 
Newton  obliged  to  have  recourse  to  his  most  powerful  weapons  to 
refute  these  vortioea,  but  it  is  not  at  all  a  setUed  point  that  his  refuta- 
tion is  sound ;  that  la,  his  mathematical  refutation.  His  remark  that 
comets  could  not  find  their  war  throuf^  tiie  vortex  ii  mndi  ntxm  to 
the  purpose,  though  Deaoartes  nai  his  waj  oat  of  this  diffioulty,  as  out 
of  evory  other. 
VORTICES.  [VoBTEi.] 

TOUSSOIB,  one  of  the  stones  of  an  arch.  [Arch.] 
VOW  (from  the  Latin  "  votum,"  through  the  French),  •  nomiae  to 
perform  some  future  act,  or  to  pursue  some  future  line  «  ocmdnet, 
confirmed  by  an  appeal  to  the  Supreme  Being,  or  at  least  to  some 
Bupematural  power,  to  punish  or  be  propitious  to  the  maker  of  the 
promise  aocoiding  aa  he  breaks  or  keeps  his  word.  Abraham  made 
his  steward  swear  that  he  would  faith^lly  discharge  the  mission  to 
seek  out  a  wife  lor  Isaac ;  this  is  an  example  of  the  vow  which  ia 
supposed  to  bind  a  man  to  perform  one  definite  act  or  incur  some 
supernatural  puniahment;  and  the  oath  taken  by  witnesses,  in  courts 
of  justice,  at  me  present  day,  to  speftk  the  truth,  belcogs  to  the  same 
claas.  [Oath.]  Some  vows  again  are  understood  to  l^d  those  who 
make  them  to  liie  performance  of  certain  limited  dutiee  for  the  whole 
of  their  future  Ufe^sudi  are  tiie  marriage  vow,  as  contemplated  by  the 
Church  of  Rome  and  the  law  of  EngUod,  and  the  ooronatiim  oatha  of' 
kings.  Some  vows  are  even  iulemded  to  give  a  particular  fotm  and 
direction  to  the  whole  of  a  man'a  future  emotions,  thou^ts,  and 
aotiona — such  are  the  prieetiy  and  monastic  vows.  The  view  enter- 
tained  of  the  character  and  operation  of  a  vow  has  differed  materially 
at  different  periods.  The  vow  originated  in  a  religioua  conception,  in 
the  recognition  of  some  unseen  power  superior  to  and  exercising  a 
control  over  viaible  nature  and  man's  deetinies.  But  as  the  moral 
foooHiea  of  aooie^  expanded,  the  vow  came  to  be  r^prded  as  a  aolenm 
form  (rf  mfilring  a  promiae,  in  which  the  appeal  to  the  IMvinify  wis 
meant  to  remind  the  utterer  of  the  oath  of  what  men  are  too  apt  to 
forget,  that  the  e^e  of  God  was  upon  Mm,  and  tiiat  His  universal  and 
unfailing  Uw  punishes  crime  and  falsehood.  The  operation  of  a  vow 
is  diilwent  upon  two  difHarent  classes  of  minds.  To  the  ignorant  and 
superstitious  it  affordi  a  motive  (their  fean)  for  adhering  to  a  course 
of  action  that  tbev  flddeness  or  diahones^  mif^t  have  tempted  tiiem 
to  swerve  from,  hi  tiie  more  Mili^tened  it  awakens  a  strtniger  aeoae 
of  the  impOTtance  of  the  act  Hhi^an  abcnit  to  undertake,  renders 
them  more  cautious  to  pledge  thnuelTas  beforehand,  more  reatdute  in 
perf<«ming  a  promise  onoe  made. 

The  instances  in  which,  in  a  rude  state  of  society,  advantages  are 
derived  from  vows  or  promissory  oaths,  ore  perhaps  not  few  in 
number,  but  ^ey  are  Btill  exceptional.  The  bad  hufluence  td  the 
superstitious  view  of  the  nature  of  a  vow'ia  permanent :  it  perverts 
mra's  moral  opinions  by  leading  them  to  regard  aotiona  as  vitaous  uid 
virtuous,  not  because  of  their  own  inherent  charaotn-,  but  because  of 
tlior  being  oonsLatent  or  inoonnstent  with  a  promise  niade  beforehand. 
Mm  have  thus  been  led  to  see  criminality  in  the  non-performance  of  a 
crime  they  had  pledged  themselves  to  oommitk  The  danger  with 
regard  to  vows,  undenstood  in  the  more  rational  aens^  otmaiats  in  their 
too  frequent  use,  or  in  their  employment  upon  trivial  oooastoDa.  The 
public  promise  of  a  king  ascending  the  throne  to  govern  vrith  equity — 
the  pledge  of  man  and  wife  to  know  one  undivided  interest  till  death 
-—the  promiae  to  give  true  and  faithful  evidence  where  the  property, 
life,  or  honour  of  a  fellow-being  are  at  stoke — ore  worthily  and  usefully 
accompanied  by  ut  i^peal  to  the  Divinity,  that  reminds  the  malcen  of 
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tiiese  promUes  of  the  importanM  <^  the  engagement  tliflj  havo  takea 
upon  them,  and  bringB  the  religunu  MOtimeni  to  fltrenRthen  and 
eonfinn  the  dictates  of  expediency.  But  oustom-houae  oaths,  masonic 
TowB,  and  such  triTiaUtiee  and  mummeries,  dcf^rade  the  vow  to  tlie 
level  of  a  mere  tiieatrioal  ahow,  or  of  the  thoughtless  habit  of  inter- 
jectional  gwearing  in  common  discoune.  The  addiUon  of  a  tow  does 
not  render  a  promise  more  binding,  or  alter  ^e  reason  why  it  is 
tnitdlng.  A  womisB  affcods  a  grotmd  of  belief  that  a  man  will  act  in  a 
eortain  pre -determined  maiuur,  of  being  carried  away  by  the 

whim  of  the  moment.  It  10  of  advantage  to  the  individual  who  makes 
promises  that  he  should,  except  in  extreme  cases,  contract  the  habit  of 
adhering  to  them,  because  it  imparts  coneistenoy  and  power  to  his 
character;  and  it  is  of  advantage  to  all  with  whom  ha  may  have 
dealings  that  he  should  contract  ttiia  haUt,  for  it  renders  their  trans- 
■etitms  with  him  sale.  Hoooa  the  miivenal  feeling  that,  exomt  in 
very  exteeme  cases,  finises  oa^t  to  he  kept,  even  to  the  nuJcer^a 
disadvantage.  Vows  are  exactly  on  the  same  footing :  the  supenulded 
appeal  to  the  Divinity  by  its  stdonnHj  renders  men  more  cautious 
in  binding  themselves,  and  more  eantest  and  unwavering  in  the 
performance  of  their  ^mise.  The  danger  of  making  vows  frequently 
and  on  trivial  oooanons  has  been  inferred  from  the  nature  of  the 
religious  sentiment  called  into  fla.j :  %  further  restiiotion  of  ^eir 
admissitHliiy  may  be  deduced  from  he  nature  of  the  simple  promise. 
It  limits  man's  freedom  of  action,  and  so  for  is  a  disadvantage.  It 
ou^t  to  be  cmfinad  to  aotions :  for  a  man  to  pledge  himscQi  to  feel 
and  think  only  in  a  oertiun  manner  is  to  undertake  an  impoasibility. 
It  pledges  him  to  an  unhealthy  struggle  against  the  order  <tf  nature. 
The  promise  ou^t  moreover  to  be  reetoicted  to  actions  meritorious  in 
themselves,  and  of  some  oonsequenoa.  If  to  commit  a  mme  is  bod,  to 
promise  to  oommit  one,  and  deliberate^  to  keep  the  promise  when 
aware  of  the  criminalitiy  of  the  act,  is  worse.  To  tie  a  man's  self  up 
by  a  prCHi^  from  the  eommiasion  of  an  action  indifferent  in  itself  is  a 
wilful  waste  of  the  power  of  self-denial,  of  which  man  at  the  best  has 
no  more  than  barely  serves  bis  necesuties :  the  mind  worn  out  with 
struggling  sgainet  harmless  propensities  faUs  aa  easy  prey  to  temptidion 
in  more  importwt  matters.  The  whole  histoi^  of  the  monastio  <^ers, 
a  history  attractive  item  the  grandeur  of  its  irregular  and  imaginative 
■trugjjltea,  is  an  iUuBtiation  of  these  views.  With  retard  to  mmple 
pronuses,  the  rule  of  aotian  is  to  moke  as  few  as  possible,  and  exot 
every  affint  to  keep  them  unless  convinced  that  to  do  so  would  be 
a  cnme.  Vfiih  regard  to  vows,  the  same  rule  holds  if  possible  with 
more  force,  because  fickleness  in  rsf^  to  them  implies  a  profane 
trifling  with  the  most  sublime  flmotians  ol  our  nature. 

VOWEL.  [Alfhabjbt.] 

TOTAOE.   [Shipb;  Bottoubt.I 

T0LCAN.  [HxPEXSTDB.] 

VULCAKISED  INDIA  BUBBER.  [CAotrrcHOUC  MANurACTUBB.] 
TUIjQATE.  The  Tulgate  [Vvlgata  vatio),  or  ooaantm  version, 
is  the  name  sometimes  given  by  St.  Jerome  to  what  he  elsewhere  calls 
the  Vetui,  or  uudent  version,  and  what  St.  Augustine  calls  the  Van* 
lUUa,  or  Old  Italian  Version,  being  the  most  generally  received  of 
Hum  early  I«tin  tranilatitHis  of  the  Scriptures  distinguiaiied  bj  hibli- 
eal  orities  as  the  aate-Hinonymlaa,  all  irtiicih  are  now  lost,  with  the 
noeption  of  snne  parts  of  tnis  Vetut  Itata,  and  such  fragments  of  the 
othen  as  are  quoted  in  the  writings  of  tiie  Fathers.  Jerome's  firet 
labours  as  a  translator  of  the  Scriptures  oonmsted  in  a  revision  and 
oorrection  of  this  original  Vulgate,  which  he  completed  about  jlD.  890. 
Be&m  this  date,  luiwever,  he  had  oommoQced  an  entirely  new  transla- 
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tton  from  the  original  Greek  and  Hebrew;  aitd  it  is  this  to  which  the 
name  of  the  Vulgate  is  now  given.  The  earlier  Vulgate,  as  revised  by 
Jerome,  has  all  perished,  except  only  the  Book  of  Fsalins  and  the  Book 
of  Job,  and  the  apocryphal  Books  of  Moocabeae,  Baruch,  Ecclesiasticus, 
and  Wisdom.  The  use  of  Jerome's  new  version  appears  to  have  been 
gradually  inb^uoed ;  but  ever  since  the  7th  century,  when  it  was  sec- 
tioned by  Fwe  GtngoryL,  it  has  been  exoiurively  adopted  by  the  Romiah 
Church.  Toe  Council  ol  Trent,  in  the  16th  enitury,  even  conferred 
upon  it  an  anthorify  superior  to  that  of  tiie  ori^nal  text,  by  ordaining 
that "  the  Vulgate  alone  should  be  esteemed  authentic  in  the  public 
reading  of  the  Scriptures,  in  disputations,  in  preaching,  and  in  expound- 
ing, and  that  no  one  stiould  dare  to  reject  it  under  any  pretext  what- 
ever." Accordingly,  all  the  Romish  translations  of  the  Bible  into  Uie 
modem  languages  profeee  to  have  been  made  not  from  the  Qreek  and 
Hebrew,  but  from  the  Vulgate. 

The  true  text  of  Jennne's  version,  however,  has  been  at  all  times 
matter  of  doubt  and  controversy.  It  very  early  got  mixed  with  that 
of  the  Vetut  Itala;  and  the  restoration  of  its  purity  employed  the 
labours  of  Alcuin,  by  direction  of  Charlemagne,  towards  the  close  of 
the  8th  century,  of  Lanfranc,  archbishop  of  Canterbury,  in  the  11th, 
of  Cardinal  Nicholas  and  others  in  the  12th  and  ISth.  After  the 
Invention  of  printing  Latin  Ktda  was  the  first  oonsiderable  work 
that  was  sent  to  the  press  ;  but  the  earilest  editi<His  exhibited  a  very 
corrupt  text.  The  fint  critical  editions  were  those  produced  at  Paris 
by  Robert  Stephens  (Etienne),  in  1S28,  1532,  15Si,  1610, 1545,  and 
154S.  Of  these  the  edition  of  1510  is  accounted  the  best  Other 
corrected  editions  are  those  of  John  Hentenius,  a  divine  of  Louvun, 
first  printed  at  Louvun,  in  folio,  in  1647,  reprinted  by  the  Plantine,  at 
Antwerp,  in  6  vols.  6vo,  1S6S  and  157i  ;  ana  that  of  Lucas  Brugensis, 
and  other  divines  of  Louvain,  printed  at  Louvoin,  in  3  vols,  tivo,  in 
157s ;  and  again,  both  in  Svo  and  4to,  in  1586. 

The  first  revised  edition  of  the  Vulgate  promulgated  by  authority 
in  the  Romish  Church  was  issued  at  Rome  from  the  press  of  tho  Vati- 
can, in  three  volumes,  foho,  in  1590,  under  the  title  of  '  Biblia  Saoa 
Latdna,  Vulgatfe  editionis,  jussii  Sixti  V.  reoognita  et  edita.'  This 
editicHi,  the  prqtaration  iA  which  had  been  hegnn  under  Pius  IV.,  was 
dedared  by  Pope  Sixtua  to  be  the  authentic  text,  and  is  known  as  the 
Stxtlne  ViUgat^  or  the  Bible  of  Sixtua  V.  Yet  it  had  been  no  sooner 
published  waa  it  was  discovered  to  be  full  of  misprints  anl  other 
errors,  which  were  very  insufflcientiy  corrected  by  the  necessary 
emendations,  printed  upon  separate  strips  of  paper,  being  here  and 
there  stuck  ovor  the  original  word  where  the  paaa^  lud  been  most 
groaly  ^aflgured.  QregMj  XIV.,  who  auooeeded  Sixtua  V.,  ordered 
ft  to  be  auppr«asad,  and  the  true  Sixtine  Vulgate  is  now  of  excessive 
rarity.  A  new  edition  <^  it,  in  the  same  form,  was  brought  out  in 
1592,  under  the  authority  of  Qngoej'B  suooassor,  Clement  VIII.,  and 
this  is  called  the  Clnnentine  Vulgate,  or  more  frequenUy  by  Roman 
Catholic  writers  the  corrected  Bible  of  Sixtua  V.  It  is  now  the 
authorised  edition  in  the  Romish  Church ;  l^e  Vulgate  as  since  printed 
being  commonly  entitied '  Biblia  Sacra  Latina,  Vulgates  editionia  Sixti  V. 
et  ClemontU  VIII.'  Protestant  controvernalists  have,  naturally  enough, 
mode  the  most  of  the  variations  to  be  found  betwem  the  ^tine  and 
Clementine  Vulgates,  each  published  and  declared  to  be  tiie  only  true 
edition  by  an  authori^  professing  to  be  infallible. 

VULPE'CULA  ET  ANSER  (the  Fox  and  the  Qoose),  a  constella- 
tion of  Hevelius,  situated  immediately  above  Aquila  and  Sogitta.  it 
doea  not  contain  any  stars  of  conspicuous  magnitude. 

VOLFINIC  ACIO.   [LlOHiBB,  CoLOUluao  Mattebs  of.] 
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Wis  a  letter  wUdi  peilomia  the  donUe  oflloe  of  a  eounumt  and  a 
vowel,  the  oatuial  order  of  the  vowds  bang  «,  e,  a,  0,  u.  The 
Bounds  then  <tf  i,  that  is  ee,  and  k.  that  is  00,  are  the  most  remote,  and 
the  attempt  to  pass  with  ri^di^  from  either  of  these  to  the  ottters, 
more  partioularly  to  the  other  exfaeme,  gives  an  initial  breathing 
which  has  the  oluiacter  of  a  consonant,  nundy,  in  the  one  case  ee-00, 
oryOH/in  the  other  oe«,  cr  we;  Henoe  it  is  mt  the  letters  y  and  w 
^tpeorasthe  TKtresMitatives,  sometimes  (rf  a  CMumant^  scmietimes  of 
a  vowel.  The  English  disracter  w  is  ftmned  1^  tiie  repetition  of  a  v, 
which  itself  is  only  a  varie^  of  tba  symbol  u,  wd  that  again  has  in  all 
probability  grown  out  of  the  letter  0.  f  Alphabet.]  The  Anglo-Saxon 
alphabet  employs  tiie  symbol  ]>.  In  Latin  the  v  or  »  coKtononi  had 
probably  tho  power  of  a  w,  a  supposition  which  at  onoe  aooounts  for 
the  vsa  of  a  oommtu  chawoter  for  the  vowel  and  oonaonaatk  The 
Qwk  and  Hebrew  alphabets  had  also  a  abigle  symbol  for  this  oon- 
SQoant,  which  occupied  the  sixth  place,  and  is  called  digamma  in  the 
former,  VOM  or  w^f  in  the  latter.  Bat  in  the  Qre^  alphabet  the  letter 
went  out  of.  use,  and  ia,  therefore,  commonly  omitted  in  our  gram- 
man  of  that  language,  although  the  g^>  at  this  point  in  the  alpha- 
betical  designation  of  numbers  stiU  bears  evidence  to  the  ori^nol 
podtion  of  Uie  letter.  [DiaAiiiCA.1  Host  of  the  modam  laiwuagea  of 
Borope  are  deficient  in  a  symbol  for  this  letter.   The  French  employ 


what  is  a  snfficieDt  though  a  domi^  equivalent,  tho  diphthong  ou 
[oeftxed  to  a  vowel,  as  in  t^e  common  particle  ouij  the  Spaniards 
prefer  ka,  as  in  knam,  kitao.  In  this  way  the  map  of  the  New  World 
often  gives  testimony  as  to  the  race  of  Europeans  who  originally 
settled  in  the  country.  Thus  the  Indian  tritw  which  has  furnished  a 
name  to  the  territory  belonguw  to  the  United  States  now  called 
WisoonnD,  in  the  old  mapa  is  written  Ouiaoonrin,  that  countnr  having 
been  first  visited  hy  the  French.  So  again  in  Mexico,  the  town 
Chihuahua  (pronounced  Chiwiwa)  tdls  us  that  its  name  was  first 
written  by  Spaniards ;  and  the  same  may  be  said  in  the  map  of  Peru 
of  the  river  Huallo^;  and  the  numerous  towns  commencing  with 
the  same  syllable,  as  Huancave]ica,Huancayo,Huanuco,  Huaacabamlu, 
Ac  At  other  times  the  Spaniuds  have  employed  the  letters  ga,  as 
may  be  seen  In  the  difTerait  rivers  of  Spain  Proper,  whidi  have  fn- 
fixed  the  AiaHe  word  ffuad,  denoting  water ;  and  this  mode  too  of 
representing  a  w  is  to  be  traced  in  Spanish  America  in  Chuunonga, 
Guaooa,  Guancarama,  Guatemala,  Ac  The  ancient  Qre^  again  often 
prefixed  a  simple  0  to  rroresent  a  w,  as  in  otSa,  tas.  [Diqaxiu.]  We 
have  hitherto  spoken  of  ue  consonantal  power  of  the  letter ;  its  use  as 
a  vowel,  so  br  as  our  own  language  is  concerned,  is  oonfioed  to  the  end 
of  syllables ;  and  there  is  always  snother  vowel  jmfixed  to  it,  as  in 
new,  lav,  <Aow;  but  in  the  Welui  language  it  is  emidoyed  by  itself,  and 
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in  the  middle  uf  i^llab1««  with  the  poirer  of  a  vowel.  The  map  of 
WalM  will  funuab  abundsnt  examples,  u  Fwlheli,  Cwmtydr,  Bettm, 
Llwchwr,  often  written  LougUor,  &c. 

lianj  nations  have  a  difficulty  in  pronoundng  the  cooaonantal  w. 
Thia  ii  more  particularly  the  <M«e  in  aome  parts  ot  Qermany,  where 
tlte  people  are  unable  to  appreciate  the  difference  between  a  w  and  a  v, 
tlmoat  always  ntbetituting  the  latter  sound,  or  what  nearly  approaches 
to  it.  Hence  it  is  important  for  the  philologist  to  diabnat  the  evidence 
and  criticism  of  a  German  scholar  when  theae  Bounds  are  in  question ; 
and  this  caution  may  be  more  partioularly  given  in  reference  to 
Qermau  writings  upon  tiie  Sanakrit  luiguage.  London  too  is  remark- 
able  f<n-  the  ooofusion  of  the  sounds,  though  this  oonfusion  does  not 
Mem  to  arise  from  any  inability  to  pronounce  either  a  w  or  a  v,  otch 
'  bang  substituted  for  tiie  other  with  a  most  amusing  perveraity. 

The  other  interchanges  of  this  letter  have  been  already  given  under 
the  preceding  letters.  See  C,S4(Uid7;  Q,%6;  H,§7;  1I,§6;  O, 
ill;  K,  §8;  S,S11;  and  Dioauua. 

WAFER,  a  small  round  piece  of  dried  paste,  which  is  used  to  fasten 
letters.  The  host,  as  given  to  laymen  at  the  sacrament  in  the  RoniiAi 
Church,  and  ihe  piece  of  consecrated  oake  given  in  exta^«  une- 
Uon,  is  also  called  a  wafer,  and  it  is  recommended  to  be  nnllowed 
whole  if  possible.  Thin  coke  formed  into  a  roll,  and  called  wafers,  is 
sUll  sold  bjr  pastrycooks.  In  &ct  the  word  was  used  in  England  to 
signify  a  ihm  cake  long  b^ore  wafers  for  sealing  letters  wore  invented. 

iV<^el  is  the  name  given  by  the  Germans  to  a  thin  cake  made  with 
flour,  eggs,  sugar,  &c. ;  the  Dutch  osll  such  a  cake  wafd,  and  the  Danes 
voJfkL  the  tV^oh  call  it  ganfrt.  The  French  name  for  a  wafer  is 
vain  &  caehtttr,  and  wafers  are  pavu  A  cacheter.  The  Anglo-Saxons 
also  had  the  name  waffet. 

To  make  common  wafers,  a  liquid  past«  is  made  with  flour  and  cold 
water,  very  smooth ;  and  colouring  matter  is  then  mixed  with  it.  The 
baking  is  done  with  an  instrument  similar  to  that  which  ia  used  to 
make  gaufra  and  vx^cfit.  It  consists  of  two  thin  plates  of  iron ;  tiie 
upper  plate  doses  upon  the  lower,  which  is  made  with  a  ledge,  and 
thus  forms  a  mould  for  the  paste.  Both  plates  having  been  warmed 
and  greased  to  prevent  adhesion,  some  of  the  liquid  paste  is  poured 
into  the  lower  plate,  and  the  upper  plate  is  then  shut  down,  which 
forces  out  anysuperfluoua  paste  and  forms  the  rest  into  a  thin  and 
even  layer.  The  instrument  which  is  held  by  a  handle  like  that  of  a 
frying-pan,  is  placed  for  a  few  moments  over  a  fire,  and  the  aheefc  Ot 
htted  paste  is  then  taken  out  and  dried  in  the  air,  when  it  heoomes 
firm  and  brittle,  and  ia  out  with  a  suitable  instrument  into  wafers. 

(Matine  or  (niNj2>arenl  vafin  are  thus  made.  Oood  gelatine  or 
glue  is  disserved  in  warm  water.  The  mixture,  while  stu]  1  wann,  is 
poured  on  a  warm  and  slightly  oiled  glass  plate,  having  a  bordering 
formed  of  slips  of  cardbciird;  another  warm  r^te  is  laid  on  it,  and 
pressed.  When  eold,  the  gelatine  is  removed  in  »  very  thin,  eenii- 
ttanqtsrent  sheet,  and  is  out  into  small  ^eoM  of  the  proper  shape  by 
means  of  a  punch.    Rometimea  a  Uttle  sugar  is  added  to  the  gett^e. 

^edaUum  uaftn  have  a  device  in  cameo  or  relief.  The  device  is 
first  engraved  in  intaglio  on  a  metal  plate.  A  paste  is  then  made  of 
any  convenient  powder  mixed  with  gum- water  or  aise ;  a  background 
is  formed  of  melted  ooloured  gelatine ;  and  the  two  are  so  appUsd  to 
the  engraving  B8  to  lead  to  the  prodactum  of  a  sheet  ol  medsllioD 
wafers,  which  are  sepanted  by  eutting  or  punching. 

WAQER.  In  a  wager  or  bet,  two  parties  stake  money  ag^nst  each 
other  on  the  happening  or  failure  of  a  certain  event :  A  is  to  pay  a 
certain  sum  to  fi  if  the  event  happen  one  way ;  and  B  is  to  pay  a 
certain  sum  to  A  if  the  event  happen  the  other  way.  Thus,  if  John 
bet  Thomas  threo  to  one  (in  pounds)  that  he  wilt  win  the  game,  and  it 
turn  out  that  he  does  win  the  game,  he  (John)  ia  to  receive  one  pound 
from  niomai;  but  if  John  should  Hot  win  the  game,  Thomas  is  to 
receive  three  pounds  from  John. 

The  principle  of  a  wager  exists  in  a  great  multitude  of  transactions 
which  do  not  bear  the  name  :  in  fact,  every  commercial  affair  in  which 
money  ia  risked  upon  a  possibility  of  receiving  more  than  \egtl  interest 
in  consideration  of  that  risk,  is  a  trager.  Thus,  if  John  lend  Thomas 
1001.  to  engage  in  an  adventure,  knowiiut  that  he  can  receive  nothing 
if  it  fail,  and  in  consideration  of  16(U.  if  it  succeed,  it  is  a  wager  of  the 
following  kind.  If  the  money  be  out  a  year,  and  John  could  safely 
make  five  per  cent  of  it,  he  rinks  1051.  in  case  of  loss,  and  is  to  receive 
45^  in  that  of  gain;  so  that  in  fact  it  is  as  if  John  bet  Thomas  105  to 
4fi,  that  the  spectdation  would  succeed.  For  if  we  were  to  suppose 
that  John  lends  Thomas  100/.  for  a  year  at  five  per  cent,  on  good 
eeourity,  and  makes  the  above  wager  besidee,  will  be  fbuod  to  be 
in  exactly  the  position  originally  described. 

A  Sre  insurance  is  a  simple  wager  between  the  ofBoe  and  the  party ; 
and  a  life  assuiance  is  a  collection  of  wagen.  There  is  something  of 
the  principle  of  a  wager  in  every  transaction  in  which  the  results  of  a 
future  event  are  to  bring  gain  or  loss.  And  in  eveiy  game  of  chance, 
we  have  a  wager  or  a  collection  of  wagers,  whenevo'  money  is  staked. 

Much  has  been  written  and  said  upon  Uie  m<n«lity  of  wagers,  in 
which  the  word  is  understood  in  its  common  aoccfttatton,  namely,  that 
there  is  nothing  but  a  stake  of  money,  mads  in  a  manner  which  has  no 
roferenoe  to  oonmiercial  advantage,  and  no  tendency  to  promote  the 
physical  well-being  of  the  communis.  It  is  however  exceedingly 
difficult  to  draw  the  line  between  the  pure  wager,  which  is  nothing 
else,  fmd  the  oommercial  wager.   The  loan  of  John  to  Thomas,  abore 


described,  may  be  a  useful  transadaon ;  it  may  give  the  country  a  new 
mioe  or  a  new  market.  But  it  does  not  follow  that  the  pure  wager,  or 
a  case  which  is  generally  so  conudered,  may  not  be  also  useful  It 
were  to  be  wished  that,  in  c(Hisidering  this  matter,  the  right  and  wrong 
of  the  transaotion  itself  should  be  always  carefully  sepaimted  from  the 
tendency  of  the  collateral  ciroumstanoes  connected  wiUi  ft<  One  or 
two  instances  will  explain  our  meaning. 

A  horsa-racer  and  a  stock-jobber  are  two  of  the  characters  which  are 
set  down  in  public  opinion  as  mere  gambleia,  and  so  are  a  billiard- 
player  and  a  hasard-pl&yer.  All  four  are  considered  to  belong  to  the 
same  olaas.  Now  it  is  true  that  the  occupations  ot,all  but  the  aeeond 
m  generally  oonnected  with  much  Uiat  is  objectionable,  and  which, 
though  not  necoBoarily  attached  to  their  mode  of  life,  are  so  frequently 
consequent  upon  it,  that  the  strength  of  the  tendency  Is  sufficient  to 
justify  the  warning  which  writers  upon  morals  ^ve  against  the  pursuit 
of  gambling,  And  among  all  the  four  descriptions  of  characters  are  to 
be  found  iixe  full  int>portion  of  those  whose  society  is  not  coveted  by  a 
verjr  respectable  mintsibr  of  the  nation.  But  tboi^  many  a  man 
bora  to  better  things  has  been  ruined  by  each  of  Uie  four  pursuits,  ik 
would  be  unjust  to  say  that  there  is  no  distinotion  between  them.  We 
doubt  whether  billiards  or  haeard  ever  were  the  cause  of  any  benefit 
to  society ;  the  wager  whidi  ends  in  a  wager  seems  to  be  the  proper 
description  of  both.  But  horse-racing  has  at  least  improved  the  breed 
of  horses ;  and,  as  business  is  now  transacted,  it  is  due  to  the  stock- 
jobber that  funded  fvopertiy  can  be  tuned  into  money,  or  vke  vend,  at 
any  moment  of  the  year.  We  do  not  mean  to  say  that  tiie  mon^ 
which  changes  hands  on  the  course  mi^t  not  be  much  more  efIi»otiTely 
employed  in  the  improvement  ot  horses,  or  that  it  mig^t  not  be  prae- 
ticable  to  effect  modes  of  rapidly  realising  or  investing  without  the 
ctmconutant  of  gambling.  AQ  we  widk  to  iUustrate  is  the  taot,  that 
innumerable  cluses  of  wagers  are  mixed  up  with  the  transaotinu  of 
Bocdety,  from  tiiose  which  are  easenUal  to  ita  ezistenoe,  through  those 
whidi  are  of  mixed  harm  and  good,  up  to  those  wbioh  are  but  dulnous 
in  their  Tery  best  cases. 

A  wager  is  fairly  laid  when  the  odds  are  proportional  to  the  proba- 
biliUes  of  the  event  happening  or  fuling.  Thus  if  it  be  four  to  one 
against  the  h^^>ening  of  an  event,  the  better  who  bete  that  it  will  not 
ha{q>en  should  offer  four  to  one.  In  the  long  run  suoh  an  event  will 
fail  four  times  where  it  h^pena  once,  and  the  better  will  reosive  a 
pound  four  times  for  every  oooaslon  on  which  he  pays  four  pounds 
oocei  But  euppoee  a  person  Bhonld  cmtinnally  oflbr  only  three  to  one 
upon  a  contingency  on  which  it  ia  four  to  one  he  wins.  In  the  long 
run  he  will,  upon  every  five  bets,  reoeiTe  one  pound  four  timee,  and 
pay  three  pounds  once  :  he  will  therefore  win  one  pound  on  every  five 
bets.  Algebraically  thus : — let  the  odds  for  his  winning  be  a  to 
while  these  which  he  offers  are  m  to  n;  in  a+b  trials,  one  set  with 
anoUwr,  he  will  win  «  pounds  a  timee,  or  £imi,  irtdle  he  will  lose  n 
pounds  b  times,  or  £mb.  If  m  equals  wib,  the  wager  is  fair  on  both 
sides ;  if  fia  be  greater  than  mb,  it  is  unduly  favourable  to  the  better ; 
if  na  be  less  than  mb,  it  is  unduly  against  him. 

There  are  many  cases  in  which  doubt  may  arise  as  to  whether  a 
wager  is  fair,  and  nlso  as  to  how  it  ie  to  be  interpreted.  With  roepeot 
to  the  latter  it  is  or  ought  to  be  elear,  that  if  botii  parties  understood 
the  wager  in  one  sense,  that  one  sense  is  the  fair  intarpretation :  but 
that  if  cither  of  the  putiee  undeietood  the  -wager  in  one  eirtafai  asnse, 
and  Ute  other  party  knew  that  he  understood  it  fn  that  sense,  no  sub- 
sequent attempt  at  a  different  interi»etation  should  be  admitted  on 
the  part  of  that  other  party.  We  are  told  that  this  rule  is  widely 
departed  from ;  and  that  under  cover  of  adherence  to  literal  significa- 
tion of  words,  interfoetations  are  permitted  which  offer  inducemeute 
to  wlut  we  must  call  attempt  fraud.  Thus,  it  ie  said,  that  when 
the  better  undertook  to  run  acmes  a  bridge  in  an  Incredibly  small 
time,  and  hod  tus  bet  accepted,  be  was  permitted  to  win  by  running 
from  one  parapet  to  the  other,  which  was  held  to  be  crossing  the 
bridge,  in  Uie  same  manner  as  going  from  one  footpath  to  the  other  is 
held  to  be  crossing  a  street.  Here  it  is  clear  that  the  party  accepting 
the  bet  understood  that  Uie  other  was  to  oroes  the  water  upon  the 
bridge,  whjoh  ia  the  true  ™»»""g  of  going  aoroa  a  bridge ;  and  it  fi 
also  clear  that  the  better  knew  ha  was  taken  in  that  seoee.  An 
adherence  to  the  literal  meaning  of  a  wager  is,  of  coure^  neoeesaiy  in 
all  cases  of  doubtful  meoniDg,  but  there  is  no  language  in  which  the 
literal  meaning  of  a  sentence  is  alwa^  made  up  of  those  of  the  words 
put  together. 

A  wager  is  not  fair  unless  the  pmnt  in  doubt  be  cleariy  the  same  ta 
both  parties,  and  unlets  there  be  no  eoitoealed  knowledge  in  the  po» 
sessioa  of  either.   The  latter  ie  inoludad  in  tlw  foraier,  ae  «o  inafainw 

will  Bhow.  John  bete  Thontaa  that  the  ah^  Hope  ie  arrived  in  dock 
from  Jamuca  before  the  time  at  which  the  bet  is  laid ;  his  manner 
implies  that  he  ha*  fonned  the  eonolusion  from  hie  knoiHedge  of  the 
time  at  whitdi  the  Hope  was  to  sail,  of  the  propertiee  of  the  veael,  of 
the  prevailing  weather,  ic. :  if  bis  manner  tell  truth,  the  wager  ia  &ir 
Or  me  manner  implisa  that  he  nuqr  be  in  poeMuion  of  paraeular  in- 
formation, that  m  may  have  eera  Hie  o^ttain,  Ac. ;  it  sayo, "  Hind,  I 
do  not  teU  you  what  my  reaeona  are,  all  I  tell  you  is  the  bot :  "  still 
tjie  wager  is  fiiir.  If  Thomas  dispute,  he  knows  in  either  ease  what  he 
dieput^,  be  it  the  question  of  the  Hope's  rate  of  sailing,  or  the  good- 
neaa  of  John's  inference  from  hie  particular  knowledge.  Bat  if  John, 
actually  knowing  of  tha  Hope'*  airinl,  should  lead  Thimua  into  « 
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wager  on  tbe  probabilities  of  tiie  ship  having  arriTed,  vhea  he  knows 
tiiat  it  actually  haa  arrived,  the  wager  is  unfair.  In  all  matters  of 
skill,  indeed,  the  mere  offer  of  the  wager  is  an  assertion  of  skill,  and 
the  acceptance  of  the  wager  la  the  denial  of  this  asaertioa :  this  is 
undetstood,  so  that  there  ia  no  occosbu  for  the  porfy  who  ofEera  the 
wager  to  maks  any  declaration  of  sUll,  other  than  is  implied  in  the 
wager  Itnlf. 

There  is  one  ease,  and  that  a  common  one,  in  which  Uie  imroorality 
of  the  wager  is  not  easy  to  expose,  though  it  ia,  we  think,  auffioiently 
certain ;  It  is  where  a  person,  by  ofierinf;  difEbrent  wagers  to  difiereirii 
people  secures  himself  a  certainty  of  gam,  let  the  event  happen  which 
way  it  will  Thos  one  of  thxm  wings  must  h^^ien.  A,  B,  C ;  a  penon 
bets  4  to  4  against  A,  0  to  4  ^oixofe  B,  8  to  4  against  C,  with  three 
different  yacaom ;  he  must  win  6,  for  two  of  his  opponeute  most  lose ; 
he  Gumot  pay  more  than  6,  for  one  only  oan  win;  be  is  therefore,  on 
the  most  unfavourable  suppoaition,  a  gainer  of  2.  Aa  against  each  of 
his  opponents  the  wager  may  be  fair :  these  may  not  be  known  to  each 
other,  and  each  one  may  consider  that  he  has  the  best  of  the  wager. 
Whom  then  does  he  Injure  t  If  it  be  admitted  that  a  man  has  a  right 
to  lay  any  bet  whioh  he  oan  get  taken  provided  the  event  betted  on 
be  perfectly  understood,  he  oan  then  injure  no  ODS,  and  no  exception 
oan  be  tokm  to  the  proceeding.  But  if  It  be  not  ^owed  that  a  man 
has  a  right  to  lay  any  odds,  except  those  which,  to  the  best  of  his 
knowledge  and  belief,  represent  the  state  of  the  chances,  he  must  then 
offer  a  bet  which  he  believes  to  be  unfair,  to  some  cme  or  other  of  the 
preoeding  persons.  By  betting  4  to  4  sgidnst  A,  he  deolares  his  belief 
Uiat  the  ^anee  of  A'b  anivol  is  ^  :  umilarly  by  betting  6  to  4  against 
B,  he  declorea  his  behaf  that  the  chance  of  B's  arrival  is  |.  Conse- 
quently he  impliea  a  declaration  that  his  beUsf  o£  the  ohszuw  of  C's 
arrivRlis — 

*-2»9"  18' 

Consequently  he  ought  to  lay  17  to  1  againet  the  anival  of  C,  whereas 
he  lays  Sto2,  ordto4.  He  is  then  telling  contradictory  stories  to 
difiisrent  people,  and  is  saved  from  conviction  only  by  the  uot  of  each 
party  not  knowing  what  he  has  stated  to  others.  If  there  were  a 
poasible  mode  of  fighting  in  whioh  the  weapon  of  each  of^nent  should 
be  armour  against  those  of  the  rest,  we  imagine  it  would  not  be  con- 
sidered either  brave  or  honest  that  a  man  should  provoke  the  ramibat 
witii  several  enemiesj  in  suoh  a  manner  that  he  should  be  sure  to  kill, 
and  sure  not  to  be  billed;  and  we  suppose  that  if  wagering  be  pa-- 
mitted  at  all  among  men  of  honour,  it  is  under  the  idea  that  he  who 
makes  another  risk  his  money  also  rii^  his  own. 

This  possibility  of  securing  certain  gain  by  betting  against  belief 
(for  ogi^ut  belief  it  must  be)  seems  to  us  to  be  enough,  were  there 
no  other  reason,  to  show  that  a  wager  is  not  rig^t,  unless  the  odds 
really  represent  the  opinion  of  the  better  :  for  to  maiatun  that  such  a 
wager  is  a  fur  one,  is  also  to  maintain  that  it  is  fair  to  make  othera 
nieet  risk  without  sharing  it. 

It  may  indeed  be  saaerted  that  each  better  has  his  own  book,  which 
ha  mdeavouiB  to  make  up  in  such  a  way  as  to  win  in  mtaj  event;  so 
that  the  whole  is  on  admitted  trial  of  skill.  But  this  excuse  breaks 
down  when  it  is  remembered  tiuA  it  is  impossible  a  society  of  gamblers 
oan  make  a  set  of  books  which  will  give  a  balance  of  gain  to  oil,  with- 
out  bMnff  in  a  number  of  persons  who  do  not  belong  to  the  society  : 
and  tim  question  is  whethw  the  words  in  itiUics  have  not  two  real 
meanings. 

WAQBR  (in  Law.)  [Oamikq.] 

WAQEB  OF  BATTLE.    [Appeal  ;  Trial.] 

WAOGR  OF  LAW  was  a  mode  of  trial  where  tiae  defendant  was 
permitted,  ss  it  was  said,  "  to  make  his  law,"  that  was, "  to  take  on 
oath  (for  example)  t^t  he  oweth  not  the  debt  demanded  of  him  upon 
a  simple  omtnict,  nor  any  penny  thereof ; "  "  but  he  ougjit  to  bring 
with  him  eleven  persons  of  his  ndichboura  that  will  avow  upon  their 
oath  that  in  their  consciences  he  soiui  truth ;  bo  that  he  himself  must 
be  sworn  de  fidelitate,  and  the  eleven  de  eredulitate."  This  form  of 
trial  was  not  allowed  save  when  tJie  debt  arose  by  word  only,  and 
might  have  been  satisfied  in  secret  without  witnesses.  It  was  not  per- 
mitted as  to  any  debt  arising  on  specialty,  or  where  a  oontempt,  tres- 
pass,  deceit,  or  injury  was  supposed  in  the  defendant;  butwlyln 
some  cases,  in  debt,  detinne,  or  account ;  and  also  in  a  real  action  where 
ihe  tenant  i^eged  that  he  was  not  legally  summoned.  Neither  was  it 
permitted  to  an  in&nt,  nor  to  a  person  outlawed  or  infamous,  nor  in  a 
suit  on  bc^utlf  of  or  for  the  benefit  of  the  crown,  ner  to  executtss  or 
administrators  in  matters  relating  to  the  dobtaof  their  testator.  Where 
admitted,  howevn-,  it  was  canclusiva>  and  barred  the  party  for  ever. 
This  mode  of  txial  seems  to  h«ve  odsted  at  a  ve^  eariy  puiod  in  the 
histoty  <A  nations.  It  was  part  of  the  law  of  Itosai,  wt "  If  a  man 
deliver  unto  his  neighbour  oxl  sss,  or  an  ox,  or  a  sheep,  or  any  beast  to 
keep,  and  it  die,  or  be  hurt,  or  driven  away,  no  man  seeing  it ;  than 
riiall  an  oath  of  Ute  Lcn-d  be  brtween  ^em  botb,  that  he  ba&  not  put 
his  hand  unto  Us  neighbour's  goods,  and  tiie  owner  of  it  ihall  accept 
tliereof,  and  he  shall  not  make  it  good."  (£xod.,  xx.  10.)  The  prac- 
tice of  trying  by  the  oaths  of  the  parties  to  a  suit  prevailed  in  the  civil 
law,  where  either  of  the  psrtiea  might  refer  the  matter  to  the  oath  of 
his  adveraaiy ;  and  if  he  did  not  aciwpt  it,  or  justify  his  refusal  of  i^ 
the  judge  deddedagsinsfel^i.  Tlie  whole  proceeding  is  ^naoribed 


length  in  '  Cod.  Justin.,*  iv.  1. 12.  The  olerenr,  also,  in  tite  earlier  ages 
were  generally  admitted  to  this  mode  of  defence.  It  was  also  one  of 
the  customs  of  London  in  the  aberifFli'  court  But  in  this  country  it 
ultimately  gave  dissatisfaction.  "Men's  couseiences,"  as  Lord  Coke 
nya, "  grew  so  lai^,"  that  the  presumption  of  law  that  no  man  would 
forswear  himself  ceased  to  be  much  r^ed  on.  Other  forms  of  actions 
were  brought,  such  as  aaaumput  and  trover,  in  which  the  wager  of  law 
could  not  be  had ;  and  eventually,  by  8  ft  4  Wm.  IT.,  a  43,  8.  88,  tlM 
whole  prooeeding  was  abolished. 

WAQER-POLICY  ia  a  name  given  to  a  policy  of  insurance  made  hv 
parsons  haviug  no  interest  in  the  event  about  whi<^  tiioy  insure.  Such 
insuroQcea,  formerly  common,  were  found  to  be  "  productive  of  many 
pemtdotis  practices,"  and  tiierefore  the  statute  19  Oeo.  IL,  c.  87,  was 
passed,  by  which  it  was  enacted  tiiat  no  assuianoes  should  be  made  on 
any  ship  belonging  to  his  Majesty  or  any  of  hJa  subjeots,  or  on  any 
goods,  &c,  ladMi  on  board,  "  interest  or  no  interest,  or  wiw>nt  further 
prot  lof  interest  thui  tiie  policy,  or  by  way  of  gaming  or  wagering,  or 
without  benefit  of  salvage  to  the  anurer;  and  that  every  suoh  assur- 
ance shall  be  null  and  void  to  all  intents  and  purposes." 

WAGES  are  the  prica  paid  for  labour.  The  labour  of  man,  being  an 
object  of  purchase  and  sale,  has,  like  other  commodiUes,  a  natural  or 
oost  price,  and  a  market  prioe.  Its  natonl  price  is  that  which  auffieee 
to  maintain  the  labourer  and  his  tenily,  and  to  perpetuate  the  nee  of 
labourers.  The  rate  of  wages  cannot  be  permanently  below  this  natu- 
ral price,  for  if  in  any  countoy  labourers  could  not  be  m^nttuned,  they 
must  cease  to  exist :  they  must  be  exterminated  by  famine,  or  be 
removed  to  some  other  country.  If  the  price  paid  were  only  sufficient 
to  Tnnint^m  labourer  himself,  without  any  &mily,  he  would  be 
unable  to  marry,  or  his  children  would  die  of  went.  By  tiuee  dis- 
treasing  oauses  the  supply  of  labour  would  be  reduced  tmtU  the  com- 
petition of  employers  had  raised  the  jffice  of  labonr  to  its  natural  level. 
But  although  the  natural  price  would  thus  appear  to  be  that  which 
only  wards  off  starvation,  there  is,  hap[nly  for  mankind,  a  principle 
which  tends  to  raise  it  to  a  much  higher  standard.  Every  man  desires 
to  im[awre  his  condition,  to  enjoy  more  <^  the  comforts  and  luxuries 
of  life  than  have  fallen  to  his  lo^  and  to  raise  himaelf  in  the  estimatioa 
of  others.  If  he  has  acoomplidied  Uiii,  he  aoqnires  halste  of  living 
which  it  is  painful  for  him  to  forego.  He  endeavours  to  bring  up  his 
children  with  the  same  views  and  habits  as  bis  own,  and  teels  it  a 
degradation  if  they  fall  below  tiie  standard  whioh  he  has  himself 
attained.  The  necessary  consequence  of  tiiis  tendency  to  social 
improvement  is  to  cause  prudenoa  and  forethouf^t  in  manying,  and 
undertaking  the  support  and  settlement  of  a  fiunily.  A  labourer  cannot 
well  have  too  many  wants.  He  should  desire  good  food,  good  dotting, 
a  cleanly  and  comfortable  home,  and  education  for  his  children.  If 
the  standard  of  wants  could  be  universally  raised,  the  natturol  price  of 
labour  would  rise  in  proportion ;  for  if  each  labourer  were  determined 
not  to  render  himself  unable  to  gratify  tiieee  wonts,  all  could  command 
the  wages  tiiat  would  supply  them.  The  degree  in  which  this  tvin- 
oiple  apeaiiB  determines  the  notoral  rate  of  wages  and  the  oonution 
of  the  vrotkiag  dasses.  Where  it  has  no  inflnmoe,  as  in  many  porta  of 
Asia,  the  wages  are  cnly  sufficient  to  support  life  upon  the  commonest 
food,  and  to  provide  the  moat  squalid  clothing  and  habitations.  In  more 
dvilised  countries,  the  wants  and  prudence  of  the  middle  daises  extmd 
lower  in  the  sode  of  sodety,  and  the  labouren  want  more  and  enjoy 
more  of  the  comforts  and  decenciea  of  life. 

The  general  market- rate  of  wagee  depends  upon  the  ratio  whioh 
the  capital  applied  to  the  empbyment  of  labour  beoTB  to  ihb  number 
of  labourers.  If  that  ratio  be  great,  the  competition  of  capitalists 
must  raise  wages ;  if  small,  the  comp^tion  of  labourers  amongst  each 
other,  for  empli^ment,  most  reduce  them.  Whenever  tlie  accumula- 
tion of  oapitu  is  pmieading  more  r^odly  than  the  increase  of  popula- 
tion, wages  will  be  on  the  increa^  and  the  condition  of  the  working 
classes  will  be  continually  improving,  until  some  check  has  been  given 
to  the  increase  of  capital,  or  until  the  growth  of  population  (which  is 
naturally  wioouraged  by  high  vrages)  has  altered  the  relative  proportion 
of  capital  to  labourers,  and  reduced  the  market-rate  of  wages  to  the 
natural  rate.  While  the  genoal  rate  of  wages  is  regulated  by  these 
causes,  there  are  rarions  circumstances  whicl^  by  increadng  or  de- 
creasing competition  for  employment,  tend  to  raise  or  depress  tin 
wages  paid  to  persons  engaged  in  particular  oooupationa.  Some  oi  the 
prindpal  of  these  are — 

1.  The  agreeabkoeeB  or  diasgreeobleness  of  the  employments. 

2,  The  eaaineae  or  eheapness,  or  tiw  difficult  and  expense,  of  learning 
them. 

8.  Thdr  constancy  or  inctmstan^. 

4.  The  small  or  gteat  trust  that  must  be  nposed  in  those  who  carry 
them  on. 

6.  The  probability  or  improbability  of  succeeding  in  them. 

It  is  not  unoommoQ  to  hear  these  circumstanoes  stated  as  the  direct 
and  immediate  causes  of  high  or  low  wages  in  particular  employments ; 
as  if  in  some  cases  eo^il^ers  voluntuily  gave  high  vagea,  or  the 
labourer  oouldeommandihem  merlon  account  of  the  nature  of  tiie 
employmoit.  But  the  relation  of  supply  to  demand  will  influence 
wages  in  particular  emtdoyments,  as  it  does  the  price  of  labour  gene- 
rally, and  of  other  commodities;  and  the  droumstances  stated  above 
will  obvioudy  tend  to  inerease  or  diminidi  the  number  of  competitors 
for  particalar  empbyments.  More  will  naturally  seek  an  agreeable 
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trade,  M^T  kuned,  dun  one  ol  a  diaaawUo  duneter  and  difficult 
to  Inrn.  All  deM!i^>tioiiB  of  skilled  IdMur  bear  a  lugher  price  than 
ura^illed  labour.  Tne  expense  of  aoquiring  the  knowledge  of  any  art 
or  trade  would  not  be  incurred  at  all,  unleea  the  person  who  bad 
incmred  it  were  better  remunerated  tium  others  who  have  nothing  to 
offer  except  their  natural  strength  and  intelligence,  which  is  common 
to  all  men ;  but  many  cannot  incur  the  expense  of  l<«u^i»>s  a  trade  if 
theywould;  othcoaars  too  indolent,  too  carekn^er  too  awkward;  and 
thus  skilled  woifaneo  are  not  <mtia  to  the  same  unUmited  eranpetitioD 
as  other  cLueee  of  labourers,  and  are  in  a  oonditioD  to  command  higher 
wages.  Wherever  uncommon  skill,  talent,  or  other  advantages  are 
required,  the  number  of  penons  actually  practtsiog  and  living  by  an 
employment  must  be  comparatively  limited.  Mont  persons  are  deterred 
from  attempUng  to  learn  it  by  the  fear  of  failure,  and  many  who 
attempt  it  do  not  sooceed  in  gaining  their  livelihood  by  it.  The  few 
who  are  really  successful  can  then  oommand  an  flxtraaTdinuy  reward 
for  tiie  exercise  of  their  peculiar  talents  or  acquirements.  The  world 
will  enj<iy  the  advantage  of  them  at  any  T^iat,  not  bdng  satisfied  with 
any  lees  degree  of  excellence.  Even  if  an  unusual  influx  of  skilled 
labourers  into  any  employment  should  lower  the  rate  of  wages,  this 
lower  rate  is  not  likely  to  continue  rery  laaa,  as  the  aupeifluous  num- 
ber would  seek  other  om^t^menti  whi£  oAbred  a  nig^  reward. 
This  result  is  fadlitated  by  the  fact,  that  the  wdhiarily  price  of 
kkilled  labour  causes  a  much  more  expensive  mode  of  hving,  and  thua 
nisea  Ibe  natural  rate  of  wages  of  ak^ed  labouren;  to-,  id  other 
•words,  induces  them  to  regard  as  necessaries  a  variety  of  comforts 
M  hich  are  beyond  the  reach  of  common  woiicmen. 
'  Wages  are  usually  calculated  in  money,  and  are  called  high  or  low 
hccordiag  to  the  money  price  actually  paid;  but  the  condition  of  the 
labourer  is  obvioudy  afleoted  by  the  price  of  ccnnmoditiee  as  well  as  by 
the  amount  of  bis  wages.  If  the  necessaries  of  life  be  cheap,  low 
knoney  wages  will  main  tain  him  in  comfort ;  if  they  become  dearer, 
higher  wages  will  not  improve  his  condition,  but  wiU  leave  him  as  he 
hvaa.  Hence  it  becomes  a  most  important  object  to  inquire  whether 
ihd  price  of  provisions  affecta  the  rate  of  wages.  The  Ssputes  which 
liave  arisen  upon  this  qoeatifm  would  seem  to  be  chiefly  caused  by 
attempts  to  apfJy  a  universal  law  to  countries  and  employments  under 
totally  diflinvnt  circumstances.  Some  contend  that  as  wages  are  re- 
lated by  8U[^)ly  and  demand,  the  price  of  provisions  cannot  affeot  them; 
while  others  maintain  that  the  average  prices  of  labour  and  of  food 
must  always,  for  long  periods  of  years,  conform  <me  with  the  other. 
It  is  evident,  at  the  outset^  that  the  former  are  speaking  of  tiie  market 
rata  of  wages,  and  the  latter  of  the  natural  rate ;  and  if  this  distinction 
be  borne  in  mind,  the  two  propositions  may  eaaity  be  reconciled.  If 
^6  market  rate  of  wages  be  hig^,  it  ii  because  the  demand  for  labour 
is  greater  than  the  immediate  supply,  A  bll  in  the  piioe  of  provirionB 
could  not  then  lower  the  rata  <^  wages,  because  the  supply  of  labour 
would  still  be  the  same ;  but  if  the  f^  were  pennanent,  the  ocmdiUon 
of  the  labourer  would  become  so  easy,  that  population  would  increase, 
and  the  lupidy  of  labour  would  be  more  abundant.  The  market  rate 
would  Uius  be  brought  down  to  the  natural  rate,  unless  capital  should 
be  increuisK  in  the  same  proportion  as  tiie  supply  of  labour;  and  ai^ 
increase  in  the  price  of  food  must  then  check  toe  growth  ofpopohtim, 
limit  the  supply  of  labour,  and  ultimately  raise  wagea  There  is  the 
same  tendency  in  the  nuuket  price  of  labour  to  conform  to  the  natural 
price  as  there  ia  in  the  market  price  of  commodities  to  oonform  to 
th«r  real  value.  _  Both  labour  and  eommodities  ore  equ^y  capable  of 
increase  and  diminution/  and  the  varying  causes  which  encourage  or 
check  production  adjust  the  proportion  between  the  natural  or  cost 
price  and  the  market  price.  But  in  some  countries  the  market  rate  of 
wages  may  be  very  much  above  the  natiu^  rate,  and  in  oUien  nearly 
the  same.  In  one  country  capital  may  be  increasing  more  r^dly  than 
population,  and  in  another  not  so  fast  It  is  clear  that  a  rise  or  &U  in 
the  price  of  food  camiot  influence  the  rate  of  wages  alike  in  all  these 
countries.  Where  the  wages  are  high,  and  a^tal  is  rapidly  accumu- 
lated, any  reduction  in  the  price  of  food  and  other  commoditica  is  a 
clear  gain  to  the  labourer,  and  can  have  only  a  veiy  remote,  if  any, 
eflect  in  loworiog  wages ;  but  where  mges  are  already  reduced  to  the 
natural  rate,  and  capital  is  not  increasing  faster  than  population,  wages 
will  undoubtedly  rise  and  fall  wiUi  any  permanent  iucrvase  or  diminutton 
in  the  cost  of  mibsLetencs. 

Thequrataon  is  further  affected  by  the  differences  which  exist  in 
the  natural  rate  of  wages  in  various  countries.  Where  the  natural  rate 
18  so  low  as  only  to  afford  the  bare  means  of  existence,  the  least  rise  in 
the  pnce  of  food  must  be  fatal  to  numbers  of  the  labouring  population, 
and,  by  thus  limiting  the  supply  of  Ubour,  must  raise  its  price;  but 
where  the  natural  rate  is  hirii,  Uie  labourers  suffer  indeed  from  a  rise 
m  the  pnce  of  food,  but  th^  existenoe  is  not  endangered,  the  supply 
of  labour  is  not  diminished,  and  thor  wages  consequently  do  not  rise. 
From  these  circumstances,  it  is  evident  that  the  pr«cise  condition  of  a 
Muntry  in  respect  to  capital,  population,  and  wages  must  be  ascertained 
before  it  can  be  determined  whether  the  price  of  food  will  affect  the 
m<«iey  rate  of  wages.  It  may,  however,  be  generally  affirmed,  that  in 
proportion  as  the  market  rate  ap^oochea  to  Uie  natural  rate,  and  the 
latter  to  the  mere  oost  of  the  onnmoneit  aubaistaio^  will  the  nice  of 
theMceasories  of  life  sffeet  the  rate  of  wages. 

***^^?^.'^'^  regulate  the  pnoe  of  labour  are  usdflratood, 
the  foUy  and  injustice  of  any  legidation  to  fix  the  taUof  wagwsn 


obvious.  The  seller  of  an  arttde  will  alwaja  ntdeavovr  to  obtain  a 
high  price  for  it,  which  the  purchaser  will  tmly  ^ve  if  ho  be  tmabla  to 
obtain  it  for  less.  Labour  is  the  most  important  object  that  man  has 
to  buy  or  to  selL  Each  will  make  the  best  baiipin  he  can,  and  in  this 
no  law  ought  to  restrain  him.  Laws  may  purpose  to  affbct  wagea 
either  directly  or  indirectly.  Direct  interferanoe  with  the  rate  of 
wagea  has  been  frequently  resorted  to.  By  several  acta  of  pariiamcot 
a  legal  rata  of  wagea  in  particular  employmenta  waa  ordnvd  to  bo 
settled,  from  which  any  dmiatiMia  eithw  on  the  part  of  the  eiaplaijtr 
or  labourer  were  puni^Qable.  (See  25  Edw.  III.,  stat  1 ;  31  Edw.  III., 
dl;  IS  Rich.  II.,  0.  8;  11  Hen.  VII.,  c.  22;  5  Elia.,  c.  < ;  IJamea  L. 
c  6.)  Unless  all  the  causes  of  high  or  bw  wages  already  explained  be 
visionary,  it  is  plain  that  no  law  can  overrule  them  and  establish  a  l^al 
rate  difi^rent  from  that  which  natural  causes  would  have  produced. 
It  may  embarrass  the  operations  of  trade,  and  miadtievonuy  diaturfa 
tite  freedom  of  the  labour  market ;  but  it  cannot  attain  its  immndiata 
end— a  compulsory  rate  of  wages.  The  experience  of  this  fact  has 
long  rinoe  put  on  end  to  any  such  legUatifm  in  this  country.  The 
mort  pernicious  interferertoe  with  wages  ever  effocted  by  the  indirect 
operation  of  a  law  resulted  from  the  mode  of  administering  tfae  laws 
for  the  relief  of  the  poor.  Before  these  laws  were  altered  in  1834,  it 
was  the  practice  in  most  parishes,  eq>eciaUy  in  the  south  of  England, 
to  give  relief  from  the  poor-rate  to  labouren  in  proportion  to  the  num- 
ber of  their  children.  The  natural  rate  oi  wage*  was  continually 
undergoing  depression,  because,  maniagea  bong  enoounged  without 
reference  to  tlw  snffloien(7  of  wsgea  to  aiq^xat  a  funSy,  population 
was  extraordinarily  promoted.  At  the  same  bme,  the  property  destined 
to  support  it  waa  suffering  diminution,  by  being  taxed  heavily  for  tike 
payment  of  comparatively  unproductive  labour. 

The  only  sound  mode  of  raimng  wages  and  improving  the  condititHi 
of  a  peofAe  ia  to  jvomote  and  encourage  the  increase  of  the  general 
wealth  <^  a  eountiy  [Wbalth],  by  every  means  whi^  legislative 
science  points  out  as  b^  suited  to  that  end,  and  at  the  same  time  to 
remove  obstructions,  and  give  facilities  to  the  moral  and  intellectual 
imfotnrement  of  tiie  working  classea.  By  these  means  capital  will  be 
increanng  with  the  natural  growth  of  pi^ulatiw ;  while  the  labourers, 
with  betto-  habits,  will  be  less  prone  to  reckless  im^rovideiice,  and 
conaequentiy  not  so  likely  to  outrun  the  increase  of  capital 

It  is  not  nn usual  fen-  pecwms  in  particular  employmenta  to  desiia 
hi^er  wages,  and  to  enter  into  combinations  against  thor  masters  in 
Older  to  obtain  them.  8w^  combinations  were  formerly  prohibited 
both  by  the  oonunon  and  statute  l»r  of  this  country ;  out  since  the 
5th  Geo,  IV.,  0.  95,  if  unattended  with  violence  or  intimidation,  they 
are  not  unlawful  Unless  ha  has  boimd  himsdf  by  a  contract,  every 
man  has  a  right  to  (^ve  or  witUudd  Ua  own  labour  as  hapleaaes ;  but 
he  haa  no  right  to  pwvent  othen  from  disponng  of  tiuir  ubonr.  But 
the  only  mode  of  rendering  a  combination  effectual  is  to  exclude  fresh 
workmen,  which  frequentiy  can  only  be  done  by  molestation  and 
threats,  which  are  subversive  of  the  freedom  and  peace  of  aocie^. 
Strikes,  temperately  conducted,  cannot  in  principle  be  condemned, 
being  often  a  necessary  protection  to  the  working  clasaes.  When 
mastan  are  not  dnling  tamj  with  their  woikmao,  we  fear  of  a  itarika 
may  often  oontrol  them,  especially  as,  when  a«mng  unjustly,  they 
would  find  a  difficulty  in  obtaining  new  bands.  But  where  the  causa 
of  a  strike  or  combination  is  not  an  occasional  dispute  concerning 
wages,  but  an  attempt  to  limit  the  number  of  workmen  by  compulsory 
rt^ulations  and  bye-laws,  and  to  dictate  to  their  employen,  it  is 
injurious  to  trade,  and  nltimately  to  the  parties  themselrah  To  tiia 
labouring  classes  at  large  suoh  oombinationi  cannot  be  benafiotsl. 
Whenever  they  an  auooessful  it  is  exdnding  main  oompetittns, 
who  are,  of  course,  injured  by  the  exclusion.  The  labour  market 
must  become  dogged  by  a  mass  of  exclusive  trades,  which  render  it 
difficult  to  find  employment.  The  injury  suffered  by  trade  in  eonse- 
quence  of  the  artificial  limits  to  the  supply  of -labour  and  the  unnatu- 
rally high  wages  must  also  have  the  effiact  of  HitpiniAing  capital,  and 
ccnsequeDtly  the  means  at  empunring  labour. 

(A&m  Smith's  Weattk  of  i^tfoM  ;  Rioardo's  PotiUe^  Seenomg  md 
Taxatim  ;  Halthus,  Any  on  PopaZtUum  ;  Hill,  J.,  SUfMnU  of  Politual 
EeoKon^  ;  Hill,  J.  S.,  JPrinc^lei  of  Political  £bonomy.) 

WAHHABIS  or  WAHABEES,  ia  the  name  of  the  adherents  of  a 
Mohammedan  sect  in  Arabia.  The  origin  of  this  sect  is  inlintataly 
connected  with  the  following  drcumstancea.  When  Sultan  Sellm  I. 
had  ctHiquered  Egrpt  and  drooaed  the  last  kfaalif  of  Cairo.  Al-muta- 
wakkd  in  922  fa.D.  1517),  he  was  acknowledged  as  successor  of 
the  khalifs  by  Ber^iat,  the  grand  sherif  of  Mecca,  who  presented  him 
with  the  kc^s  of  the  Ka'bah.  From  this  time  the  sultana  of  the 
Osmanlis  were  the  protectors  of  the  Mohammedan  fiuth,  though  only 
recognised  as  such  by  the  Sunnites ;  they  were  the  guarditms  of  the 
holy  cities,  Meoca  uid  Medina ;  and  they  had  the  ^vil^  and  the 
duty  of  protecting  the  numerous  caravans  of  hi^ia,  or  pilgnms,  ubidi 
annually  travel  to  Mecca.  A  Turidsh  padia  resided  at  Jidda,  and 
sometimes  also  at  Mocha,  and  while  the  fertile  provinces  of  Hejas  and 
Yemeoi  in  Western  AraUa  seemed  to  obey  the  Sultan,  the  pashas  of 
BagluUd  and  Basrah  made  frequent  attempts  to  establish  the  Turkish 
auuority  in  the  province  of  El-Haasa  in  Eastern  Arabia.  The  Moham- 
medan roligioa  hod  generally  departed  from  Its  primitive  purity,  and 
was  portlonlarlyoornnited  among  the  Tui^  The  Mohammedans  had 
introduced  ooreltiet  into  their  rdtgion,  whioh  were  Father  calculated 
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to  plaaae  the  aenaes,  and  which  found  favour  amon^  people  who  have 
•Iwayi  loved  to  <oUow  tiie  bent  of  Uuir  iaugmatioiia.  Mohammed 
gndually  received  honoun  like  God  hinuelf;  virtuouB  men  became 
nint^  and  the  miraQlefl  thev  we  aud  to  have  perfonned  were 
eagerljr  believed  by  the  people ;  many  austere  rulee  of  the  Eot^ 
were  foi^gotten  or  left  to  the  extravagances  "  of  a  few  dwwiahea 
and  bkirs; "  and  the  places  of  wonhip  were  adorned  by  the  princes 
and  the  rich  with  tiie  arte  and  luxariee  of  the  Eaab,  while  the 
poorer  Uohammedani  indulged  their  panon  f  «■  religioiis  boildinei  by 
craotinga  rude ttunb  to  some  unknown  a^t,  aurmoimted  by  kcnpwa 
of  wdnted  "bnAwoA.  To  this  we  must  add  that  the  Ktmn  oeased 
to  be  the  aole  source  ctf  religiuua  knowledge,  and  that  traditiona  con 
Mmiwg  Mohammed  were  considered  by  Ida  diaciplea  as  pure  and 
tmstworthy  as  the  Kor^  itsell  Amiough  the  Arabs  had  deviated 
from  the  nila  of  the  Kordn,  tbere  was  a  striking  difference  between 
them  an4  the  Turks.  The  Turks  used  opium  and  wine ;  not  satisfied 
with  polygamy,  they  had  interooone  with  poatitutes ;  they  were 
■ddieted  to  practices  against  nature,  whidi  are  strictly  prohibited  by 
the  KariOf  and  more  than  once  holy  hdjls  of  the  Tuikish  caravans 
had  polluted  the  8a<»«d  cities  with  their  soandaloua  conduct  The 
caravans  eepec^Jly,  those  congregations  of  jnous  men  assembled  for 
the  purpose  of  perfonoing  one  of  the  most  sacred  duties  of  their 
faith,  presented  a  revolting  aspect  to  the  simple  and  uacorrupted 
beUevaors  among  the  Beduins  of  the  desert.  Their  leaders  gave  full 
Boence  to  debawthery,  and  although  it  was  generally  their  ricbos  which 
tempted  the  Beduins,  and  excited  them  to  predatory  attaoka,  ft  often 
happened  that  the  Son  of  the  Desert  unsheathed  his  sword  indignant 
at  we  pride  and  vices  of  men  who,  from  the  moment  they  reached 
Meoca,  proudly  assumed  the  holy  title  of  Kdji. 

Such  was  uie  atat*  of  the  IskEio,  "when,  in  the  beginning  of  the 
last  cmtuiy,  a  Mohammedan  sheikh  conceived  the  project  of  reform- 
ing the  reugiou  of  Mohammed,  and  restoring  it  to  its  primitive 
purity. 

This  shfflkh  was  'Abdu-I-Wahhtlh  ("  the  servant  of  Him  who  gives 
(us)  every  thing"),  who  was  bom  at  El-Hauta,  a  village  five  or  six 
days'  journey  south  of  Der'aiyeh,  the  ca^tal  of  the  province  of  Nejd, 
on  ih»  road  from  this  town  to  the  district  called  Wadi  Dowiisir,  or  as 
■ODM  asf  at  'AI-Aynah,  in  N^jd,  ot  Alyineh,  which  aeema  to  be  El- 
Aj^wiht  near  DeifidydL  'Abdu-1-Wahh<b  was  born  at  the  begjn- 
nmg  of  the  12th  century  of  the  Hijira,  which  corresponds  to  the  end 
of  tlte  17th  cmtury  of  our  arra.  His  father  was  the  sheikh,  or  chief, 
of  the  Benl  'Wti^£b,  a  bianch  of  the  great  tribe  of  Temim,  which 
occupies  a  considerable  part  of  Nejd.  'Abdu-l<WahhfCb  reouved  his 
educatiim  in  the  schools  of  Basnh,  where  he  studied  divinity.  He 
made  the  usual  pilgrimagei  to  Mecca  and  Medina,  and  lived  several 
yean  at  Damssoofl,  whcve  he  had  frequent  disputations  with  the 
divinw  on  rriigioo,  but  displaying  great  seal  in  the  abolition  of 
ahnaea,  his  doctrine  was  oonddered  as  sebiamatic,  and  being  exposed 
to  pttsecutions,  he  fled  to  HosuL  After  some  time  he  returned  to 
Arabia,  but  the  doctrines  which  lie  preached  to  the  natives,  and  his 
violeot  attacks  on  TuiUdi  tyranny  and  vice,  became  so  many  causes 
for  new  peraeoutiona,  saA  ha  led  a  wmdering  life  till  he  settled  at 
Der'aiy^,  the  reside ooe  of  the  sheikh  Mohammed  Ibn  Sa'dd.  This 
intelligent  diief  listmed  to  Vbe  words  of  the  reformer.  He  became 
hia  diacipie ;  he  married  hia  daughter;  and  soon  drew  his  sword  to 
nopagate  the  new  doctrine  among  the  tribes  of  Arabia.  Mohammed 
um  Sa'fid  thus  ~laid  the  foundations  ol  a  powerful  empire  on  theo- 
'eratical  principleB,  of  which  his  descendants  remained  masters  for 
naaifa  a  cmtufy. 

When  Sa'Ad.  the  gr&ndson  of  Mohammed  Ibn  8s'6d,  conquered 
Heooa,  he  ordered  a  nnd  of  confession  of  faith  to  be  published,  tho 
sabstsnoe  of  which  is  as  follows : — 

*Abdu-I-WahhA>'s  dootiitw  teaches  the  salvataon  of  mankind.  It  is 
divided  into  three  ntris :  L,  the  knowledge  of  God;  IL,  the  knowledge 
of  religion;  IlL,the  knowledge  of  the  projphetk  In  the  first  part, 
God,  it  is  said,  is  one  Almi^^,  and  we  aoquire  the  knowledge  of  him 
by  adoring  him.  The  second  part,  knowledge  of  religion,  is  Uireefold, 
and  oontuns— 1.  The  Isltbn,  or  resignation  to  the  will  of  God ;  2. 
Taiih;  3.  Good  works.  The  laUm  contains  five  things :  1.  Thebelief 
that  there  is  only  tmo  God,  and  that  Mohammed  is  his  prof)bet,-  2. 
The  five  duly  praywa;  8.  Alms,  one-fifth  of  the  annual  income; 
4.  Fasts  during  t^  month  of  Ramaan ;  6.  The  idlgrimage  to  Mecca. 
The  Faith  contains  six  things,  namely :  1.  The  belief  in  Ood;  2.  In 
his  angels;  3.  In  hia  Holy  Scriptures;  4.  In  hia  prophets;  5.  In  his 
divine  and  perfect  quaUties ;  6.  In  the  day  of  judgment.  Good  Works 
are  only  the  consequence  of  the  rule  that  we  iraould  adore  God  aa  if 
he  were  present  to  our  mtm ;  and  thou(^  we  cannot  see'him,  we  must 
know  that  he  sees  ua.  The  knowledge  at  the  prophet,  whkb  is  the 
most  impoiant  part  of  WahbiCbIm, iabated  on  veiy  voAHro  prindplei. 
MolMmiDsd,  the  proj^iet,  vras  a  mortal  liln  all  oUier  men,  and  he 
pceadied  fi^  all  the  nations  of  the  worid,  and  not  for  mm  only,  the 
Arabs ;  no  religion  is  perfect  and  true  in  all  ita  parts  except  hia,  and 
after  lUm  no  ouer  prophet  will  come ;  Moses  and  Jesus  wore  virtuous 
men,  though  inferior  to  Mohammed,  notwithstanding  he  was  not  of 
divine  nature.  Thorn  who  do  not  fulfil  their  reli^pooa  duties  are  to 
be  wverely  pomahed.  Tbn  refonned  raUgion  shall  be  propagated  with 
flu  nrard,  ud  all  those  who  refuse  to  ad^  It  are  to  be  exterminated. 
*AUu-l-Wahha>  not  only  forbade  the  adoration  of  Mduunmed  and  (tf 
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saints,  but  he  alao  ordered  their  splendid  tombs  to  be  destroyed,  snd 
he  declared  tradition  to  be  an  impure  aource.  He  made  several  other 
probiHtions  concerning  social  and  rdifpous  abuses,  such  as  the  habit 
of  unng  vrine,  ^um,  and  tobaooo,  tiie  use  of  the  rosary  for  prayers 
and  he  preached  strongly  against  those  unnatural  pnuitices  which  wer« 
and  are  still  so  frequent  among  the  Turks. 

The  doctrine  of  'Abdu-l-Wohhtlb  was  "no  new  religion :  it  was 
Mohammedanism  reduced  to  a  pure  deism,  and  so  littiedid  it  deviato 
from  the  Korin,  that  even  to  the  present  day  many  theologians  of 
Syria  and  Egypt  do  not  Tonttu*  to  say  that  It  is  schismatic.  Tet  this 
reformer  maintwned  that  titere  had  never  beoi  any  man  directly  in- 
spbei  by  Qod,  and  that  there  was  no  scripture  or  book  whataoevw 
which  vraa  entitied  to  be  called  divine.  Hence  it  follows  that  accord- 
ing to  'Abdu-l-WahhAi  tiiere  is  no  revealed  religion  ;  and  if  he  calls 
ih9  Mohammedan  a  divine  rdigion,  it  ia  not  because  he  believed  that 
it  had  been  transoiitted  directly  from  God  to  man,  but  merely  on  the 
ground  of  its  perfeotitm. 

The  reformed  HohammedaniBm  made  rapid  progress,  espedally 
aroaag  the  nomadic  Arabs,  or  Beduins,  who  had  never  adored 
Uob^imed  aa  a  divine  person,  nor  viewed  the  Konln  aa  a  divine 
book,  although  they  considered  themselves  to  be  as  orthodox  Moham* 
medans  as  any  of  the  other  nations  which  have  adopted  the  leUm. 

The  inhabitants  of  the  towns  were  less  Indinwi  to  adopt  Wahlutblsm, 
bat  Mohammed  Ibn  Sa*dd  naTerOuleBa  soooeeded  in  conqueting  the 
greater  part  of  Kejd,  of  which  he  was  the  tnnporal  diief,  while 
•Abdu-l-Wahhib  was  the  spiritual  ohiel  The  system  of  government 
established  by  these  two  men  was  strictly  conformable  to  the  political 
descriptions  of  the  Kordn,  and  very  like  that  of  tiie  first  khidib. 
The  chief  authority  lay  in  the  hands  of  the  tempcmd  chief,  but  this 
autiiority  was  confined  to  tiie  direction  of  important  a&irs;  the 
govemim  of  the  provinces  and  the  under-^foronors  wars  kept  in  strict 
obedience  to  the  (vdem  of  tits  prince,  but  tiiur  authwl^  over  the 
Arabs  was  not  vety  grrat  The  ulema  of  the  capital,  Do^eh,  who 
generally  belonged  to  the  elan  or  family  of  Sa'dd,  formed  a  council  or 
minisby  f<»-  n^oaa  and  l^islative  aiEdrs,  and  in  time  of  war  the 
govwnora  used  to  assemble  in  Det^aiyeh  for  the  purpose  of  ooocertiog 
the  plan  of  the  campaign.  Trade  and  agriculture  were  well  pn>te(Ae£ 
The  revenues  of  toa  WaUiAl  ttaptn  were  composed  of  (hw> 
fifth  of  the  boo^  taken  from  Iwretioa;  the  four  remaining  fifths  wei« 
for  the  Boldiera.  2.  The  tribute,  oatled  "  alms  "  in  the  Eordn  :  it  was 
a  certain  part  of  the  property,  which  varied  aooording  to  the  nature 
of  the  property :  for  fields  watered  by  rain  or  rivers  it  was  one-tenth 
of  the  yeariy  produce;  for  fields  watered  artificially,  one-twentieth 
onlv ;  merchants  paid  one  and  a  half  per  cent  of  tiuAr  cifiital.  The 
Beduins,  who  had  alwm  been  tax-fr«e,  disliked  these  "alma'TSsy 
much,  but  they  were  indemnified  by  the  frequeat  oooasions  of  [fluttder. 
8.  Revenue  from  the  chiefs  or  prince's  own  estates,  and  from  the 
plunder  of  rebellious  towns,  ^e  punishment  for  a  fint  rebellion  was 
a  general  plunder,  one-fifth  of  which  belonged  to  the  fiscus ;  in  case 
of  a  Booond  reb^on,  all  the  grounds  belonging  to  the  town  were 
confiscated,  and  became  the  property  of  the  reigning  chief ;  and  aa  such 
rebellions  were  very  frequent,  the  chief  aoquirM  immense  estates. 
The  greater  part  of  them  were  afterwards  oonfisoated  by  Mehemet 'Ali, 
the  pasha  of  Egypt.  Except  a  few  hundred  men  who  formed  the 
prince's  lifeguard  at  Der'a^h,  tiie  WahhAiIa  had  no  standing  army, 
but  aasembled  when  the  prinoe  designed  some  expedition.  Two  or 
three  great  expeditions  were  made  every  year. 

The  name  of  the  WahhfCbis  soon  became  known  in  the  Turkish  pro- 
vinces adjacent  to  Arabia.  The  Tu^ish  govemment  was  not  aware 
that  this  sect  had  as  much  warlike  and  r«ugious  eneigy  as  ^e  Arabs 
under  the  first  khalifs,  and  employed  littie  activity  in  their  efforbi  to 
coerce  them.  The  Wahh  A>is  were  suooeaaf  ul  in  their  reaistanoe.  They 
gained  several  batties,  and  even  possessed  themselveB  of  Mecca.  At 
length  their  subjugation  was  entrusted  to  Mehen»t  'AIL  [Mbheuet 
'Ali,  in  Bioa  Dir.]  He  commenced  his  preparatlona  In  1809,  but 
active  hostilities  onlv  befgan  in  1811,  and  continued  for  several  yeuv. 
By  181S,  however,  tneir  power  was  complete^  broken,  and  'Abdullah, 
the  successor  of  Sa'tid,  was  captured,  sent  to  Constantinople,  and  there 
beheaded.  The  sect,  however,  'though  subdued,  was  not  exterminated. 
They  have  more  than  onoe  risoi  again  in  arms,  but  have  been  reueaaed ; 
but  still  thdr  teneta  axe  unrastood  to  have  numsrons  aaharenta 
throughout  Arabia.  ■ 

(Borckhardt,  Nota  on  ike  Bedama  and  WMa^  ;  Mang^  HUUdrt 
tommaire tUVEgmU  vmt  U  QomiemmeiU  de  JroAoMoicd  Alyt  (SatuaatM, 
JSutoirt  del  WoMiu.) 

WAHIiENBERGIA,  a  genua  of  plants  bdonging  to  the  natural  order 
QimpaniUacea,  of  whudi  the  botanical  characters  are  given  in  the 
Nat.  Hm.  Dir.  To  this  gsnni  belongs  the  Wall  Pellttoiy  of  Great 
Britain ;  and  some  of  the  numsroni  foreign  apeoies  are  cultivated  on 
account  of  their  blue  and  red  flowers.  For  this  purpose  the  seeds 
of  those  which  are  annual  should  be  sown  oo  the  not-bed,  and  when 
titq  plants  are  of  sufficient  siae  th^  may  be  placed  out  in  the  open 
border  in  a  yifrm  sheltered  sitnation  in  the  month  of  May.  The  budy 
permnial  neeiea  may  be  grown  in  pots  in  a  mizturetrf  peat  and  loam, 
and  dunda  be  kept  .rattier  mdsfc.  Tbiej  are  mdSj  Inoreaasd  bgr 
divialon. 

WAIF.  U  IJie  gooda  ol  any  Mnon  were  rtoIeiL  and  the  Man, 
thInldTig  tiuA  pnrrat  mi  made  liter  him,  fled^  nd  during  his  flight 
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ite  the  title  of  the  0^01711  pr  I<!T4 
be  token  poaaeauoii  of  d«  soiuq 
ipai  owner  waa  nob  burad  from 
time,  and  ii  he  seized  them  first. 


waived  or  abondotied  the  goodi,  the;  became  waif,  and  were  forfeited 
to  tiie  erown,  or  to  the  lom  of  the  manor,  if  he  ^ere  entitled  to  waif. 
JSo  goods  could  become  waif  which  w^re  not  in  po^seesion  of  the  felon 
at  we  time  0!  his  flight.  Therefore^  if  h^  concealed  t^e  g;oodB,  or 
placed  them  in  a  house,  or,  |or  jnst^noe,  left  a  horse  ftt  ait  inn 
pledge  for  hia  meat,'  and  afberw^^  i^t  (E*^  \>»>0VWi 
mil.  . 

It  Traa  necQBsarjr,  in  order  to  pomp 
of  the  mi^ior  to  -Wait,  that  it  shoulo 
one  on  his  behalf ;  othepfisa  the  ori, 
reooTeiing  hia  goods  at  any  period  ol 

ihev  remained  hifi  prop^^.  The  forfdtiiir^  o(  goodg  w^vei) 
instituted  for  the  purpose  of  stimiiljitiTig  person  robhM  to  nuke 
fresh  pursuit  oftw  thp  felon,  an^  so,  if  poaaiUe,  catdl  I^iia  ^th  the 
goods  upon  }^m.  And  ]n  further  encouragement  of  such  pursuit,  it 
was  part  of  the  lav,  that  if  the  owner  succeeded,  within  a  year  and  a 
day,  in  attainting  the  thief,  he  was  entitled  again  to  TecoTer  his  goods 
from  Uie  crown  or  the  lord  of  the  ma^,  eren  t)iqngn  the^  had  been 
reduced  into  possession.  The  restriction  o(  the  character  of  waif  to 
goods  wiuved  during  the  ^ght  was  because  goods  w)iic^  tiad  been  con- 
ceded by  the  felon  would  afifbrd  no  tracf  <4  14s  course,  and  might 
very  iKwsiblj'  escajM  the  search  of  th^  owner,  even  though  h^  did 
make  {reah  pursuit  tt  is  said  also  that  goods  pf  foreign 
merchants  could  not  become  Hke  subject  of  wail,  beojiuse  a  foreigner, 
ignoRuit  of  our  ^aoguaee  ^d  us^gef^  could  not  be  enoscted  to  9xt  with 
the  same  despatch  and  effect  as  a  native.  Lord  Cdk»  distinguishes 
between  waif  wluch  was  stolen  property,  apd  the  goods  whiw  were 
the  properW  of  a  person  who  fled  \or  a  fdony.  ^heea  ]atter  f^ere 
always  forfeited  op  proof  and  fiodiog  by  a  ju^  of  that  fact,  ev^ 
though  the  party  were  acquitted  °i  the  felony,  ^art  of  ii\e  inqi4ry> 
therefore,  on  tiie  triail  of  a  prisoner  fo^  felony,  was  whether  nQt  h^ 
fled  for  it.  If  the  jurr  found  that  he  didi  his  goods  vere  forfeited, 
'vAaterer  might  be  ueverdii^t  as  to  his  guilt.  TI^s  uras  eitiier  twcanss 
of  the  presoimaoa  vrhich  his  flight  tused.  th^t  ]i6  retdly  had  oom- 
ndttdd  the  o^nc^  tit<>UE^  it  could  qot  oe  (egally  fo^iyed  ^gainst 
him  J  or,  according  tq  Iff.  Juati(^  Foster,  becailae  ^ifih^ 
tendet^  to  stop  or  embarrass  the  course  of  ii^ce  agaipst  th^  real 
(^«)der.  If  he  was  lulled  during  his  9^ffA,  tfie  Coroner's  jury 
inquired  as  to  his  flight  as  W$ll  as  reap^tins'the  fause  of  lus  death. 
By  7  ft  8  Gea  TV.,  c.  39|  s.  9l,  the  court  before  whraa  »  miscm^  ifi 
convicted  h^  power  in  all  cases,  ^ritiioiit  restriot^pi)  a^  to  tin^e,  to 
order  restitution  of  stolen  property  to  the  owner,  except  fui  to  neffioti- 
able  instruments  m  ^9  ba(aSa  m  ptifties  whoj  without  notice,  have 
given  value  for  them :  and  by  7  ft  8  Qeo.  IT.,  c.  28,  s.  5,  the  jury  are 
no  longer  to  be  charged  to  inquire  wl^ther  a  prispuer  ^ect  for  treason 
or  felony.  The  oonsequeoce  $1  tiiat  no  foifejtQ^  can  i|Off  ^  h^oiifrpd 
by  such  flight. 

(6  Co.  1Q9  :  0am.  2%.  tit,  'Waife.*) 

WAIN,  CQA^IiSU  t^BSA  hIjob.] 

WAITS  is  ^  name  now  applied  only  ^  thwQ  ftioei^t  muaiofana 
who,  in  most  of  the  laive  to^ns  of  Eoglaqd,  especially  London,  go 
round  the  jnincipal  streets  at  night  for  some  iime  t^ore  Christmas, 
pStj  two  or  three  ^upes,  (all  the  hoQi't  ^eu  roinoYe  to  a  ^nitable  dis- 
tance, where  they  go  through  Uie  same  ceren^y,  4nc|  aq  on  tiU  fopr  or 
five  o'clock  in  the  morning. 

Hie  'pord,  which  was  formerly  spelled  tfai^ktf  pr  Wd^Afe,  is  Vom- 
mon  to  all  the  Teutonic  languages  (Gfennan,  wacht  1  Putcfe,  wa0t ; 
Danish,' t!i^i{  i  Swedish,  wtikt  and  the  root  is  the  same  as  the  An£^o- 
.Saxou  weccan/to  wak^  and  uromn  (pronounced  iin^aj)]|,to  wt^tch,Mtd 
the  English  imle  and  vxUck. 

The  imrghte,  or  wayte,  was  origina]^  %  ininstret  mtdimaiL  and  th? 
kings  of  England,  as  well  as  the  mayors  of  I^rge  c<n'potate  o|tin  ftud 
towns,  seem  to  have  employed  them  in  preference  V>  common  ^tch- 
men.  By  a  document  in  Hymer's  '  Fccdera/  voL  iz., "  t)e  Jtf  instrieUis 
propter  Solatium  'Repa  providendis,''  it  appean  th4t  in  the  reign  of 
Edward  IV.,  "a  wayto  that  nightelye  from  Iffychelmaa  to  Shreve 
Thoraday  pipethe  the  watcl^e  within  this  oourte  Inwer  ^mei^  in  ^le 
somere  nyghtes  three  times,  and  make  tite  bon  gayte  at  every  ctumbere 
doare,  and  office,  as  well  as  for  feare  of  pyckeres  )uid  piUen;  1^  eatetl\ 
In  the  halle  with  the  mynstrielles;*  it  then  goes  on  to  itat^  ^  4U^- 
ance  of  bread,  ale,  coals,  and  so  forth,  for  each  night. 

The  waits  seem  to  have  been  always  distinct  frp^n  th^  common 
watch,  which  was  called  the  marching  vatch^  sod  never,  we  believe, 
the  waits.  At  a  later  penQd,^  the  t^m  Tsits  seems  to  It^ve  been 
restricted  to  the  band  of  miiutrels  kept  by  the  city  of  Lon^m  and 
other  large  cities  aqd  towns.  We  read  of  the  Cit;  ^ts  fireqnentty, 
from  their  attendance  on  the  City  pa^eante,  and  of  the  waits  of  Souu- 
wark  and  othar  places.  In  'The  Tatler,  No.  222,  «  writer  ^m 
Kottlb^iam  eomphdns  that  the  young  men  of  Gabion  thwe  "m&ke 
love  with  the  town  niusic'and  th«  "the  waits  often  help  hini 
through  his  courtship,"  The  -miis,  or  stipendiary  towu-piusiciao^, 
have  for  many  yearq,  we  believe,  ceased  to  exist  in  everr  coiporate  city 
and  town  in  Eng^d,  though  there  are  yet  town-banas,  who^  at  least 
in  some  cases,  are  stipendiaiy  muacians. 

(%«ndji  Popular  Anti^vi&e$,  Sllis  j  Strutt's  ^portt  omI  jf*a^mtt 
bj'Hone.) 

WAIWODE.  [Watwode.] 

WAKES,  hxdkb^  fsstivala  wliidL  ata  kept  onoQ  a  yearji^flomaof 


the  rural  districts  of  England.  They  are  the  remains  of  certain 
religions  wakes,  wakings,  or  vigils,  followed  by  a  festival,  which  wero 
once  hdd  in  all  the  country  parishes.  Previous  to  the  Reformation  in 
flnglandf  ^very  church,  when  it  was  «>nsecrated,  was  dedicated  to 
sopie  particular  saint  or  martyr,  and  every  rural  parisfi  had  its  wiko 
every  yeikr,  and  most  of  them  had  two  wakes,  one  on  the  da^  of 
dedioAucHi,  the  dtei  (fetftcafumu  juid  another  on  the  birt^-day  of  fho 
saint,  the  propria  festiviiai  tancU.  Theao  church  festivals  seem  to 
have  been  eetablished  by  the  early  popes  and  bishops  soon  after  the 
introduction  of  Christianity  into  Bnglwd,  in  the  plaoe  of  the  heathen 
fastiv^  to  which  the  people  had  been  aoeustomed. 

In  the  Si^on  times  the  church  method  of  reckoning  the  day  was 
from  sunset  to  snnset,  so  tliat  the  Sunday  and  festival  and  fast  Sajb 
bc^  about  px  o'clodc  OH  the  evening  preceding  the  day  itself,  and 
the  eve  w&s  in  fact  the  commencement  of  the  siicred  day,  when  the 
people  were  lujcustomed  to  repair  to  the  church  and  to  join  in  the 
religioqa  exercises.  These  night  devotitma  were  called  in  An^o-Saixm 
vxBceah,  vnkes,  and  the  night  itseU  was  called  the  eve  (tpeAmdo- 
Saxon  t^fy»,  or  oven),  whi^  explains  why  Chiistmas^ve  and  other 
evce  of  peered  days  precede  -the  day  itself.  On  these  occasions  the 
floor  of  t^e  church  was  strewed  with  rushes  and  sweet-smelling  herbs 
(ItUBH-BEABlKot  the  altsf  and  pulpit  were  adorned  with  green  Doughs 
and  flowers,  and  tents  were  erected  in  the  churchyard,  which  wero 
supphed  viik  provisions  and  ale.  The  eve  was  dedicated  to  devotion ; 
the  following  day  to  fflfttivity.  These  festivals  gradually  dmiated  in 
most  parislkes  from  ^  orighial  purpowB  for  which  th^  vrere  instituted. 
The  mh^bUants  of  neighbouring  parishea  attended  eadi  other's 
festivals,  and  others  came  from  a  Sstanco,  especially  if  the  saint  was  of 
hig^  reputation;  hawkers  and  pedlars  frequented  them  with  their 
war«|,  and  the  religiqua  wakes  were  converted  into  tun  and  soenee  of 
dissolute  indulgence.  The  wakes  continued  to  be  kept  in  this  way  till 
1686,  when  Qenry  YIIL4  It^  ui  act  of  ponvocatitm,  ordered  the  festival 
of  the  aunt's  day  to  be  abolished,  and  that  of  the  dedioation  of  Ike 
chun^  to  be  k^t  on  tiie  first  Sunday  in  October  in  all  ^  parishes. 
Bui  the  saint's  day  wfis  the  favourite  festival  of  the  people ;  the;^ 
gl^ually  ceased  to  attend  the  festival  of  the  dedicatjmi,  and  it  hM  long 
been  entirely  discontinued,  while  the  saint's  day  fsstivBl  ftm  tab^ita 
in  tiie  altered  form  of  •  country  wake. 

(Strutit'4  Sportt  tmd  fatUmm,  by  Qone ;  Brand's  Popular  AnHqvUia, 
l^KUis.) 

WALES,  PRDTCB  QF,  is  the  titta  usually  bofne  li^  the  «U«t  wo, 
or  heir  app»rent,  of  ^e  Britash  kiog  V  queen.  This  tiUe  originally 
distinguiuied  the  lutive  {oincea  of  Wales ;  but  after  the  entire  oon^ 
quest  of  Wales  and  its  union  vlth  England,  the  titie  v^as  transferred 
to  the  soQS  of  the  kings  of  England.  Hemy  IIL,  in  the  SWk  year  of 
his  reign,  gave  t«  his  son  Edward  (afterwards  Bdwaid  L]  the  pcin- 
cipality  1^  W^lei  end  earldom  of  CheBter.but  rather  pa  an  ofBoe  ol 
trust  and  govsriunent  than  as  a  q>edal  tiOe  for  the  i^ip^rent  to 
his  croiffn.  l%ere  is  a  tradition  that  Edward,  vrhen  he  became  king, 
to  satisfy  the  m^tioqal  feelings  of  the  Welsh  people,  promised  to  give 
them  ft  prince  ^rithout  blemish  on  his  honour,  a  W^shman  by  birth, 
and  one  wl^o  could  not  speak  a  word  of  liinfl^i*^-  In  order  to  nilfil  hii 
promise  litenil^,  he  had  Mnt  his  queen,  Eleanor,  to  be  confined 
a,i  Carnarvon  Cattle,  apd  he  invested  wltJi  the  principality  her  sod, 
Edvrsjd  of  Carnarvon,  then  W  in^t,  and  caused  the  barons  and  ^reat 
men  to  do  him  homage.  Edward  was  not  at  t^t  time  the  kmg'a 
eldest  son,  but  on  the  death  of  his  brother  Alphopao  he  became  h^ 
apparent,  and  from  that  time  the  title  of  Prince  of  Wales  has  ever  been 
borne  by  the  eldest  son  of  the  king.  The  title,  however,  is  not  in- 
herited, but  is  ocHoferreid  by  special  creation  and  inreetiture;  and  hw 
not  always  been  given  immediately  ^fter  the  lorth  of  the  heir  sppaiw^, 
Edward  II.  did  not  create  hia  son  Prinoe  of  Wales  till  he  was  ten  years 
old,  and  E(lwv4  the  Blaok  Vn»o^  was  not  created  untjl  he  ip«  MN»ifc 
thirteen. 

the  eldest  sop  of  the  king  is  by  inheritance  Puke  of  OornwalL 
Edward  tiie  BWck  Prince  was  first  created  duke  of  Cornwall  on  the 
death  of  Jfohn  of  Elthami  hb  nnclc^who  was  the  last  earl  of  Cornwall ; 
and  by  the  grant  under  whidi  tlie  title  was  then  oonfened,  in  the 
11th  Edverd  IIL,  the  dtikedoip  is  inherited  by  the  eldest  tiding  sop 
and  heir  apparent.  If  the  ditke  suifceed  to  the  crown,  the  duchy  vests 
in  his  eld^  son  and  heir  apwrent ;  but  if  there  be  no  eldest  son  the 
dukedtun  remuns  with  the  fc-jng,  the  heir  presumptive  bein^  in  nq 
case  mtitied  to  it  The  Black  Ftince  was  also  created  his  &ther 
earl  of  Chester  and  flint,  By  the  statute  21  Kicbsrd  It,  0.  lita 
earldom  of  Chest^  was  erpoteq  into  a  ^Indpalitr,  end  it  was  at  tha 
same  time  enacted  that  it  ^auld  be  {^ven  only  to  toe  kin^j's  eldest  son. 
Although  that  statute,  with  all  the  othem  in  that  pariiament,  was 
repealed  by  the  1st  Henry  IV.,  c.  8,  the  earldom  has  ever  since  been 
given  together  with  the  principality  of  Wales. 

Tl^e  antiquity  of  the  title  of  Prmce  of  Wales  and  its  regi^  eucoes. 
sion  are,  as  it  y?erc^  a  confirmation  of  the  parent's  present  nj^t  and  of 
the  prince's  own  neamesB  in  sucoesslon  to  the  orowp.  Thus  on  the 
deatii  of  Edward  the  Black  Prince,  Edward  III.  imniediately  made  his 
grandson  Prince  of  Wales.  Iticbard  IIL,  as  soon  as  he  came  to  t^ 
throne,  created  his  sou  Prince  of  Wales,  in  order  tQ  strengthen  his 
usurpation.  Henry  VIL,  a^pin,  on  the  death  of  his  son  Arthur,, 
created  hia  next  son,  Henty,  Prinoe  ot  Widee.  Henry  VIIL,  having  no 
■on*  created  his  dau^Usr  Hsiy,  Frinoens  of  Walesj  and  after  Iw 
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fll^tihliUoti,  hSa  nstli  daughter)  Elisabeth.  Baofa  ot  tluu.  Hi  ne- 
Ceedob  faAd  only  been  hdreaa  prantmptiTb^  yefc  they  brae  tito  title, 
being  then  ttesfc  iti  Buoceadoti  to  the  crown. 

I'he  titles  now  boMie  by  the  eldest  soti  of  Uie  goTtereign  M  hdi^  of  kbi 
of  En^and  and  BcotUnd>  are  "  Frinoe  of  Vfalba  and  Earl  Of 
(^esW^  Duke  of  Corti^ffall  and  Bothaay,  Bail  ot  Garrlck,  BAhn  of 
Itetifrtnr,  IkM  of  the  U\wi  Oreat  Steward    SooUand."  . 

(Beldeti's  Tida  of  Bbnour,  ptti  lii  a  0j  Oouuek'it  ^eeMMt  f|f  lAe 

iViMet  of  iToto,  sVo.  irsi.) 

WALKtKO-WBBEL.  A  mechaoicttl  eontrlTsnoe  1^  vaeim  of 
which  the  dead  weight  of  men,  w  anitoals,  acting  upon  one  side  of  » 
vhi^  by  walking  upwards,  is  made  to  act  as  the  motire  nowet-  bf  the 
marine  to  which  it  is  applied.  It  is  freqtleQtly  Used  In  qliariying 
operations,  or  in  agriculttual  district^  1rba«  labour  is  cheap ;  but  in 
Iwge  to«ni8  it  is  rarely  the  eaaa  tiutfe  the  wheel-cranes  can  oe  adviUi- 
tegeously  employed,  because  In  those  localiUee  artiflelal  Aodtcea  M 
power,  or  the  more  complicated  adaptations  of  tnaOhinery,  are  fountl  to 
be  more  economical  than  tiie  employmeat  of  the  dead  weight  of  human 
bein^i.  The  wdJung-whoele  wete,  nowerer,  much  used  in  engilieerijig 
and  architecture  in  the  last  century^  and  the?  are  retained  at  the 
present  day  in  ihe  quarties  Around  Palis  |  but  the  tmidency  of  modem 
phujtice  is  unquieetiiD&ably  to  lead  to  their  ahabdonment  in  fiifrotor  ot 
more  perfect  toecbanlcal  eontKTancet. 

The  walking-whMl  used  by  Peyronnet  at  the  bridge  of  OrlaAite  bi » 
good  illustration  of  this  class  of  engines.  It  conslBted  of  Ui  upright 
{wet,  or  pitot,  supported  by  a  stWnk  fr&tnewBrk  of  timbu%  beuibg, 
•Qpm  a  metal  pivot  at  its  head,  an  inclined  beam>  pi^jfecting  one 
ride  to  form  the  arm  of  the  puUey,  and  on  the  ot&er  to  supped  tiaq 
wii^lasB  and  the  wtiking^wneeL  The  wed|^ta  up<ai  Oither  (dde  of 
flw  tdvot  were  arranged  at  sudh  wise  that  t£by  bahnbed  <Mb  bloUler 
as  nearly  as  posmble  wheU  the  tnachine  was  in  «Difc  |  and  the  inotioh 
ms  given  by  the  moretnent  of  the  ue&  iralkttlg  ill  the  interior  oi  the 
whed.  The  power  exercised,  tiielreforei  ih  tbese  etag^iLed  dep^dd  lipOh 
tiie  ratio  of  the  n^us  of  the  tnen's  ptttii  to  the  radius  bf  the  axle,  and 
upon  the  weight  of  the  men  employed;  and  as  in  qUanring  operations 
It  is  ttoBdble  to  Increase  the  di^eto-  of  the  wal^og-Wneets  to  almost 
any  dlmenrion  which  may  be  dedied,  they  are  UftlallT  mad«  gtiSat 
siiie.  PeytonUbt  made  his  wheels  about  12feet  9  blohee  in  diameter; 
near  Paris  tiiey  are  aometitneS  toAdd  of  from  16  feet  to  18  feet  in 
dumeter.  Generally  i^peaking  the  men  walk  on  the  insidd  ot  the 
Wheel ;  bnt  otictisiontdly  they  tl-ead  tt^>  and  hold  by,  rounds  placed 
upon  the  peHphM^ot  the  wheel;  in  either  case  it  is  eesetttiid  to  provide 
means  by  wluch  Uie  motion  should  be  tegulated  a&d  the  inen  may  be 
|a«Tettt«d  from  making  false  steps.  If  the  load  at  the  actremity  ot 
the  artn  should  at  any  time,  for  instance,  exceed  the  weight  of  the 
counterbalancing  tnachiUery)  tiiere  would  be  a  dabger  of  its  orer- 
poweriog  the  men  and  of  causing  the  wheel  to  run  baokwatds ;  the 
oonaaqnediDee  of  sUtib  atx  aooidant  tiroold  b»j  ill  all  ptobaUUtTi  fatel  to 
the  ttaen  employed ;  and  it  is  thefefore  assentbl  to  bear  In  mind  that 
the  useful  nnge  of  Uie  use  of  walking-cmnes  must  be  litnited  to  tiie 
narrow  bounds  of  the  weights  on  tilo  fespectiTe  sldee  of  the  machinetyi 
Walking-wheels  are  seldom  used^  etwl  in  tilde  diBtrictfl,  nhm  the 
weight  to  be  raised  exceeds  four  tous, 

Aiddiai  power  is  ocoasionaUy  applied  to  walking-wheelB  by  making 
hoiMSj  dottnym  and  even  dogs,  fflon  in  them ;  but  all  then  animals 
ezenose  so  much  greater  power  when  pulling  against  ft  fedlar  io  a 
hoHzontol  direction,  that  they  are  man  cominonly  and  more  advan- 
tageously employed  in  horleobtal  mills  than  in  the  vertiBal  waUd&g- 
wheels.  The  old-fashioned  ttunsfat  wheels  formeriy  in  use  In  medlnnl 
kitchens  aSbrd  familiar  illusti«tions  of  tills  class  of  machinery. 

The  tread-wheels  itsed  for  the  punishment  of  ofltoden  are,  in  facb 
wandl^-wheels  [  but  in  them  the  wheels  ate  designedly  bd  balilwwC 
tiiat  the  mere  weight  of  the  prisoners  placed  upon  the  boards  causes 
the  wheels  to  revolvcj  and  tnue  to  bring  in  auccewoh  tiie  various 
boards  under  the  teet  of  the  men,  who  are  comi)elled  to  tread  upon 
each  of  these  boards,  unless  tiiey  prefer  receiving  very  heavy  and 
painful  blows.  No  use  is  made  of  the  power  thils  exerted,  and  it 
seems  to  be  <me  of  Uie  most  painful  eonsideratioiui  connected  with  tiiia 
mode  of  punidunoi^  that  the  men  ftel  and  know  that  they  an 
WwUngihTain, 

(Peynmnet)  I^otmi  ArekiteHurt  Bj/drahUqbb  t  Bbrgnis,  FraOi  MmpM 
M4canique,1, 

WALNUTi  BCONOMIOAL  USES  OF,  The  wahiut  tie^  though  not 
BO  viduable  as  man^  other  trees  groMng  in  this  eountty,  subsertea  a 
gnat  humber  of  useful  purposes.  The  majori^  of  timber  trees  do  not 
yi^  fhtib  palatable  to  man ;  tiie  majority  of  fruit  trees  do  not  yieM 
timber  of  any  oonsi^rable  die  t  but  the  walnnt  yields  botiL 

Tfs^ut-wood  is  White  in  young  trees;  but  m  uie  idder  faridties,  thb 
wood  is  solid,  compact,  veined,  and  of  a  brownish  oolou^,  slitfhUy 
shaded  ViUi  lighter  brown  and  bhok.  It  was  the  wood  moat  hignly 
valued  toe  tiie  beat  kinds  ot  furniture  before  the  introdubtion  t» 
mahogany;  and  many  old  mansiona  nmtahl  fihe  ipedlnena  ai  tile  votk 
thus  produced,  exhibiting  great  besu^  ot  gram,  polish)  sod  pattsmi 
Walnut-wood  is  found  very  useful  for  pnm  womn,  wooden  short, 
clogs,  musical  instinments,  gnn-stooks,  turnery  waroj  coaoh-making, 
wheel-making.  It  is  preferred  to  all  other  kinds  of  wood  toe  ma 
BtodEiof  mudtetaandrttes:  inl60B  no  less  than  12,000  waimtt  trees 
were  required  for  mosketHrtocks  for  the  Ritish  army;  this  led  to  a 


gMit  rite  in  brioe,  Whidi  111  M  tnril  lad  to  A  gnafc  faurelae  iii  the 
jdautibg  of  wamut  trees  ill  England. 

Of  the  iise  of  th4  fruit  m  the  Mhiit  As  fOo^,  lltUa  need  be  said 
here.  In  AMiAe  oountriea  the  siita  aM  tt^stded  as  a  food,  In  oUien  na 
A  lUktltj.  In  a  young  atid  grecai  Mata  the  vriiole  fridt  Is  pickled,  the 
pult^  hliA  »  well  as  the  UUderUoped  hut  or  kerilel.  Besides  the 
picultag,  the  French  kdopt  a  mode  ot  imserrfng  the  giten  fruit ; 
tiiej  al80  make  a  pr«{H»M  ttb  Itttta  ttiS  very  yoiUg  kernels,  and  a 
^Mtasrta  MUe  dt  keitiels  in  a  dridd  aMe:  Large  quAntitiea  of  wahtnt 
a&  aft  obttdhed  fiom  tiie  tnllti  The  fruit  iS  gathered,  the  husk  re- 
moved, and  the  kerttels  ara  kajft  dt^  tilrodghottt  the  winter.  The 
mncilMe  has  b;^  tiiat  time  beetl  converted  ihto  oil.  The  fadtA  are 
cMcked  wiUl  a  small  mitUefc;  the  fragmetate  of  hArd  shdl  are  oarefuUy 
removed^  and  th«  soft  keriiels  are  bhlslmd  biidet'  A  millstone  into  A 
kindot  (rily  taaAbk  TUa  pasta  Is  pnliittbathniglineil  bags  And  pretaed; 
tiie  beat  wAmnt  eSl  is  oMained  from  it.  Hm  reridtte  b  taken  from  tile 
bagSj  moistefied  with  irahn  Water,  heAtad  111  a  coppel-,  tepkoed  in  the 
and  pi-eeAed  a  second  time;  oil  of  ah  In^ioT  qiulity  is  tiius 
obtained.  Wslnut  oil>  largely  made  in  France  and  Ituy,  is  used  as  a 
substitute  tor  olive  oil  at  the  table^  tat  almond  cH  in  medicine,  and 
fot  whale  oil  iq  lampi.  Artists  en^loy  it  ih  tiw  preparatioti  of  white 
and  delkate  ecdemtl,  on  aoodutlt  ot  ita  Umiadity  atid  quick  drying.  It 
is  used  In  France  al  an  fngtedieni  In  copper-plats  t>rinting  ink ;  atid 
some  autiborftiies  stita  that  tha  backs  of  prints  fol-  Which  tMs  kibd  ot 
ink  has  been  etnplbyed  do  hot  turii  yellow  so  qulc^y  as  dnder  the 
influehoe  ctf  the  ordlhisty  Etlgliidi  ink.  Thb  Ihoit,  or  t^-cako)  retbaininK 
from  the  oU-pt«ssure>  is  Used  In  liomb  eolmtiry  districts  as  a  tusttffiu 
fin-  DsndlM,  Abd  ih  mote  AS  A  Mtaning  diet  tor  sheepi  swine;  and 
poultry^  Tha  husb  of  the  unripe  thdt  ^eMi^TiUd»dktfcd7«— a 
Isot  rendalwi  evidebt  1^  th«  staU  of  the  hatidk  ot  whloat-MderA. 
Sometimes  the  floorillg  of  hJoUs  la  ^ed  tD  a  dSii  bohmr,  1^  bdUhg 
walnnt  husks  to  a  pasieiatlieWing  this  paabe  fax  •  dn  ttie  fltkd-,  imd 
Allowing  it  A6  to  tumain  till  dry. 

The  walhat  ttte  in  q^ing  Will  ylald,  bv  tndtiMi  (A  the  ttubk,  A  m^, 
Wbi<)b  in  some  parts  bf  AAia  iiH  e^Mwiated  Intb  a  tsheap  substitute  for 
sugar  I  and  A  kind  ot  Wine  mil^  aho  bA  diBtUled  from  It  A  Bqdorf 
obtdned  by  biMlig  tiie  rbota  of  the  tree  before  the  rikihg  ot  the  Aap,  ia 
usbd  as  a  browh  dya  ^  tba  ftba  by  gj-paiaa  Uid  ttMAtrical  peritteata; 
Thelaavesj  awl  the  bai4[  ot  the  y^ng  dio0t%  lUAy  tt  HfcB  taiaimerbe 
made  to  yitid  a  bh>Wn  dye. 

Conddered  in  tefeMUie  to  fiiel,  WAldut-WOod  rAUkU  Ahiloet  oh  a  level 
With  sycamrav  J  it  bUHls  with  a  *totet  flaUib.  It  does  not  take  a  hl^ 
rank  as  a  material  ioe  chaHoAL  tbtash  ttartr  ba  obteitied  by  burning 
the  leates.  Nteriy  all  parts  of  tiie  tree— the  frdlt,  the  baric,  the  rbot, 
tiie  woodj  the  fct^t-^ffl  been  bhiught  Into  tcqdisition  tor  medioiaal 
pm^osee. 

WALTZ  (  from  IFtUiM^  Qhtftn.  M  T>ofi)i  a  gay  dallce;  in  triple  time, 
and  executed  by  tWb  persons)  who  almost  emtdwsliig,  rapidly  tbtu 
round  on  an  Aids  ot  thdir  btttl.  White  moving  quickly  in  A  c&de  whosti 
radius  is  from  tab  to  WAtt  taetf  acbordlng  to  the  dimensions  of  the 
room. 

WAPENTAKE  (from  the  anesA  Wti^atj  Aztnsi  and  tOi,  touch,  Oi^ 
bitOek,  yield)  is  a  tiarm  irtilch  pievAils  in  Yorkshire,  tthd  indicates  a 
inritorial  divirion  Ukb  the  huix&ed  of  otiier  boUntiett  [BBtBK.1  The 
word  is  derived  from  the  haUt  which  our  Saxon  ancestors  nad  ot 
attebding  with  thefr  waapoos  the  mbetiligs  of .  their  tiibes,  whether 
oonvbbed  for  the  administreijoti  bf  justice  ^  to  decide  on  peace  or  war. 
This  circutnstdtiee)  idseptttaUe  fi«m  tiia  AasemUyj  gave  a  name  to  tiu 
meeting  Afad  to  thd  district  whoAb  lUhaUlants  wete  bonvened.  Various 
explanatiooS)  all  howevw  conneotM  with  tide  haUl^  are  given  to  the 
last  ^yllolde.  Bf  some  it  is  supposed  to  mean  the  touch  or  rustling  of 
their  arms*  hf  Wmdi  the  assMabfy  Was  wont  to  algnify  its  ot^dion  ot 
the  matters  submitted  to  it ;  1^  othei«  the  neeeptance  by  the  lord  of 
his  tenants'  artns  In  tokeu  of  their  silbmltaitm  to  him.  These  are  the 
two  stdutions  i^utited  by  Spelmab.  OtiierSj  however,  say  that  the  word 
denotes  the  custom  wuch  tiie  vassals  had  of  totckiag  the  spear  of  the 
lord  as  a  motk  of  homage;  And  thin  seems  to  be  the  explanation 
most  usually  adopted.  (SpelmaUf  WapmtacKiKm  et  FFapcn^etadUtm  ; 
CoweU.) 

WAS,  BCISKOE  of.  The  adtobe  ot  iM^  hM  been  dMded  by 
militaty  Writata  into  )3ti«tt^  And  Taoticftj  Ahd  seftbetimbA  into  Qrond 
and  Etomentary  Tactics.  UMvk  SisATAt  And  T&moa  we  have 
defined  what  ore  the  limits  of  those  divisions,  Alid  given  tiie  general 
prindples  which  govenl  stiategle  opefstions  j  U  alAo  some  of  the  prin- 
dpd  deflnlUona,  such  aa  Baaa  of  Opnatlofasj  Udes  of  Operations, 
Interior  Lhies,  fto.  It  bh  thaMbra}  uhnebessaijf  to  teoUl'  to  theae 
lurtiiet  than  to  rbe^itulatt  VM  taaltt  ^itieli^  whioll  An  or  should 
be  the  boaia  of  all  millt^  opttrationS)  And  Whicbi  though  ofteh  Ubg- 
lectad  when  stated,  t^pear  Aelf-evldent  trlilamAi  These  gelieral  prin- 
ciples are :  to  bring  the  mass  of  the  fbrceA  Ahoitwivbiy  mto  cblUsion 
with  portions  ot  tiie  anem^  i  to  bpbrate  as  much  As  possible  on  his 
oommdnloAtioDS  Without  ekpu^ng  your  owta  |  afad,  thirdly,  with  a  view 
of  being  superior  at  the  ptunt  of  Collision,  to  act  bn  tMmbt-  lines. 
[Stiultbot.]  These  priudt^eb  must  be  borne  in  mind  in  making  all 
military  eomluuttinu,  whether  tOr  a  eattlpaign  on  the  d^  of  b^e; 
and  such  oomUooticms  will  be  mofa  tut  Ma  good  oA  thbaa  ^irndplea 
are  mi»e  «■  leas  carried  out 

kiBoropa^aaaniiy  while  ill  tha  field  oabdiattmuidi  ttt  its  support 
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from  tlie  ooimtiy  in  which  it  !■  acting  and  thorefoM  it  does  not 
vholly  defend  upon  its  maganoes  tat  it*  means  of  sabmitenoe ;  yet 
even  m  tim  part  of  the  world  tbe  enppliee  of  prorisum  and  ftmge 
which  oan  be  obtained  in  an  enemy's  couutty  are  often  preoarioua,  and 
an  army  without  regukr  communioation  with  its  depdts  ia  in  danger  of 
being  reduced  to  the  neoesaity  of  eurrendsring  in  tnder  to  avoid  being 
atarred.  Such  a  disaster  is  still  more  likely  to  overtake  an  anny  in 
1^  East,  if  unprovided  with  the  maans  <tf  aupprai  in  ItNlf,  dnee  there 
the  militaiy  force  of  the  enemy  craiaiBtB  lai^^ely  In  awarms  of  light 
cavalry,  who,  avoiding  regular  engagements,  hang  continually  upon  the 
fianlcs  and  rear  of  the  army,  both  preventing  supplies  from  arrivmg  and 
cutting  off  all  parties  who  may  be  beyond  the  protection  of  the  main 
body.  In  fact^  an  army  is  in  all  oasee  dependent  on  its  communi- 
catioiiB  with  its  dep6ta  and  base  of  opetatioiu  for  receiving  its  supplies, 
not  only  of  provisioiis,  but  also  of  ■.iwTmtniHnw  and  ruuft^cements,  and 
also  in  getting  rid  of  its  aiok  and  wounded.  And,  further,  such  is  the 
moral  or  jpeychical  effect  on  an  annyof  its  oonmmnioations  being  inter- 
rupted, that  it  has  always  been  held  by  the  greatest  generals,  not  only 
of  our  own  time,  but  of  antiquity,  that  such  an  event  ia  the  sure  pre- 
lude to  disorganisation  and  defeat.  Now  a  base  of  operations  may  be 
aaingie  fortrese  or  sea-port  town;  but,  as  a  general  rule,  it  is  a  long 
strip  of  oountxy,  and  in  this  latter  ease  a  aUg^t  ocmaideratioa  of  tta 
object  and  (A  the  general  prindbleB  which  should  guide  all  military 
combinaUtoia  indicate  what  ia  the  best  form  for  a  base  of  operations, 
namely,  that  it  should  form  two  sides  of  an  ang^e  approaching  more  or 
less  to  a  rig^t  angle,  so  situated  with  respect  to  the  Uieatre  of  war  that 
one  side  is  parallel  and  the  other  perpendicular  to  the  enemy's  base  of 
operations.  For  it  is  evident  that,  supposiDg  the  enemy  to  have 
advuioed  into  the  theatre  of  war,  a  great  power  of  acting  on  hia  oom- 
munications  is  afforded  by  employing  the  end  of  the  moat  advanced 
portion  of  the  rectwgular  base  for  eutoinfp  the  theatre  of  war ;  for  it 
places  the  army  on  the  enemy's  oommunioations  in  his  rear  without 
at  the  same  time  exposing  its  own.  It  is  not  neoessaty  that  the  base 
should  be  right-angled  to  ^va  this  advanta^;  for,  in  tact,  a  base  of 
any  other  form  is  good  when,  by  projectuig  into  tiie  theatre  of  war,  it 
{pvea  the  power  more  or  less  of  acting  ftnai  an  advanced  point  on  tha 
oommunicationa  of  the  enony.  Napoleon'k  theatre  criC  vrar  at  the  oom- 
mencement  of  the  Auaterlitx  campaign  waa  bounded  on  the  north  by 
the  Mayn  and  northern  boundary  of  the  Austrian  dominions,  on  the 
west  by  the  Rhine  and  western  boimdary  of  Piedmont,  on  the  south 
hy  the  Qulf  of  Oenoa,  Romania,  and  the  Adriatic  and  Ulyria.  The 
tttse  formed  by  the  Rhine  and  the  Mayn,  supposing  the  oounby  north 
of  the  Mayn  to  be  in  poaeeeaioQ  of  the  li^ch,  la  a  base  of  the  best 
kind.  The  Rhine  ia  parallel  and  the  Mayn  at  right  an^es  to  the 
Austrian  base.  Supposing,  then,  an  Austriui  anny  to  advance  into 
the  theatre  of  war  west  of  Bamberg,  the  liVoich,  advancing  from  Bam> 
berg  uid  Bareith,  would  cut  off  their  ooQununioatioDS,  that  ia,  their 
supplies  of  ail  descripUons,  and  in  case  of  defeat,  wluch  is  therefore 
probable,  their  lines  of  retreat,  and,  driving  Haem  into  the  an^^ 
between  the  Mayn  and  Rhine,  uttetly  dertiqy  them,  while  at  the  same 
time  the  communicati<Ris  of  the  French  would  be  secure,  »oi  they 
could  receive  auf^liea  and  reinforcements,  and,  if  defeated,— which, 
vrith  these  advantagea  in  tiieir  favour,  would  not  be  probable, — Ihcty 
might  with  ease  retreat  into  some  fortified  porti<m  their  base  of 
operations. 

A^n,  the  campaign  of  Moreau,  in  1600,  is  a  good  example  of  a  base 
of  tms  Und,  the  base  being  formed  by  the  High  Rhine  and  ^  Lake  of 
Constance  and  the  Une~  of  the  Lower  Rhine,  the  French  being  in 
poasesHion  of  Switzerland.  Napoleon  wished  Moreau  to  pass  tiie  Rhine 
at  SchaufFhausen  with  his  whole  army,  and  thus  to  cut  Erav  oS.  As 
he  had  a  ttte-dc^otU  at  B(Ue,  however,  he  was  content  uitn  making 
certun  of  a  leaser  anooeu,  and,  ordering  Lecourbe  to  pus  at  SchauB- 
faaosen,  he  himself,  with  half  the  army,  crossed  at  BAle^  efEeoted  a 
junction  at  Enghen,  and  occupied  Stockhaok,  which  was  a  veiy 
miportant  point  on  the  Austrian  line  of  retreat.  Kray,  fittHing  hinueu 
cut  off  ia  the  angle  of  the  high  and  low  Uiine,  with  60,000  men, 
endeavoured  to  retreat,  but  was  met  by  Horeui  and  doleatad  at 
Enghen. 

If  we  consider  Spain  roughly  as  a  rectangle,  three  of  the  mdea  of 
which  are  formed  1^  the  sea  and  in  poaaenion  of  the  Enj^idi,  whilst 
the  fourth  is  in  pMsession  of  the  Fraiflh,  ft  will  be  asen  what  immense 
advantage  the  maritime  base  of  Tonrn  Yediw,  ak  the  nittaatr  of  one 
of  the  sides,  conferred. 

Lines  of  operations,  as  has  been  before  stated,  should  at  all  lamea  be 
interior  [Stbatiot],  so  that  the  portions  of  an  army  moving  on  them 
may  at  any  time  be  massed  in  superior  numbon  to  the  enemy  at  any 
point  where  a  ctdlision  may  occur;  but  at  the  Mme  time  a  single  road 
or  strategic  line,  or  indeed  a  single  Une  ci  operatiou.  may  often  be 
unfavourable,  as  it  does  not  give  so  great  security  asauist  the  enter- 
prises of  the  enen^,  and  in  the  preeenoe  of  the  enemy  is  extremely  bad, 
as  it  necessitates  the  column  bemg  of  great  leugUi  on  the  line  of  march, 
renakring  it  unwieldy  and  liable  to  be  ovo^elmed  by  an  attack  in 
front,  or  cut  in  half  at  the  same  time.  Lines  at  a  distance  from  one 
another  are  objectiooable,  in  ao  fv  as  th^  may  become  exterior,  and 
the  troops  on  them  be  attacked  in  detail  and  overwhelmed  before  they 
can  support  each  other.  When  it  is  said  that  a  commander  should 
always  endeavour  to  operate  on  interior,  and  make  the  enemy  operate 
on  exterior,  linea  of  operations,  it  most  be  understood  that  mere  dis- 


taooe  apart  on  the  map  is  not  the  only  criterion  of  lines  being  exterior 
or  intfoior.   Linea  which  aj^tear  exterior  from  their  distanoe  i^iazt  on 

the  map  may  be  really  interior  from  their  advantage  of  eroes  roads,  Ac, 
and  more  especially  from  the  superiority  in  the  rate  of  marching  of  the 
anny  moving  on  them.  There  is  always  an  immenae  advantage  in 
maintaining  as  large  a  strateKicaL  front  oa  possible,  fw  by  ho  doing  the 
enemy  is  kept  in  doobt  and  au^ense  as  to  the  point  on  which  it  ia 
intended  to  strike  «  daaiKTe  blow:  hut  the  length  of  this  stntegioal 
|)oint  must  of  couiae  be  limited  by  the  necessity  of  tnainbdning 
mterior  lines.  Superiority  in  the  rate  of  marching  ia  then  of  immrase 
importance.  The  divisions  of  an  army  which  can  march  twice  as  &8t 
as  another  are  on  interior  lines,  when  80  or  90  milee  apart,  to  their 
enemy,  when  hia  dlvisiona  are  £0  miles  apart. 

Napoleon  said  that  if  two  armies  are  equal  in  all  things  except  num- 
bers and  the  nte  of  marching,  the  reUtive'valaea  of  the  two  armiea 
will  not  be  found  by  comparing  thur  numbers,  but  comparing  the 
products  of  their  numbers  and  rates. 

These  considerations  will  show  the  immense  superiority  some  rafnd 
means  of  ttanedtalong  the  strategic  front  may^ve;  for^inBtance,a  rail, 
way.  It  was  by  availing  himself  of  a  railway  m  this  manner,  that  the 
Emperor  Louis  Ni^leon  made  that  splendid  movemmt  at  the  com- 
mencement  of  the  lattf  Italian  war,  when,  by  sudden^  oonoenkating 
his  forces,  whidi  had  been  extended  along  iha  whole  line  of  the  Ticino> 
on  his  extreme  left,  he  crossed,  and  attaining  the  Austriaa  army  before 
it  could  concentrate,  won  the  battle  of  Magenta. 

With  respect  to  converging  and  diverging  lines  of  operations.  Di< 
verging,  or,  as  they  are  stnuetimea  called,  excentric  lines,  proceeding 
from  any  one  point  or  more  in  a  baae>  may  pertu^  ooosuonally  be 
found  advantageous  for  offensive  operatioDS,  ainbe  by  them  bodies  of 
troops  may  be  rapidly  moved  up  at  once  to  diffmnt  pt^ts  in  an 
enemy's  line,  and,  if  compelled  to  retreat  from  such  ptditta,  th^  will 
gradually  i^fwoaoh  each  other,  and  be  able  to  unite  at  aome  point  in 
their  rear;  but  they  are  only  admissible  when  the  marches  have  been 
so  ordered  that  interior  strat^cal  lines  are  observed,  so  that  the  divi- 
sions, by  falling  back  or  repassing  the  central  point,  may  be  in  superior 
f<aoe  at  the  pomt  of  oolliaion.  It  is  evident,  therefore,  that  such  lines 
should  not  have  a  great  degree  of  divergence,  especially  when  there  ara 
few  or  no  cross  roads  ot  ooDununication,  rince  then  the  columns  in 
their  advance  may  beotune  so  far  separated  as  to  be  In  danger  of  being 
cut  off  in  detail. 

Diverging  or  excentric  lines  of  retreat  are  eminently  wrong.  As 
an  inattmce  may  be  given  Wunnaer's  retreat  before  Bonaparte.  Bona- 
parte having  directed  his  whole  totet  on  tme  division,  overthrew 
it  at  Trent ;  then  getting  in  rear,  and  on  the  commnnieatkoa  of  the 
other  division,  deitot^w  it  at  Bassano  and  Mantua ;  he,  Bonqparte 
himself,  having  hj  a  oonoentaie  ntreat  just  previously  been  enabled  to 
beat  Wurmser. 

The  retreat  of  the  Ruasian  armies  in  1812,  under  Barclay  de  Tolli 
and  Prince  Bagration,  before  Napoleon,  ia  an  example  of  the  grea 
advantages  of  concentric  retraata.  Though  NiqtoUon  made  repeated 
attempts  to  intercept  them,  he  was  unaUe  to  prevent  thedr  retinng  aa, 
and  joining  at,  Smolessko^  whence  they  retired  on  Moscow ;  and 
though  they  were  beaten  at  Moakwa,  the  battle  was  not  very  decisive ; 
and  their  annie8,by  keejdng  together,  were  enabled  to  menace 
Icon's  communuations.  This,  according  to  Jomini,  waa  the  oommenoe- 
ment  of  Napoleon's  disaabeia. 

Concentnc  lines  of  retreat  require  care  in  using  them,  that  the  din- 
sions  jtttning  do  not  get  intemiingled,  which  may  lead  to  inexbricable 
confusion  and  disaster,  as  was  the  case  with  the  Prussians  after  Jena, 
by  which  th^  suffered  a  severe  augmentation  of  their  diaastera. 
hae&y,  when  an  army  employs  converging  or  concentric  lines  of  opera- 
tions, it  is  neoesBary  to  organise  the  marches  so  that  the  divisions  may 
anive  at  their  place  of  asaemblement  before  the  enemy  can  reach  it,  so 
as  to  intercept  and  defeat  the  divisions  separately. 

In  the  campaign  of  1809,  the  British  and  Spuish  armies  were  com- 

Eilled  to  act  on  what  are  called  double  excentric  linea  of  o^ieratima ; 
r  Lord  Wellington  was  on  the  line  of  the  Tagus,  having  Lisbon  for  a 
base,  while  Venegas  with  a  Spanish  army  vraa  empl^ed  in  La  Mancba; 
and  there  were  besidea  the  forces  in  Oallioia  and  Leon.  The  armies, 
being  thus  separated  from  each  other,  were  quite  unable  to  co-operate 
for  one  object,  even  had  tiie  Spanish  genenUs  and  armies  been  capable 
of  executing  any  combined  operations. 

Having  utua  far  slightly  considered  the  main  principles  of  strategy, 
which  space  only  permits  us  to  touch  on,  we  must  for  a  further  eluci- 
dation of  them  refer  our  readers  to  the  various  worki^  such  aa  Jomini's, 
on  this  subject ;  and  we  cannot  recmnmMid  a  betto*  work  than  the 
'  E^Iementory  Treatise  on  Strategy,'  by  Edward  Yates,  B.A.,  as  an  intro- 
duction to  the  works  mentioned  at  the  end  of  the  article,  and  to  general 
military  histoiy,  1^  the  dose  study  of  which  alone  oan  a  clear  know- 
ledge of  tiie  principles  of  war  be  obtained  in  the  cabinet,  the  full 
knowledge  and  power  of  applying  which  must  be  obtained  by  expe- 
rience 'in  the  ffedd.  Tatea's '  Elementary  Treatise  on  Tactics'  cauiot 
be  too  strong  recommended  as  an  intarodootoiy  woric  to  tha  atudj  of 
the  other  branch  of  the  sdesce  of  war. 

The  manner  of  reconnoitring  ground  and  performing  the  details  of 
military  manceuvrea,  has  been  described  under  Bboohhaibanci,  and 
EvoLtmozn,  Mhjtabt.  We  vrill  now  proceed  to  a  oontidetstion  of 
militaiy  positions  and  (he  inmai^iles  td  taotioB  with  rdatioit  to  tha 
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marohfis  of  mxdM,  aaA  the  genenl  moveiiMnU  cm  t  field  of  battle  and 
in  aretreat. 

Militaiy  positions  an  the  dtae  oootqded  by  armies  either  for  the 
purpoea  of  covering  and  defniding  certain  tncta  of  oountry,  or  pre- 
panttoiy  to  tiie  commencement  of  oflboaive  operationa  agidnst  an 
enemy. 

A  position  ia  conaidered  aa  adrantageoualv  chosen  when  it  is  on 
derated  ground ;  when  it  ia  not  commanded  by  eminmicea  within  the 
lange  of  artillery ;  and  when,  from  the  aostenoe  of  natural  obstacles, 
as  riTflis  or  nuuuies,  on  the  wings,  it  ii  incapable  of  being  tnmed,  that 
is,  the  enemy  cannot,  without  mi^g  an  eztendTe  movemoit,  get  to 
the  rear  ol  the  army  by  which  the  position  ia  occupied.  In  the  event 
of  such  points  of  support  being  wanting,  the  position,  whether  it  be  a 
jdain  or  an  eminence,  should  have  ita  flanks  protected  by  villages,  or 
by  redoubts  raised  for  the  purpose ;  for  the  &mks  being  the  weakest 
pc»nts  of  Hit  line,  since  the  titwps  there  are  only  defended  by  th«r 
own  flrct  thi^  particularly  require  to  be  attenrthaned  b*  the  iinpedi- 
ments  of  the  ground,  or  by  fortifications,  in  order  that  the  enemy,  in 
any  attempt  to  torn  the  poaiti«i,  majy  ba  retarded  till  reinforcemeDts 
can  be  brought  up  to  oppoee  him. 

The  advantages  posauaed  by  an  amy  on  commanding  ground  consist 
in  the  troopa  being  able  to  see  the  manamvrea  of  the  enemy  while  tJieir 
own  are  conoeiJed;  the  fire, also,  being  directed  downwards,  is  more 
sffbdare  than  that  of  the  enemy,  which  ia  made  npwaids  from  a  lower 
level.  The  eziatenoe  woodaor  hollow  waya  in  front  of  apoaitioniB 
oonaidered  aa  an  un&vourable  droumstanoe,  since  an  enemy  might 
tiiere  place  divisions  or  parties  for  the  purpose  of  attacking  the  line  by 
surprise ;  but,  on  the  other  hand,  a  wood  in  the  rear,  if  it  ahould  not 
be  such  as  to  create  an  impediment  to  tiie  passage  of  the  troopa 
through  it,  might  become  advantageous  in  the  event  of  a  retreat,  as  it 
woula  afibrd  a  temporary  cover  for  the  retiring  columns.  A  village  or 
even  a  sinkle  bulldmg  on  the  ground  occupied  by  the  army  may  become 
the  key  of  the  position ;  and,  as  frequently  on  the  preaervation  of  this 
point  depends  the  possession  of  the  field  of  battle,  such  point  should 
be  well  supported  by  troops  and  ortilleiy.  At  the  battle  of  Corunna,  in 
1809,  the  vulage  of  fUvina  was  twice  contested  by  the  opposing  anuiea ; 
andoDthe  field  of  Waterloo,  the  Ch&teaud'Hougoumontwas  ^e  object 
about  which  the  action  raged  wiUi  tiie  greateat  violence.  The  highest 
pcnnt  of  ground,  particularly  if  near  the  lines  of  operation  (the  roads 
kadfaig  to  the  magacinea},  may  also  oooatitote  the  k^,  and  it  ia  naually 
atrengtiiened  by  one  or  more  redoubts.  It  would  evident  be  adnn- 
tageoufl  if  auch  key  were  near  the  oentre  of  the  line,  because,  on  any 
change  in  the  diqxMution  of  the  latter,  the  key  might  still  be  retained, 
and  u  tiie  wings  are  separated  from  eaoh  other,  it  might  |)reyent  either 
of  them  from  being  cut  off  hy  the  oiMny ;  whereaa,  if  situated  at  one 
extremify,  it  mi^t,  on  a  wheel  of  the  army  taking  place,  become  so 
remote  ss  to  be  mcapable  of  being  supported. 

The  elevated  ground  which  ooostitutes  the  podtion  should  be  able 
to  oontun  all  the  troopa  who  are  to  occupy  it ;  but  it  should  not  much 
exceed  the  extent  necessary  for  tins  purpose,  lest,  not  being  able  to 
defend  the  whole,  the  army  should  be  deprived  of  the  advantagea 
arising  from  a  superiori^  of  command.  In  ooma^ttenoe  of  the  mems 
gaining  some  part  of  the  height. 

However  favouisble  a  position  may  be  with  renpect  to  the  elevation 
of  the  nound,  that  oiroumstance  wUl  be  of  small  value  U  the  troops 
and  artillery  cannot  be  conveniently  placed  on  itw  It  is  indispensable 
that  the  ground  afibrd  ample  room  for  the  manccuvree  of  that  species 
ci  troops  in  which  the  strength  of  the  army  chiefly  lies;  and  at  the 
same  time  It  m^  be  obaarved  that,  in  making  dioice  of  a  podtion, 
ground  in  front  should  be  as  much  aa  poasihle  disodrautageous  in  that 
reqteet  for  the  wemy.  The  Spaniah  graieral,  Cuesta,  ia  blamed  for 
having,  previously  to  Uie  battle  of  Rio  Seco,  in  1808,  placed  his  army 
in  such  a  dtuation  that  the  ground  before  it  was  in  the  highest  degree 
favourable  for  the  action  of  the  French  cavalry,  which  was  particularly 
numerous.  Artillery  ahould  always  be  placed  where  it  can  act  with 
most  effect ;  and  when  the  ground  occupied  by  an  army  nreaenta  dter- 
nately  saUent  and  retired  p^nta  along  the  bnit  of  ttu  line,  tiie  bat- 
teries should  be  placed  ^  all  sudi  points.  At  the  former,  in  ordra* 
that  the  lines  of  fire  may  efibetually  conmiand  the  approaches  by  whidi 
the  memy's  columns  may  advanoe;  and  at  the  latter,  that  they  may 
defend  the  deaoending  ground  immediatdy  in  front  of  the  othera. 
In^lzy  may  ooouot  any  kind  of  ground,  but  should,  if  posdble, 
always  form  a  dose  lin&  Xt  la  usual^  placed  between  tiie  battoiea ; 
and,  if  exposed  to  a  distant  cannonade,  the  troops  may  be  drawn  up  in 
a  trench,  the  earth  from  which  wUl  serve  to  cover  them,  witiiout  pre- 
venting tiiem  from  mazdiing  out  in  line  to  meet  the  enemy.  Cavalry 
must  be  posted  on  a  levd  plain,  over  which  it  may  advance  with  regu- 
larity when  a  ohaige  is^  to  be  made ;  if  compelled  to  act  on  broken 
ground,  it  is  formed  in  nnaU  detachments  behind  the  infantry,  through 
whose  intervals  it  may  pan  at  pn^<mpoitunities.  Itmqrbeobaarved, 
that  every  diapositioQ  of  an  amy  for  defenoe  should  oorrespond  to  that 
of  the  works  which  constitute  a  fortified  piaoe.  The  batteries  at  the 
advanced  poiats  of  the  line  serve  a  purpose  similar  to  that  of  the  guns 
in  tite  fiai^  of  bastions ;  and  the  intermediate  line  of  troops  forms  a 
sort  of  curtain. 

In  the  choice  of  podtitns  for  offisndve  operations,  such  should  be 
taken  aa  have  no  riven  m  broken  ground  in  front  nnce  thsaa  would 
impede  the  contomjdated  movements  tomtda  the  eqemy :  small 


inequalities,  behind  which  infantry  or  cavalry  may  be  oonoeded,  ai«, 
however,  advantageous,  as  Huay  afford  the  means  of  ocoadouaJly  making 
attacks  by  suipnaa,  On  the  other  hand,  whoi  an  amy  is  on  the 
defensve,  the  mmt  aa  weU  aa  the  wings  duHild  be  protected  every 
obstacle  to  the  progress  of  ths  enemy  which  natun  mi^  present  or  ait 
can  devise ;  among  those  afifarded  by  the  latter  may  be  meoUoned  the 
blocking  up  of  roads  by  abatis  or  traverses ;  preparing  oounterminea 
by  which,  on  tiie  enemy's  advance,  the  roads  may  be  des^yed; 
rendering  fords  impaasable  and  even  forming  inundations  l^omstruct- 
ing  dams  across  the  streams.  It  ahould  be  obawved,  however,  that 
when  a  dsfendve  podtion  is  oorsrad  by  ■  river,  the  line  of  tnxipa 
dioiild  be  at  800  or  1000  'wda  in  rear  of  the  latter,  in  wder  that 
Buffldent  space  ma^  be  affwoed  for  the  ixwsfa  to  act  against  the  eoemy 
in  the  event  of  his  fordng  a  passage  across ;  and,  in  all  cases,  every 
obstacle  in  the  way  of  a  free  communication  within  the  podtion  oo^t 
to  be  removed,  that  tiie  troops  may  sadly  succour  eadt  other  when 
attacked.  Wbaterer  be  the  nature  of  the  obataolss  ojfosed  to  the 
enemy,  they  should  be  within  the  nuge  of  the  artUlesy  of  the  line ; 
and  tiien  uie  podtvm  may  be  oonoutered  as  imiwegnaUe,  dnce  aa 
enemy  would  find  it  acaKdy  possible  either  to  form  or  ^p]x>y  his 
oolumcs  of  attack  on  broken  ground  and  under  a  destructive  cannonade^ 
Good  roads,  on  the  other  hand,  should'  exist,  or  shouM  be  formed,  in 
the  rear,  both  to  bdlitate  tiie  arrival  of  aupj^les  from  tite  ""C*infi 
CM-  d^ts,  and  to  fitrour  a  retreat,  should  the  JattM-  8tq>  beoome  neoea- 
saiT.  An  arm^  always  retires  In  dlsordsr  nndsr  the  fire  of  ths  enemy, 
and  its  danger  la  gre«Uy  increased  when  the  retrograde  movement  Is 
embanasBed  \a  walla,  ravines,  streams,  or  other  impediments;  ths 
divisions  then  beoome  separated  horn  each  other,  and  some  of  them 
are  generally  cut  off  by  the  enemy  before  they  can  be  supported.  It 
woidd  be  adraitageous  that  the  ground  in  rear  should  command  that 
of  the  |K>aiti(m  itself;  for  then  the  army,  in  retawting,  would  obtafai 
a  aupenori^  of  davation  over  the  pursuing  enemy ;  Mid  it  mij^t  even 
have  an  opportunity  of  renewing  ^e  action  with  a  prospect  of  snnnnw 
A  knowled^  of  the  art  of  choosing  military  positions  is  an  import- 
ant qualification  in  the  staff-officers  of  an  amy;  and  thess  oflioers 
should  continually  exercise  themsdvas  in  forming  correct  judgments 
oonceming  the  fitness  of  nound  for  such  positions.  Th«y  should  bs 
able  to  ascertain  at  onc^  the  ^e,  its  extant  and  the  stBUom  it 
may  affiird  for  troops  of  the  dUbroit  arms,  so  that  thcas  of  all  Unda 
may  act  with  the  greatest  effect  and  duly  support  each  other;  aikl, 
consequentiy,  they  should  be  able  to  determine  the  tnder  of  battle 
which  ia  the  most  advantageous  for  the  ground  to  be  occupied.  They 
are  alao  to  judge  of  the  fatties  which  the  roads  may  present  for  an 
advance  or  a  retreat,  or  for  the  conveyance  of  supplies  from  the 
magadnes;  and,  finally,  of  the  obstaeks  which  the  ground  in  front 
may  oppose  to  tiie  movements  of  the  ensmy.  The  power  of  rew^f 
appreciating  the  character  (rf  ground  in  all  these  reqteoti  is  what  u 
called,  by  foreign  writers,  the  military  ooup-d'ocil;  and  this  can  only 
be  acquired  by  a  |>rofound  knowledge  of  the  tactics  of  vrar,  joined  to 
much  experience  in  tile  practice  of  executing  mUitaiy  surveys,  and  of 
coutanjuating  the  aj^eanuice  of  ground  from  all  possible  points  of 
viow.  These  pointi  bdng  tiie  siwpused  staticmB  <d  Ihs  enemy,  the 
staff-offioer  ahould  accustom  himself  to  obserre  from  thence  haw  the 
latter  might  make  his  attack ;  for  then  only  can  he  judge  in  what 
manner  an  attack  ought  to  be  opposed ;  that  is,  what  diapodtion  of 
troops  and  ortilleiy  would  be  the  moat  favourable  for  resisting  it 
when  made. 

The  main  prindples  which  have  been  laid  down  at  the  commence' 
ment  of  this  artide  aa  the  guides  to  the  conduct  of  atrategiod  open- 
ti«is,are  equally  the  principles  in  taoticd  oom'Unations ;  the  fdlowii^ 
obaervaticAs,  then,  are  simply  with  a  view  of  showing  how  these  may 
be  carried  out. 

Marches  comprehend  all  the  movements  by  which  an  army  trana- 
ports  itself  from  one  place  to  another :  when  they  are  made  at  the 
opening  of  a  campaign,  and  at  a  oondderabla  distance  from  tiie  enemy, 
they  are  called  routes  ;  and  on  audi  an  occadon  the  object  geneidly  is 
to  invade  a  country,  to  seek  subaistenoe,  to  surprise  the  enemy  or  f  oroa 
bim  to  make  counter-movements,  in  executing  which  he  may  be  advan- 
tageondy  attacked.  During  a  campaign,  and  in  t^  enemy's  sij^t, 
marches  are  made  in  order  to  attack  some  important  podtion  which  he 
may  occupy,  or  suocour  some  post  which  he  may  threaten,  or  in  order 
to  fall  badi  on  tiie  magadnes  of  the  amy.  At  the  end  of  a  campaign 
an  army  marches  to  the  quarters  which  it  ia  to  take  up  for  the  vrinter. 

When  aa  amy  already  encamped  in  order  of  battk  is  to  advanoe 
towards  the  ground  directiy  before  it,  the  march  is  said  to  be  to  the 
troat ;  and  ii  it  is  to  proceed  to  ground  on  the  right  or  left  of  the 
line,  the  movement  is  called  a  flank  march.  In  the  fomer  case  it 
would  be  advantngeouB  if  there  were  eeverol  roods  nearly  paralld  to 
one  another,  and  dl  tending  to  the  position  which  is  to  be  ooou^ed; 
and  it  would  even  be  proper,  ahould  there  not  ah?eai^  axlBt  a  auffl- 
dsnt  number,  to  make  sudi,  by  cutting  through  woods  or  walb,  form* 
ing  causeways  over  marshea,  or  bridges  over  streams;  The  amy 
might  Uien  be  divided  into  severd  short  columns,  so  as  to  be  able  wiu 
hicility,  if  suddenly  attacked,  to  deploy  into  line  at  any  moment  dther 
during  the  march  or  on  arriving  in  the  new  podtion :  the  intervals 
between  the  lines  of  route  should  tiierefcve  be,  as  nearly  as  posnble^ 
equd  to  the  extent  wbidi  the  columns  moving  in  those  lines  would 
occupy  when  formed  in  wdor  of  battio.   Th«  advanced  guud,  coo- 
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dtrtang  botii  of  iafoiitty  and  CaTabr,  Duy  toAttb.  hetan  the  head  of  the 
oentni  ooluttm  ftt  the  OlitABee  of  about  a  mile ;  Uid  tiiese  troopa  ahould 
be  Acctmiptaiibd  the  pontoons  and  the  aaT^ten  %ho  are  to  remore 
the  obstacles,  or  fbtin  the  bridtjea.  When  the  t>VBhbh  arthy  advati&ed 
bto  RUiria  In  1812,  it  mattdied  is  tiirte  peal  eoltdnna  nearly  ftbteast 
til  each  othtt- :  the  oentivcdnnm  t>roCeeaBd  idbng:  the  main  ;  knd 
the  oountty  being  cue  vast  plAhi,  Uib  othera  irith^elr  artillery  moved 
torer  tiu  mttAd  ott  both  ames. 

On  h  Sank  tnaroh  aloog  nearit  paralld  hwds,  tainM  Vhi  heads  and 
tnti  bl  dw  ool^niH  are  irhtH  tn«  extrtmitiM  of  the  wlhM  ot  the 
•n^  would  be  fi  iiL  order  of  battle,  the  sereral  litiea  ot  route  should 
fato  aa  near  together  as  possible,  Uiat  the  Hmop^  m&y  readily  moVe  Into 
their  proper  ^boes  in  re-fortning  the  line ;  and  it  Is  obTlous  that,  id 
mieh  marclrt^  the  divlsiomi  in  «adk  oolulnh  should  bd  wdl  elraed 
lonther;  for  dunild  they  become  separated  by  riren,  manheB,  or  an^ 
otter  obataotes,  tlw  enemy  might  Mite  the  opportunity  to  attach  & 
diTisLon  befwe  it  could  be  auj^rted  by  the  ot^^ 

Tbe  diffloolty  bt  returning  imid^  to  the  ordef  (tf  batUe  when 
attacked,  is  the  reason  tbbt  flank  nutrches  ita  the  presence  of  an 
teemy  ere  dangerou^  partlcnlaily  when  the  ground  oSbrs  no  impedi- 
nuDt  to  hit  ^proaui!  they  howtnw  beeottae  heceasary  viien  a  post- 
tioa  li  to  Be  tOsu  iip  on  dther  srtremll^  of  so  enemy's  Una  *  aud 
111  order  that  they  may  be  exetouted  with  safbty,  the  colnnma  ahoidd 
be  protected  in  flank  by  a  eofpe  appolnlod  for  the  purpose,  In 
gBMtal  att  efftfft  is  madet  1^  Suae  detnonttrttaonSf  to  deceive  the 
enemy,  for  a  time  at  least,  roqwsting  such  moTemente :  these  conrist 
in  opening  roads  in  different  diteettons  throuf^  woods  of  endosures, 
in  laybig  Mdgea  ant  streama,  in  Bending  proTisions  and  stores,  and 
even  boaiea  «f -taoops,  to  varioai  pidnla ;  «ai$  while  the  enemy  Is  ill 
k  state  aacertalit^  eoooemiag  the  objeek  ol  the  demonslratioQB, 
the  ooliunns  secretly  commenoe  their  touch :  owe  however  is  to  be 
taken  that  detadun^ts,  when  secit  out  as  feints,  do  nbt  proceed  so  far 
from  tiie  army  as  to  be  cut  o^t  ^  eompeUed  to  retire  wlu  neat  loss. 

In  the  usual  order  of  mandi  the  artillery  dmiUd  be  nmned  in 
divisiaiB  oorreaponding  to  thoee  of  the  ln>^,  ia  order  Uiat  each 
oolumn  naif  bsTs  a  pom«i  atlaohed  to  it,  and  rtltcly  to  bet  with  It  ill 
the  erent  of  bting  obliged  suddenly  to  come  to  Aenon  fndwiendebtly 
bf  the  rest  of  the  army.  A  few  pieeee  ot  artillery  kencraUy  aocMn- 
pai^  the  adranoed-gutfd  fai  order  to  protect  the  deployment  and 
oommence  the  action ;  and  a  divisiai  composed  of  tiie  heaTiest  pieces 
may  move  with  the  cavalry  for  its  Support  Diiring  the  march,  Uie 
place  of  the  artillery  is  In  rear  of  the  ooluttm  to  itbiSi  it  belongs,  that 
h  maf  not  impede  the  HKmmellt  of  the  troopa )  thM  ol  the  reeetre 
artiUery  being  bdiind  the  eentttt  tolubmi  fta  nrdel>  th«t  may  readiljr 
more  up  to  the  position  in  whidt  it  Is  to  be  employed.  If  some  point 
of  attac«  has  been  previously  decided  on— If,  for  example,  It  ta  tnt^ded 
to  oommence  an  engagement  by  —».iHng  a  village  or  an  intrenchment 
— a  considerable  division  of  the  artilleiy  must  aooompany  the  eolumnt 
destined  for  that  purpose  ]  and  if  the  amy  While  "t*iHwg  a  Huik-mareh 
ia  likalj  to  be  attacked  on  the  roadi  eome  arUUai*^  ptweMU  al  tlie 
head  (tt  eac^  divi^  trf  the  tnnpt.  fSbiaM  ilk  JMmA  fat  MA  ril^ 
cumstancea  take  plaoa^  the  trm^  muak  fiom  M  quiddtf  ari  poa^il^ 
Hm  arttllerj  must  be  phwed  where  it  tnaj  Mm  to  t^A  the  UMUaate 
by  its  &re. 

If  an  extensve  movemuit  is  to  be  made  In  atdsst  to  Uiite  U  the 
position  of  the  enemy,  it  is  neoeasaiy  to  be  careful  that  the  latter  may 
not,  by  short  routes,  attack  tite  tim  on  the  march,  Thia  manceuvre 
was  succesefully  perftHrtned  try  tlie  nuasians  at  Lt^plttl  In  1780;  the 
king,  being  surrounded  by  the  Austriana  and  Rnsslalui,  and  bi  danger 
of  being  overwhdmed,  on  learning  tliat  the  oorps  of  General  Loudon 
was  moving  to  turn  his  left  and  fall  on  hia  rear,  while  bUier  troops 
were  to  attack  him  in  front,  suddenb-  decamped,  leaving  troops  uid 
artilleiy  to  occupy  the  attention  <A  Haralial  Dauil  IQ  fronti  and 
defeated  Loudon  on  his  mardt :  hf  this  action  lie  opened  a  oommUnt- 
oatioQ  with  Bredau,  and  caUted  the  si^  of  Bohwtfdnita  td  be  raised. 

In  all  marches  the  breadth  of  a  column  must  depend  Upon  that  Of 
the  road,  and  space  should  be  afforded  for  the  of&oeM  Itnd  orde^es  to 
pass  by  Uio  side  of  the  troopa  without  ineonvenienoe  :  care  ^t)Uld  be 
taken  when  any  change  is  made  in  the  breadth  of  a  oolunm  previously 
to  entering  a  defile>  that  the  {ormationB  be  made  wtthont  allowing  tiie 
troopa  to  mil  into  confuuon. 

To  force  a  defile  which  is  oeoupied  hr  an  enemy  poaaeHing  attiUer^j 
and  covered  by  epaulemants,  is  an  undertakinK  wudt  is  likely  to  be 
attended  with  some  loas  :  but  if  it  is  naceeeary  to  attempt  It,  tiie  troops 
which  guard  its  entnmoe  should  be  diqtereedbr  a  flre  of  artillery)  and 
then  the  inhmlzy  of  the  am^  mar  enter  the  defile  protected  by  lif^t 
troops  and  artilleiT  pbtced  on  the  dome  ac  summits  the  he^htSf  bi 
situations  where  meir  Are  mnr  act  with  ^fect  a^inat  the  enemy's  posi- 
tion, or  i^ainst  the  posts  which  he  may  ooeUpy.  These  detaehmentil 
must  be  followed  by  reserve  troops,  In'  whom  they  may  be  strengthened^ 
or  on  whom  they  may  retire  if  repelled.  The  enemy  is  tiius,  if  pos- 
mble,  to  be  driven  from  every  post  by  which  the  defile,  with  its  parallel 
or  transverse  passes,  if  such  there  be,  is  flanked)  when  the  mam  body 
of  the  army  may  dispoM  itaeU  In  the  position  whit^  shall  ^ipear  most 
fovourable  for  maintaining  poaaeasion  of  the  ground  iriiile  the  enemy 
remains  in  the  oeigbbourhood ;  strtmg  detachmenta  must  also  be  placed 
in  aitoationa  whio^  may  oommand  ereiT  ttmroach  to  the  flanks  of  the 
defiltb 


tn  the  event  ot  havhlg  penetrated  into  tlie  enemy's  oAintty,  soUM 
strong  poets  ahould  be  secured,  in  order  that  they  may  serve  to  pttitecft 
the  succeeding  operatitma.  fVnlifled  places  are  usually  on  rivers,  or  in 
sitUatibnB  from  whence  bross  roads  divfet«e  into  the  country ;  and  the 
possession  ot  even  one  such  place  would  be  advanthgeoitk  as  a  depOt 
for  artilleiy  and  stores,  while  the  riven  or  roads  would  ndlitato  the 
Conveyance  of  BUppliM  to  the  armf. 

On  the  other  hand.  In  order  to  defbttd  or  cover  a  oountiy.  an  army 
ahould  be  posted  so  that  hj  short  movetneuts  it  may  reach  the  enemy ; 
and  it  must  be  UUdetstood  that,  in  acting  on  the  defensive,  the  corps 
ot  tirwps  ^ould  not  be  stafloQed  at  great  distances  from  each  other,  in 
the  expectation  ot  being  able  to  defend  ever^  point  which  may  be 
menaced  by  the  enemy.  This  etint  was  committed  at  the  opening  of 
the  campaign  in  1809,  on  the  advance  of  the  Austriaos  in  great  force 
towards  the  frontiers  of  fVaneb;  when  Qeneral  Berthler  so  aqwrated 
the  ^visions  trf  tiie  fVendi  army,  that  all  of  them  might  have  been 
Bepatatoly  dented,  had  the  movements  of  the  Archduke  Charlee  been 
more  n^d  than  they  were. 

When  two  anniee  are  in  the  neighbourhood  of  each  other,  an  engage- 
ment, either  genwal  or  partial,  may  take  place :  the  latter  usually  oon- 
slats  in  an  Atnck  on  one  wing,  ot' on  some  advanced  part  of  t^e  enemy's 
llhb,  in  ordKsr,  by  driVliUE  it  l»ck,1»  obtain  a  more  hdvabtagetnis  posi- 
tion, at  to  secure  some  Une  cS  oommnnloatlon.  A  general  action  mar 
become  necessary  when  an  Invairion  of  a  country  tt  to  be  prevented, 
when  a  besieged  fortress  ia  to  be  relieved,  when  the  position  occupied 
is  to  be  defended,  or  when  thai  which  is  Occupied  by  the  enemy  so  far 
obstructs  tiie  commu^cationa  as  to  deprive  the  army  <^  the  means  bf 
subsistlmoe.  A.  battle  maj  ah»  be  haaarded  if  the  posltioh  of  the 
enemy  be  dindvantwebiA  U  the  divBrioda  of  his  army  are  til  Supported, 
or  if  nis  foTM  Id  WeslBned,  tiibat  from  Moh  pkrt  being  bikdly  covered, 
or  from  tsonsiderable  detathments  havinri  been  made. 

An  army  drawn  up  for  parade  is  usually  dlstxseed  id  two  lines,  with 
the  inbntty  Ih  tiie  centre  of  eatdi,  and  we  caVally  on  the  wings ;  but 
VbiB  it  fitr  finm  htAog  Uie  case  on  servitte,  since  tiie  nature  of  the 
ground  will  freqilehwr  reud^  a  eotttrtty  dlspoaititHi  necessary :  In 
some  }»tts  bt  fldd  the  tno^  SMy  be  In  a  ^Is  Une,  in  other 
parte  ui  two,  br  evett  In  tlueo  Ifaiea. 

The  order  of  battitt  Immediatdy  ptovlous  U  ah  edgagemeht  depends 
so  mUdi  on  the  {ability  Which  the  groUnd  tnay  afftod  for  dI^>oang  and 
moving  the  IrooiM,  ^at  it  is  scarcely  possible  to  assign  any  rule  for 
the  formation;  jret  It  lit  usUal  among  military  wrltws  to  class  all  the 
diflbrcnt  diqioeitionB  of  an  army  under  two  kinds,  whkh  are  deaig> 
nated  th«  pitnUd  and  the  eNfjiie  ttder.  The  firet  eon^rdiendB  aU 
disposiUoml  Ih  Whidi  the  tto^  bf  both  annlM  may  be  engaged  at 
once  abng  the  Whole  bf  their  fronts :  it  vres  very  generally  employed 
by  the  Qre^  and  Bomaol,  and  during  the  middle  agee :  but  it  is  now 
aeudom  adopted,  slnoe  the  Weaker  army  ts  in  daiuer  of  being  out- 
flanked; and  should  atty  part  ot  it  be  driven  back,  the  rest  of  the 
troops  Would  tiUiW  be  tutnad  and  thus  cut  off,  or  be  also  o<»npelled 
to  reUre»  TkB  battle  would  theteftm  be  last)  and,  behig  doaelv 
ptmuedj  detOated  aliny  hUnira  the  rilA  of  being  entirdy  mbied. 
At  the  battle  of  TUavera,  July,  1809,  the  tWo  armies  were  drawn  up 
in  parallel  order,  and  the  attack  was  made  by  the  French  al  the  same 
time  on  the  Centre  and  an  both  wings  of  t^e  aUin. 

Tb»  oUique  wdfer  of  battle  may  be  said  to  have  bben  bm^oyed  hw 
the  andents  When  it  was  intended  to  break  the  Oielny's  line :  on  sndi 
oeoaidona  tile  phalanx  was  drawn  Up  in  die  fUrttt  td  a  wedge,  and  it 
advanced  with  an  angle  hi  front  agalurt  the  centre  oi  the  line.  At  the 
battle  of  Arbela,  the  attny  ot  Alezandtf  attaeked  only  t^e  right  wing 
bf  Uie  Persiatta;  and  at  the  battle  of  Cynoacephida,  the  etmsul  Piami- 
ulns,  ordering  one  of  iiis  wings  to  remam  on  the  ground  which  it  then 
oeoupied)  advanoed  with  the  other  against  the  army  of  nuUp.  (Folyb., 
ex.  8,  lib,  U.)  But  this  order  of  battle  was  flnt  dnployed  on  Bound 
milituy  prinoiples  by  Frederick  IIL  of  Fmada. 

It  does  not  idways  consist  in  drawing  up  an  army  tn  a  straight  line, 
iriileh)  If  produoed,  would  mMt  the  line  of  the  enemy  |  fm-  thia,  on 
atoount  of  the  inequldities  and  aoddents  of  the  gtoundt  ia  seldom 
possiblB :  nor  are  toe  two  Wings  of  an  army  always  placed  at  unequal 
distaooM  from  tiioM  of  the  anmyi  thoog^  tUa  la  mauently  Hie  otae. 
The  prinfei{de  ot  the  obUque  order  ocnrislB  in  aueh  a  dtqpoNldoii  ^  ti» 
troc4a  as  may  enable  a  portion  of  the  army  to  engage  at  aome  one  pdni 
in  toe  enemy's  line,  wmle  the  reet^  protected  by  the  obataeles  of  the 
ground,  is  stationed  to  aa  to  be  able  to  swport  the  troops  engaged,  or 
prevent  the  enenuf  at  other  pinnla  ot  nis  line  from  attacking 
thoM  troopa  to  Oabk  t.  and  a  grrat  tommander  will  always  manceuvre 
w  that  his  Mn^,  even  thoilgh  inferior  on  the  whole  to  that  ol  the 
enemy,  may  be  superior  in  strength  at  the  point  of  attacks 

The  attack  is  generally  directed  i^ainak  one  of  the  enemy's  wings  hi 
the  hope  of  being  able  to  turn  it,  that  is,  to  get  beytmd  its  extremity, 
or  to  its  rear,  and  thus  to  cut  aS  ito  retreat  or  mteroept  Its  supplies ; 
but  if  the  vrings  are  well  protected  by  the  ground,  ut  by  mtrench- 
menta,  or  by  strong  reaervee  bmng  posted  then,  and  If  at  the  slme 
time  the  oentre  hM  been  weakened  by  trows  having  bev  drawn  awi^, 
or  by  UioM  whlcli  form  it  being  widely  disseminated,  the  attack  toay 
be  advantageoualy  made  agautst  that  psjt  of  the  line.  At  the  battle  <u 
Corunna,  January,  1806,  the  British  and  French  armies  were  in 
Dbtinue order,  the  rif^t  <u  the  former  being  near  the  left  of  the  latter} 
i^e  thei^^GiitoaxtmnitkBwcr^by  tiunatufeot  the  ground, 


Digitized  by 


Google 


fn 


VfAB,  SCIENCE  OF. 


90tBNCB  OP. 


Nf 


tt  a  considerable  distance  {root  each  other.  The  Frepclf  nude  a 
chai^  with  two  Btrong  columns,  one  of  which  advanced  towards  the 
British  centre,  and  the  other  attempted  to  turn  its  right :  in  order  to 
take  this  last  colupm  in  Bank,  a  part  of  the  BritMi  artfiLf  was  placed 
obhqi^elj  to  the  Une ;  and  ita  fire,  together  with  that  of  the  reserve^ 
which  was  moved  up  to  the  support  of  the  right  wingt  prevented  the 
•uocesB  of  the  fnaiMBUVTe.  At  the  battle  of  Eckmiihl  (1809),  ^apoleop 
with  his  right  wing  att«cied  and  defeated  the  left  of  the  A-uHtrians :  b; 
ihis  success  he  cut  them  off  from  Yiopna,  and  compelled  them  to  retire 
towards  Bohemia.  Agiun,  at  the  battle  of  Borodino,  in  1812,  the 
IVench  attacked  the  itusaiaq  amiy  at  its  centre  and  on  its  ri^ht  vring, 
and  succeeded  in  guning  the  heifpitfl  in  that  port  o$  the  i>oaition,  after 
having  BufiEared  immense  loss  ia  storming  a  fodoubt  hifih  protected 
Utem,  and  vhich  ^as  gallantly  defendetdby  th^  6lUe  q(  t^e  Russiaa 

Whatever  be  the  order  of  battle,  a  strong  reserve  pt  troops  is 
necessary,  is  order  that  any  part  of  the  army  may  be  sqcconred  l^y  it 
when  wakened  by  losses,  or  vhen  in  danger  of  bein^  overpowered  by 
numbers.  At  the  battle  of  Albuera,  the  timely  brmgiog  up  of  the 
reserve,  when  the  first  Une  vas  deetroyed,  was  the  means  of  the  victory 
being  guned;  and  at  the  battle  near  Sayonne,  December,  1813,  two 
British  regiments  having  been  iminvpet^  withdrawn  from  an  import- 
ant position,  that  position  was  in  danger  of  being  lost,  when  Qeneral 
Hill  brought  up  the  reserve  and  maintainecl  the  action.  Strong  re- 
serves  are  particularly  necessary  when  armies  engage  on  a,  plaifi,  as 
then  the  whole  Uoe  nwy  he  forced  into  action;  and  in  the  event  of 
being  defeated,  it«  ruin  would  be  inevitahle  without  the  support  of  a 
numffi^uB  body  of  ^wpa* 

When  cavalry  commence  an  aotinn,  ita  charge  should  he  preceded  by 
4  fire  of  horsfr^utillety  placed  on  one  of  its  winga-  The  fire  of  that 
artillery  qbould  at  &nt  be  directed  agVQBt  some  part  of  the  enemy's 
line  which  is  at  a  distance  from  the  point  to  hea^^^od;  and  if  the 
tatter  point  t^ould  be  woakfiie,!  hy  troops  being  vith4^wn  from  it  to 
stretigtiien  that  point  against  which  the  firs  ia  directed,  the  artillery 
and  mvaby  immediately  move  raiiidly  fonwd :  the  {<ainer,  having 
disclHHgecl  some  rounds  of  grape-shot,  retire^  afid  ^  cavalry  is  left  to 
execute  jbi  chjurge.  Shaukl  the  artillfiry  LeiKHfue  pixed  with  the  com- 
batants, it  would  be  io  .linger  of  be-in:;  taken  by  the  eqemy,  whereas, 
being  kept  in  reserve,  it  may  after  tbi:  ^h<\rg(>  eitnef  join  in  the  pursuit 
or  protect  the  retreat. 

wantiy  geneially  oomoumoet  an  tttaok  Iv 't  9^  of  1^^^  koops  i 
and  these  ar«  accompanied  by  a  patt  of  the  tuiulei^,  which  jfans  iq  the 
firing,  the  rest  remuning  in  teserro.  If  the  AirmMhera  retire  in  order 
to  allow  the  first  line  of  the  army  to  engage  the  enemy,  the  reserve 
artillery  is  brought  up  with  that  Imc^  and  it  dii^wseQ  itself  by  the  aide 
of  that  which  had  prenously  been  in  9fiiim,  or  it  goee  to  one  of  th« 
wings.  Should  the  enemy's  line  beooiiw  disoiilereda  the  horse-artillery 
gidlope  up  to  within  range  of  grapeHshot  and  oompletee  the  victon* 

The  stations  of  artillery  in  pwition  should^  if  possible,  be  such  that 
the  fire  of  tiie  gtw  may  oonverge  towwrd«  some  battery  of  the  enemyi 
in  which  case  tiw  fire  oi  such  bottsiy  against  those  guns  is  necessarUy 
divergent.  In  general,  when  an  army  acts  on  the  ogensivei  th^  lines  of 
fire  &om  battanes  in  position  should  form  nearly  rig^t  «ngieg  with  the 
front  of  the  position,  in  order  that  the  attat^Aig  coiumas  may  h^v* 
room  to  form  in  the  intervals  between  those  )iw4  of  bnt  i{  th« 
enemy  be  the  aaeailan^  the  linea  of  fire  may  form  acute  ifa^M  with 
the  puition,  in  order  that  be  tnay  be  thereby  annoyed  when  neiirly  Ut 
contact  with  l^e  troops ;  Mie  fire  of  the  artiUety  being  directed  anuuti 
the  points  where  the  enemy's  trooni  are  in  manes,  afi  against  the  oeadi 
and  flanks  of  the  columns  of  attaou  The  guns  diould  not>  ttoweve^ 
be  placed  in  position  till  they  are  mtadi  In  order  HuA  tiiof  may  be  its 
littu  as  posuble  exposed  to  the  fire  oi  tbe  enemy;  and  ii  any  battery 
is  sabject  to  a  heavy  cannonade,  another  shonld  tw  immediately  plaoed 
fn  a  aitnation  where  ita  fire  may  enm  that  the  &nt  battery  on  the 
ground  occupied  by  the  enemy's  guns.  When  placed  on  etevKtMi 
ground,  the  guns  in  a  battery  should  be  able  to  defend  all  the  slope  of 
the  height  up  to  them ;  and  when  that  is  not  poouble  without  hdoging 
them  so  near  the  torn  as  to  be  tt^OMd  to  the  view  (rf  the  tavxay, 
other  guns  should  be  plaosd  when  tluir  flm  may  flank  tlw  aioandi^ 
ground. 

Aftilleiy  eonsisthig  uf  S-paunder  guns  is  found  most  convenieDt  for 
the  batteries  whu^  are  plaoed  with  the  troops :  such  guns  an  capAble 
of  serving  to  d^end  the  position,  and  they  may  bia  employed  to 
destngr  mils,  du^ilaoe  abatis,  or  ruin  field  intranomuents.  Howitgan 
an  dso  used  in  the  field  for  the  purpose  ol  throwing  shells  into 
redoubts  or  villages,  or  amtmg  troops  protected  by  hedges,  hollow 
ways,  Ac,  where  the  shot  from  gun- batteries  oould  not  take  effeefc  To 
these  must  now  be  added  rifled  guns.  [Ordkaiics,  RiFun-]  Hcsee- 
ar^lery  should  be  kept  with  the  reserve,  and  be  seady  to  advanoe 
wherever  it  may  be  required,  «ther  to  support  a  part  of  the  line  which 
is  likely  to  be  fbroed,  ta  to  gain  the  flanks  or  rear  of  the  enemy ;  and 
when  n  is  moiled  to  get  poassHBon  ol  a  positka  hefure  the  snemy 
oan  anlve  tib  It,  the  hMaeamlleij^  an  aoommt  of  tlw  rapidity  ol  its 
motion,  may  be  emi^OTrad  fer  the  pui^os& 

The  batteries  by  which  an  army  u  proteoted  in  its  poaitian  consti- 
tute a  sort  ol  bastions,  being  usually  plaoed  a  Uttle  in  advance  ol  the 
inbmtiy  of  the  line.  IE  the  vnof  reoesves  the  attack  of  the  enemy, 
the  vctdlaiy  oommenoea  the  action  by  a  eanqanade  while  the  enemy  is 


at  a  distance ;  and  if  the  anqy  «ots  oa  the  offensive,  the  artillery  sap- 
porte  the  oolumqs  of  attack.  It  is  usual,  when  guns  are  fired  m 
position,  to  direct  them  so  that  the  shot  may  stnke  the  ground  in 
front  of  the  enemy's  line,  and  afterwards,  by  rebounding,  make  a 
aeries  of  grazes  among  his  troop*.  When  the  ground  is  hard  and  even, 
these  ricochets  are  very  desuucUTOi  but  if  soft,  or  much  broken  by 
inequalities,  the  shot  ^unges  in  the  ground  and  does  comparatirely  bu^ 
little  execution.  It  is  doubtful  if  ^oochet  fl^  is  practicable  orfjjtety 
to  be  efficacious  with  rifled  ordna^ice. 

The  best  proportions  for  the  quantity  of  artillery  in  an  army  is  one 
gun  for  eve^  5Q0  men  (infantir),  «nd  one  gun  of  the  horse-artUleiy  for 
every  250  men  (cavalry)  •,  but  tms  will  vary  much  with  the  country  in 
wbiui  it  is  to  be  used,  faiUy  country  requiring  much  less  artillery  tiian 
level  countjy. 

Armies,_  whether  on  the  offensive  or  defensive,  are  general^  fcept  iq 
columnB  till  the  proper  moment  for  deploying  has  arrived ;  for  by  this 
disposition  both  parties  are  enabled  to  oanceal  their  projects  from  each 
other  till  one  q/  them  has  determined  to  commenoe  the  action,  and 
eatib  is  in  a  ctmdition  to  make  sqtdi  movements  as  may  be  necessary  in 
order  to  g^ve  him  W  «dvanti^  over  his  opponent.  The  Spanish 
l^eral,  Cuesta,  is  bfauned  for  having,  at  the  battle  of  Uedellin  (1809), 
m  which  he  was  defeated,  advanced  towards  the  French  army  in  one 
weak  Une  three  miles  long,  when,  by  kee[ang  the  troops  in  columns,  he 
might  have  moved  them  between  the  enemy's  divisions,  and  thus,  by 
sepaiatii^  them  from  each  other,  have  destroyed  them  in  detail.  If  » 
position  IS  such  that  the  army  ocoupying  it  is  ezpoeed  at  several  poonts 
to  be  sttacfced,  those  points  should  be  occupied  by  snudl  bodies  ot 
troops,  the  bu^  of  the  army  being  kept  bebind  in  columns  ready  to 
march  to  any  point  where  their  services  may  be  required.  Thus  the 
enemy  will  be  embarrassed  from  the  impossibility  of  determining  the 
force  of  tiie  army  at  any  one  point,  °f>d  his  only  chance  of  suooess  will 
lie  in  the  quickness  of  his  movements.  The  circumstances  which  may 
determine  a  general  to  attadi  a  podtio|i  at  any  particidar  point  ate,  the 
appearance  that  point  being  weak  on  account  (rf  iroo^  or  artilleiy 
being  withdrawn,  mm  the  ground  being  there  more  easy  of  aooeae 
than  elsewhere,  (o-lnuq  Its  agiabnitfee  of  aSbrding  cover  to  troqps  in 
their  advance. 

If  an  army,  as  a  B,  in  pontion  on  level  ground,  is  to  be  attacked  on 
its  left  wing,  B,  the  army  acting  a^unst  it  ia  usiuJly  placed  m  fcK^Um, 
as  at  Mf    p,  4,  eaoh  division  coniiiirtiTig     a  bftttaTioo  or  »  brigade; 


and  this  fcmiation  nvqt  be  aoeomplished  1^  moving  mi  the  iMamA 
otdumnt,  as  at  n',  h",  r',  q',  to  ttie  places  whioh,  when  draloyed,  tfaen^ 
are  to  occupy  durbig  'the  engagement.  It  would  be  advantageous, 
Iiowever,  that  the  heads  of  the  columns  shotdd  remain  till  the  moment 
qf  deployment  in  a  Une  parallel  to  that  of  the  enemy,  in  order  to  keep 
^  utter  as  long  a«  possble  in  suspense  respeoting  the  real  pcant  oi 
attack.  A  favoural^a  munent  is  uun  ebosen  fbr  Infaigiiig  the  greetsst 
nuBB,  as  v',  to  the  wing  at  s,  irtiich  la  supposed  to  be  the  weakest  part 
of  Oe  line ;  but  it  should  be  observed  that  this  intention  will  snooeed 
only  when  the  difibrant  oolunins  can  be  moved  to  thob*  ststions  with 
great  rapidity,  for  if  the  enemy  has  time  to  peroeive  the  manteuvxe  he 
will  not  fail  to  take  measures  to  counteract  it.  The  Echelons  most 
alwsys  be  so  nssr  one  another  as  to  allow  them  to  be  mutually  sup- 
ported, yei  net  so  near  to  the  flucnqr  as  to  be  in  dangir  of  being  foroed 
Into  aenon.  In  order  to  andain  the  piooesB  of  tuiving  sn  enemy^ 
poidtion,  let  it  be  supposed  that  the  1^  wing  (b)  ol  his  line  is  ia  * 
plain,  and  not  well  tnvteoted  by  works,  and,  oonsequently,  that  It  may 
be  turned,  while  tike  ri^t  wmg  (a)  is  covered  by  woods.  Strong 
columns  are  formed  at  M  in  order  to  perform  Uie  mancauvre  of  turning 
the  flank  B.  The  drrlBiaai  at  H  and  f  eoostitate  the  centre,  and  may 
be  supposed  to  be  on  elevated  ground,  so  as  to  be  reftiaed  to  tu 
enemy  ;  while  q  may  con^  of  a  small  division  extended  along  the 
skirts  of  the  wood  merely  to  keep  the  enemy  In  check, 
'  Should  tlie  enony  reinforce  Ms  left,  B,  by  drawing  troops  from  Us 
ri^t.  A,  and  should  this  circumstance  become  known  after  the  troops 
M  have  set  out  on  their  march  towards  B,  the  infantry  ol  the  oolumn 
V  may  then  change  thur  route  and  proceed  towards  h  and  t,  oomseal- 
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ing  their  strength  as  much  as  possible  by  passing  througli  woods  and 
h<ulov  mys,  if  such  there  be,  while  the  oavahy,  supported  by  some 
infantry  in  »  village,  as  at  I,  move  towards  ■  as  boore,  in  order  to 
deceive  the  enemy.  The  central  columns  f  and  n  then  move  towards 
ikar  left,  and  umte  with  the  trooc^  q  to  attack  the  wing  a.  Thus 
the  disposition  of  the  army  is  completely  changed :  and  if  the  change 
is  effected  with  rapidity,  the  enemy  might  not  have  time  to  reinforce 
the  wing  a.  before  it  would  be  turned.  If  the  troops  in  tiie  wing  B 
were  to  advance  to  attack  the  central  oolumns  at  f  and  k,  and  th^ 
were  to  retire^  those  troops  would  be  unable  to  produce  any  eflfoet,  as  it 
would  be  necessary  to  reosU  them  in  s  short  time  on  account  ot  the 
di^er  then  threatening  the  right  wing. 

This  is  nearly  what  took  plaoe  at  the  battle  of  Leu  then  (1757),  when 
the  king  of  Prussia  advanoing  against  the  Austrian  army,  made  demon- 
strations  as  if  he  would  attack  their  right  wing.  Marshal  Daun,  though 
for  a  time  he  suspected  the  feint>  was  at  lengtii  deceived,  and  sent  all 
his  reservea  to  strengthen  tiliat  wing :  the  king  obawing  this,  pro- 
eeededimmediatdy  to  execute  an  oblique  attai^ ;  for  which  purpose  his 
columns  moved  rapidly  to  the  right  and  deployed  on  the  left  wing  of 
the  Austrians ;  this  wing  gave  way,  and  the  right  wing  wheeling  up  to 
attack  the  Pnusians'  left,  the  two  armies  were  brought  into  parallel 
poutions.  These  movements  produced  in  the  Austrian  line  disorder, 
and  openings  by  which  the  Frussiaa  cavalry  penetrated  and  took  pos- 
Msrion  of  Uie  village  of  Leuthen :  the  Austrians  rallied  twice  arber- 
'vntrds,  but  they  were  finally  obliged  to  retreat.  At  the  battle  of 
Albuera  (1811)  the  French  general  at  first  moved  his  oolumns  as  if  he 
intended  to  attack  the  left  of  the  allies,  but  soon  causing  them  to 
change  the  direction  of  their  mardi,  he  rapidly  placed  nearly  two- 
thirds  of  his  army  in  order  of  battle  perpendicular  to  the  right  of  the 
British  line.  By  this  movement  the  allies  were  obliged  to  change 
their  hoot,  and,  as  this  was  dma  under  a  heavy  fire,  the  enemy  wa« 
upon  them  before  they  had  time  to  complete  the  new  formation. 

When  an  army,  in  the  position  a  B,  is  attacked  on  one  wing,  as  B,  by 
the  oorps  u,  and  ia  in  danger  of  being  turned,  it  may  endeavour  to 
prevent  the  succeas  of  the  manoeuvre  1^  throwing  back  that  wing  in  a 
aireetion  B  c,  paz«lld  to  that  o<  the  attacking  corps,  m  :  this  is  called 


forming  the  aciOT  en  poteMe;  the  angle  B  is,  however,  weak,  for  tlie 
faroopsuBoby  filling  back  mqrheoomeorowdsd  and  disordered;  ab 
may  become  exposed  to  a  rakbg  fire  from  K,  and  Bo  to  a  like  fire  from 
troops  at  K.  It  is  evident,  however,  that  M  cannot  now  turn  the  flank 
B  0  without  making  a  circuitous  movement,  by  which  it  may  become 
separated  from  the  rest  of  its  line :  and  if  the  army  ab  is  strong 
enough,  it  may  form  a  line  parallel  to  the  direction  of  o  B.  By  such  a 
movement  tiie  parallel  order  would  be  restored,  and  the  wing  a  mjg^t 
even  be  made  to  turn  the  left,  <j,  of  its  omwnent:  tUiihonld  of  ooume 
be  attempted,  as  the  return  to  a  parallel  order  of  battle  leads  to  no 
useful  result.  In  order  to  effect  it,  tiie  divisioQ  B  o  should  retire 
gradually,  while  the  brigades  in  a  b  wheel  back,  in  order  to  keep  in 
oonneotum  with  it;  at  the  some  time  the  brigadee  at  a  wheel  to  their 
frcotaoaa  tofOTrnthenswlniB  aV,  1b  a  direction  obliqua  totbattrf 

An  attack  on  an  enemy's  line  is  often  made  by  a  strong  dividoB 
drawn  up  in  one  oolumn  tor  the  porpoaeof  forcing  its  way  throu^  tibe 
Une  at  some  point  where  it  appears  to  be  weak,  and  thus  compel- 
ling the  different  conis  to  retire  that  they  may  not  be  separately  over- 
whelmed. This  is  the  mode  of  attack  which  was  practised  with  so 
much  luooeas  by  Ni^>oteon  agunst  the  Continental  annies,  but  which 
*»Ued^when  attempted  against  the  Biitish  troops,  both  in  Spain  and  at 

It  ia  adopted  when  an  attack  is  to  be  made  on  an  enemy  behind 
retrendimenta,  in  which  case  the  troops  move  as  much  as  possible 
towards  the  aUient  angles  of  the  work  in  order  to  avoid  the  direct 
fire ;  it  is  alao  necessary  when  the  ground  on^  pvmits  the  troops 
to  advanoa  on  a  narrow  front,  as  in  dedUng  through  a  ravine ;  m 
fact,  it  an  enemy'a  position  have  obstraotioiB  in  ita  front,  it  must 
necessarily  be  atUcked  in  otdumna  if  at  alL  The  colunma  should  be 
connected  nWk  each  other  by  bodies  of  ii^t  troops  and  the  attack 
should  be  made  with  a  view  of  separating  a  wing  of  the  enemy  from 
his  main  body. 

The  attack  in  column  possesses  some  advantages  over  one  made  by 
troops  depli^  in  Une  while  the  men  remain  steady  In  the  column ;  for 
the  encmj  is  intimidated  by  the  sight  of  a  vast  nody  coming  af^unst 
him^hile  the  assailantD  feel  oon^ence  from  th«r  nm<Mi.  A  rapid 
lueoearioa  of  effinta  directed  agahut  troops  in  a  sloider  line  will  abo. 


in  general,  succeed  is  breaking  their  order;  but  there  are  aeveral  df 
cumstauces  which  more  than  counterbalance  these  advantages :  during 
the  advance  over  uneven  ground  the  men  loae  their  zaua  and  £aU 
into  confusion ;  the  flanking  fire  of  the  enemy's  artillery  nuke*  great 
havoc  among  the  crowded  masses,  and  the  coIumnB  can  only  oppose 
this  fire  by  an  irregular  fire  from  its  sides ;  disorder  then  ensues,  the 
commands  of  the  ofEceta  are  no  longer  r^;arded,  and  an  attempt  to 
deploy  for  the  purpose  of  making  an  attack  in  line  only  completes  the 
diaorganisation.  An  attack  in  oolumn  can  indeed,  scarcely  succeed 
unless  it  were  preceded  a  heavy  fire  o(  artdllety:  thiawui  put  the 
enemy's  line  in  disorder;  and  in  uie  event  of  forcing  it,  the  oolumn 
m^  then  be  deployed  in  order  to  secure  its  advantages. 

If  a  line,  nearly  equal  in  strength  to  that  of  the  opponent,  on  being 
attacked  in  column,  were  to  stand  firmly,  it  is  probable  that  tho  attack 
would  foil ;  and  even  if  the  line  were  penetnted,  the  troops,  by  form- 
ing themselves  in  hoUow  squares,  disposed  chequer-wise,  so  that  their 
fires  may  orosa  cm  the  ground  in  thor  frontC  have  invariably  been 
found  capable  of  redsting  the  efibrts  of  the  Bssailants.  This  last  ma- 
nccuvrewas  recommended  by  Oenetol  Jomini,  and  was  for  the  first 
time  employed  at  the  battle  of  Aspem,  in  1809.  In  that  action  Napo- 
leon, perceiving  the  Austrian  line  to  be  weakened  in  the  centre,  ordered 
it  to  be  attacked  by  the  whole  corps  of  Marshal  Lannes,  which  for  this 
purpose  was  drawn  up  in  one  great  column.  The  column,  preceded  by 
artUlery,  advanced  rapidly,  and  succeeded  in  penetrating  the  line. 
The  troops  in  that  part  gave  ground,  but  forming  themselves  in  aquarea, 
tiie^  resisted  all  the  efforts  of  the  French  cavalry  to  disperse  them, 
while  the  wings  of  the  army  olosing  upon  the  fliuiks  of  the  column, 
poured  into  it  a  destructive  fire  of  artillery,  which  at  length  forced  it 
to  retire  in  confusion  between  the  two  fortified  vilh^es  wliicb  supported 
its  'wings.  The  attack  of  the  French  at  the  batUe  of  Wagram  had, 
however,  completo  sucoeas ;  the  Austrians,  being  doubtful  of  the  pre- 
oise  spot  at  which  Kapoleon  would  cross  the  Daaube,  had  very  widely 
di^>erBed  theu:  troops;  the  centre  of  their  line  was  particularly  weak, 
and  against  this  part  the  Fk«noh  emperto'  determined  to  direct  a  dense 
column.  This  'was  composed  of  the  reserve  of  the  army,  and  the  charge 
was  preceded  by  a  heavy  cannonade,  wtiich  still  further  dispersed  the 
Austrian  tronw.  The  annv,  being  thus  broken,  was  compiled  to 
retreat.  At  the  battle  of  Talavera  (1809),  the  French  in  itK»g  oolumns 
attacked,  at  the  same  time^  the  centre  and  both  wings  of  the  British 
line.  The  latter  was  drawn  up  three  deep,  and  its  fire  of  musketry 
and  artillery,  directed  against  the  heads  and  flooks  of  the  columns, 
uded  b^  charges  of  cav^ry,  drove  the  enemy  back  with  great  slaughter. 
An  indiscreet  pursuit  made  by  tho  Guards  was  the  cause  of  mudi  dis- 
order in  the  centre ;  and  the  enemy  returning  to  the  oliarge,  that  part 
of  the  line  was  complete^  broken ;  but  fresh  troo^  being  ordered  up 
to  tiie  spot,  their  fire  kept  the  enemy  in  cheek  till  the  disordered 
troops  rallied,  and  the  artillery  continuing  to  play  on  the  flanks  of  the 
enemy's  columns,  the  latter  at  length  gave  way. 

The  success  of  an  action  is  often  promoted  by  sending  out  a  detach- 
ment with  directions  to  fall  on  the  flanks  or  rear  of  the  enemy  during 
the  engagement.  The  sudden  appearance  of  a  body  of  troops  in  sudi  a 
situation  cannot  fail  to  woduoe  cmbairassment  in  the  army  which  ia 
attacked,  Mid  to  diminiwi  the  energy  of  its  operations  towards  the 
front  On  the  other  hand,  there  is  some  danger  in  sending  out  large 
detachments  from  an  army,  as  it  is  seldom  possible  to  afford  tiiem  due 
support ;  and  therefore  they  may  be  cut  off  by  the  enemy.  The  die- 
timce  which  the  detachment  has  to  march,  together  with  the  state  of 
the  roads  on  which  it  must  move,  should  be  sacertained  with  precision, 
in  order  that  it  may  be  at  the  appointed  post  at  a  seasonable  moment ; 
and  such  detOTminations  are  very  uncertain,  particularly  if  the  corps 
has  to  make  a  great  circuit  It  almost  always  h^pens  that  the  de- 
tachment arrives  too  lato  for  tiie  accomplishment  of  the  object ;  and 
this  was  the  case  witii  a  detachm^t  sent  by  the  king  of  Pnusia  during 
the  action  at  Torgau  (1760),  with  a  view  of  turning  the  left  of  the 
Austrians,  and  cutting  off  their  retreat 

Detachments  are  however  constaatiy  sent  out  to  protect  the  parties 
reoomudtring  a  country,  to  ^uard  a  convoy,  or  to  support  a  foraging 
party.  In  these  cases  ita  object  is  less  to  fight  than  to  cover  a  retreat ; 
^erefore  the  troops  advance  with  circumspection,  and  retire  when  the 
enemy  appears  in  auporior  force.  During  the  war  in  Spain  (1^13), 
Colonel  (Sir  Frederick)  Adam  having  bean  detached  to  occupy  a  post 
at  Ordal,  ten  miles  in  advance  of  tbs  army  under  Lord  WQUam  Ben- 
tinck,  in  Catalonia,  was  suddenly  attacked  by  the  French  army,  and 
his  tnx^  dispersed.  This  misfortune  is  ascribed  to  neglect  in  not 
having  placed  outposta,  by  which  warning  might  be  obtained  of  the 
enemy's  approach. 

An  army  which  gains  an  advantage  over  its  adversary  ia  always  more 
or  less  deranged  by  the  action,  and  it  is  necessaiy  that  it  should  endea- 
vour to  recover  ite  order  preparatory  to  receiving  the  aeooBd  line  of 
the  enemy,  should  the  latter  advance  to  renew  the  combat  On  the 
enemy  retiring,  the  first  line  of  the  victorious  army  advances,  and  Qtm 
the  second  line  follows  it  in  mtler  to  support  it,  sending,  if  necessary, 
battalions  or  squadrons  to  r^laoe  such  as  have  been  most  disordered 
during  the  action.  In  the  event  of  the  second  line,  or  leaerve,  of  the 
enemy  bebig  defeated,  ainoe  then  there  ia  no  apprdmuicn  that  the 
action  wilt  be  continued,  companies  of  tnopa  may  be  detached  in  pnr* 
Buit  of  the  retroating  army ;  but  eveiy  precaation  should  be  taken  to 
keep  them  witUn  tin  lo^art  of  the  main  body,  and  partionlariy  to 
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prerenfc  the  troops  from  dtspendng  for  the  purpose  of  plundering  the 
country.  The  advanoe  of  the  whole  anny  m  pursuit  gnould  continue 
BO  long  only  as  it  con  be  conducted  with  order,  and  in  maases  atronj; 
enough  to  oppose  the  enemy  if  hia  troops  should  rally  in  a  good 
pontion.  If  disorder  should  take  place  among  the  pumien,  the  lattw 
ahotibl  be  nmde  to  fall  back  on  the  reaerreB :  the  punnit  ci  a 
retreating  army  can,  indeed,  be  seldom  oonUnued  beyond  the  fint  de- 
rated ground  at  vhioh  the  latter  may  arrive;  since,  however  little 
disciplhte  it  may  preserve,  it  may  there  rally  and  tetum  to  the  order  of 
battle.  The  consequences  of  the  actions  at  Jena  and  Waterloo  are 
e;[cepUon8  to  this  rule,  because  the  vanquished  armies  were  at  those 
places  too  completely  disoiganised  to  allow  ih.«m  to  make  any  attempt 
to  rally. 

When  the  socoeas  of  an  aeUou  begins  to  be  doubtful,  and  it  is  appte- 
hended  that  tike  anuy  must  retreat,  some  of  the  heaviest  artilleiy 
should  be  drawn  off  to  a  good  position  on  he^ts,  or  belund  sb-eams  or 
hollow  ways,  while  the  lighter  artillery  remains  engaged.  The  first 
line  of  the  defeated  troops  is  then  made  to  pass  through  the  intervals 
of  the  second,  or  of  the  reserve,  while  the  l^ter  continues  the  action. 
The  6ist  lino  shoiild  remain  in  order  of  battle  in  tear  of  the  BeaMBd. 
tin  the  latter  is  enabled  to  retire ;  and  this  alternate  retreat  of  the 
lines  should  be  continued  till  ihe  army  can  be  thrown  into  oolomns  of 
march,  when  the  retreat  may  be  protected  by  detadmients  of  light 
troops.  In  genend  the  retreat  should  be  made  in  one  body,  as  thus  it 
can  more  easily  protect  itself  against  the  enemy  in  pursuit.  If,  how- 
ever, the  centre  is  broken,  the  army  may  be  obliged  to  retire  by  difler- 
ent  and  even  by  diverging  routes ;  and,  provided  there  are  in  tiie  rear 
strong  posts  by  which  it  may  be  protected,  the  risk  of  being  out  off 
during  such  a  retreat  is  small. 

When  there  are  narrow  defiles  in  rear  of  the  field  of  battle,  the 
retreat  through  them  becomes  extremely  dangerous,  for  the  army  may 
be  overtaken  before  it  can  get  through ;  and  if  they  are  already  occu- 
pied by  the  enemy's  detachments,  the  retiring  army  may  be  onnitti- 
lated  or  eompelled  to  surrender.  It  has  been  observed  that  the  ^tuaUon 
of  the  British  army  at  Waterloo  would  have  been  very  eritfoal  if  it  had 
been  compeIl{!d  to  retreat ;  this  critidsm,  however,  is  hardly  just. 
The  British  army  had  good  roads  to  retire  by,  and  the  open  forest  in 
rear  would  have  been  an  admirable  position  for  defending  the  rear  of 
the  retreating  columns.  In  order  to  pass  a  defile  in  safety,  it  ought  to 
be  previously  occupied  by  troops :  artilleiy  and  a  reserve  corps  ^lould 
also  be  stalaoned  so  as  to  defend  the  approaohea  on  the  advance  of  the 
enemy  towards  them. 

If,  when  not  in  action,  an  army  is  to  retreat  from  a  position  which 
it  occupies,  the  movement  is  usually  concealed  from  the  knowledge  of 
the  enemy,  uid,  for  this  purpose,  it  frequently  takes  place  at  night. 
On  mch  occasions  the  outposts  remain  at  their  atauons  as  long  as 
possible ;  and  fires  are  left  burning  on  the  ground,  as  if  the  army  were 
still  in  the-position :  after  it  is  dark  the  main  body  moves  off,  and  the 
rest  of  the  troops  ftollow  by  degree^ 

The  approach  of  winter,  and  the  necessity  of  taking  repose  after  the 
fatigues  of  a  campaign,  render  it  necessary  for  armies,  whether  on  the 
defensive  or  otherwise, to  take  uppositiona  where  they  mayremain  during 
the  season  of  inaction.  These  positions,  called  winter-quarters,  should 
be  chosen  by  the  commander  of  the  army  on  the  offensive,  so  that  he 
may  be  able  to  preserve  the  ground  which  he  has  guned ;  and  by  him 
who  is  on  the  defensive,  so  as  to  be  seenre  against  the  attatdu  of  the 
enemy.  The  principles  by  which  a  choice  of  quarters  is  determined 
are  the  same  as  those  which  regulate  the  occu^ition  of  ground  for  a 
field  of  battle.  The  quarters  should  be  covered  in  front  and  on  the 
fianks  by  rivers  or  other  natural  impedimenta  to  the  approach  of  an 
enemy,  or  by  forts  constructed  for  defence. 

A  great  extent  of  ground  in  front  is  therefore  a  disadvantage,  as 
some  part  may  be  ill-guarded,  and  liable  to  bo  surprised,  and  the  troops 
will  be  too  much  disBemioated.  If  it  is  traversed  by  great  roads  per- 
pendicular to  its  front,  it  is  also  disadTsntageous,  as  the  enemy  may 
then  easily  march  into  the  quarters. 

Several  battalions  of  infantry  and  sc^uadrons  of  cavalry  are  quartered 
in  villages  along  the  front  of  ^e  position ;  the  whole  or  a  diviiuon  of  a 
company  or  of  a  squadron  at  each  place :  these  posts  mw  be  storagth- 
cned  by  redoubts,  palisades,  or  abatis;  retrenchments  also  should  be 
executed,  to  defend  roods  by  which  the  enemy  may  approach,  and 
bridges  over  the  streams  should  be  destroyed.  The  troops  in  each 
of  these  stations  f  umuh  the  men  neoessary  to  oonstitute  tiie  advanced 
poets  of  the  chain.  A  stronger  force  should  oceupy  vQlages  and  towns 
vithin  the  first  duin,  and  from  these  are  sent  such  bodies  <^  troops  as 
may  be  requisite  to  support  i^oae  in  their  front  The  great  body  of 
t^e  troops  ought  to  be  near  a  central  point  of  the  posiUoo,  in  oraer 
that  succours  sent  from  that  body  may  easily  reach  any  part  that  may 
be  threatened. 

When  an  army  is  in  quarters,  there  are  established  alarm-posts,  at 
which  the  troops  should  be  appointed  to  assemble.  These  ore 
frequently  in  the  vicinity  of  a  foriran,  that  Uie  corps  may  be  protected 
.by  the  latter  till  all  liave  assembled ;  but  they  should  be  in  command- 
ing mtuations,  that,  in  the  evoit  of  the  ensmjf  attempting  a  surprise, 
his  movements  ma^  be  easily  seen.  Each  division,  or  corps  of  the 
army,  should  have  its  own  alarm-posts,  and  there  should  be,  besides, 
the  general  place  of  rendezvous  for  the  whole  army :  the  latter  place 
■houid  be  M  situated  that  all  the  divinons  may  be  drawn  up  there 
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before  the  enemy  could  arrive  at  it,  and  It  should  be  protested  by  a 
fortress  which  may  oontain  the  prorUons  for  the  support  of  the 

troops. 

A  system  of  stgnols,  for  day  or  nighty  is  determined  on,  by  which 
intelligence  may  be  conv^ed  to  all  the  difierent  posts,  of  the  approach 
of  the  enemy.  Should  an  alarm  be  given  1^  any  ontpcet  of  tiie  chain, 
the  bodies  at  troops  which  are  appointed  to  support  that  post  take 
arms,  attach  the  horses  to  the  artUloy,  and  prepan  to  matdi  imma- 
diately  to  the  point  of  danger;  but  the  jud^nent  of  tiw  ecMnmaoder. 
and  the  information  which  he  may  recaiTe  from  spies  or  desorteia, 
must  enable  him  to  form  an  opinion  whether  a  damonatration  mmAa  by 
the  enemy  is  true  or  fiJse. 

(Bulow,  Etprit  du  Sy^iae  dt  Owm  Modernt,  1801;  Quibert, 
<Emrm  Militairei,  1808 ;  Jomini,  Pritit  de  VArt  de  l»  Ouerre  oh 
Nouveau  Tableau  Antd^quei  R<^[niat,  Cotmdiratwiu  ntr  VArtdeJa 
Guerre,  1817;  lAllemand,  TraiU  dei  Opirationt  SeeotuiaireB  de  la 
Giierre,  182S ;  Yates,  Elementary  Tr&iHee*  on  Tadia  and  Stmtegy.) 

WARD,  WARDEN,  that  is,  "guard"  and  "guaidian."  Ward  is 
the  name  used  in  the  counties  <tf  Duriiam,  Westmoreland,  and  Cum- 
berland, instead  of  the  hundred  of  the  midland  oounties  w  the  wapen- 
take of  Tokshire,  to  denote  a  subdivision  of  those  ahlra.  The 
neighbourhood  of  those  border  counties  to  tiie  Scots  rendered  it 
essential  that  the  military  prepuation  of  the  iidiabitaata  should  be 
constant ;  and  henoe  tiie  subdivision  of  the  county  took  the  warlike 
appellation  of  ward,  rather  than  the  more  peaceful  one  of  hundred. 
The  great  officers  whose  duty  it  was  to  defend  the  northern  bonlers 
from  the  Scots,  and  the  north-weetem  from  the  Welsh,  were  called 
loni-wardens  of  the  marches  [UAbohss]  ;  and  we  sl^  have  the  lord- 
warden  of  the  Cinque  Ports,  the  lord-vnu^en  of  the  Statmaries.  To 
descend  to  a  lower  class  of  functionaries,  a  oastie  or  towor  was  hereto- 
fore often  called  a  ward  ;  and  it  served  as  a  place  not  only  of  defence, 
but  also  for  the  safe  keeping  of  malefactors :  hence  the  ke^ers  of  some 
jfuls  are  called  wardens ;  for  example,  the  keeper  of  the  Fleet  priscm, 
until  it  was  abolished,  was  called  warden. 

Forests  were  divided  into  wards.  "Of  tiie  Honidpal  Reform  Act 
(6  ft  6  WilL  lY.,  o.  78,)  cities  and  boroughs  are  divided  into  wards, 
each  of  whidi  has  t^e  right  of  electing  an  alderman  and  a  oartain 
number  of  conncil-men.   [Hunioifai.  C!obfobatio5b.] 

WARDS,  COURT  OF.  The  Court  of  Wards  and  Liveries  vras 
established  by  the  statute  S2  Henry  VIIL,  o.  46,  to  superinteDd  the 
Inquests  which  were  held  after  the  deatii  of  any  of  the  li^s  tensnta 
by  knighf s  service,  for  the  purpose  of  ascertaining  wlu^uada  the 
tenant  died  seised  of,  who  iras  his  heir,  whether  the  hnr  was  an  infint; 
and  thus  what  rights  accrued  to  the  kiog  in  the  sh^w  at  relief,  primsr 
seisin,  wardship,  or  marriage. 

By  the  famous  statute  passed  in  the  first  Parliament  of  Charles  II. 
(12  Charles  II.,  o.  M),  the  Court  of  Wards  was  abolished,  together 
with  the  feudal  rights  oat  of  which  that  oouit  aroea.  Qlie  neaiwle  of 
the  statute  states  that  it  had  been  intermitted  slnee  Feb.  34, 1646. 

[GnARDIAN.] 

WAREHOUSING  SYSTEM  is  a  customs*  regulation,  by  which 
articles  of  import  may  be  lodged  in  pubtio  warehouses  at  a  moderate 
rent,  not  being  chargeable  with  duty  until  they  are  taken  out  for  home 
consumption,  and  being  exempt  from  duty  if  re-exported.  It  affords 
valuable  facilities  to  trade,  is  benefid/d  to  the  ocmsumer,  and  nltimately 
to  the  public  revenue.  Where  no  suoh  ^stem  exists,  the  meidiant 
must  either  pay  the  duty  on  every  article  immediately  it  is  landed,  or 
must  enter  into  a  bond  with  AreUes  for  payment  at  a  future  time.  If 
he  pays  at  once,  he  is  obliged  to  advance  a  large  capital,  on  which 
intM«et  must  be  charged  to  the  consumer  until  the  goods  be  sold ;  or 
he  must  effect  an  immediate  sale,  perhaps  at  an  inadequate  profit,  or 
even  at  a  loss,  in  order  to  raise  the  funds  neoessary  to  pay  the  duty. 
If  he  wishes  to  defer  the  payment  until  the  market  shall  offer  an 
advantageous  sale,  he  may  find  it  difScult  to  induce  persons  to  become 
his  sureties,  and,  when  he  has  succeeded,  he  may  involve  them  in  ruin. 
The  natural  result  of  these  difficulties  is,  tiutt  ntme  but  wealthy 
capitalists  can  Import  articles  on  which  heavy  duties  ore  charged,  and  a 
monopoly  is  thus  estabiished,  to  the  great  injury  of  tibe  ooiuumer. 
The  inmiediate  payment  of  customs'  duties  also  obstructs  the  oarr^bog 
trade  of  a  country,  by  making  the  re-exportation  of  artides  more 
troublesome  as  well  as  expensive. 

The  first  British  statennan  who  proposed  a  remedy  for  these  evils 
was  Sir  Roberii  Woipole,  in  bis  celebrated  Exoise  scheme,  in  1783. 
His  object  was  to  mute  the  Excise  laws  with  those  of  the  euatoms,  as 
r^iarded  .wines  and  tohaooo,  and  to  diaiife  a  small  duty  immediately 
on  importation,  and  the  remainder  on  bemg  roaoved  from  the  Exoise 
warehouses  for  home  consumption.  Speaking  of  tobaoob,  he  thus 
explained  his  proposal : — "  If  the  merchant's  market  be  for  exportation, 
he  may  apply  to  his  warehousekeeper,  and  take  out  as  much  for  that 
purpose  as  he  has  oooasioa  for,  which,  when  weij^ed  at  the  custom- 
house, shall  be  discharged  of  the  three  fsithingi  per  pound  with  which 
it  was  charged  upon  importation ;  so  that  the  modiant  may  then 
export  it  without  any  further  trouble.  But  if  his  market  be  for  home 
consumption,  that  he  shall  then  pay  the  three  fartiiings  charged  upon  it 
at  the  custom-house  upon  importation ;  and  that  wen,  upon  calling 
his  warehouse-keeper,  he  may  deliver  it  to  the  buyer,  on  paying  an 
inhmd  duty  of  id.  per  pound  to  the  proper  officer  appointed  to  receive 
the  same."   Walpcue  dearly  foresaw  the  adnntsgas  of  his  sohuna  to 
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theouiTins  trade.  "I  am  eertaaiif^Iianud,  "that  ifc  will  be  of  great 
benrtt  Co  ufl  itvenw,  and  Trill  tend  to  make  London  a  free  port,  and^ 
b;  oonsequenoe,  the  m&rket  of  the  w^d."  l!liia  viae  jdtui,  unfor- 
tunately for  EnjllMi  ooDuneroo^  m  not  pannitted  to  ba  ciinad  into 
effeot 

The  advantam  of  the  \mrehouain{^  syatem  were  most  f  ondbly  pointed 
ottt  hf  Dean  Tucker  in  in  hia  'Essay  on  the  Advautagea  and 
DiaadTaiitageawUohrenieetiYwr  attend  Great  Britain  and  FkanoeirHh 
reapeet  to  trade,*  and  afterwardB  1^  Adam  Smith,  in  hig  '  Wealth  of 
Nationa ; '  but  it  waa  not  establiBhed  before  1803  (4S  Geo.  III.,  &  1S2). 
The  acts  by  which  warehouBing  ia  sow  regulated  are  the  8  and  4  WilL 
IV.,  e/  67  ;  4  and  S  WilL  IV.,  c.  89  j  and  6  and  7  WilL  IV.,  o.  60. 

The  main  objection  to  Sir  Bobert  Walpole'a  schenie  waa  that  the 
vardtousiiig  was  compnlaory,  but,  under  the  existing  law,  it  ia  at  the 
opition  of  tiie  importer.  Among^  other  privOegea  enjoyed  tite 
merchant,  he  may  remove  any  merchandlae  from  one  port  to  another, 
either  by  sea  or  inland  carnage,  to  be  warehouaed  again.  A  com- 
mittee of  the  Honse  of  Commonfl  reported,  in  1840, "  that  Uie  privilege 
of  having  bonding  warehouaea  may  be  conceded  to  inland  towna,  under 
due  reatrictionB  and  regulations,  with  advantage  to  tmde  and  st^ety  to 
the  revenue.  An  Aot  (7  &  8  Vict,  o.  81)  conferred  ^ia  nivuege 
npcm  MandUBtar.  Since  then  the  power  of  appointing  varawuidng 
porta  has  been  ocmferred  on  the  Treasury  bv  the  Customa  QniK^idataon 
Act  of  18SS ;  and  a  dmilar  power  aa  to  mland  towns  by  the  23  &  24 
Vict,  c.  88. 

The  advantagea  of  wftrehoualng  have  been  understood  In  various 
foreign  oountries  as  well  aa  in  Eiu^d.  So  long  aince  as  1684,  H. 
Turgot  eetabliahed  it  In  IHnce;  but  it  waa  discontinued  in  1668. 
exoqit  for  merehandfae  imported  from  ^  East  and  Weat  Indiea  and 
Qalnea,  or  exjiorted  thereto.  In  1 805  the  system  was  re-establishod  in 
a  more  extenfore  manner,  but  waa  confined  to  certain  aaa-porta,  until 
1832,  when  it  waa  extended  to  several  of  the  principal  cUiea  in  the 
Interior.  WarehonMng  both  at  ports  and  at  certain  inland  towns 
ia  permitted  in  HoUand.  In  Belgium,  Denmark,  and  moat  other 
o(nnmercid  oountriea  the  system  has  alao  been  adinitod. 

WABHINO  AND  VKNTILATION.  Befereneea  having  been 
made  from  Skokb,  Stotk,  and  VbRtilatioit  to  the  present  article,  it 
will  be  deaiiable  here  to  glance  rapidly  at  the  principal  modes  em- 
plorvad  for  warming  and  ventilating  buifdings  generally. 

0pm- flre-plaee».~X  "cheerful  Englishfire "  is  osaociated  with  so 
many  ideas  of  oomfort  and  social  enjoyment,  that  we  ara  apt  to  forget 
how  dearly  we  pay  for  it.  Dr.  Frankhn  and  Count  Bumfwd  did  some- 
thing to  call  attention  to  the  aubject^  but  Dr.  Amott  has  dcaw  more. 
In  order  to  underatand  tidl  matter,  it  vrin  be  neoeaaaiy  to  bear  in  mind 
that,  while  some  Srfr-plocee  or  stovea  give  out  heat  by  ctm^tOion  chiefly, 
others  do  ao  mainly  by  radiation.  Open  fire-placea  are  of  the  latter 
kind,  and  a  serious  loss  of  hea^g.power  results  from  the  arrangement. 
The  burning  coals  radiate  heat  into  the  room,  and  another  portion  of 
heot  is  reSected  from  the  metallic  p^ona  of  the  grate;  but  the 
heated  air,  which  ought  to  cmtribute  to  the  desired  efbot,  la  mainly 
allowed  to  esc^ie  up  the  ohimney  with  ttte  Bn<^  and  other  nsults  of 
eombustdon. 

Dr.  Amott  enumoratea  about  a  dozen  evils  which  are  more  or  less 
iniBpaxable  from  the  familiar  open  fires  of  our  apartments.  Among 
tbeae  are :  Watte  qf  There  is,  first,  the  heat  which  escapes  with 

the  smoke ;  tiken  the  current  of  warmed  air  from  the  room,  which 
aaoenda  the  chimney ;  and,  lastly,  the  valuable  fuel  oontained  ta  the 
amoke  itaelf.  From  idl  these  oauaes  Dr.  Arnott  eaUmatea  a  Ion  of 
aeven-eighthfl  of  the  whole  heating-power,  while  BumfoM  esUmated  it 
as  high  as  fonrteen-fifteenths — each  baaing  his  concluaions  on  the  kind 
of  open  fire-place  chi^y  in  use  in  his  own  day.  Unequal  Aeotinff.— In 
a  cold  wintry  day,  vriien  seated  near  a  large  fire,  we  may  frequently 
hear  persona  complain  of  being  scorched  on  me  nde  and  frozen 
on  the  other.   Thu  arises  from  the  circumstance  tint,  as  most  of  the 


great  at  a  small  dlatance,  and  too  weak  at  a  greater ;  while  the 
drau^t,  or  current  of  cold  air  which  feeds  the  fire  with  oxygen,  acta 
like  a  cbilling  blast  ag^nst  the  Adi  of  each  petson  or  object  which  is 
turned  away  from  the  fire.  Strata  of  air  WMpuUly  AeoMl.— Beaidea 
the  mequalitv  just  alluded  to,  there  is  another,  ariong  from  this  dr- 
cumstanoe— that  the  entering  current,  being  colder  and  epeoifically 
heavier  than  the  air  previously  in  the  room,  occupies  the  lowest 
Btratun^  and  subjeota  the  feet  to  a  cold  bath,  which  is  frequently 
attflDded  iritii  Ud  oonBeqneneea.  dher  objections  aie-the  moke 
and  diiif  ariring  from  the  use  of  open  fires;  thoAwio/  (tnw  atttttdant 
on  care  which  they  demand;  Qiedangerto  jwwpertw  tmd  to  permm 
whioh  accrues  from  them;  the  tieeettt^  (mitil  lately  suppoeed  to  be 
indispensable)     emplajfing  eUw^ivg  boyt ;  and  many  others. 

Many  contrivancea  have  from  time  to  time  been  laought  forward  to 
obviate  one  or  other  of  titeae  huonveniencee.  Count  Bumfoid  aug- 
g^ted  the  iffileterateTe,  tJie  peonliarity  of  which  oonsists  in  nar- 
rowing the  entrance  or  throat  of  the  chimney  by  a  plate  which  can  bo 
moved  to  varr  the  size  of  the  aperture ;  by  this  means,  particularly  if 
the  opening  be  near  the  fire,  the  very  hot  air  directly  from  the  fiie 
enters  before  it  osa  ndz  with  much  colder  air  from  the  room,  and  thns 
the  draught  is  increased  so  as  to  leaaentiie  chance  of  amoUng.  But 


the  very  dronmatanee  whioh  oonBtitatee  the  ezoellenoe  at  this  ^are, 
namely,  the  rapid  ascent  of  heated  ^  up  the  ohinmw,  iUuBtratea  the 
waata  of  the  method  generally  by  showmg  how  much  of  the  heating 
agent  ia  lost.  The  almost  hiterminable  vanetv  of  open  flre-tboe^  both 
in  the  form  of  the  grate  itself  and  in  that  of  tat  opening  in  whioh  it  ia 
placed,  luve  been  mtroduced  either  for  an  ornamental  purpose  or  for 
the  preventim  of  smoking;  the  other  evUa  enumerated  are  almost 
ina^ualde  f^om  the  system. 

Die.  Amott,  In  ISSff,  publiriied  a  Tolnme  "  On  tiw  Smofcelfln  Vbo- 
plaoe,  Chimn^-valves,  and  other  means,  old  and  new,  obtsining 
healthful  Warmth  and  Ventilation."  Hia  chief  object  waa  to  describe 
a  kind  of  o^en  stove  whioh  he  had  invented,  as  the  result  of  combining 
many  principlee  long  known,  but  only  in  part  acted  on.  In  Uiis,  as  in 
other  cases,  he  generously  ttuvw  all  patent  privile^  aside,  and  sought 
how  best  he  might  swvelhepaUio  generally.  The  cUef  faults  of  open 
fire-placea  bdng  the  production  of  smoke,  waste  <tf  fuel,  unequal  heating, 
and  troublesome  management,  he  devis^  a  plan  for  lesstming,  if  not 
preventing,  all  these  evils.  One  day's  cha^  of  fuel  ia  supplied  at 
onoe,  in  a  box  beneath  the  grate.  The  ooal  is  borne  upwards,  when 
wanted,  by  a  moveable  false  bottom  in  the  box,  whioh  is  raised  easily 
by  the  poker  aa  a  lever,  with  notches  and  ratohete  to  retain  the  &lae 
bottom  at  any  hei^t  The  box  is  from  8  to  18  ioobes  Aai^,  and  con- 
tains from  201bs.  to  SOlba.  of  fuel  In  warm  weather,  the  fir*  is  kept 
dull  by  not  ruaing  the  bottom  so  high  or  so  often  as  in  cold  weather. 
To  light  the  fire,  paoM-  and  wood  are  laid  on  the  oonl ;  and  on  thia 
three  or  four  inchea  of  cinder  or  partially  coked  ooal.  The_  wood  soon 
kiidW  the  dnder,  and  the  pitcny  vapour  from  the  coal  rises  through 
the  wood-flame  and  olnder-flame,  ignites,  and  adds  to  the  heat,  without 
producing  smoke.  It  ia  important  that  no  air  should  pass  up  thmnrii 
the  ooal-box ;  to  bisure  this,  the  false  bottom  moves  up  ijghtly.  Tlie 
cool  only  bums  at  the  top,  but  it  keeps  a-light  with  great  tenacity. 
Even  if  no  fuel  were  left  in  the  grate,  the  ooal  in  the  box  would  bum 
gmtly  downmrds,  and  endure  uirough  a  whole  night.  The  grate  ia 
accompanied  by  an  improved  form  of  chimney-valve,  Ac.  Any  kind 
of  coal,  culm,  or  coke  will  do.  A  room  may  be  kept  warm  all  nig^t, 
by  leaving  the  valve  and  throat  of  the  ohinmey  only  a  little  open,  and 
thereby  drawing  away  only  a  Utile  of  the  warmed  air.  Dr.  Amott, 
having  tried  his  new  open  smokeless  flre-plaoe  in  many  wave,  has 
found  that  it  saves  one-third  of  the  fuel,  cures  a  smoky  or  ill-<frawing 
chimney,  ventilatee  the  room  through  the  valve,  difiuaes  the  heat  about 
the  room,  requires  no  tending  for  twelve  houra  together,  rmdera 
ahimnn^<wee|pk%  unneoasaary ,  and  calls  for  very  little  pereonal  atteod- 
anoe.  we  may  add  that  Dr.  Amott  combats  an  opinion,  now  very 
prevakmt,  that  a  modem  low  grate  warms  the  floor  <n  a  room  better 
than  one  of  greater  height.  In  the  usual  position  of  a  hearth-rug, 
more  heat  oomee  down  upon  it  if  the  grate  be  moderaje^  high.  If 
the  grate  be  low,  hardly  any  heat  Orilet  it ;  it  mwely  passsa  horinm- 
tally  over  it,  while  cold  air  rushes  along  the  floor  in  the  o^wDto 
directiw,  on  its       to  feed  the  fire. 

Cloie  Stovet. — ^The  common  Dutch  stove  ia  one  of  the  aimpleat 
examples  of  a  dose  stove.  It  generally  eondsts  of  a  cylindrical  case  of 
sheet  iron,  witl^  and  near  the  bottom  of  which  la  a  grating  for  con- 
taining the  fuel  Thero  ia  an  ash-pit  beneath  the  grathig,  and  three 
openings  to  the  interior — one  to  the  ash-pit,  one  for  introducing  the 
fuel  above,  and  one  leading  to  a  flue  or  ohimn^.  When  the  fuel-door 
is  closed  and  the  esh-door  open,  there  is  Uian  one  aperture  by  which 
oold  air  can  enter  to  feed  the  oombnstion,  and  another  by  whleh  the 
smoke  can  escape.  In  this  form  of  stove  the  heated  iron  case  warms 
the  air  of  the  room  by  eonduetvm  rather  than  ra^AoHon,  and  all  this  air 
beoomee  much  more  nearly  equalised  in  temperature  than  by  a  common 
fire.  There  is  also  great  economy  of  fuel,  and  an  absence  of  smoke  and 
dust.  On  tiie  oUier  hand,  inconvenience  arises  from  the  highly  heated 
iron,  the  temperature  of  whioh  ia  so  great  as  to  deoompoee  many  of  the 
hetwigeneous  paitides  idwayi  floatmg  in  the  afr,  Tbo  air  acquires  • 
bumt  and  aul^ureoua  odour ;  it  exerciaea  a  dry  and  ArivcUing  efibet 
on  objects  in  the  room ;  and  it  often  givea  headache  and  giddineaa  to 
those  who  are  exposed  to  It.  In  Germany  the  stoves  are  made  on  this 
principle,  but  are  often  more  ornamental  in  thbir  dioraoter. 

The  BuaaianB  contrive  their  close  stoves  on  a  diSerent  principle. 
Earthenware  and  bruskwoA  are  large^  used,  instead  of  metal,  as  a 
means  of  making  the  heat  less  intense  near  the  store,  and  of  keeping 
iq>areBervoir  of  heat  after  the  fire  ia  exthigaiahed.  The  stove  is 
built  in  a  msBSive  style,  and  condsta  of  a  seriee  of  chambers,  of  which 
the  lowest  serves  as  the  fire-place,  and  the  upper  ones  as  flues ;  and 
being  composed  almost  entirely  of  brick  and  porcelain,  the  outer  aurfsoe 
remains  at  a  moderate  temperature  for  a  very  long  period. 

Within  the  last  thir^  yean  many  forms  of  stove  have  been  devised, 
with  the  view  of  obviating  some  of  the  objections  urged  against  thoae 
used  on  the  Continent  Where,  aa  in  a  common  German  or  Dutdi 
stove,  the  burning  fuel  oomee  In  contact  with  the  metal  of  which  the 
store  ia  formed,  this  metal  beoomee  so  highly  heated  as  to  produce 
upon  the  surrounding  air  the  deleterious  eflfocts  before  alluded  to.  Dr. 
.Ajnott  has  the  merit  of  having  drawn  attention  in  a  particular  manner 
to  thta  aubjecL  The  problem  which  Dr.  Amott  sought  to  solve  was, 
to  obtain  a  con^arable  extent  of  surface  heated  not  much  above  200% 
aa  a  meana  of  warming  apartments.  He  first  caused  a  kind  of  water- 
stove  or  tank  to  be  eoubnoted,  having  a  fire-box  in  ita  oantee ;  and  by 
certain  amngements  Air  the  admiinon  of  air  and  the  endidon  <u 
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Binc^,  1m  kept  the  water  alwaya  nearly  at  the  boiling  tempemture. 
This  appuntuB  hang  however  both  expeiuiTe  and  difficult  to  manage, 
he  diap«ised  with  ^e  water,  and  aurromided  the  fire  merely  with  a 
body  of  air.  In  the  new  form  <rf  atore,  the  fuel  ia  put  into  a  small 
fir»-M«,  encioseil  within  a  laigar  ease  of  elwet-inHi;  the  only  openinga 
in  the  outer  case  bwng  a  Soar  at  whkh  the  fud  ia  introduced,  an  t£:- 
holc  beneath  the  grate,  and  a  ohimney  for  the  exit  of  amoke,  which 
chimney,  being  merely  a  metalUo  tube  three  or  fotu*  ioohes  in  diameter, 
can  be  easily  arranged  in  position.  The  interior  of  the  outer  case  la 
near^  divided  into  two  porta  by  a  partition  so  adjnsted  as  to  cause  a 
oontinaed  drculaUon  the  heated  air  within,  and  hence  an  equable 
heating  of  the  oater  case.  The  air-'raat  leading  to  the  fire  la  j^vrided 
with  a  valTo,  by  which  the  admiaidon  of  afr  is  rendered  m<»e  or  leas 
abundant  aocordiog  ae  the  fire  within  la  leaa  or  more  intense.  It  was 
one  point  in  Dr.  Arnott'e  syetam  to  make  the  stove  a  "  self-regulating  " 
one,  by  proriding  apparatus  whereby  the  valve  would  open  and  shut 
at  tiie  proper  times  to  Tnflint.ain  any  required  temperature ;  and  he 
soggesta  six  or  eig^t  different  modes  of  arrangement,  from  which  the 
muer  oi  the  tto^  mnr  select  one.  Dr.  Amott  states : — "  During 
the  winter,  1886-7,  wnudi  waa  very  long  and  severe,  my  libtaiy 
was  warmed  by  the  thermometer-stove  alone.  The  fire  was  never 
axtinguiahed,  except  for  experiment,  or  to  allow  t^e  removal  of 
pieces  of  stone  which  had  been  in  the  coal ;  and  this  might  have  been 
prevented  by  making  the  grata  with  a  moveable  or  shifting  bar.  The 
temperature  was  uniformly  from  QO'  to  68%  I  might  have  made  it  as 
muok  lower  or  higher  ae  I  liked.  The  qnutity  of  coal  used  (Welsh 
stone-coal)  was,  wr  several  of  the  oolder  months,  t&x  pounds  a  day ; 
less  than  a  ponnyworth,  or  at  the  rate  of  half  a  ton  in  the  six  winter 
months."  This  kind  of  stove  possesses  many  advantages ;  but  it  is  not 
free  from  defects.  It  is  liable  to  the  objection  already  stated  with 
r^ard  to  the  unpleasant  feeling  consequent  on  the  use  of  all  stoves 
of  the  kind,  and  indeed  with  it  more  than  others;  for  owing  to  the 
veiy  slight  e^eaditure  of  fud*  thtt«  is  little  or  no  ohangp  in  the 
atmosphere. 

Niuuerous  varietiea  of  the  dose  stove,  bearing  more  or  lees  on  the 
above  construction,  have  been  brought  forward  since  the  publication  of 
Dr.  Amott's  first  book  on  this  subject  in  1838.  Each  ^fessee  to 
possess  some  peculiar  merit ;  but  all  present  tiiese  features  m  common : 
that  the  air-bole,  which  tita  combustion  is  fed,  is  venr  small,  and 
capaUe  ot  adjustment;  l^t  there  is  a  body  of  air  to  be  wanned, 
external  to  the  grate  or  fire-box  itsdf,l>ut  oonfined  witihin  an  outer 
case;  that  the  ctmsumptiou  of  fud  is  mudi  smaller  than  in  any 
variety  of  open  fire-places;  and  that  the  flue  lot  carrying  off  the  smoke 
and  gases  is  small  in  diameter,  and  capable  of  being  carried  in  any 
directiim.  In  one  variety,  called  the  Vesta  stove,  there  is  a  very 
ingenious  arrangement  whiueby  the  ashes  can  be  raked  from  the  gtate 
into  on  aah-reoeiver,  and  new  lud  thrown  into  the  grate,  without  uar 
dust  liatng  into  the  room,  or  any  air  entering  the  stove  except  througit 
.the  customary  air- vent  In  the  different  forms  of  kitchen-ranges  the 
open  fire-plooe  is  combined  with  what  may  be  deemed  a  dose  stove ; 
for  the  oven  and  bot-doset  ore  representatives  of  the  heated  space 
within  the  outer  case  of  a  dose  stove.  The  stoves  often  employed  in 
shops,  halls,  Ac.,  are  adjusted  not  so  much  for  the  economisiiig  of  fud 
as  lor  the  oonsnmption  of  tlieir  own  smoke. 

Gat-^otm. — Id  addition  to  the  use  of  gas  for  lifting,  described  in 
its  proper  {Jaoe,  gas  is  now  extensively  employed  for  heating,  by  means 
of  stoves  of  various  kinds.  The  stoves  are  mostly  cylindrical  in  form, 
with  openings  at  tixb  top  and  bottom.  At  the  lower  end,  a  few  inches 
above  the  floor,  is  a  ring-burner  pierced  with  numerous  minute  jet- 
hole&  The  tap  has  frequently  a  sliding  valve  or  damper  to  rwuate 
the  heat.  The  detdls  vaty  greatly  in  diSeroit  kinds.  Kdwarda^s  gas- 
stove  has  bnlbouHhaped  bumem  of  fir»-redBting  cli^,  forced  with 
numerous  small  holes.  Air  enters  through  a  loww  row  of  hdes  and 
mixes  with  the  gss.  The  bulb  becomes  gradually  covered  with  a  thin 
yellow  flame.  Several  such  bulbs  are  combined  in  various  ways,  and 
arranged  to  form  cooking  and  heating  stoves.  One  form  of  this  stove, 
the  so-called  Atvupyre,  consists  mainly  of  small  (flinders  of  pipe-day. 
Each  cylinder  is  from  two  to  fcntr  indue  low,  and  perforated  wiUi 
holes  ^th  of  ao  inch  fn  diameter.  One  end  oithe  cy&tiee  is  fixed 
upon  a  gas-buratf ;  the  gas,  being  turned  on,  mixes  with  the  atmo< 
spheiio  air  in  the  cylinder ;  the  little  jets  which  penetrate  the  minute 
holeii  are  ignited,  the  pylinder  beoomes  red-h<^,  and  presents  the 
appesrance  of  a  solid  red  flama  By  placmg  many  such  qylindsn 
within  another  of  larger  sise  a  very  intense  neat  may  be  produced, 
api^jaUe  to  maDufaeturing  puiposes. 

Whatever  bnn  a  gSHtove  may  present,  its  assumed  advantages  are: 
a  oomparative  freedom  from  dust  and  dirt;  a  saving  of  time  and  labour; 
fadlit^  for  adjustingthe  temperature  of  a  room ;  and  economy  in  cost 
and  mdntaiaac&  The  disodvontagee  ere  all^;ed  to  be :  a  division  of 
aqueous  vapour,  nitrogen,  and  carbonio  acid  gas;  theee  ought  to  be 
corned  off  by  a  chimney  or  flue,  which  however  is  seldom  provided  for 
goa-stoves.  Moreover,  all  the  bad  gaees  are  given  oB  near  the  floor  (in 
ga»«tovee,  though  not  in  gas-lights),  so  as  to  mix  with  the  whole  of 
the  til  in  tha  room ;  and  any  defect  in  the  burning  of  any  one  ut  the 
numerous  small  jets  leads  to  the  production  of  an  offensive  odour.  To 
lessen  these  evils,  it  has  been  recommended  that  the  stove  should  have 
two  or  three  concentric  cylinders;  that  the  heated  dr  should  be 
allowed  to  drculote  between  them;  that  then  should  be  no  opming  at 


the  top ;  that  a  fiue  of  two  inches  dtametv  should  be  placed  at  about 
mid-height,  to  carry  off  vapour,  dust,  and  deleterious  gases ;  that  there 
should  be  an  increased  amount  of  metallic  and  reflecting  suriaces  to 
recdve  the  heat ;  that  only  the  radiative,  not  the  atcetuive,  heat  should 
be  dlowed  to  combine  with  the  air  of  the  room ;  tiiat  the  size  of  the 
stove  ou^t  to  bear  some  weU-ascortained  proportion  to  tiie  size  of  the 
room ;  that  care  should  be  taken  not  to  overheat  tiie  stove,  isa  fear  of 
producing  an  empyreumotic  odour ;  and  that  the  gas-jets  should  never 
exceed  three-quarters  of  m  inch  in  height.  If  the  fiue  be  long  enough 
to  allow  the  stove  to  stand  near  the  middle  of  the  room,  neony  all  wb 
beat  will  be  rendered  practically  available.  lu  a  well-arnmged  gas* 
stove  seven-dghths  of  all  the  heat  may  be  economised.  A  more  ^uable 
heat  can  be  maintained  by  such  a  stove  than  by  any  mode  of  using  coal 
or  coke,  on  account  of  the  jet-holes  ranoining  constantly  of  the  same 
size.  So  &r  as  regards  strfety,  tiie  flue  of  a  gas-stove  is  not  so  likdy  to 
be  highly  heated  as  that  of  other  stoves.  Whether  such  a  flue  could 
be  made  conformable  to  the  decorations  or  furniture  of  a  room,  instead 
of  being  an  eyesore,  is  a  question  worthy  the  attention  of  architecta 
and  upholsterers.  In  relation  to  economical  use,  it  has  been  calculated 
that  a  gas-stove  will  boil  one  gallon  of  water  by  the  expenditure  of  gas 
to  the  value  of  one  farthing;  while  a  peoiqrworth  of  gas  will  bake  three 
quartern  loaves  or  six  pounds  of  meat.  On  this  sulgeot,  ibo  a{^lication 
of  gas  to  cooking,  see  CooiUKa  Apparatus. 

Warminff  hy  Heattd  Air. — In  dl  the  arrarigaments  yet  described,  the 
stove  or  fire-place  is  in  the  room  whidi  is  to&e  warmed,  and  its  heating 
effects  ore  oalcnlated  with  respect  to  that  room  alone.  A  notable 
advance,  carried  to  a  great  extent  in  tiie  present  day,  is  to  have  the  fire 
in  an  outer  or  lower  apartment,  and  to  carry  tiie  huted  dr  from  thenoe 
in  a  pipe  to  the  apartment  to  be  heated.  The  Chinese  have  been 
beforemmd  with  us  in  this  matter.  In  the  better  class  of  Chinese 
houses  there  are  hollow  flues  extending  beneath  the  floors,  and  con- 
nected with  a  fire-dace  constructed  dther  sgainst  the  exterior  wall  of 
tike  apartment  to  be  heated,  or  dee  In  an  infmor  room  adjoining.  The 
flues  are  pnforated  with  numerous  holes,  throuf^  which  they  give  out 
the  heated  air  and  smoke  to  the  whde  of  the  under  dde  of  tiie  flotniiu;. 
This  flooring  conaiste  of  flat  tiles  or  flag-stones  nicely  imbeddedm 
cement,  so  as  to  prevent  the  escape  of  the  smoke  or  heated  air  from 
the  flues  beneath  into  the  room.  After  circulating  beneath  the  tiled 
floor,  the  smoke  escapes  by  a  ohimney  into  the  open  air.  In  this 
aiTongement  it  is  obnous  that  the  i^MVtment  is  wwmed  \(7  the  con- 
duction of  odorio  from  the  warm  tiled  floor  to  thedr  of  we  room; 
and  as  this  conduction  proceeds  dowly,  the  tiles  retun  beat  enou^  to 
warm  the  room  many  hours  after  the  fire  has  beoi  extinguished. 

Before  the  improved  methods  of  warming  bctoriee  came  into  use, 
Mr.  Stmtt,  of  Derby,  devised  a  form  of  stove  which,  under  various 
modifications,  was  called  the  cockle  stove,"  the  "  Derby  stove,"  and 
Uie  "  Bdpor  stoTSt*'  for  wanning  his  cott<ai-&ot<Hies.  In  these  stoves 
the  fire  waa  cmtdned  in  an  iron  receptade,  studied  sometimes  eylin- 
dricaQy,  sometimes  rectangnlarly ;  and  at  a  certain  distance  from  it, 
encompassing  it  on  every  side,  was  a  brick  casing  or  envdope,  so  that 
a  body  of  air  existed  between  it  and  the  fire-box.  The  firo-boz  had 
three  openings  to  the  exterior,  one  to  introduce  the  fud,  one  for  an 
aah-pit  uid  air-vent,  and  one  for  a  chimney ;  the  exterim*  envdope 
had  two  opeoiogB,  wholly  distinct  from  the  others,  one  to  cany  off 
heated  air  to  the  various  rooms  of  the  factory,  and  another  to  admit  a 
renewed  supply  of  fresh  air.  Dr.  Fyfe  describes  an  arrangement 
adopted  in  a  church,  iriiich  may  perhaps  be  taken  as  a  &ir  example  of 
a  numerous  class  of  instances.  The  body  of  the  church  is  warmed  by 
two  stoves  about  four  feet  high,  made  of  cust-metd,  and  shaped  nearly 
like  a  belL  A  square  ash-pii^  about  a  foot  high,  resta  on  four  balls, 
and  sui^urts  a  flie-box  Xumaoe.  Conoentric  vitii  this  flre-plaoe  is 
an  outer  ease ;  the  space  between  tiie  two  contdning  the  air  wnidi  Is 
to  be  warmed.  The  usud  adjustments  are  provided  for  the  introduc- 
tion of  fud  and  of  dr  to  feed  it,  for  the  exit  of  smoke,  for  the  entrance 
of  fresh  air  to  the  air-chamber,  and  for  the  exit  of  the  heated  air  to 
perform  its  wont«d  offloe.  The  air-tubes,  communicating  with  the 
air-chamber  of  the  stove,  are  oonv^ed  aluig  tin  lower  edge  of  the 
gallery  of  the  churdi;  and  small  farandi  pipas  opening  frran  them  at 
regular  intervals  gen  outa  stream  of  hot  air  whioh  imngleB  with  tbs 
oohl  air  of  the  building.  The  flres  sre  lif^ted  early  on  the  Sundqr 
morning.  From  this  time  till  the  congregation  asRembles  the  fires  are 
constantly  suj^lied  with  fuel,  and  a  supply  of  heat  is  thus  kept  up 
suiBdent  to  warm  the  whole  interior  of  uie  church  during  the  time  of 
divine  servioft  A  stove  sudi  as  this  is  likdy  to  give  a  tainted  and 
offenstveduoMtertotlieair,  lib  the  oommon  German  storea^  unless  a 
rapid  onrrenfc  be  kept  up.  Hence  a  diange  has  been  oeosdonally  intro- 
duced, by  having  the  outer  casing  mode  of  brickwork,  instead  of  metd, 
and  by  maiHng  its  dimendons  much  larger,  an  arrangement  whioh  heats 
the  outer  case  less  intensdy,  and  provides  a  laigerbody  of  air  heated 
to  a  lower  temperature. 

Very  numerous  wieties  of  tiie  hot-dr  ^paratus  have  been  brought 
into  use;  Imt  the  {Kino^le  on  ^riiioh  thwaU  act  can  readi^  be  undies 
stood.  When  the  nave  end  d«ne  of  St  null's  oathedrd  were  recently 
fitted  up  for  Snnday  evening  servioes  during  the  winter,  six  stoves, 
constructed  on  a  plan  devised  Hr,  Qoldsworthy  Onm^,  were  placed 
in  the  crypt  Gratings  admitted  tiie  heated  air  from  these  stoves  tato 
the  body  of  the  cathedroL  The  vitiated  air  eeoaped  by  openings  at 
the  top  of  the  dome.  Ssoh  stove  was  a  cylinder^  with  radiating  wings 
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all  round.  It  stood  in  a  vesael  of  water.  The  hotter  the  etove,  the 
more  the  water  erapomted,  bo  as  to  keep  ih»  air  in  a  proper  hygro- 
metric  state.  The  ateam  generated  from  tiiia  water  also  curled  on  the 
heat  from  the  iron  quickly,  and  thus  aided  in  warming  the  building. 

Warminff  bp  Steam  The  employment  of  Bbeam-boilera  in  large  esta- 

bliahmente  where  etoam-enginee  are  worked,  ia  one  of  the  circumstances 
which  have  led  to  the  ybtj  ntendve  adoption  of  the  method  of  warm- 
mg  by  eteam.  A  niaiked  difference  is  observable  in  the  principle  of 
tlus  method,  as  compared  with  that  of  hot-air  warming.  The  heated 
agent,  that  is,  the  st«un,  ia  not  permitted  to  mingle  with  the  tur  of  the 
room  which  is  to  be  warmed,  but  acta  through  the  medium  of  the 
metallic  tube  which  confines  it,  and  which  it  raises  to  a  temperature 
sufficient  to  warm  the  room,  without  imparting  a  burnt  quality  to 
the^. 

The  general  airangementB  of  •  steam-heating  apparatus,  as  eu^^sted 
by  Hr.  Scott  Russell,  are  somewhat  as  follows : — At  a  convement  part 
of  the  building,  and  as  low  as  possible,  there  ia  to  be  placed  a  close 
steam-boiler  of  the  ordinaiy  oonatruction.  From  this  boiler  a  small 
steam-pipe  ia  to  be  carried  to  the  part  of  the  building  which  is  to  be 
warmed.  This  small  pipe  should  be  pretty  tiiick,  and  carefully  rolled 
round  with  a  bandage  ti  flannel  to  the  thickness  of  a  quarter  of  an 
indb,  and  the  boiler  ahonld  be  wholly  oorered  with  bricks  and  plastered 
over  to  keep  in  the  heat.  This  smaOar  Bt«am-pipe  should  hare  an  area 
of  one  square  inch  for  every  six  gallons  of  mter  that  the  boiler  can 
boil  off  in  an  hour.  Pipes  of  a  larger  size  are  to  be  laid  round  the 
room  above  the  floor ;  or  under  Uie  floor,  if  apertures  be  laft  to  allow 
a  free  drculation  of  warmed  air  to  enter  tiie  room.  Into  these  larger 
pipes  tiie  steam  is  to  be  conductedj  and  in  them  l^e  steam  will  be  con- 
densed into  water,  giving  out  its  heat  to  the  colder  air  of  the  room 
which  is  in  contact  with  the  outside  of  these  pipes.  Small  leaden  or 
tin  pipes  must  be  provided,  for  the  puqxue  of  bringing  back  this 
condensed  water  into  the  boiler,  for  which  movement  a  gentle  slope  is 
^ven  to  the  ^pee.  The  water  thus  returned,  being  again  heated  in 
the  boiler  and  converted  into  ateam,  is  again  made  to  ascend  uid  give 
oat  its  caltnic  to  the  room  which  ia  to  be  warmed. 

^eacT  of  this  mode  of  heating  depends  on  the  great  capacity 
for  heat  which  steam  posaeasea,  a  capacity  equal  to  1000" ;  that  is,  a 
pound  of  water  at  212*  will  absorb  a  thousand  degrees  of  heat  in 
becoming  a  pound  of  steam.  Steam  will  thus  communicate  as  much 
heat  as  a  mass  of  red-hot  iron ;  and  it  will  have  this  advantage  over 
the  iron,  tbab  it  can  carry  this  heat  to  a  distance  without  a  similar 
loss,  because  the  heat,  being  latent,  will  not  be  given  out  until  it  arrive 
at  its  deatinatiQa  and  become  condensed,  when  the  whole  of  iti  1000" 
will  be  useful^  ap^Jied. 

^IVedgold,  Mr.  Scott  Russell,  Dr.  Amott,  and  otiier  writers  on  this 
subject  have  given  the  results  of  their  calculations  as  to  the  quantity 
of  steam  and  steam-pipe  thus  required.  Dr.  Amott,  after  taking  into 
ooeount  the  loss  of  heat  through  the  thin  ^^oss  of  windows,  throu{^ 
tiw  thick  walls  of  buildings,  and  through  vanoua  opaunga  andtnevioes, 
airives  at  the  following  result : — In  a  winter  day,  with  the  extconal 
temperatore  at  10"  below  freesbg,  to  maintain  in  on  orduuu-y  apart> 
ment  the  agreeable  and  healthful  temperature  of  60°,  there  must  be  of 
surface  of  steam-pipe,  or  other  steam-vessel,  heated  to  200°  (which  is 
the  average  surface-temperature  of  Tessels  filled  with  steam  of  212°), 
about  one  foot  square  iw  every  six  feet  of  single-glass  window  of  usual 
thickness;  as  much  for  every  120  feet  of  wall,  roof,  and  ceiling  of 
ordinuT  material  and  thickness;  and  as  mudi  f6r  every  six  cubio  feet 
of  hot  ur  escaping  per  minute  as  ventilation,  and  i-eploced  by  cold  air. 
A  window  wiui  we  usual  accuracy  of  fitting  is  held  to  aUow  about 
8  feet  of  air  to  pass  by  it  in  a  minute ;  and  there  should  be  for  ventila- 
tion at  least  3  feet  of  air  a  minute  for  each  person  in  the  room. 
According  to  this  view,  the  quantity  of  steam-pjpe  or  vessel  needed, 
under  the  temperatures  supposed,  for  a  room  16  feet  niuwe  12  feet 
hi^,  with  two  windows,  each  7  feet  by  8  feet,  and  wiui  ventilaUou  by 
them  or  otherwise  at  the  rate  of  1 6  cubic  feet  per  minute^  would  be — 

ror    43  Koare  feet  of  glus,  requiring  1  foot  for    6  a  7 
„  1S8«  ftet  of  wall,  eeilinv,  tan   „  1  foot  fiw  110  >i  10} 
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that  is  20  feet  of  pipe  4  inches  in  diameter,  or  any  other  vessel  having 
the  same  extent  of  surface. 

Mr.  Scott  Russ^'s  calculations  had  relation  to  the  quantity  of  water 
and  of  fuel  required,  as  well  as  that  of  the  steam-pipe ;  and  he  arrives 
at  the  conclusion  that  a  room  oontiuuing  SOO  cubic  feet  of  air,  and 
exposing  400  feet  of  surface,  may  be  maintained  at  a  temperature  of 
20^^  above  that  of  the  idr  without— that  is  to  soy,  at  60"  in  the  inside 
of  the  room  when  the  atmosphere  is  at  40°  without — for  a  space  of 
twelve  hours,  by  Ute  evaporation  of  two  gallons  of  water,  and  at  the 
expense  of  about  three  pounds  of  cool.  This  calculation  rests  on  the 
maintenance  of  the  required  temperature  so  &r  as  the  room  and  its 
contents  ore  ooooemed ;  but  the  change  of  the  air  requisite  for  a 
person  living  in  tiie  room  disturbs  the  formula,  and  bringa  into  it 
many  new  elements. 

This  mode  of  heating  buildings  is  adopted  to  a  large  extent  in 
Lancashire,  Yorkshire,  and  Che^irc,  in  tlio  eteam-power  f^ictories. 
In  the  cotton-miUs,  woolleD-nills,  flax-mills,  power-loom  factoriea,  dye- 


works,  bleach-works,  print-works,  Sus-r  the  EadUties  for  producing  an 
uninterrupted  supply  of  steam  are  so  great,  that  the  stoam-heatins 
system  becomes  by  far  the  most  economical  that  can  be  employed. 
Orrell's  cotton-miU  at  Stockport  may  be  taken  as  aa  exemplification  of 
a  large  class  of  such  buildings.  This  mill  is  sitiuted  on  the  banks  of 
the  Mene^,  and  occupies  a  ground  area  of  280  feet  by  200  feeCl  It  is 
six  stories  in  heidit*  and  has  several  distiact  ^xutments  280  feet  in 
lengtik  each.  AU  the  preparatory  processes  are  efiboted  in  the  upper 
stories ;  while  the  weavmg  and  finishing  are  conducted  below ;  but  all 
the  rooms  and  galleries  are  alike  heated  by  large  steam-pipes,  running 
the  whole  length  of  the  rooms,  and  conveying  steam  from  one  end  of 
the  building,  where  the  boilers  are  situated,  which  f  uraish  not  only 
this  supply  of  steam,  but  also  that  required  by  four  steam-euglnes 
employed  m  the  nulL  The  steam  is  admitted  to;-  the  heating-idpea  in 
quantity  proportionate  to  the  coldness  of  the  weatiier. 

A  very  lu^  structure  at  New  Ycnk^  presented  to  the  city  as  a 
museum  and  lecture-room,  and  called  the  Union  Building,  aflbrds  a 
good  example  of  the  steam-heating  system.  There  aro  no  less  than 
eight  miles  of  small'pipe  arranged  in  the  basement,  filled  with  high- 
pr^ure  steam.  A  fan-hlower,  tirelve  feet  in  diameter,  sends  a  vest  body 
of  air  rapidly  throu£^  the  jdpe-rooma;  and  the  air  thus  warmed  finds 
its  way  into  spaces  boieath  every  floor.  A  hole  of  one  indi  diameter  is 
made  through  ibe  floor  under  every  chair  or  seat  in  the  leoture-hall, 
2300  in  number ;  up  these  hides  warm  air  la  sent  in  winter,  and  cold 
air  in  summer. 

Warming  hy  Hot  Water. — The  principle  on  which  the  hot-water 
metiiod  is  founded  is  different  from  all  the  others  which  have  passed 
under  our  notice.  Whm  a  vessd  of  wato-  is  heated,  the  water  does 
not  become  hot  hy  the  eondw^m,  of  caloric  from  particle  to  partide, 
but  from  ^e  ascent  of  heated  particles  from  tiie  bottom,  where  we 
suppose  the  heating  agent  to  be  opplied,  to  the  upper  strata.  This  is 
proved  from  the  circtmutonce  that  if  heat  be  applied  only  to  the 
surface  of  the  water  in  a  vessel,  it  is  by  extremely  slow  degrees  that 
the  lower  strata  becomes  heated.  Heat  bdng  applied  to  the  bottom  of 
a  vessel,  the  lower  stnta  of  particles,  becoming  niedfically  lighter  than 
before,  ascend,  while  the  colder  puiiicleB  at  the  surfaoe  oesceod  to 
supply  their  place;  and  hence  a  series  of  ascending  and  descending 
currents  is  formed.  Now,  if,  instead  of  having  Uie,  heated  water 
only  in  a  vessel,  it  ramify  also  through  closed  tubes  coimected  witb 
the  vessel,  tiie  ascending  and  descending  currents  may  be  passed 
through  different  parts  of  a  building,  b^des  tiie  room  where  the 
vessel  itself  may  be  placed.  The  heated  water,  riungto  212°  or  to  any 
temperature  depending  on  the  fire  to  which  it  is  exposed,  gives  out 
heat  to  the  metallic  pipe  through  which  it  passes,  and  this  pipe  sgain 
communicates  heat  to  the  lur  of  the  room.  Hence  the  operation  of  thia 
method  of  warming  depends  on  the  circulating,  or  ascensivs  and  desoen- 
sive  property  of  heated  water,  by  which  the  portions  of  pipe  farthest 
removed  from  the  Are  become  as  mudiheated  as  those  in  its  immediate 
vicinitj.  ' 

Where  all  the  apartments  to  be  wanned  are  on  one  level,  an  open 
boiler  may  be  used;  but  where  it  ia  necessary  to  carry  the  pipes  to 
different  floors  of  a  building,  some  of  them  much  above  the  level  of 
the  boiler,  boiler  must  in  that  case  of  necessity  be  dosed.  When 
an  open  boiler  is  employed,  a  pipe  branches  out  from  the  upper  part  of 
the  side,  extends  horiaontal^  through  the  rooms  to  be  warmed  (with- 
out in  any  eaae  rising  abore  the  level  of  the  water  In  the  bc^lo-),  and 
returns  8«ain  to  the  bcnler,  which  it  enters  at  a  lower  level  than  the 
other,  ^der  this  artangement  a  current  of  heated  mltet  will  flow 
tiom  tiie  boiler  at  the  upper  orifice,  and,  after  traversing  the  tube, 
return  to  the  lower  orifice.  A  closed  boiler  is,  however,  more  exten- 
sive^  useful,  since  it  enables  all  the  stories  of  a  building  to  be  warmed 
by  one  apparatua.  The  whole  system,  induding  both  tubes  and  boUer, 
is  filled  vntih  water  at  a  valve  at  the  highest  point;  and  when  heat  ia 
applied  to  the  boilw,  a  drculation  ensues  which  speedily  causes  the 
whole  length  of  tubing  to  become  hot.  In  this  form  of  the  apparatus 
the  temperature  of^e  water  is  kept  down  to  a  moderate  pitch,  in 
order  to  avoid  danger ;  but  in  a  modification  of  it,  called  the  "  high- 
pressure  "  method,  the  boiler  consists  of  a  coil  of  pipe  forming  part  of 
the  dixnilating  pipe,  and  ia  capable  of  being  safely  heated  to  fluoh  a 
degree  that  toB  preaaure  of  the  water  within  equals  lOOOlbi.  on  the 
square  inch.  The  whde  mtem  of  water  cinnilotion  is  brought  to  so 
high  a  temperature,  that  the  metal  of  the  pipes  warms  the  air  of  a 
lai^  buildnig  very  speedily. 

Many  large  and  important  buildings  are  wanned  on  one  or  other  of 
these  two  hot-water  systems — mostly  on  that  with  the  closed  boiler. 
The  hot-water  Apparatus  put  up  by  Mr.  Perkins  in  the  British  Museum, 
for  warming  tiie  rooms  formerly  used  by  readers,  suggested  the  plan 
which  is  adopted  for  warming  the  present  magnificent  reading-room. 
This  room  is  warmed  by  three  boilers,  the  furnacee  of  which  consume 
their  own  smoke.  Mcun  pipes  conduct  the  hot  water  from  these 
boilers  to  smaller  pipes,  which  bring  it  into  the  room,  and  the  water  then 
returns  1:^  other  pipes  to  the  same  boilers.  There  is  an  air-shaft 
which  reaches  the  full  height  of  the  building,  having  windows  in  it  to 
admit  fresh  air.  There  iaa  fan,  or  blovrer,  at  the  bottom  of  the  shaft. 
Air  is  f oroed  from  the  shaft  thnmgh  valves  into  arched  briok  chambers, 
whence  it  oannot  return.  This  air  is  filtered  tbrou|^  a  wire  sevv, 
and  is  then  conveyed  up  into  the  reading-room — not  to  warm  it,  but 
to  keep  up  a  sup^y  of  pure  i^.  The  doors  of  iho  room  are  made 
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doitUe,  lnBomudi  that  neariy  all  die  air  that  entfln  It 
ibis  ttatL   There  an  ^paa  under  euh  table,  and  Talvea  above  the 
tables  to  admit  warm  or  oold  air  aooording  to  the  aeaarai  of  the  year. 
The  now  Houaea  of  Parliament  are  also  wanned  bj  a  modifloaticn  of 

the  hot-water  ayBtem. 

Another  lar^  structure,  the  warming  of  which  may  be  adduced  la  an 
example  of  thu  arBtam,  is  St.  Qecoge's  Hall,  at  LiTerpooL  Furnaces 
and  b(^leni  aend  not  water  throuf^  about  a  mile  of  i-ineh  ^pt.  A 
fan,  worked  by  a  10>horae  power  steAm-engine,  dnwa  in  the  extconol 
air,  and  drivea  it  past  the  hot-water  pipes.  The  warmed  air  enters  the 
Ualls  and  onurta  b;  apeorturee  in  the  w^  and  floora.  The  temperature 
of  the  pipes  nrely  exceeds  90°.  There  are  120  fire-placea  and  &uea  of 
various  khids ;  but  there  are  no  chimney-pots,  and  no  amohe  is  mada 
There  are  open  fire-|>laceB  in  many  of  the  rooms,  in  which  ooal  ia  used 
tliat  haa  been  parbally  bumed,  but  not  actually  ooked,  prerloualy. 
What  little  amoke  there  is  escapes,  together  with  tiie  vitiated  air,  up 
flues  at  ^e  four  comers  of  the  ball ;  these  fluee  have  curved  deflectors 
outside,  and  louvrea  inside,  to  shield  the  ascending  currenta  from  eddiea 
of  wind.  There  are  vast  air-ohambera  between  toe  ceiling  of  tite  ball 
and  the  outer  roof,  to  cany  off  the  rea,^red  air  and  the  products  of 
the  combustion  of  the  gaa  lights. 

FefUifdfio)!.— There  is  an  important,  but  often  neglected  drcum' 
stance  attending  the  artifloal  wanning  of  buildinffi :  namely,  that  Uie 
amoimt  of  frew.  air,  reqaUite  under  ai^  condition  for  aainul  res- 
piration,  must  be  more  and  more  inereaaad  In  ^opcntion  to  the  fuel 
burned  in  the  room ;  or,  mora  correctly,  there  must  be  one  portion 
of  air  to  feed  oombuation,  and  another  p(»tion  to  tiA  reepiration.  Kow, 
under  the  common  atTan|^ments  of  as  English  apartment,  the  open 
fire-place  and  the  tall  chimney  draw  ur  so  rapidly  in  that  direction, 
that  the  vbole  body  of  air  in  the  room  becomea  speedily  changed,  pro- 
vided there  be  an  averwe  amoost  of  open  doors,  windowa,  crevioes,  Ac 
to  yield  the  supply,  until  modem  inquirers  set  themselveB  to  solve 
these  two  questions,  or  others  analogous  to  them — "  How  many  cubic 
feet  of  air  are  re^uiaite  for  the  combustion  of  a  pound  of  coal  f "  and, 
"  How  many  cubic  feet  of  air  are  respired  by  an  average  man  in  an 
hourf* — there  were  no  means  of  detenmning  the  proper  amount  of 
air  neceasory  to  be  supplied  in  a  building  where  dote  stoves  are  used, 
or  where  the  methods  ot  vrarming  by  heated  air,  by  ateam,  or  by  hot 
water  are  adopted. 

Dr.  Amott  places  the  matter  under  the  following  form,  so  for  as 
respiration  alone  is  concerned :— "  In  respiration  or  breathing  a  man 
draws  into  his  chest  at  one  time  about  twenty  cubic  inchea  of  air,  and 
of  that  air  a  fifth  part  is  oxygen;  of  which  again  there  is  converted  into 
carbouic  add  gas  nearly  a  half.  -The  oarbonio  acid,  if  afterwards 
inhaled,  would  be  noxious  to  the  individuaL  About  fifteen  in^n- 
tions  are  made  in  a  minuto,  vitiating,  therefore,  three  hundred  cubic 
inches,  or  nearly  one-sixth  of  a  cubic  foot,  of  atmospheric  air,  but 
which,  mixing  as  it  escapes  with  several  times  as  much,  renders  unfit 
for  respiration  at  least  two  culoc  feet  under  common  circumstances." 
Tredgold  makes  a  very  different  estimate  of  the  quantity  of  air  respired 
in  a  minute,  and  introducea  other  items  into  his  oaloulationB.  In  the 
first  place  he  reckons  the  average  number  of  rei^ntifHis  per  minute 
twenty,  and  Ute  number  of  cubic  inohea  of  air  inafdred  each  time 
for^;  so  that  Uie  air  direotiy  vitiated  amounts  to  eight  hundred 
cubic  inches  per  minute.  He  next  takes  into  consideration  the  vapour 
mixed  with  the  respired  air,  and  the  insensible  puspiration  always 
going  on  from  the  skin,  and  assumes  that  three  cubic  feet  of  air  per 
minute  will  be  requiaito  te  remove  these  causes-of  impurity.  Lastly, 
he  supposes  a  room  to  contain  persona  in  the  evening  when  candles, 
lampe,  &o.  are  lighted,  and  in  lieu  of  the  ur  vitiated  1^  this  combus- 
tion he  assumes  (on  what  data  does  not  clearly  appear)  that  one-fourth 
of  a  cubic  foot  of  fresh  ur  per  minute  for  every  individual  vrill  be 
necessaiy  to  purify  the  atmosphere  of  tiie  room  on  this  ground. 
Taking  all  these  rmults  together,  Tredgold  cornea  to  the  c<mcIusion, 
that  mien  a  room  containing  several  persons  ia  lighted  to  the  avenge 
and  cnstomaiy  degree,  it  will  be  necessary  to  aupp^  four  times  as 
many  cubic  feet  ol  &esh  air  per  n^nto,  as  there  are  petaooa  in  the 
room ;  that  is,  four  feet  for  each  person. 

This  supposition,  of  four  cubic  feet  of  fresh  air  per  minute  for  each 
individual  in  a  room  arttfidally  lighted,  of  oouiae  involvea  the  con- 
dition that  an  equal  quanti^  of  vitiated  ur  per  minute  must  be 
allowed  to  eao^;  and  the  inquiry  natorally  follows.  How  does  this 
escape  take  phuw  T  Carbonic  aod  gas  ia  heavier  than  atmoepheiio  ur ; 
but  there  are  three  drcumstancea  which  render  respired  air  rather 
titter  than  the  general  air  of  a  room ;  namely,  the  existwioe  In  it  of 
nitrogen  and  vapour,  both  of  lees  specific  gravity  than  air,  and  the 
higher  temperature  of  the  reapired  air  than  the  air  of  a  room.  From 
alltheae  drounistanoes  oombiiMd,  It  is  found  that  resjdred  air  ascends 
to  the  upper  part  of  the  room;  uid  it  fbUowstiiat  the  oeiling,or  some 
neighbouring  part,  is  the  proper  place  for  an  outlet. 

In  the  majority  of  buildings  erected,  there  is  no  account  what- 
ever taken  of  the  means  for  insuring  ventilation.  The  fire-places 
are  constructed,  the  windows  fixed,  and  the  doors  hung  wUhoat 
a  thou^t  being  paid  to  the  means  of  Meeting  a  constant  dumge  of 
the  air  contained  within  the  apartments.  But  It  is  prot«ble  ttukt  in 
moat  En^ish  rooms,  provided  as  they  are  with  tolerably  large  open 
tire-places,  and  with  doors  which  ore  freq\untly  opened,  rae  veutilmon 
ia  aufflciflntly  complete.   The  fresh  air  enters  the  room  by  the  open 


wuidow,  the  lower  part  bf  the  open  door,  and  any  crevices  which  may 
exist  at  a  small  height  from  the  fioor ;  while  the  vitiated  and  specifi- 
cally lighter  air  escapes  portly  up  the  open  fire-plaee  and  <^mneiy, 
partly  near  the  upper  extremity  of  the  open  doors,  and  partiy  by 
crevices  around  the  doors  and  windows  generally.  In  crowded  rooms, 
however,  where  the  amount  of  vitiated  breath  bears  a  much  larger 
ratio  to  the  cubical  contento,  and  where  the  doors  are  generally  small 
compared  with  the  hei^t  of  the  room,  the  impure  sir  cannot  escute 
by  these  means,  and  some  arrangements  muat  be  made  near  the 
ceiling  for  the  removal  of  the  air.  Iliese  methods  are  chiefly  of  two 
different  kinds;  the  one  by  the  use  of  a  moMng  wM  or  fin,  and  the 
otiier  by  the  action  of  a  diimney  or  tube. 

We  sometimes  see  one  of  the  upper  panes  of  gloss  removed  from  a 
window,  and  ite  place  supplied  by  a  revolving  fui,  as  a  means  of  ven- 
tilating the  appartment.  This  fan  or  wheel  is  provided  with  radii 
fonoed  like  the  sails  of  a  windmill,  or  the  blades  of  a  screw-propeller, 
so  that  any  force  which  sets  t^e  wheal  in  motkm  will  cause  a  current 
of  ^  to  pass  obliquely  between  them.  But  in  this  case  the  fiui  ii 
made  to  revolve  merely  by  the  impulse  of  the  air  itself,  and  is  not 
under  the  oontrd  of  tiie  inmates  of  a  building.  A  more  complete 
exemplification  is  presented  by  the  vrangement  of  the  large  cotton- 
milla  of  the  Nortii.  A  fsn-vheel,  bn-ventilator,  or  wind-Sn  (for  hy 
all  these  names  the  contrivance  fa  known),  being  placed  in  any  con- 
venient position,  is  set  in  motion  by  tiie  steani-engine  of  a  fiust<ny,  and 
1^  ito  rotation  draws  out  the  vitiated  ur  from  a  seriea  of  rooms  witii 
great  rapidly.  The  following  ia  one  variety  ot  wind-fan  used  hi  the 
factories.  It  oonsiate  of  two  oast-iron  end-pMtes,  x  a,  having  a  central 
circolar  (qwnini^  eee,  from  the  circumference  of  which  tiie  outline  of 
each  date  enlatgea  anally,  the  point  nearest  the  centre  bmng  near  d, 
and  that  fitrthest  off  being  under  s  {Fig.  1).  These  two  parcel  plates 
are  connected  by  bolte,  aaa;  a  msntie  of  sheet-iron  bemg  previonBly 
inserted  into  grooves  cast  in  the  edges  of  the  end-plates  so  as  to  encloaa 
a  cavity  with  an  elongated  ovtlet  at    (o  whioh  a  pipe  ia  attached  for 


carrying  off  the  vitiated  air  in  any  direction.  Within  this  cavity  a  shaft, 
0,  revolves,  in  bearings,  b  b,  plaoed  centrally  in  the  frame-putea,  a  a, 
and  cast  in  the  same  piece.  On  thia  abut  a  boss  is  wedged  fast, 
bearing  five  flat  arms,  c  c  c,  to  iriiieh  are  riveted  five  flat  platea  or 
wires,  of  the  shape  shown  between  a  and  a  {Fiff.  ^,  having  a  semi- 
drcular  piece  cut  out  of  them  on  each  side,  about  the  siae  of  tiie  end 
opening.  On  one  end  of  the  shaft,  c,  beyond  the  box-bearing,  the 
loose-uid-fast  pulleys,  D,  are  fitted  for  receiving  the  driving-band,  and 
for  turning  the  wings  in  the  direction  shown  by  the  arrow.  Thua  the 
air  is  driven  before  them  out  of  the  end  oriflos,  b,  while  it  entera  by 
theaide  openinga  ate«e  {Fig.  IX  By  the  centrifugal  force  of  the 
revolving  wings,  the  air  is  condensed  towards  their  extremities,  and 
makes  its  escape  from  the  preesore  through  the  orifice,  b,  while  it  ia 
continually  drawn  in  at  uie  sidea  by  its  tendency  to  restore  the 
equilibrium. 

At  the  Kefotm  Club-house  a  ateam-engine  worka  a  revolving  fan, 
enable  of  throwing  11,000  onbio  feet  of  air  per  minnto  into  a  sub- 
terranean tunnel  under  the  basement  ator^;  and  the  ateatn  of  o<m- 
densation,  from  the  small  steam-engine  which  works  the  fu,  supplies 
three  cast-iron  cheats  with  the  requiute  beat  for  vrarming  tiie  whole 
building.  A  plan  of  ventilation  has  been  adopted  at  the  General  Post- 
Office,  in  which  the  fan  is  used,  llie  fan,  worked  by  a  steam-engine, 
draws  fresh  air  down  a  shaft ;  the  air  is  filtwed  through  fine  wire- 
gauae,  and  then  sent  up  Into  all  the  rooma  throu^  j^pei  pienied  with 
small  holes. 

The  aecond  mode  of  effecting  ventilation,  namely,  1^  the  uae  ■ 
tube  or  chimney  opening  into  tiie  air  from  the  nppw  part  of  an 
apartment,  depends  for  its  action  on  the  aacensive  power  pooened  by 
a  lofty  aerial  column.  As  the  "  draught "  of  a  f  uroace-chimney  carries 
up  the  smoke,  &c.,  more  rapidly  if  i^e  chimney  be  very  lofty,  so  doea 
a  chimney  exceed  a  low  one  in  carrying  off  vitiated  idr:  and  lor 
the  same  reason,  even  if  no  cbinmey,  properly  so  called,  be  provided, 
a  lofty  room,  ftuuished  witii  apprc^riate  openinga  in  ita  ociling,  will 
furnish  a  draught  to  carry  off  impure  ur  more  rapld]^  than  a  bw 
room ;  and  in  many  of  our  public  buildings  thia  arrangement  is  deemed 
sufficient. 

Dr.  Iletd,  when  the  temporary  House  of  Commons  was  being  pre- 
pared, introduced  the  aystem  of  an  arti fatal  drau^t  Aeiretilar 
abaft  was  builli,  120  feet  high,  and  frmh  8  to  II  feet  ui  diameter.  A 
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Urge  fire  tna  maintained  at  the  bottom  tiaa  shaft,  which  caused  a 
powerful  draught ;  and  tJie  draught  suoked  out  all  the  vitiated  air 
from  the  buildiiig,  by  a  tunnel  oonaedong  the  basement  stoty  with  the 
BhafL  The  vitiated  air  in  the  House  ascended  by  apertures  into  a 
BUHse  abore  the  ceUing,  and  thoice  descended  by  pipes  to  Uie  tunn^ 
which  conveyed  it  into  the  idiaft.  The  eimerience  derived  from  tliis 
arraogemont  led  to  many  improvements  in  Uie  ventilxri^  oi  tlie  pre- 
sent Houses.  Mr.  Qoldsworthy  Quniey  here  emp!<^  mecliaiiinn,  1^ 
which  fresh  air  is  drawn  la  from  aome  of  the  open  oourta,  and  after 
being  filtered  throu^  a  wire-gauze  screen,  is  made  to  pass  over  steam- 
heated  boxes ;  it  is  moistened  by  jeie  of  spray,  and  enters  the  fioora  of 
boti  Houses  tJirough  holes  covered  witn  hors^aar  cloth.  In  Bum- 
mer the  air  ia  cooled  by  the  wot  spray,  and  does  not  come  into 
contact  with  uur  heated  surftoes.  Beeidea  this  mode  of  warnung  the 
two  principal  cnambers,  there  are  etesm-pipes  to  varioUB  parts  of  the 
buildiog-  A  large  coke  fire  produces  a  drai^t^  whidl  drivea  the 
vitiated  air  out  of  openings  near  the  ceiling. 

The  modem  application  of  the  two  main  priociplea  of  ventilation — ■ 
the  production  <rf  a  current  by  a  rotating  fcm,  and  by  tiie  ascensive 
force  of  hflsted  air — an  very  vuied.  We  can  only  notice  a  few  of 
them.  One  of  the  limidflet  and  beat  known  ia  I)r.  Arnott's  oliimney 
valve,  for  ventilwtang  ordinary  sittiBg-rooms.  The  air  of  a  room, 
vitiated  by  breathing,  smoking,  &&,  asceoda,  but  cannot  easily  escape, 
because  there  are  no  openings  near  the  ceiling ;  it  contaminates  all  the 
air  above  the  level  of  the  clumney  opening.  A  chimney  valve  corrects 
title.  A  hole  ia  made  from  the  side  of  Uie  room  into  the  chimney, 
near  the  cMliag.  An  iron  door  or  valve  is  fixed  in  the  opening,  so 
nearly  balanced  as  to  open  or  close  with  great  ease.  When  opened, 
the  air  in  the  upper  half  of  the  room  enters  by  virtue  of  the  d»u^t 
in  the  worm  ctumney. 

Lesure's  method  of  ventilation,  introduced  in  1857,  dr&wa  in  cold 
air  from  the  atmosphere,  warms  it,  discharges  it  sear  the  ceiling,  and 
senda  off  the  impure  air  from  a  room  without  mi  ring  with  the  pure 
warm  air.  To  effiwt  this,  a  fixe  is  lighted  in  a  small  stove  or  furnace ; 
the  prodnots  of  com  bastion  are  earned  at  once  tlirough  pipes  into  the 
chinmey ;  and  air  enters  through  a  hole  in  the  outer  wall,  by  a  channel 
to  a  receptacle  beneath  the  fire-place,  into  tiie  interior  of  a  canng  bot- 
roundiog  the  stove,  but  not  in  contact  with  any  part  of  the  fire  or 
stove.  The  «r  becomes  heated  during  its  passage,  and  at  the  same  time 
moistaied  by  steam  fnmi  a  basin  of  water  placed  within  the  case ;  it 
tmaptB  throu^  an  opening  into  the  room,  by  lateral  apertures 
parallel  wiUi  the  oeiling.  As  the  upper  parts  become  filled  with 
warm  air,  the  foul  air  finds  its  way  to  the  fire  and  the  ohimnOT.  In 
Wemyss's  plan,  introduced  in  1859,  an  adjustaUe  giidinw  aUde  li 
fitted  up  in  the  wall  near  the  ceiling,  the  inner  nde  flush  with  the 
walL  The  slide  governs  a  passage  into  a  metal  dumber,  fitted  into  a 
h<de  in  the  wall  bdiind  the  slide.  The  efaamber  has  two  passages,  one 
to  admit  the  pnaMge  of  fresh  air,  the  other  of  fouL  Tliere  is  a  venti- 
lating fan  at  we  outer  end  of  the  ehamber.  A  cord  easUy  moves  the 
sliduig  valve,  so  aa  to  make  it  open  or  dose ;  and  the  diamberis  made 
telescopic,  to  suit  it  to  the  thicknees  of  the  wall.  M'Kinnel's  patent 
ventilator,  introduced  in  the  same  year,  is  intended  to  ventikte 
carriages  and  ships  as  well  as  houses  and  public  buildings.  It  is 
planned  to  obviate  certain  evils  amiog  bom  having  the  abduction 
tubea^  to  draw  f^fotd  air,  near  the  roof  onling,  and  the  induction 
tabes,  for  admitting  fresh  air,  near  the  floor ;  in2l  such  arrangements 
there  is  a  cold  current  in  tiie  lower  part  of  a  room,  productive  of  many 
inoonvMiiencee.  To  remedy  this  defect,  Mr.  M'Kinnel  proceedsas 
follows.  Two  concentric  tubes  rise  from  the  cdling  of  the  room  to  be 
ventilated,  the  inner  one  to  a  greater  hei^t  than  the  outer.  Both  have 
access,  in  various  ways,  to  the  outer  atmosphere.  The  vitiated  air  of 
the  room  esaapes  throiu^  the  imm  tube,  while  the  pure  air  from  with- 
out  descends  througji  the  annular  space  between  the  two  tubeat  Both 
passages  have  wire  gauze  screens  to  ward  off  rain,  soot,  Ac. ;  and 
valvular  mechanism  to  regulate  the  currents.  A  lower  apartment  may 
be  ventilated  in  a  similar  way,  by  having  the  aaeending  and  descending 
flues  in  the  outer  walls,  and  a  horizontal  tube  between  the  oeiling  oi 
the  room  and  the  flow  of  that  nest  above  it. 

The  ventilation  of  hoqntals  has  TMaind  much  attention  in  France 
and  other  parts  of  the  Continent.  Dr.  Van  &ak4  introduced  a  ^^tem 
in  Belgmm,  which  has  been  copied  in  some  of  the  French  hospitals,  on 
the  recommendation  of  a  commission  presided  over  by  Dr.  Grasstf. 
A  stove  called  a  caloHfire  is  placed  in  the  basement  etoiy.  Air  from 
the  gwlen  of  the  hos^tal  descends  a  shaft,  passes  horizontally  into 
the  basement,  and  thence  through  tiie  stove.  The  air  warmed  m  the 
stove  passes  over  a  pau  of  water  to  imbibe  moisture,  and  then  ascends 
to  tile  words  above.  In  warm  weather  the  ur  from  the  gimJen  ia 
made  to  paw  up  into  the  wards  without  raasing  throucdi  the  oalorifAre, 
by  simply  turmng  a  regulatmg  valve.  Thus  idl  the  air  admitted  to 
the  wards  is  derived  from  the  garden.  The  warmed  air  enters  each 
st«y  at  the  centre  of  the  floor,  through  small  holes.  Some  of  the 
wwm  OUT  ia  in  an  inner  tiibe,  and  oseends  to  the  next  hi^est  story ; 
Mid  so  on,  up  to  the  top  range  of  rooms.  The  foul  air  rises  from  the 
four  coroors  of  each  word,  up  pipes  to  the  h>ft,and  then  to  a  central 
drum  or  shaft  A  small  steam-engine  wwks  a  fan  to  draw  out  the  ; 
foul  a^rmore  quickly.  The  smoke  from  the  engine  fire  and  from  the  I 
oalonf«re  is  made  to  warm  a  mass  of  air  carried  up  to  the  dtyitig-room  I 
of  the  hmndiy.   In  Bnglaod,  Dr.  Amott  Iios  ventilated  tbi  ToA  I 


County  Hospital  in  a  peculiar  way.  There  is  an  ur-cylinder  with  a 
capacity  of  125  cubic  feet,  moving  up  and  down  eight  tinus  in  a  minute, 
and  connected  vriih  a  betuu  having  a  central  pivot.  A  column  of 
water,  CO  feet  high,  produces  a  pressure  wluch  forces  air  into  the 
cylindffl-,  and  from  the  cylinder  2000  cubic  feet  per  minute  is  forced 
into  the  building. 

This  subject,  the  ventilating  of  hospitals,  is  connected  medically 
with  a  recent  proposition  by  I^.  Stenhouse,  to  use  oharecal  m  a  ven- 
tilating filter  for  ships  and  mck  rooms.  The  antiseptio  properties  of 
charcoal  are  well  known.  Dr.  Stenhouse  proposes  to  employ  two 
sheets  of  wire-gauze,  eoclosiog  a  thin  layer  of  powdered  charcoal ;  and 
to  [dace  this  apparatus  wherever  foul  air  is  likely  to  pass.  In  scHue 
cases  it  would  m  well  to  employ  a  ventilating  fan,  to  force  a  peasage 
of  the  air  tiirough  the  filter.  Dr.  Stenhoose  remarks,  that  if  a  layer  of 
coarsely-powdered  oharoool  were  placed  undw  the  fiocws  of  kitduns  and 
basement  rooms,  it  mig^t  jvarait,  by  ft  sort  of  filtration,  the  ascent  of 
offensive  sewer  odours  from  beneath. 

We  may  advert,  lastly,  to  an  inquiiy  made  in  18&9,  at  the  instanoe 
.of  the  General  Board  of  Health,  bra  commission  consisting  of  Mr. 
Fairbaim,  Mr.  Olaisher,  and  Mr.  Wheatetone.  Dr.  Lyon  Flayfair  was 
also  appointed;  but  as  he  could  not  assist  in  the  investiraUon,  he  did 
not  sign  the  report  The  inquiiy  was  generally  into  ue  modes  of 
warming  and  ventilating  buildings.  Experiments  were  made  in  the 
board-room  of  the  Qenend  Bou'd  of  Health,  on  the  temperature  of  the 
air,  walls,  and  flow,  and  on  the  hygrometric  state  of  the  air.  Then  at 
the  Wellington  Banacks,  in  different  soldiers'  rooms,  heated  by  differ- 
ent kinds  of  open  fires.  Other  experiments  were  made  to  determine 
the  effect  of  duplicate  panes  of  g^ass;  and  to  determine  the  chemical 
and  general  state  of  the  air. 

Among  the  results  at  whidi  the  oranmisdtaun  airived  wore  the 
following : — Smoke  from  almost  all  fires  for  warming  rooms  may  be 
avoided.  All  fire-places  ong^t  to  be  constructed  to  prevent  the  forma* 
tion  of  smoke  at  all.  The  ventilation  of  rooms  ought  not  to  be 
attempted  by  any  peculiar  form  of  grate;  the  grate  ought  to  be  devoted 
to  the  due  burning  of  the  fuel,  leaving  the  ventilatioa  to  be  achieved 
by  other  means.  In  all  open  &«-gnite8  refleotiog  surfaces  should  be 
used,  to  increase  Ihe  amount  ctf  heat  radiided  into  u«  rooms.  Chimney- 
flues  ahould  be  of  much  smaller  dimensions  than  is  customary.  The 
flue  should  not  be  situated  in  the  outer  wall  of  the  house,  so  as  to 
become  chilled  by  the  external  air ;  it  should  be  prorid«l  with  a 
closing  aperture,  placed  for  back  to  increase  the  intensity  of  the  com- 
bustion. Fire-brick  linings  should  be  used.  Sunken  ash  pits  and 
hidden  ash  should  be  prondad.  The  nate  is  best  placed  whMi  visible 
from  the  greatest  number  of  idaoes  m  the  room ;  and  the  burning 
moss  in  it  should  be  broad  rather  than  deep.  The  oommisaionerB 
agreed  with  Dr.  Arnott,  that  the  giate  should  not  be  io  near  the  floor 
as  is  now  cuetomzuy  in  the  better  kind  of  houses. 

The  ventilation  of  mines  is  noticed  under  Mxeiiko. 

To  those  who  wi^  to  study  this  subject  in  detail,  we  refer  to  the 
T<dumeB  on  Warming  and  Ventilation  by  Tredgold,  Hood,  Bichardson, 
Amott,  Sutton,  Jebb,  Uoyd,  Bum,  Bemao,  K«d,  and  Fexkins.  The 
porliamentaiy  Blue  Books  relating  to  the  new  Houses  of  Parliament, 
and  to  the  procetxlings  of  the  Board  of  Health,  also  contain  much 
information  on  the  matter.  A  cheu>,  useful,  and  well-iUustrated  com- 
pendium of  the  whole  subject  will  be  found  in  Tomlioson's  '  IVeatise 
on  Wanning  and  Ventilation,'  forming  part  of  Weale's  Rudimentary 
Series. 

.  WARPING,  a  mode  of  producang  a  deposition  of  the  earthy  matter 
which  is  suspended  in  rivers.  This  causes  a  stirring  of  the  water, 
which  prevents  the  finer  particles  from  bdng  deposited.  It  is  only 
necessary  to  produce  a  stagnation  of  the  water  for  a  few  hours  to  have 
a  copious  deposit,  leaving  the  water  clear  over  it 

Ou  the  low  flats  which  bordw  the  mouths  of  riven,  oocaiional  inun- 
dations oftm  cause  a  deposit  which  ia  highly  fertilising.  Thus  the 
polders  in  Holland  and  Funders  have  been  £>rmed  of  the  mnd  trf  large 
rivers,  and,  bdng  drained  and  kept  dry  by  dykes  and  sluices,  have 
formed  the  most  fertile  soils. 

Warpiug  is  an  imitation  of  this  natural  process : — A  bank  of  earth 
is  raised  along  the  course  of  the  river,  so  high  that  the  floods  cannot 
pass  over  it.  In  some  part  of  this  dyke  is  a  sluice  for  the  double  pur- 
pose of  letting  in  the  water  and  lettmg  it  out  at  pleasure.  When  the 
tide  is  setting  in  and  counteracting  the  natural  current  of  the  river, 
the  sluice  is  opened  and  the  water  flows  in  by  one  or  more  channels 
made  for  the  purpose  of  conveying  it  over  the  lower  land,  and  covets 
it  to  the  depth  of  high-water.  The  sluice  is  now  shut,  and  the  im- 
prisoned water,  becoming  stagnant,  deposits  all  the  mud  which  it  held 
suspended  before.  The  sluice  is  opened  at  lo^-water,  and  the  water 
is  allowed  to  run  out  slowly;  it  leaves  a  coating  of  mud  or  sedimanti 
which  hardens  and  dries  rapidly.  This  operation  ia  repeated  until  a 
thickness  of  several  inches  of  new  soil  has  thus  been  warped,  when  it 
is  allowed  to  dry,  and  is  then  ploughed  and  cultivated  like  any  other 
field.  It  takes  some  time  before  any  com  will  grow  on  the  new  warp : 
at  first  it  looks  like  barren  mud ;  but  it  soon  dries  to  a  better  texture, 
and  ultimately  produces  very  extraordinary  crops.  If  ita  fertility 
decrease,  and  its  surface  is  still  below  mgh-water  mark,  a  slight 
warping,  like  the  inundations  of  the  Kile,  immediately  restores  the 
fertuity.  What  is  ourioos,  is  the  almost  total  absence  of  oraanlo 
matter  in  the  warptoils,  or  nther,  its  intimate  oombinaUon  with  the 
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eartiu,  lo  that  it  bi  not  readily  aepantted  from  them.  It  k  nrithei 
like  oUy  nor  sand,  but  aomething  between  the  two,  aoft  to  the  toticb, 
bat  not  hardening  into  lumpa  when  dry :  neither  veiy  porous  nor 
very  retentive  of  moistore.  The  prindpal  earth  la  ailica,  In  a  very 
fine  itate.  It  generally  eontaina  a  portion  of  ealoareoru  matter, 
probably  from  comminuted  abellB.  It  produces  beans,  oata,  potatoes, 
and  wheat  in  abundance,  without  any  manure.  It  iaadmirably  adapted 
to  the  growth  of  fl«z,  eapeoiaUy  when  the  warp  Is  of  a  good  d^tii. 

The  prinupal  expense  in  wuping  tsthe  ainiee,  and  the  canal  throu^ 
whidi  the  water  is  conducted  over  the  land ;  the  longer  this  latter  is, 
tiie  slower  flie  process,  as  much  warp  is  deposited  in  the  canal,  which 
has  aometimes  to  be  dug  out.  Acommte  levels  must  be  taken,  or 
muoh  expense  may  be  inourred  uselessly,  it  the  water  will  not  eover 
the  smfaoe  to  a  simcient  depth. 

It  is  of  little  consequence  what  the  soil  was  originally;  for  a  new 
soil  is  deposited  over  iL  It  diould,  however,  not  be  too  wet  nor  marsbir : 
ft  porous  soil  is  best,  as  this  beeomes  the  subaoil.  All  the  inequalities 
whfadl  existed  befrae,  are  oblifeenited  by  the  warping,  which  fills 
up  all  cavities,  and  leaves  a  perfectly  level  surface.  The  fertility  of 
warped  land  naturally  leads  to  the  conclusion  that  siliea,  in  a  very 
ooQuninuted  state,  becomes  best  adapted  for  the  roots  of  plants  to 
shoot  In,  and  to  supphr  them  regularly  with  the  moisture  necessary  to 
thefr  vegetation,  and  that  their  ^ef  nonrishment  ia  derived  from  the 
steM^here,  sinoe  very  litUa  organic  matter  can  be  deleted  in  warp, 
and  few  mineral  subs^noes  besides  the  earths. 

WARRANT.  A  warrant  is  a  delegation  by  A,  who  has  power  or 
authority  to  do  some  act  of  tiuit  power  or  authority  to  B.  Thus,  a 
man  having,  of  course,  power  to  act  in  and  manage  his  own  ooncemi^ 
may  give  a  warrant  of  attorney  to  another  to  act  or  manage  on  his 
behalf.  A  sheriff  who  has  power  to  arrest,  &c.,  may  give  a  warrant  to 
h^  bailiff  to  act  for  him.  A  landlord  who  has  power  to  make  a  distress 
upon  his  tenant,  may  give  a  waRwit  of  durtrees  to  another  for  that 
purpose.  A  magistrate  who  has  power  to  bring  before  him  penona 
who  are  within  his  jurisdiction,  and  reasonably  suspected  of  having 
committed  certain  omnoes,  may  make  a  warrant  to  others  to  do  that 
aot.  A  warrant,  whi<^  i^ould  be  in  writing,  ou^  to  show  the 
authorifrf  of  the  pmon  who  makes  it,  the  act  which  is  authorised  to 
be  done,  the  name  or  distinct  description  of  the  party  authorised  to 
execute  it,  and  of  the  party  against  whom  it  is  mode ;  and  In  criminal 
oases  the  grounds  upon  which  it  ia  made.  The  suise  in  whioh  the 
word  "  warrant "  is  more  generally  known  relates  to  crin^nal  matters. 
A  justice  of  the  peace  has  power  within  his  own  jurisdiction  to  apmre- 
hend  a  penon  wlwm  he  has  seen  commit  an  offence  over  whioh  he  nas 
jurisdiction.  He  may  olse  verbally  direct,  that  is,  give  a  verbal  wanunt 
to  otlms  to  arrest  suoh  person  in  his  own  presence.  He  may  also  give 
ft  wairant  hi  writing  to  apmehend  in  his  absence  suoh  person,  or  any 
person  against  whom  he  noa  reasonable  oause  of  suspicion  from  the 
mformatim  of  otheis.  The  wammt  should  always  be  under  the  hand 
and  seal  of  ihe  justice.  It  should  be  addressed  to  the  constable  or 
constables,  or  to  some  private  penon  by  name,  and  the  constable  or 
Um  private  person  acting  within  the  justice's  jorisdlction  win  not  be 
liable  for  ai^  of  the  oonsegtWDees  of  obeying  a  pnqwwamnt.  The 
warrant  should  name  the  penon  against  whom  it  is  directed.  A  war- 
rant to  q>[mhend  all  persons  suspected,  or  all  persona  guilty,  tat.,  is 
illegal;  for  (he  discretion  as  to  pointing  out  the  indiridual  person  to 
be  apimh ended  is  vested  in  the  justice,  not  in  the  ofBcn-.  The  law  as 
to  this  was  exp*eB8ly  laid  down  by  Lord  Mansfield  in  the  case  of  Money 
«.  Leadi,  3  Bur.  174S,  where  tiie  warrant,  being  of  the  form  called  a 
geinnal  warrant,  and  which  had  been  in  use  since  the  Revolution  down 
to  that  time,  directing  the  t^oen  to  apprehend  the  "  authon^  printers, 
and  publishers"  of  the  Csmous  No.  45  of  the '  North  Briton,*  was  held 
to  be  illegal  and  void.  The  wariant  should  also  set  forth  the  time  and 
place  of  making  it»  and  the  cause  for  which  it  ia  made.  A  warrant 
nu7  be  to  bring  the  party  before  the  justice  granting  it,  or  before  any 
justice  of  tiie  same  ooimbr.  A  wanrant  of  a  justioe  of  one  county 
cannot  be  executed  in  another  until  it  has  been  backed,  that  Is,  dgned 
by  some  justioe  in  that  other  county,  and  the  same  provision  has  been 
auo  enacted  with  respect  to  warrants  grtmted  in  any  one  of  the  three 
kingdoms,  uid  requiring  to  be  executed  in  any  other.  But  a  warrant 
granted  (»e  of  tiie  judges  of  the  Court  of  Queen's  Bench  is  tested 
gi  Eni^and,  uid  nn^  be  ezeonted  in  any  part  of  the  kingdom.  A 
wamotislnforeeiUDnlfthasbaenueouted,  if  the  justice  granting  it 
tw  1^  aUve.  An  offioer  to  whom  it  is  adibcssed  is  indictable  if  he 
neglects  or  refiues  to  act  upon  it.  He  is  justified  in  apprehending  the 
poiiy  »t  any  time,  and  in  breaking  open  the  doors  of  a  house,  but  he 
ought  first  to  make  known  to  tiiose  within  the  cause  of  hia  coming, 
his  onthcMity,  uid  to  requeet  their  aadstance.  After  the  party  is 
apprehended,  the  tHiau  ought  forthwith  to  cany  him  wlierever  he  Is 
dtrarted  1^  tiie  wwraiit  avwocising  the  apprehendon.  Mudi  of  what 
has  been  s^  as  to  a  warrant  of  ^^mhemdon  is  equally  apjdicable  to  a 
Warrant  of  Commitnient,  which  it  the  document  by  which  a  justlee 
authorises  a  conunitmcmt  of  a  ^ort^  to  prison,  either  to  suffer  a  sum- 
maiy  puni^mient  or  to  await  hia  tnal.  The  same  matteis  are  essential 
as  to  showing  the  authority,  the  parties,  the  cause,  and  the  purpose  of 
the  wairan^  and  these  latter  durald  swear  diatinctiy,  be  lawful,  and 
■ax/b  be  in  the  disjunctive.  A  Bearoh  Warrant  Is  a  dooument  whioh 
•othorises  a  searoh  to  he  made  for  stden  goods. 

A  Warrant  trf  Attorney  b  an  antimlty  hy  which  a  sua  authorises 


another  to  do  an  aetlpr  hnn,  on  his  behalf,  or  as  hia  agent  or  deputy. 
[Letter  or  Powbb  or  Attobkbt.]  But  the  term  is  most  oonim<Hily 
applied  to  oases  where  a  party  executes  an  instrument  of  that  name 
Etherising  another  to  confess  judgment  sAinst  blffl  in  an  action  for  a 
certain  amount  named  in  the  warrant  la  attorn^.  It  Is  genenlly 
given  as  a  security  by  one  who  is,  or  is  about  to  beoome,  the  debtor 
of  another.  The  advantage  of  it  te,  that,  by  patting  it  into  effoot,  the 
creditor  obtains  a  judgment  against  hia  debtor  at  once,  and  hu  all 
tiie  advantages  of  a  judgment  creditor,  without  tiie  risk,  delay,  and 
expense  of  an  action.  'There  is  frequently  a  condition  attached,  Uiat 
it  shall  be  defeated  and  become  void  upon  tiie  making  of  certain  pay- 
ments, or  the  doing  of  certain  acts.  In  all  such  cases  it  is  necessary 
that  the  defeasance,  or  condition,  shall  be  written  on  the  same  p^>er 
or  parchment  as  the  warrant  of  attorney,  and  a  copy  of  the  whole 
filed  in  the  Court  of  Queen's  Bench  withm  twenty-one  days  i^ter  the 
execution.  Otiienrlse,  in  case  of  btmkniptCT  or  imolvew^  of  the 
party  making  the  warrant  of  attorney,  it  will  be  vcdd  as  agsinat  hi* 
assignees.   

WARRANT  OFFICBRS  areadass  of  important  subordinate  ofSoeis 
in  the  Royal  Navy.  They  are  divided  into  three  gradeSf—gunners, 
boatswains,  and  oacpenters— and  each  grade  into  three  classes.  We 
have  already  ez^^ed  the  duties  of  a  guaner  [Gcnkkb,  Natal],  and 
of  a  boatswain  [Boatswaut].  The  duties  of  a  oorpentor  are  multifa- 
rious and  onerous.  .He  has  the  general  charge  of  the  ship's  hull  and 
spars,  &C.,  and  is  supposed  to  be  an  able  shipmif^t,  and  a  weU-informed 
mechanic  The  heaving  down  and  repairing  (by  idiif  ting  part  of  the 
keel)  of  H.U.S.  Formidable  of  80  guns  at  Malta,  some  years  sinoe, 
under  the  suggestitm  and  directions  of  a  carpenter's  mate,  which 
elimted^  menl  thanks  of  the  Bosrd  of  Admiralty,  may  be  quoted  as 
an  instance  ^  the  nature  of  what  is  at  times  required  of  those  who 
bear  the  inappropriate  designation  of  ship-carpenter,  as  well  as  of  the 
talent  and  resources  to  be  found  smongst  them. 

WARRANTT.  1.  The  doctrine  of  wartuay  of  landt  was  fbrmwly 
one  of  the  most  important  ports  of  l^;al  leaniing,  but  the  effect  of 
warranties  having  heen  gradually  reduced  within  verr  small  compass, 
the  subject  has  now  bennne  of  little  practical  use ;  stOl  It  is  necessary 
for  those  who  would  properly  understand  the  En^iah  bw  of  real  pro- 
perty to  pay  some  attention  to  this  difficult  subje^ 

Warranty  existed  in  the  dvil  law,  and  was  defined  to  be  the  oblige* 
tion  of  the  seller  to  put  a  atop  to  the  eviction  and  other  tronblee  whwh 
the  buyer  may  sostain  in  the  property  purchased.  By  eviction  is 
meant  the  loss  of  dther  the  whole  or  a  part  of  the  property  by  reason 
of  the  right  which  another  has  to  it.  The  other  troubles  referred  to 
are  those  which,  without  affboting  the  property  of  tiie  thing  sold, 
diminish  the  beneficial  interest  of  the  purchaser,  such  as  a  claim  to  a 
usufiruct,  or  a  rent  issuing  out  of  the  lands.  Thk  warranty  was  either 
in  low,  being  that  security  wbich  every  seller  is  bound  to  give  to  a 
purcliaser  for  the  maintenance  of  his  title  to  the  property  aola,  though 
no  stipulation  to  that  effect  was  made  at  the  time  of  the  sale;  or  m 
deed,  heing  that  kind  of  particular  warranty  on  whtidt  the  seuer  and 
buyer  agree.   (Domat,  1. 1 ,  t.  2,  s.  10.) 

Warranty  of  lands  in  ttie  English  law  Is  of  feudal  origin,  and  is 
derived  from  the  obligation  of  the  lord  to  defend  his  tenant's  title 
against  all  claimants.  If  the  tenant  was  evicted,  the  lord  was  bound 
to  make  him  a  recompense  by  giving  him  other  lauds  of  equal  value. 
Every  tenant  holding  of  his  lotl  time  out  of  mind,  hj  what  was  termed 
homage  aneeatnU,  was  entitled  to  this  wuranty.  The  statute  of  the 
18th  of  Edward  L,  commonly  called  the  statute  of  Quia  Emptor**, 
which  prohibited  the  practice  of  subinfeudation,  and  authorised  the 
free  alienation  of  property,  put  an  end  to  tiie  homage  ancestral,  and 
oonsequenti^  to  the  implied  warranty  annexed  to  i£  To  avoid  the 
effect  of  this,  when  the  lord  aliened,  the  tenants,  before  they  attorned 
to  the  new  h>rd,  required  a  new  warranty  from  him;  and  when  tiie 
tenant  aliened,  it  was  with  an  vxpcvu  olause  of  warranty  from  himself. 
These  express  warranties  were  introduoed  even  {oior  to  the  statute  ol 
Quia  Emptores,  in  order  to  evade  the  strictness  m.  the  feudsl  law  as  to 
non-alienation  without  the  cousmt  of  the  heir;  ffvthonrii  he  might, 
OS  the  death  of  his  ancestor,  have  entered  upon  any  lands  aliened 
without  his  consent,  the  covenant  of  warranty  descending  upon  the 
hdr  operated  as  a  cwifirmstion  of  the  title  of  the  grantee  by  oblig^ 
the  hw  vrtto  evicted  him  to  yield  the  grsntfls  a  reoimipense  In  hnds  in 
equalvahw.  This  doctrine,  it  Is  ssid,  was  founded  tm  the  anppoaltion 
that  the  ancestor  would  not  wantonly  disinherit  his  hdr,  who  ther^ore 
was  presumed  to  have  reoeivod  a  recompense  either  in  land  or  money 
which  had  purchased  land,  and  that  this  equivalent  descended  to  tho 
heir,  together  with  the  ancestor's  wanaaty, 

ThiA  doctrine  of  wamnty  was  the  foundation  of  the  assoranee  t^' 
way  of  common  tta&im  (ttKCOTUTl ;  but  the  use  of  wanantsee  m 
conveyances  hsd  long  bsen  supneeosd  hi  pnctioa  before  thciy  were 
practically  abolished  by  the  sUtute  8  &  4  Wm.  ly.,  a  S7  &  71. 

All  the  learning  upon  this  subject  will  be  ioimd  in'Cokanpon 
Littieton,'  with  Hat^ve  and  BuUer's  notes. 

2.  WarraatjioftJangtpertemal. — By  the  civil  law  an  implied  warranty 
OS  to  the  vendors  titie  was  annexed  to  every  sole,  and  in  our  law  also 
a  purchaser  of  goods  and  chattels  may  have  ntisfaction  from  the  seller, 
who  sells  them  «  hit  or»  and  whose  title  poves  deficient  But  the 
tokUt  is  not  bound  to  answer  for  tiw  quality  of  the  wares  purshased 
(except  in  the  case  of  artides  of  food,  for  human  e<mBumpUon),  unless 
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he  exprenly  wimntl  them  to  be  tonad  and  good,  or  uhImb  he  knew 
them  to  be  oUi«rwiM,  ud  hu  lued  act  to  dii^oise  diemj  or  hai  mlB' 
represented  them  to  the  Vmyar. 

So  particular  form  of  words  is  neoesaary  to  oonatitute  a  warranty, 
and  a  bare  repreaentaUon  or  de«cripti<at  of  the  quality  may  amount  to 
a  warranty  if  there  be  nothing  to  aegatire  such  an  onderstanding.  The 
custom  of  any  particular  tnde  may  establish  an  implied  warranty 
between  parties  tiansactang  bunnesa  Uierein,  it  being  preramed  that 
the  dealings  of  the  parties  were  regulated  by  the  custom  In  the 
absence  of  evidence  to  the  contrary ;  but  wbcoi  there  is  eatress  war- 
matj,  it  cannot  be  afiected  by  the  custom  of  the  trade.  A  sale  of 
goods  by  sample  is  in  effect  a  sue  "by  warranty.  A  promise  or  warranty 
that  the  goods  sold  shall  be  of  a  merchantable  qualitty  is  inuilied  when 
the  vendee  had  not  at  the  time  of  the  ssle  an  omtortunit?  of  inq>ecting 
them,  and  when  of  oouise  the  general  maxim  of  eawat  emptor  cannot 
apply.  Also  it  seems  that  when  a  commodity  is  sold  for  a  psrticiilar 
purpose,  the  seller  must  be  understood  to  warrant  it  reasonably  fit  and 
moper  for  such  a  purpose,  though  at  the  time  of  sale  the  purchaser 
bad  an  opportunity  (A  inspection.  Where  there  is  an  express  wamatlr, 
written  or,  it  seems,  even  Terbal,  the  vendee  is  not  at  liberty  to  avau 
himself  of  re^esentations  not  embodied  in  the  contract  and  made 
the  vendor  without  fraud.  A  general  watranty  will  not  extend  to 
defects  tluit  are  [dain  and  obvious  to  the  senses,  and  require  no  skill  to 
detect,  it  being  presumed  that  the  purchaser  knew  of  and  bought 
subject  to  them.  It  seems  to  be  settled  that  when  goods  are  sold 
expressly  "  with  all  faults,"  the  seller  is  not  liaUe  in  reepect  of  latent 
defects,  though  he  knew  of  them,  unless  some  artifioe  be  praetiBed  to 
jHwent  the  buyer  from  discovering  them ;  but  even  in  the  esse  of  a 
sale  with  all  faults,  the  vendor  will  still  be  liable  on  an  expreas  war- 
ranty against  a  puiicular  defect.  It  has  been  si^  that  there  cannot 
be  a  wairanty  against  future  defects,  but  there  seems  to  be  no  good 
foundation  for  Uie  doctrine.  It  seems  that  a  warranty  ought  to  be 
given  during  the  treaty  for  sale  or  at  least  before  it  is  sufaatantaally 
oonwleted,  and  that  a  warranty ^vsn  after  the  onnpletion  (rfanb  n 
not  Dinding  for  want  of  oonsiaeration.  It  baa  been  dedded  that  in 
actions  upon  warranty  it  is  not  necessary  to  offer  to  retum  the  goods 
before  bnngbg  the  action,  nor  even  to  give  notice  of  the  breach  of 
warranty  to  the  seller,  though  of  course  the  not  having  done  so  would 
be  a  suspicious  oircumBtance  in  the  jdaintiffs  case.  If  there  has  been 
no  cSex  to  return  the  goods,  the  measure  of  damages  will  of  course  be 
the  difiarenoe  between  the  sum  given  and  the  real  value,  aa  ascertained 
ather  by  sale  or  estimation,  u  the  warranty  be  aooompanied  by  an 
express  condition  to  take  back  the  goods,  if  found  defective,  and  retum 
tiie  price,  the  buyer  oujght  to  retum  the  goods  within  a  reasonable  time 
in  order  to  maintain  his  action  :  and  if,  after  an  offer  is  nude  to  do  so, 
the  seller  refuse  to  receive  them,  they  remain  at  his  own  risk. 

There  are  certain  rules  whidi  have  been  laid  down  with  reqtect  to 
ssles  td  hoiHa,oneof  themoetoommonaubjectsof  aottonatai  warranty. 
The  foot  that  what  is  tenned  a  tound  price  is  given  for  a  hwse,  does 
not  imply  any  warrant  of  its  soimdneas.  If  at  the  time  of  the  sale  the 
horse  has  any  disease,  or  has  met  with  any  accident  which  either  doea, 
or  in  its  progress  or  results  will  itiminiiib  the  usefidness  of  the  animal, 
such  a  horse  is  unsound,  and,  therefore,  a  cough  or  temporary  lameness 
which^  though  it  may  be  curable  and  not  permanently  injurious, 
diminishes  hU  jpeeent  usefulness,  is  imsouaanesK  So  any  oxg^a&o 
defect  is  unsoondness,  and,  therefor^  a  nerved  horse  csnnot  be  om- 
sidered  sound.  RoariiK  is  unsoundness  if  it  proceed  bom  disease  or 
organic  defect ;  but  crib-biting,  it  sauna,  doea  not  amount  to  unsoimd- 
ness,  though  it  is  within  a  wanantytiiat  a  horse  was  free  from  vice.  A 
warranty  of  soundness  is  broken  il  the  disease  or  defect  existed  at  the 
time  of  the  sale,  though  it  could  not  thai  be  detected,  and  did  not 
appear  till  some  time  afterward*.  The  question  of  the  aonndnesa  (a 
uDBOondneis  of  hwaes  is  one  peculiarly  within  the  {vovineeof  a  jury 
to  determine,  ond,  tho^ore,  a  court  will  not  set  aside  a  vco^lict  on 
account  of  the  mere  preponderance  of  contrary  evidence,  nor  on  the 
ground  of  any  peculiarity  in  the  nature  of  the  unsoundneas  proved. 

WARREN.  A  Free  Warren  is  a  fianddse  which  gives  a  right  to 
have  and  keep  certain  wild  beasts  and  fowls,  called  game,  within  the 
piedncts  of  a  manor,  or  any  other  plaoe  of  known  extent,  whereW  the 
owner  of  tiie  franchise  has  a  property  in  the  game,  and  a  right  to 
exclude  all  other  pavons  from  himting  or  taking  it.  It  is  laid  down 
Black8tose,tluA  originally  the  right  of  taking  and  destroying  game 
belonged  exclusively  to  the  king,  and  it  is  certain  ^t  th'*  frandiiae, 
like  that  of  a  chace  or  perk,  must  either  be  derived  from  a  royal  grant, 
or  from  preacription,  which  supposes  a  grant.  The  law  is  thus  settled 
in  the  Case  of  Utmopoliea,  11  'Rep.*  87,  b. 

It  does  not  i^eftr  that  the  crown  ever  bad  the  right  of  granting 
free  warren  to  one  person  over  the  lands  of  another,  though  sn(^  a 
right  might  be  enjoyed  by  prescription.  The  right  of  free  warren  over 
the  land  of  another  might  also  arise  under  other  ciroumatanoes,  as 
when  a  man,  having  free  warren  over  certain  lands,  aliened  them» 
reserving  the  warren.   (8  '  Kep.'  108.) 

A  warren  may  lie  open,  and  there  is  no  neoendty  of  enclosing  it,  as 
there  is  of  a  pork.  f^'Inst.'  318.)  The  beasts  of  warren  q^iear  to  be 
only  hares  and  rabbits;  and  the  fowls  of  warren  are  partridges  and 
pheasants,  though  some  add  quaila,  woodcocks,  and  water-fowL 
('  Terms  de  la  hey,'  589.)  The  grantee  of  free  wairra  acquired  tawrelry 
the  right  to  appobt  a  person  to  watch  over  and  preserve  the  pune. 


called  a  warrener,  who  is  justified  in  killing  iof^,  polecats,  or  other 
vermin  which  he  finds  disturbing  or  destroyingthe  ganu  (Cro.  Jac 
and  by  21  Edw.  I.,  s.  2,  entitled  De  MeU^aOmbia,  every  forester, 
porker,  or  warrener  was  authorised  to  kill  persona  treapassiiig  in 
forests,  parks,  or  warrens,  who  resisted  and  refused  to  render  them- 
selves. 

The  franchise  of  free  wairen  has  nearly  fUlen  into  disoae  innee  the 
enactment  of  the  modem  statutes  with  respeot  to  spme. 

WARREN,  FREE.  [Wahkbi.} 

WARTS,  ihe  name  of  small  tumoura  or  excrescences  which  occur 
on  the^cutiole.  Like  oU  other  efridermoid  tumoun,  they  are  unorgan- 
ised in  their  origin  and  coursa  They  are  generally  of  a  conical  form, 
embrace  <mly  a  small  extent  of  sur&ce,  are  hard,  insensible,  and  in 
colour  are  usually  darker  than  the  surrounding  snrEace.  In  s^cture 
thejr  have  a  radiated  chanoter.  Their  growth  is  slow,  and  they  derive 
tJiair  nutriment  from  the  cutis  over  which  they  lie.  The  parts  of  the 
body  on  which  these  eieresceneee  most  frequently  occur  are  the  hands 
and  face,  although  they  are  by  no  means  confined  to  these  localities. 
Thty  are  of  an  innocent  ohwaoter,  and  produce  no  ill  oonaequencee, 
except  by  pressure^  when  they  occur  in  such  parts  as  between  the 
fingen  and  toes  or  on  the  welids. 

When  stimulated  BtroD^ly,  th^y  generally  get  smaller  or  ''ifiT""' 
altogether.  Hence  the  beat  mode  of  treatment  ia  the  applicaUoi  of 
stimulants.  It  ia  hovrever  a  curious  fact  OoA  the^  ofbm  disappear 
MoAer  tJie  use  of  the  simpleet  remedies,  when  more  violent  ones  have 
failed  to  affect  them.  Tlis  most  efiisctual  remedy  is  cutting  them  away. 
When  this  may  be  objected  to,  the  oaustio  a^tplications  recommended 
are  nitrate  of  lilvar,  strong  acetio  aad,  murmted  tincture  of  irtm,  or 
a  powder  ctanposed  of  anbaeetate  of  ocmier  and  satnne  in  e^ual 
put^  or  the  applioatiou  of  a  hair^penoil  dipped  in  sulphuric  or  nitric 
acid. 

The  tiiin  integuments  situated  near  the  anus  ore  often  fotmd  to  be 
the  seat  of  excrescences  having  the  diaracter  of  warta.  They  are  of 
all  nzes,  from  a  pea  to  an  orange.  When  small,  they  may  be  removed 
by  the  apfdicatton  of  the  stimulants  recommeoided  above;  and  when 
luge,  they  should  be  cut  avray  with  the  knife. 

WASmNG-UACHINES  were  origimJly  emjdoyed  in  connecUcn 
with  textile  manufactures;  but  the  Americans  have  effected  much 
towards  rendering  them  also  applicable  to  domestic  use. 

In  the  bobbin-net  district  around  Nottingham,  waahing-machiaea 
are  employed  in  great  variety;  for  the  ddicacy  of  the  fobric  renders 
much  more  care  neoessair  tnui  in  the  washing  of  the  vroven  goods 
made  in  Lancashire  and  the  neighbouring  oo^mtiea.  The  dash-wheel, 
in  whidk  centrifugal  force  ia  employed  ta  wudi  and  then  to  dry  the 
goods,  is  much  used,  requiring  steam  ^wer  to  work  it.  A  kind  of 
thumping  machlue'called  a  doUy  is  sometimes  employed ;  but  it  is  almost 
too  coaive  in  its  action  for  delicate  bbrioa;  and  so  likewise  are  those 
machines  in  which  fluted  rollers  work  in  contact.  One  mode  adopted 
is  that  of  fordng  a  current  of  air  through  the  ley  or  washing  liquid, 
and  thus  blowing  outthe  dirt  from  the  doth  without  anyrubbing.  To 
effect  this,  a  vewel  is  provided  to  contain  the  goods ;  a  pipe  connects 
it  with  a  blowing  apparatus,  which  may  consist  of  any  kind  of  fan  or 
wind-producer.  The  goods,  slightly  soaped,  are  steeped  in  soft  water  at 
a  tempoature  <tf  about  90°  Fahr. ;  the  vessel  is  covered  over,  and  a 
ouirent  of  air  sent  in  from  the  blowing  apparatus. 

Ur.  Cottrill's  patent  rdatea  to  a  sort  of  trian^ar  prism,  two  of 
which  rotate  on  horizontal  axes  in  a  direction  opposite  to  that  in  which 
yams  or  woven  goods  are  drawn  through  a  tank ;  the  angles  of  the 
prisms  strike  the  goods  as  they  j^ass,  and  thus  wash  them.  In  another 
machine  by  tiie  same  inventor,  instead  of  prisms,  two  arms  or  cranks 
are  enqdoyed,  vibrating  about  an  axis.  Many  wsshing-machinea  are 
modifiwUona  of  the  eylindiical  daah-wliaels  described  under  BuuoHisa, 
and  call  for  no  detuled  notice  here.  Some  of  the  dash-whe^  now 
used  in  the  dye  works,  bleach  works,  and  print  works  of  Lancashire 
and  Qlaagow  vnll  wash  1000  pieces  in  a  day.  At  the  St.  Nicholas  Hotel 
in  New  York,  washing  ia  conducted  for  the  visitors  on  a  scale  of  surpri- 
sing magnitude  and  completeness.  A  cylinder  is  half  filled  with  soap  and 
water;  three  or  four  hundred  garments  of  linen  and  cotton  are  tluown 
in;  the  cylinder  ia  made  to  revolve  by  a  steam-engine;  steam  is 
admitted  to  the  bottom  ot  the  csylinder,  rises  through  the  water,  and 
esoapea  at  the  top.  In  doing  so,  the  ssmunts  in  the  ciylinder  m 
f  onaUy  driven  up,  and  then  a  cnrrent  w  steam  in  the  on>a^te  diieo- 
lion  forces  them  down  sgain.  By  this  process,  repeated  several  timea, 
and  combined  with  the  rotatory  movement  of  the  cylinder,  the 
garments  are  veiy  quickly  washed.  They  are  then  gently  dried  in  a 
centrifngsl  nucluiw  [DBTora-lCAORnizs],  and  fii^ly  expoasd  to  a 
current  of  hot  «r.  The  linoi  is  said  in  this  way  to  be  waued  in  ten 
minutes  and  dried  in  seven,  very  cheaply,  and  without  injury  to  the 
materioL  The  Hampstead  Board  of  Guardians  adopted,  in  1860,  a  new 
waahing-machine,  consisting  chiefly  of  two  ridged  boards ;  the  Hnen  is 
pressed  between  the  boards,  slightly  rubbed,  turned  over,  slightly 
rubbed  again,  and  so  on  about  fifty  times,  the  soapy  water  passing 
through  tiie  pcrea  every  time;  no  hand-mbl^iK  is  needed.  After 
several  weeks'  trial,  it  was  found  that  five  shillingr  worth  tA  fuel,  soap, 
and  soda  sufficed  for  the  woahing  of  one  thousand  articles. 

Among  the  many  curious  American  washing-machines  recently 
introduced,  one  is  the  ball  machine  in  whic^  a  number  of  wooden 
balls  m  set  in  motion  l>r  >  haudlo  worked  Iqr  a  lever.   The  linen  ia 
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■o  placed  that  the  balls  rub  anhist  it  and  against  each  other,  and  it  is 
thus  washed  without  the  hand  being  applied  to  it.  The  credit  claimed 
for  this  machine  is,  that  the  preauure  being  slight  and  temporary,  floe 
fabrics  are  not  injured ;  moreoTer^ "  it  tears  off  no  buttons.  Another 
Amenosn  ■wml'i"*  baa  wooden  otmtriTanoee  {ntaklad  to  Tepnaeat,  in 
action  if  not  in  ^pearanoe,  the  knooUes  of  a  Iwudreas;  the  theoiy 
of  the  nudiine  is,  that  the  proper  result  can  be  obtAined  idthout 
wearing  amj  human  fingers. 

WASTE,  says  Coke  (Co.  Lttt,  63), "  vastum  dicitur  a  nstando,  of 
wasting  and  depopulating ; "  but  he  gives  no  further  definition.  The 
Dotioa  of  waste  seems  to  be  when  a  tenant  for  years,  by  the  courteqr, 
hj  dowflTf  or  for  Ufs^  so  dsals  with  land,  or  such  tbinga  ai  are  attached 
to  ibe  sial,  aa  to  dMroy  them  or  greatlv  damage  them.  Aooordingly, 
the  old  action  of  waste  hiy  agunst  such  tenants  him  who  had  the 
Immediate  estate  of  inheiitaaoe. 

Waste  ia  either  vobtrUary,  which  is  an  act  of  oomnuBSum,  atpermtnw, 
which  is  a  matter  of  omission  only.  Voluntary  waste  chieSy  ooQsista 
in  felling  timber-trees,  pulling  down  houses,  or  pennanently  altering 
ai^  part  a  honse^  in  cnenfatg  new  aiinas  w  qnam^ 
coumof  hnsbandiT,  anain  wdestroctionof  Itnt^lotanB.  FttvuMre 
waste  ocmdsts  duefly  in  allowing  the  buUdlnga  upon  an  estate  to  go  to 
decay.  It  is  a  general  rule  that  the  waste  wnjoh  arises  from  the  Mt  of 
God  is  excuseable,  aa  if  a  house  falls  in  consequence  of  a  tempest. 
But  if  tile  destruction  of  the  house  by  the  tempest  has  been  owing  to 
its  being  oat  of  repair,  the  tenant  is  guilty  of  waste ;  and  so  he  will  be 
if  he  do  not  repair  a  honse  irtiioh  hw  bean  nnoorared  «  damaged  only 
by  a  tempest  In  ilia  same  manner,  if  the  baiAs  of  a  river,  iraile  in  a 
state  of  proper  repair,  are  destroyed  a  sudden  flood,  the  tenant  is 
not  answerable.  (1 '  Inst,,*  S3  a,  o.)  The  rule  i^>plies  also  to  the  case 
of  a  house  burnt  down  by  accident.  But  in  these  uid  all  rimilar  cases 
the  tenant  will  still  be  bound  to  repair  Or  rebuild,  if  ho  hsa  entered 
into  a  general  ooTenant  to  repair. 

Tenants  in  tail,  as  th^  have  astafeea  of  inberita&oe,  an  entitled  to 
eommit  tsmrj  kbid  of  waste ;  but  this  power  oonUiraea  and  oan  be 
exercised  omy  during  the  life  of  the  tenant  in  taiL  When  it  is  said 
that  a  tenant  in  tail  may  commit  ever;  kind  of  waste,  tiie  meaning  is 
that  he  can  do  those  acts  to  the  land  which  tenants  who  have  not  an 
estate  of  inheritance  cannot  do.  A  mortgagee  in  fee  in  possession  has 
a  rig^  at  law  to  commit  sot  kind  of  mate,  being  then  ocmsidered  as 
theabaolute  owner  of  the  uihsritanoe;  but  he  will  bo  restndned  by  a 
court  of  equity,  which  will  direct  an  account  timber  out  down,  and 
order  it  to  be  applied  in  reduction  of  the  mortfjage  debt.  (2  YenL. 
SdS.)  OopyholdCTS  cannot,  unless  tiiere  be  a  special  custom  to  warrant 
it,  commit  any  kind  of  waste,  and  every  spedes  of  waste  not  warranted 
by  the  custom  of  the  wmx  operatea  as  a  forfeiture  cCtlw  ooDyludd. 
(18 'Rep..' 68.) 

The  orieanal  zemec^  fw  waste  wu  that  under  the  statute  of  Ibri- 
bridge,  SS  Henry  IIL,  o.  S4,  whioh  gave  to  the  owner  of  the  inheritance 
an  action  of  waste  against  the  tenant  for  life,  in  which  he  was  entitled 
to  recover  full  damages  for  the  waste  ocmuaitted.  But  as  this  remedy 
was  often  found  inadequate,  it  was  enacted  by  the  statute  of  Olouoeeter, 
6  Edw.  I,,  c.  5,  that  the  place  wasted  should  be  recovered,  together 
with  treble  daoiages  for  the  injuiy  done  to  the  inheritanoe.  No  person 
was  enUtled  to  an  action  of  waste  against  tiie  tenant  for  life  undw 
these  statutes  except  him  who  had  tiie  estate  of  inheritance  Imme- 
diately expectant  on  the  determination  of  the  estate  for  life;  so  that 
if  there  were  an  existing  estate  of  freehold  interpoeed  between  the 
estate  for  life  and  that  <A  inheritance,  the  right  of  action  was  sus- 
pended. <1 'Inst,' 58,  b.)  The  action  of  waste  had  long  given  way  to 
the  much  mora  expeditions  and  eaqr  remedy  by  an  action  of  treqasa 
on  the  case  In  the  nataie  of  waste,  wUbh  nu^  be  brou^  by  the 
person  in  reverskm  or  remainder  tot  life  or  for  years,  as  wmI  as  in  fee, 
and  in  whioh  tiie  pluntiff  is  entitled  to  ooets,  whieh  he  could  not  have 
in  an  action  of  waste  (2  Saund.,  252,  n.  7) ;  and  the  writ  of  waste  is 
now  findly  abolished  by  the  8  &  4  Wm.  IV.,  c.  27,  s.  36.  It  seems 
that  there  was  formerly  no  remedy  for  mere  pennisaive  waste  after  the 
death  of  the  tenant,  though  if  the  estate  of  the  tenant  was  benefited 
by  the  injoiy  Inflloted,  as  if'  money  was  dnived  to  it  from  the  sale  c< 
trees  out  down,  an  action  for  the  value  of  the  proper^  might  have 
been  austainedaQdnat  the  executor,  ^wp.  876.)  Now,  however,  by  the 
8  ft  4  Wm.  IV,,  0. 63,  a.  2,  remedies  by  action  of  tmepass  or  trespass  on 
the  case  are  given  against  the  execntcns  of  any  decaued  person  for  any 
wrong  committed  him  in  his  lifetime  against  tiie  real  or  personal 
property  of  another  within  six  months  of  hia  death,  provided  the 
action  be  brought  within  six  months  after  the  peraonal  roproeentativos 
have  tainn  upon  themselves  the  adnthUsbraticm  of  die  estate. 

But  the  most  complete  remedy  in  cases  of  waste  is  that  in  the  Court 
<A  Chancery,  which,  upon  application  to  it  by  bill,  will  not  only  direct 
an  acoouttt  to  be  taken  and  satisfaction  to  be  made  for  the  damage 
done,  but  will  interpose  by  way  of  injunction  to  restrain  the  oom- 
mi«8i<m  of  future  waste.  A  court  of  equity  will  grant  its  aaststaaoe 
against  the  oommiaeion  of  waste  wherew  tiw  case  appeon  to  require 
it,  even  though  the  plaintiff  ii  not  in  a  condition  to  maintain  an  action 
at  law.  The  court  will  also  gnnt  an  injunction  against  waste  pmdenU 
Uie;  and  in  Buoh  oaaea  it  is  not  neoeesaty  that  the  pl^tiff  should  wut 
till  waste  ia  actually  committed  ;  it  is  sufficient  if  an  intention  to  com- 
mit waste  appears,  or  if  the  defendant  insists  upon  his  right  to  do  so. 

It  baa  long  been  uaual,  when  estates  for  life  are  expressly  limited,  to 
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iiHert  a  clause  dechuing  that  the  tenant  ahall  hoM  the  lands  ■*  without 
impeachment  of  waste.'  These  words  were  originally  intended  merely 
to  exempt  the  tenant  from  the  penattiea  of  the  statute  of  Uarlbridge, 
though  it  has  long  been  settled  that  they  enable  him  to  out  down 
timber  and  to  convert  it  to  his  own  use ;  but  he  may  bo  reatoained  ia 
equi^  from  committing  malicioos  waste  ao  as  to  destocy  the  estate,  or 
cutting  down  timber  which  serves  for  shelter  or  ornament  to  a 
mansion-house,  or  timber  uuflt  to  be  felled.  Tliis  is  what  is  called  the 
doctrine  of  Equitable  Waste.  The  jnivileges  of  the  tenant  for  life 
under  the  words  "  without  impeachment  of  waste "  are  annexed  in 
privity  to  his  estate,  and  determine  with  it  Thus  it  aeema  that  If  a 
lease  were  made  to  one  for  tin  life  of  anotlier  without  inqMadmieot  of 
waste,  with  remainder  to  him  tor  his  own  Ufe^  he  wonld  beoome 
punishable  for  waste,  the  first  estate  being  merged  in  the  second, 
[U  'Kep.;  83,  b.) 

Ecclesiastical  persons,  who  hold  lands  in  right  of  a  ohureh,  are 
disabled  from  committing  waste,  though,  like  other  tenants  for  life, 
they  have  the  right  to  take  from  the  land  materials  neoMsary 
r^airs.  'Buy  may  not  only  fell  timber  and  dig  atonos  for  that  prnv 
poBB,  but  have  even  been  allowed  to  sdl  timber  or  stone,  when  the 
money  was  to  be  applied  in  repairs ;  also,  though  they  oaimot  open 
mines,  they  may  work  those  aJready  open.  (Amb.  176.)  Ecdesiaatical 
persons  may  be  proceeded  agtdnat  for  waste  in  the  civil  as  well  as  tlie 
eccleeiaBtical  courts,  aa  an  action  will  lie  against  them  for  dilapidations, 
and  may  be  brought  by  the  suooeasc^  to  a  benefice  either  agatoat  his 
predeeeesor  OT  hia  peraonal  repreesntatives.  AndtheCotirto<OiiDoery 
will  grant  an  injunction  against  any  eockdastical  person  whateww  to 
stay  waste  in  cutting  down  timber,  pulling  down  houses,  or  opmlng 
quarries  or  mines  on  the  g^be.  An  Injunotion  has,  indeed,  bean 
granted  againat  waste  by  the  widow  of  a  rector  during  the  vacancy  of 
the  living.  (2  Bro.  ca  6, 62.)  By  the  56  Qeo.  III.  o.  52,  the  incum- 
bents of  benefices  are  enabled  to  cut  down  timber  on  the  g^be-lands  for 
the  purposes  of  the  statute  (6S  Qeo.  III.)  enabling  them  to  exchange 
their  panonage-housas  or  glebe-lands. 

Tenants  in  tail  and  tenants  in  fee  have  the  inheritanoe  In  the  land, 
and  they  are  the  real  owners.  Those  who  have  lees  estates  are  in  the 
situation  of  the  Roman  Usufruotuariua.  [UainrBlJorot.J 

WASTB  LAND.   [Bubrek  LaKlh] 

WATCH.  [HOBOLOQT.I 

WATCH  AKD  WARD  is  the  andent  prwridon  Hor  Um  DMintenanoa 
of  the  public  peace  and  of  ^po^y  in  towns:  watcUijr  relates  to  the 
night,  wrd  to  the  day. 

The  duty  of  keeping  watch  and  ward  no  doubt  prevailed  in  Anglo- 
Saxon  times,  although  it  is  usually  stated  to  have  been  imposed  by 
the  statute  of  Winchester  (13  Edward  I.,  c  4).  The  words  of  the 
statute  are  : — "  And  henceforth  it  is  commanded  that  winches  be  made 
as  fMmerilj  they  were  aooustomed  to  be ;  that  is  to  My,  from  Aaosn- 
aon-day  to  MiMiaehnafrday,  in  every  city,  by  six  men  at  each  gate>  in 
every  borough  by  twelve  mm,  in  every  open  town  by  six  or  four  men, 
aoccMlng  to  the  number  of  inhabitants ;  and  that  Ui«y  watch  all  the 
night  from  sunset  to  sunrise.  And  if  any  atoanger  pass  by  them,  he 
shall  be  arrested  until  morning;  and  If  [no  cause  of]  suspicion  be 
found,  he  shall  go  quit."  Then  follow  provistcm  for  delivering  him  to 
the  sheriff  if  the  watch  find  cause  of  soqwdon,  and  for  laiiiug  the  hue- 
and-cry  on  him  from  town  to  town  if  be  escape.  A  subsequent  act 
(5  Edward  III.,  o.  14)  extends  to  the  day  these  powers  of  arresUng 
suspected  persons ;  and  in  reciting  the  previous  act,  this  later  statute 
treats  it  as  applying  to  the  country  generally;  but  seems  to  limit  the 
power  of  arrest  to  oonBtable&  The  statute  5  Henry  IV.,  &  8,  extends 
to  ihe  aea-ooast  the  proviaiona  of  the  statute  of  Winchester,  and 
dike  it)  seems  only  to  revive  an  aaoiait  custom  vriiieh  had  fallen  into 
oisuse. 

The  duty  of  keeping  watch  is  impoeed  upon  every  inhabitut  of  a 
town  in  turn,  at  tiie  call  of  the  constable.  The  watchman  muat  be 
auitably  amwd,  and  women  or  infirm  persons  must  find  substitutes. 
Not  to  keep  watch  in  his  turn,  or  not  to  find  a  sufficient  substitute, 
is  an  o&noe  for  which  tlw  pvty  may  be  indicted  at  the  seaaiona  of 
the  peace,  and  may  be  pooisned  by  fine  and  otherwise. 

Another  claai  of  watchmen,  having  like  powers  and  duties  to 
t^e  former,  is  that  appointed  for  the  preeervation  of  the  peaco, 

[COHSTABU,  POUOB.] 

WATER  (HU).  (C%«mutry.)  Water,  as  it  occuia  in  nature,  has 
already  been  taeated  of  in  the  Natcbal  Histobt  Diviaion  of  this 
Cyclopaedia;  its  jdiysical  properties  in  the  three  states  of  gas  [Stkax; 
Vafoub,  OraUBomra];  liquid  [Watbb,  following  artlolej;  and  eoltd 
[Iob]  ;  have  also  bean  separately  deeoribed  in  the  present  Division ;  eo 
that  it  is  now  only  neoeesary  to  oomidur  it  from  what  may  be  termed  a 
chemical  point  of  view. 

Water  is  a  chemical  combination  of  the  two  elements  oxygen  and 
hydrogen.  When  a  jet  of  hydrogen  is  burnt  in  an  atmosphere  of  oxy- 
gen, or  VMS  vend,  water  is  formed,  and  condenses  on  and  tiiokles  down 
uy  cool  Burfaoe  that  may  be  near.  A  oompound  of  hydrogen,  when 
bumod  in  the  air,  also  eliminates  that  dement  in  the  form  of  aqueous 
vapour.  A  cold  plate  held  for  a  few  moments  in  or  over  the  Same  of  a 
candl^  oil-lamp,  or  gas-jet,  is  aoon  bedewed  with  moisture,  which  may 
be  collected  and  proved  to  be  water.  Conversely,  water  may  be  maiie 
to  jitUd  up  its  elements.  Exposed  to  a  temperature  above  the  malting 
pmnt  of  platinum,  it  Is  resolved  into  ita  elements.   Parsed  in  the 
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state  of  steam  over  r«d-hot  iron,  it  partB  with  its  oxygen  to  the 
metal,  and  its  hydrogen  ia  evolved  ab  gas.  Submitted  to  uie  aatioa  of 
the  electric  lorce,  its  two  ooiutitaents  are  respectively  evolved,  tad 
ratty  be  cdleided  in  qrauti^,  from  the  two  terminate  of  the  bsttevy; 
that  from  the  negative  pole,  hydrogra,  oocupyiog  twice  the  btuk 
of  that  from  the  pt^tive  pole,  oxygen.  A  givni  balk  ot  hydrogen 
being  only  one-eixteenth  the  weight  of  an  equal  bnlk  of  oxygen,  it 
foUowB  from  the  &ct  just  mentioned  that' the  respectiTe  proportions 
by  weight  of  hydrogen  and  oxygen  in  water  are  one  of  the  former  to 
eight  of  the  latter,  Hoay  other  experiments  mi^t  be  described 
demonHtrating  both  synthetioally  and  analytically  uwt  water  is  the 
protoxide  of  hydn^en ;  that  It  cootaina  one  equivokni  of  hydrogen 
(H  =  1)  and  one  equivalent  of  oxygen  (0  =  8). 
.  Water  acts  upon  other  bodies  with  four  different  degrees  of  intensity. 
Chemically,  it  unites  to  form,  first,  hydrafa;  in  these  the  water  is 
most  intimately  combined,  and  can  only  be  separated  in  many  cases 
by  a  temperature  a{^roaohing  redness :  slaked  lime  is  such  a  hydrate, 
Seoixidly,  water  oandii&eB  wita  oystalline  bodies,  as  seen  in  sulphate 
of  magnesia,  whidi  oontains  siz  equivalents  (MgO,  SO,,  HO  +  6Aq.), 
oartxHwto  of  soda,  which  has  ten  (NaO,  CO,  +  10  Aq.),  gut.  This  water 
Js  generally  termed  waltr  of  cr^talHaatum,  to  distinguish  it  from  the 
former,  or  weUer  of  J^dratim.  Thirdly,  water,  acting  ohemico-mecha- 
idoally,  is  a  more  or  less  powerful  solvent  for  most  bodies.  On  its 
uses  in  this  respect  it  is  scarcely  necessaiy  to  enlarge.  Its  capacity 
far  disKdving  omsn  and  carbonic  acid  oiMlee  it  to  sumMni  the  life 
<d  fldm  and  sutHMuatie  plants,  and  witliont  which  it  would  be 
m^eaaant  and  mawkish  as  a  beverage.  Chlorine,  stdphuroos  atad, 
MM  Bul|Auretted  hydrogen  gases  are  re-a^ito  whose  diemioal  value 
would  be  mnch  resteioted  if  they  could  not  be  obtained  in  the  state 
of  solution  in  water.  Its  property  of  dissolving  solids  e&ahlea  It  to 
bs  used  as  a  vehicle  for  the  oonveyance  of  organic  and  inorganic 
matter  to  tbe  ttaBoes  of  animals  and  plants,  and  as  an  indispensable 
medium  in  neai^  all  arts  and  manufactorea.  When  water  has 
taken  up  as  much  of  a  body  as  it  can  dissolve,  it  is  said  to  be  satu* 
rated ;  and  if  at  this  point  some  of  it  be  removed  by  spontaneous  or 
artifioial  evaporation,  the  dissolved  solid  is  again  deposited,  either  in  an 
amnnbous  state  or  in  beautiful  geometrical  forms  called  ery^aU.  The 
fouitL action  of  water  is  purely  medunical;  it  is  seen  in  the  mdnsl 
wearing  aww  td  acdid  inaolnUe  matter,  and  is  laigefy  oonoemedin  Hbo 
lovmatMO  of  tba  dHQmeb  (tf  atnama,  Ac, 

From  what  has  been  said  reganUog  the  solvmt  powara  of  water,  both 
upon  gaseous  and  solid  matter,  it  is  obvious  that  pure  water  is  never 
met  with  in  nature.  If  we  trace  water  from  tiie  moment  when  it 
assumes  the  liquid  oonditioa  to  the  time  when  it  finally  makes  its  way 
to  the  ocesDf  we  find  it  gradnally  accumulating  impurities  of  various 
Unda.  At  tiie  moment  of  oondensation  it  exerts  its  solvent  power  and 
absixbs  gases  from  the  air.  When  it  &Us  to  the  earth  it  perooktes 
throu{^  strata  more  or  leas  soluble  and  more  or  lees  perrious  to  water, 
and  dissolves,  according  to  ciroumstanoes,  various  quantities  of  the 
solid  matters  which  it  there  meets  with.  If  the  surface  of  the  earth 
where  it  falla  be  very  hard  and  insoluble,  the  water  becomes  only  very 
dightly  oontaminated  with  solid  matter.  Loch  Katrine,  for  instance, 
oontains  only  24  grains  of  mHid  mattsr  in  a  gaUon  of  the  water ;  the 
Dee,  at  Abwdaen,  orataim  igiaina;  and  the  Tay,  at  Pertii,  contains 
S  gruns.  Frequentiy,  also,  when  the  strata  through  which  the  water 
percolates  are  pervious,  supposing  they  are  at  the  same  time  compara- 
tirelr  insdubb,  rtrj  little  sdid  matter  gets  into  solution.   Such  is 


the  case  with  the  green  gsnd  formation,  where  the  water  is  very  free 
from  mineral  matters  of  a  solid  kind.  Oeneially,  however,  water  meets 
with  more  OMUtitarats^than  those  just  indicated,  and  tbe  quantity 
varies  frtm  6  to  60  grains  per  gal^m.  When  the  latto*  quantity  is 
exceeded,  the  water  frequent^  aoquires  a  taste,  and  may  be  regarded 
as  abnormal  water.  The  water  of  the  ocean  is  in  this  condition.  The 
rivers  which  flow  into  the  sea  carry  with  them  matters  dissolved,  and 
leave  them  there,  for  the  solid  matters  are  not  oanied  back  by  evapo- 
ration. Therefore,  the  sea  contains  a  larger  proportion  of  theee  sub- 
stances than  ia  otnitained  in  the  wator  of  riven;  and  we  get  thia  eflect 
on  a  BtiU  mm  wuggersted  scale  when,  in  hot  elinwtes,  rivras  empfy 
thunsetves  into  lakes  which  have  no  outlet.  Thia  is  the  case  with  the 
Dead  Sea.  The  river  Jordan,  iriuah  is  eonstaatly  flowing  into  it, 
oontains  75grainsof  solid  matter  in  the  eUlon;  and  none  of  this  matter 
is  returned  again  into  the  atmosphers,  or  no  practical  amount :  there- 
fore, there  Is  a  constant  aoenmiuation  of  the  saline  matters  going  on 
there,  and  in  this  Dead  Sea  we  have  no  less  than  2600  gnins  of  solid 
constituoits  to  the  gsllon  of  water.  The  same  affbot  takes  [daoe  in  a 
lake  in  the  norUi  ol  Australia,  diaeovered  a  few  months  ago.  It  it 
highly  charged  with  saline  mattns,  and  is  known  to  poseess  no  outiet. 
There  is  a  similar  instance  in  the  celebrated  Elton  Lakd  In  Bussia, 
which  is  11  miles  long,  8  miles  hxMtd,  and  on  an  average  only  16 
inches  deep.  In  summer  it  appears  to  be  covered  with  mow,  in 
consequenoe  of  the  ev^xwation  oi  the  water  forming  a  crust  of  siUine 
matter.  No  less  than  200^00  tons  of  udt  are  jenlf  extnwted  from 
this  lake. 

In  addition  to  these  mio«al  and  saline  constituents,  water  also  dis- 
solves owtsin  organic  substances,  so  that  vre  may  olssaify  the  impuri- 
ties contained  in  water  as  mechanieal,  or  those  that  are  men^suspraded 
in  the  water  mechanically,  and  not  dissolved,  ao^ne  impuritus,  and 
organu!  impurities.   We  will  consider  these  separately. 

First,  OS  regards  me^usKual  impurities.  They  consist,  in  the  first 
plaoe,  of  mineral  substances  whiw  are  usually  innocuous,  and  have  no 
eSisct  upon  tha  driokar.  Next  we  have  vegiatable  or  animal  matters, 
which  are  generally  of  an  exoeedin^y  noxious  character ;  and  then  we 
have  living  organisms,  which  perhws  attract  the  attention  of  the 
water-drinker  more  than  the  other  substanoes  oontained  in  tiie  water. 
These  organisms  oonsiBt  of  animaloula  and  "'"^if  of  a  'larger  size. 
We  have  in  the  New  Biver  water  twenty-six  species  of  these  animals, 
in  the  Thames  water  twenty-nine  species;  twenty-four  speiues  have 
beco  detected  in  the  West  Middleeex  water,  and  so  on.  varying  in 
number  in  different  waters.  It  has  been  st^ed  that  some  of  these 
littie  jui'^inl*  are  very  delet^ous  to  health,  but  tiiia  has  not  been  at 
all  clearly  made  out.  Looked  at  from  a  chemical  point  of  view,  they 
are  exceedingly  useful  in  tiis  water,  especially  if  it  be  at  all  impure. 
Each  littie  animal  is  a  small  furnace,  which  occupies  itself  in  consuming 
the  organic  matter,  and  oonverting  it  into  its  ultimate  in(nnnio  oom- 
pounda — carbonic  add,  water,  and  ammonia,  or  nitric  add.  Th^  feed 
upon  the  dead  organic  matter  in  the  water,  and  remove  It  far  more 
readi!^  tlian  it  would  be  removed  by  the  oxidising  propwij  of  the 
air.  It  is,  of  course,  desirBble  to  remove  them  before  the  water  ia 
used  as  a  beverage,  and  this  can  be  done  by  filtration.  The  antmab 
themselves  cannot  pass  through  the  filtw,  but  the  ova  can.  This  fact 
has  an  important  bearing  upon  the  storing  up  of  water,  and  will  be 
alluded  to  again  preeenUy. 

We  come  now  to  the  latine  impurities.  The  nature  ci  these  will  be 
readily  seen  by  an  inspectitm  of  tiie  following  disfpnun. 
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The  Fatnham  water  is  from  the  green  sand :  it  has  been  suggested 
H  a  Buppfy  for  London.  That  from  Loch  Katrine  is  perhaps  purer 
Man  the  water  supplied  to  any  town  in  tiie  United  Kugdom.  The 
Manchester  water  can  always  be  drawn  from  the  pipes,  the  supply 
being  continuous,  instead  of  intennittai^  and  this  is  now  the  case  in 
nesrly  all  large  towns  except  London. 

•  Some  of  these  oonstituents  are  termed  earthy  talU,  and  some  of  them 
ue  oftajfM  taltt.  Carbonate  of  lime,  sulphate  of  lime,  and  nitrate  <A 
maot  carixmate  of  magneda.  and,  oocuumally,  chloride  of  ealdum  and 


chloride  of  magneuum,  are  salts  of  the  alkaline  earths;  others  are 
{dkoline  sal^ 

Tho  property  of  "hardness"  in  water  ia  due  to  the  first  of  thww 
classes  of  constituents — to  the  alkaline  earths — the  lime  and  magne&ia 
salts  present  in  tiie  water.  Hard  water  may  be  defined  as  a  water 
capabk  of  decomposing  a  considerable  quantity  of  soap,  and  fOTciing 
with  the  aoap  an  insoluble  predpitate.  These  salts  of  Ume  C(»nbine 
with  the  stearic  add,  and  form  an  InsolaUe  stearate  ci.  lime,  the  curdy 
matter  whioh  is  produoed  by  waihing  in  moh  wafcen.    Tlui  ateante 
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ot  lim*  ll  of  ft  gnaay  iwtiira;  H  fa  preoiidtated  in,  ud  flUs  up,  the 
pores  of  the  akin;  no  amount  ««idihig  in  hard  intiw  can  thorot^I^ 
remove  it ;  umI  hence  the  aldn  can  only  be  peilMStly  deanaed  in  rain- 
water, in  softened  hard  water,  (a,ia  iaab,  in  inter  that  does  not  oontain 
■otn>-deconipoaing  matten. 

Of  the  above  oonstituenta,  the  oarbonatea  ot  lime  aod  magoeBia  are 
the  only  onea  not  aoluble  in  pure  mtter :  they  are  kept  in  solution  b; 
free  carbooio  aoki  [Calozuii,  OaHxymate  ef\.  The  amooxtt  of  Ikardoeas 
poeae— ed hy  nateta Tiriea  eooridaral^ !  itiaraadilTaaoertainedby  the 
SoAr-Tmr.  The  mode  <^eofteoiDgwaten  is  refenea  to  under  Cixonm, 
OariKMate  and  StUpkaU  of.  The  only  perfeet  method  of  reuioring 
Bxed  matter  from  water  is,  of  ooal«e,  distiUatitm ;  indeed,  this  prooeas 
Is  carried  out  on  board  some  of  oar  ships,  the  water  bong  Buhwquently 
aerated  for  drinUnf  puiposea.  On  hnd,  bow0nr>  other  leas  expensive 
proceaaes  are  availatML 

The  argmtic  impuritiea  ooBtainad  fai  ac^ntkn  la  watar  are  at  taanui 
and  vegetable  ori^pn,  the  fimner  being  moat  objectionable^  The  animal 
matter  eontains  nitrogen,  and  ia  eonatandy  uBdergoing  a  fermentive 
change.  Water  in  Uiis  state  is  high^  dai^nous  to  health,  and  should 
be  carnally  avoided,  Unfwtuni^e^,  no  teat,  short  of  rigid  analysis, 
can  be  rdied  upmi  for  deteotiog  this  aidmal  matto*.  Solution  of  per 
manganatoof  potash  ia  Jeoompoaed  and  daoolooriaedlyitj  and  dure- 
fore  water  that  dleedurgM  the  ooioat  from  mnoh  of  that  reagvot  dionld 
b«  viewed  with  suB|Hcdon. 

One  othw  poeaible  oontamlnation  of  water  must  be  noticed :  it  is 
lead.  Fortunately  for  most  reasons,  but  unfottonately  tor  some  others, 
water  that  contains  aa  mpreoiable  quantity  of  salts  does  not,  as  a  gene- 
ral rule,  act  upon  lead.  Pure  distiUed  water  acta  van  rwid^  upon  it, 
but  water  that  la  in  ai^  degree  bard  doaa  not  uinal^  aibet  it  Lead 
can  be  eaidly  deteoted  in  watar  by  (he  bbekanhig  iridoh  oeonn  <m 
paning  sulphuretted  hydrogen  gas  through  the  water.  This  effect  ia 
not,  however,  produced  if  only  a  very  amw  quantity  of  lead  be  present 
la  that  case  the  water,  after  the  paesage  <rf  tike  gas,  should  be  set  aaide 
for  twenty-four  hours,  when  the  stSphuretted  hydrogen  will  have 
become  deoompoaed,  and  Um  deposited  snlphnr  will  have  a  daik-brown 
or  bkek  colour  if  lead  be  preaoot  It  has  been  snggeated  to  tin  the 
faisideoC  lead  ptpaa-  water  not  acting  upwi  tin;  hot  wbattmr  water 
oomea  in  eontaot  with  both  matal^  aa  at  a  iobA  or  flaw,  a  voltaic 
action  is  aot  up,  and  the  aolallanof  thelead is fadUtated  instead  of 
prevMited. 

B»timaH(m  of  Water, — This  is  accomplished  either  by  noting  the  loss 
which  a  body  suffers  on  being  heated,  or  by  expelling  and  weif^ng 
the  water  erobred.  It  the  constitution  of  the  body  is  well  known, 
the  fonner  method  is  sufficient ;  if  not  the  hitter  process  is  had 
reooorseto. 

Amaly^tfNtiimxdtmdAJmamal  IFaf«rs.— Of  all  special  chemical 
operatione  this  fs  one  of  the  moat  tedious  and  ditBcnlt  Usually  a 
axf^  number  of  adds  and  boMS  are  simultaneously  present,  and  being 
all  m  adotion,  cannot  be  so  readily  separated  as  thoee  of  pa-hapa  a  lees 
complex  auhatonoe  cMitainfatg  both  aoluble  and  insoluble  mattm. 
Gaaeoua  oonstitueata  must  generally  be  determined  at  the  source  of 
the  water.  The  total  amount  of  fixed  matter  is  aaeartained  by  ev^>o- 
rating  a  known  bulk  of  the  water,  and  weighing  the  reddue  after 
drying  at  212'  Fohr,  If  organic  matter  be  preaent  the  residue,  dried 
at  300^  Fahr.,  will  char  on  being  ignited ;  air  having  aoceas,  tiie  carbon 
will  bum  and  tiie  difference  in  weight,  before  and  after  ignition, 
will  give  aome  idea  of  the  amount  of  Vtx^  organic  matter.  The  residue 
may  tiioi  be  t^uaotitatively  analysed  in  the  same  manner  as  any  other 
mixture  of  sohda,  ot  separate  portions  of  the  water  may  be  used  for 
the  purpose.  The  arrangement  of  the  lesulte  of  a  water  andyna 
depends  upon  the  judgment  of  the  operator.  The  actual  amounts  of 
each  ingredient  without  reference  to  arrangement,  ^ould  first  be 
given,  inasmuch  as  the  state  in  which  they  naturally  exist  la  liable  to 
alteration  from  dungs  of  temperature  and  dilution  after  rain,  4c 
Hwwmr,  aa  there  are  at  preasnt  no  data  byvdiidi  to  detmnine  the 
normal  condition  of  the  adds  uid  bases,  several  systems  of  arrange- 
ment ezlat ;  and  if  the  amount  of  eadi  add  and  base  were  not  given, 
andysea  of  a  water  by  two  differoit  dLcmiste  would  appear  to 
differ  widdy  when,  perhapa,  they  doaely  agrees 

WATER,  nr  na  fhtsioal  belatiohs.  In  the  preceding  article 
the  dhemieal  hiatay  of  water  is  briefly  reviewed,  ond^sodi  of  its  pro- 
perties are  deaerihed  aa  depend,  prinuoily,  on  the  nature  and  activity 
of  the  mdecules  of  which  it  is  oonstitutod.  We  now  proceed  to  treat 
of  some  of  those  povporties  of  water  which  are  e^ibited  by  iiinsiiiw  of 
it,  whether  in  ita  liquid,  afiriform,  or  solid  state ;  tboaa  which  render 
it  a  subject  of  phymcs  or  natural  philosophy ;  omitting,  however,  of 
course,  such  propartiea  as  it  posstaaoo  in  oommon  with  other  bodiea  in 
the  eoRflapoDdhig  states  of  sggregation,  raqiectivdy,  and  whioh  have 
been  oonddered  in  tiu  articlea  Htdbodthaioos;  Htoboiutiit; 
Uioauncfl,-  Phkdmatics,  &c. 

Tlie  three  states  of  aggr^tim  In  whidi  water^  like  all  of 
ponderable  matter,  aa  we  have  reason  to  believe,  can  exist  are  all 
equally  noturd ;  thoughf  in  the  case  of  every  other  substance  also, 
we  are  inclined  to  regard  that  condition  as  t^e  most  natural  in  which 
it  is  most  oommonly  and  obviously  subject  to  our  obaervaiion.  This, 
with  reapeot  to  watsr,  is  the  liquid,  as  with  all  metals  but  one  it  ia  the 
adid,  ana  with  diloiine,  ammonia,  and  other  elamentarr  aa  well  aa 
ooupound  aabatatKMS  it  la  the  aSriloRn  state;  omittnig  lun  at^ 


refereaice  to  those  gaioous  bodiea  whidi  have  not  ya4  baeoToduoedto 
another  state  of  aggregation. 

We  begin  with  tioe  phydcd  properties  of  watar  in  the  solid  foim, 
considering,  firat  those  which  it  manifesta  to  ■»"■^**l'^  observation. 

In  the  article  loB  the  pr(q)erty  is  described,  in  virtue  of  which 
two  portions  of  that  BubstaiKe  iu  a  moist  state,  when  brou^t  into 
contact,  become  one.  That  such  is  the  fact  has  course  been  known 
from  time  immemorid,  but  it  hod  ahnys  been  raterad,  withoat 
inquiiy,  to  the  fraedng  e&ot  uptm  water  of  ioe  at  a  lower  ton- 
perature  [Hail],  and  had  never  been  made  a  aubjeot  of  sdentido 
mveatigatum  until  Dr.  Faraday  called  attention  to  ite  nature  and 
philoaophiod  importance  on  the  7th  of  June,  1850,  at  one  of  the 
Friday  evening  meetings  of  the  members  of  the  Boyd  Institution  of 
Qreet  Britain  (Albemarle  Street  Londcoi);  aaaembl^  in  which,  from 
the  year  1825  downwaida,  so  many  new  fada  and  q^licationa  in  sdenoe 
and  new  inteipratatiniB  of  &da  have  for  the  first  time  bean  publidy 
mode  known,  or  first  publicly  demonstrated  by  experiment  To  this 
OToperty  of  ioe  the  term  regelation  was  afterwards  applied  by  Profeesor 
Tyndall,  in  a  paper  '  On  the  Structure  and  Motion  of  Qlacien,'  by 
himself  and  Professor  Huxl^,  read  before  the  Bo^  Society  on 
January  15, 1857  ('  ProoeedingB,*  voL  viii.  p.  881),  and  published  in 
tha  'niOaaophiod  TiaosaotionB'  for  that  year.  In  this  paper  Fn>- 
feesor  '^foAm.  deaoribea  some  experiments  lUoatrative  ctf  the  wsoticd 
consequenoes  of  regelation,  and  of  thdr  manifestation  on  ute  great 
scale  in  naturei  The  entire  subject  forms  so  imptM^t  a  part  of  the 
htat«7  of  water  in  ito  solid  condition,  that  it  is  requidto  to  return  to 
it  here. 

In  the  artide  lOB  we  noticed  Professor  Tyndall'a  oondudon  that  the 
plaatidty  of  ice  at  8S%  in  maaa,  aridng&tnn  fracture  and  regelation,  in 
continued  and  indefinite  snooesdon,imparto  to  it  a  deceptive  aemblaiwe 
fA  visoodty,  whioh  it  resUy  does  not  poaaesa.  By  virtue  of  this  prooeas, 
in  his  experiments,  spherea  of  ioe  were  flattened  into  cakea,  and 
sqneeaed  into  transparent  lenses.  A  stidg^t  prism  six  inches  Icmg 
was  passed  through  &  series  of  moulds  augmenting  in  curvature,  and 
finally  came  out  bent  into  a  semi-ring.  A  lumpof  dear  ioe  placed  in 
a  hemiapheriod  cavity,  and  lUMsed  npon  by  a  protuberance  not  huge 
enou^  to  fill  the  oavi^,  was  oonverted  into  a  ham  transparent  oup.  in 
tite  experimente  with  ue  {n^m,  four  moulds,  gradudly  augmenting  in 
curvature,  wan  made  use  of  in  Buooesdm.  In  passing  stddenly  from  the 
shape  of  one  to  that  of  the  other  the  ioe  was  fractured,  but  the  preo- 
Bure  brought  the  separated  sur&oes  again  into  contact  and  caused  Uiem 
to  (regdoto)  freece  together,  thus  teatoring  the  continuity  of  the  maao. 
The  fracture  was  in  evenr  case  both  andiUe  and  tangible — it  could  be 
heard  and  it  oould  be  Ids.  A  oeriei  of  entdn  ooourrad  iu  aneccaaion 
as  the  diffisrent  parte  of  the  ioe-prism  gava  w^,  and  tuwatda  the  oon- 
duflion  of  the  experiment  dia.onbkliitg  in  aome  tnstaneaa  malted  into 
on  almost  musiod  Xaao. 

Theae  facte  have  been  applied  by  Professor  Tyndall  to  explain  the 
phenomena  of  the  motion  of  gjadets,  [Qlacubs,  in  Nat.  Hibt.  Drr,] 
This  is  a  moat  important  subject :  the  veiy  introductiiMi  into  ttw 
diilosophy  of  glaciers  of  the  prindple  of  regdation,  "without  whidi," 
Frofaaaora  Tyndall  and  Huxley  ranark,  "  it  may  be  doubted  whether 
the  existence  of  a  glacier  would  be  at  aU  posaiUe,''  and  the  relation  of 
which  to  glader  action  the  former  was  the  first  to  discover,  opens  in 
itself  a  new  fidd  of  investigatitni.  For  the  details  of  this  i^^cation 
we  must  refer  to  the  (aigiDd  pwer;  bat  the  following  is  a  summary 
view  of  tha  aubjeot  derived  parUy  from  that  and  partly  from  a  more 
brief  aooount  given  In  the  *  Proceedings*  of  tiie  Bf^d  Institution, 

voL  ii.  p.  saa. 

All  the  phenomena  of  motion  in  gladers,  on  whioh  the  idea  of  the 
viscouty  of  ice  has  been  baaed,  are  bro\^t  by  such  experiments  as 
those  redted  above  into  harmony  with  the  demonstrable  propwtiee  of 
ice.  The  glaoiw  voUot  is  a  mould  tiirough  whioh  the  ice  is  piesaed 
by  its  own  gravity,  and  to  wUch  it  will  oocommodate  itsdf,  while  pre- 
serving ito  genod  cmtinuity,  aa  tike  "hand-specimens*'  (to  use  a  term 
familiarly  affiled  to  rooks)  do  to  the  moulds  made  use  (tf  in  tha 
experiments.  Two  confluent  gladers  unite  to  iom.  a  single  trunk,  \/f 
the  regdation  of  their  pressed  surfscea  of  juncticoL  Crevasses  are 
closed  up,  and  the  broken  ice  of  a  cascade,  such  as  that  of  the  Tal^fre 
or  the  Rhone,  is  reoompaoted  to  a  solid  o<Hitinuous  maaa.  "  But  if  the 
glacier  ocoom^ish  ite  movement  in  virtue  of  the  inoesaant  fracture  and 
regelation  of  its  parte,  auoh  a  [vocees  will  be  accompanied  by  a  oraek- 
liiw  noise,  corresponding  in  intendty  to  the  nature  of  the  motion, 
and  which  would  be  absent  if  the  motion  were  that  of  a  viaeoua  body. 
It  ia  a  wall-known  fact  that  such  noises  are  heard,  from  the  rudest 
crashing  and  quaking  up  to  the  lowest  decreintatiwi,  and  th^  thus 
reodva  a  satiafaotory  explanation.'  It  ia  moniftwrt "  also  "that  the 
eontinui^  of  the  fraotured  ioa  cannot  be  oomdetdy  and  Inunediatdy 
restored  after  fracture.  It  la  not  the  msms  surnces  that  are  r^elated, 
and  henoe  tiie  ooinddenoe  of  the  aurfrces  cannot  be  perfect  They 

*  nM  MMniU  ■omrtfaPM  lieard  doriar  the  apptarsaea  (rf  Qie  Polar  Ugbta, 
■ad  Mifpeead  to  be  prodowd  bj  tboa  [Txamxsnuu  Lioht],  have  been  reCemd 
bj  HataboMt  to  the  meehanleal  shangM  ooatlanallf  foiiif  on  U  tha  loe-flelda 
and  packs  of  tha  reglona  In  wblob  tboaa  UKbta,  in  their  most  axteDslve  sad 
brilliant  deralopmnit  bave  been  prlnelpallj  oburred.  Uonr  of  lh«ae  ehan^ea 
must  be  idratieat  with  thoM  of  itaeters ;  and  In  tha  (uts  and  taaioalnff 
addoeed  by  Protaaor  TyadaU,  aa  abots^  we  ptctaUy  have  tte  flaal  npUaaiistt 
of  tUa  dlapnled  aal^aat 
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vill  indoBo  for  »  Utne  eaffillar^  fimiim,  tod  tima  the  above  theory 
aocountoaatiiitftGioiilyfortlwluwn-nrtniotuntrfjda^  Professor 
^vcUU  DUida  ao  experiment  oa  tbU  point  in  iroich,  by  a  gradunlly 
inemnng  pwsaure,  he  produced  in  ioe  fiaauree  ot  this  description 
socurstely  resambliiig  thoee  made  evident  by  the  iofiltration  experi- 
ments of  M.  Agaaua  in  the  glacier  of  the  Aar. 

Sinoe  the  publication  of  J>r.  l^dall'«  researches,  and  that  of  the 
p^wn^  Prinoipa]  (late  Profeaso^  Janea  !>.  Fortiea  and  Professor 
James  TnonuKOi,  the  contents  of  which  were  stated  in  the  former  article. 
Dr.  Faraday  has  entered  into  a  new  experimental  iuvestigatioo  of 
which  has  aj^teared  in  the '  Proceedings'  of  the  Koyal  Society,  toL  x. 
p.  440-450,  under  the  title  of  '  Note  on  Kegelation,'  in  which  he  has 
also  mora  fully  described  that  property  than  in  hia  previous  papers. 
Of  the  new  facts  he  has  observed,  aud  of  the  conclusions  he  has  founded 
upon  thctn,  the  following  are  the  most  impcH'tant. 

*'  Two  pieces  of  thawing  ice  if  put  together  adhere  and  become  one; 
at  a  place  wbare  liquefaotion  was  proceeding  congelation  suddenly 
occurs.  The  tIktA  will  take  place  in  air,  in  water,  or  in  vacuo.  It 
will  occur  at  every  voini  where  the  two  pieces  of  ice  touch,  but  not 
with  ioe  below  the  freezing  p<^,  HbaA  la,  with  dry  ice,  or  ioe  so  cold 
as  to  be  everywhere  in  the  solid  state." 

"  Though  some  uuj^t  think,"  Dr.  Faraday  resumes, "  that  Professor 
[J.]  Thomscoi,  in  his  last  oommnnioation  [Iob,  ooL  816],  was  trusting 
to  changes  of  pressure  and  temperature  bo  mappreciably  small  as  to  be 
not  merely  impnceptible,  but  aJso  ineffectual,  still  he  carried  his  oon< 
ditions  with  him  into  all  the  oases  he  referred  to,  even  tikou]^  some  of 
Ids  assumed  pressures  were  due  to  ca^hay  attnwtko,  or  to  the  em- 
sequent  pressure  of  the  atmoapliere  only." 

In  or^r  to  exclude  all  jveeaure  of  the  particles  of  ice  on  each  other 
due  to  o^nllaiy  attraction  or  the  atmosphere.  Dr.  Faraday  [mpared  to 
axparlmont  altogether  under  water,  arranging  a  bath  ii  that  fluid, 
maintuned  at  82'  Fahr.,  which  by  €ba  method  he  employed  it  could 
be  fw  a  week  or  more.  [Thaw.] 

Two  similar  blocks  of  good  Wenham-lake  ioe  were  placed  in  the 
water  with  thdr  opposed  faces  about  two  inches  apart,  each  being 
moored  to  a  particular  plaoe  woollen  thread  attached  to  ^eoes  of 
lead,  BO  that  they  were  sunk  entire^  under  the  surfue  of  the  ioe-c<dd 
water.  If  broi^t  near  to  each  other  tad.  then  left  unrestrained,  they 
wponited,  returning  to  their  first  podtion  with  considerable  force.  If 
brought  into  the  slightest  contaot,  r^elation  ensued,  the  blocks  ad- 
hered, and  remained  adherent,  notwiuwtanding  the  force  tending  to 

EuU  than  ^lart.  Th^  would  ooatinue  thus,  even  for  twenty-four 
oura  or  more,  until  tht^  were  purposely  eqarated,  and  would  appear 
(by  many  trials)  to  have  the  adhedon  increased  at  the  polnte  where 
they  first  touohed,  though  at  other  points  of  the  contiguous  surbces  a 
feeble  thawing  scUon  went  on,  cauwog  a  dissection  of  the  ice,  develop- 
ing its  mechanic^  composition,  and  dbowing  it  to  consist  of  layers  of 
gimterand  lees  fnaibih^,  horiaontally  diqKJsed  in  the  ice  whilst  in  the 
act  of  formati(HL  "  In  this  case,  except  for  the  first  moment,  and  in  a 
very  minute  degree,  them  was  no  pressure,  either  from  o^>illai7  actitm 
or  any  other  cause.  On  the  contrary,  a  tensile  force  of  ocmridenble 
amount  was  tending  all  Uie  time  to  separate  tiie  pieces  of  ioe  at  their 
ptdnts  of  adlusioD ;"  whwe  still  the  adheuon  went  on  increasing. 
Arrangements  were  next  made  to  ascertain  whether  anything  like 
loft  adhesion  occurred,  such  as  would  allow  slow  change  of  position 
without  sepetation  during  the  aotioit  of  the  tensile  force.  It  was 
found  that  not  the  aUgfateet  motion  of  the  blocks  In  relation  to  each 
other  took  place  in  the  thirtv-aix  houn  during  which  the  experiment 
waa  otutiDued.  "  This  reaiut,  aa  f»  aa  tt  goea,  ia  againat  the  neoaadtj 
of  pressure  to  ragslotion,  or  tlie  ezfatmoe  of  ai^  condition  like  that  tn 
•ofbMBB  or  a  shifting  contact." 

Torsion  force  was  then  employed  as  an  antagonist  to  relation.  The 
ioe- blocks  bedng  separate,  were  adjusted  in  the  water  so  as  to  be 
parallel  to  eaoh  other,  and  about  1^  inch  apart.  If  made  to  apfaoadi 
each  other  on  one  aide,  hy  mrolaiMa  in  opposite  directions  on  vertical 
axes,  a  piece  of  bung  between  to  prevent  ice-contact,  the  torsion 
force  eet  op  caused  them  to  separate  when  left  to  themselves ;  but  if 
the  paper  were  away,  and  the  ice  pieces  were  loought  into  contact,  by 
however  slight  a  force,  they  became  one,  forming  a  rigid  pieoe  of  ice, 
though  the  strength  was,  of  coune,  very  small,  the  pnot  of  adhoeiou 
and  aolidiflcation  Ming  simply  the  contact  of  two  convex  surfaoea  of 
small  radius.  It  was  found,  also,  that  there  was  no  more  tendency  to 
a  chaofpng  ^pe  than  in  the  case  before  examined.  If  the  separating 
force  were  incNoaed,  but  unequally,  as  respocts  the  two  pieces,  then 
the  congdatioa  at  the  point  of  contact  would  give  way,  and  the  pieces 
of  ice  would  move  in  relation  to  each  other.  Yet  they  would  not 
separate,  though  the  torsion  force  emploiyed  was  conatonUy  tending  to 
aeparaito  them.  If  a  Blq>  of  wood,  iqfqpUed  to  diange  the  mutual 
positioa  of  the  two  pieoea  of  ioe  witiioat  aeperating  them,  were  re- 
tained for  a  second  undisturbed,  then  the  two  pieces  of  ice  became 
fixed  rigidly  to  eaoh  other  in  their  new  position,  and  maintained  it 
when  the  wood  was  removed,  but  imder  a  state  of  restraint ;  and  when 
siifiicient  force  was  applied,  by  a  slight  tap  of  the  wood  on  the  ice  to 
break  up  the  rigidity,  the  two  pieoee  ot  loe  would  re-arrange  tiienuelves 
under  tne  torsion  force  of  their  respectire  threads,  yet  remain  united; 
and,  assuming  a  new  position,  would  In  a  Bectaid  or  less  again  become 
rigid,  and  remain  iima^Uy  conjoined  aa  be(oi&  By  ™t»g'*'g  the 
Bontinuoua  motion  at  one  ^eee  of  iae,  it  could  be  kept  aMociatsd  with 


the  other  hf  a  flexible  point  of  attachment  for  any  loigth  td  time, 
oould  be  placed  in  varioua  angular  positions  to  it,  could  be  made  (by 
retuning  it  qulescmt  ffsr  a  moment)  to  sssume  and  hold  permanently 
any  of  wese  positions  when  the  external  force  was  removed,  could  be 
changed  from  that  position  into  a  new  one,  and,  within  certMn  limits, 
oould  be  mode  to  possess  at  {Jeasuie  and  for  any  length  of  time  either 
a  flexible  or  a  nfpd  attachment  to  its  assodated  block  of  ica  In 
observing  these  statee,  convex  surbces  at  contact  are  neoeasary,  ao  that 
the  cwtact  may  be  only  at  one  point  If  there  be  aeveraf  placea  of 
contact,  ^parent  rigidity  is  given  to  the  united  mass,  tiiough  each  <A 
the  places  of  contact  might  be  in  a  fleidble^  and,  ao  to  say,  adhesive 
conation.  "  It  is  not  at  all  difficult  to  arrange  a  convex  surface,  ao 
that,  bearing  at  two  places  only  on  the  sides  of  a  depression,  it  should 
form  a  flexible  jtunt  in  one  directicm,  and  a  rigid  attachment  in  a 
direction  transverse  to  the  former." 

The  following  are  Dr.  Faraday's  Inductions  from  these  results, 
which  cannot  be  abridged : — "  So  regeUtion  includes  a  flexiUe  adhesion 
of  the  particles  of  ice,  and  also  a  rigid  adhesion.  The  transition 
between  these  two  states  takes  place  when  there  is  no  external  fwoe 
like  pressure  trading  to  bring  the  particles  of  ice  together,  but,  on  the 
contrary,  a  force  of  ttasMm  is  tending  to  separate  them ;  and,  if  respect 
be  had  to  the  mere  point  ol  ecHitact  on  the  two  rounded  auifaoaa  where 
the  flexible  adhenon  is  exercised,  the  fuve  which  tenda  to  atipani» 
them  may  be  esteemed  very  great.  The  act  of  regelation  cannot  be 
considered  as  complete  imtil  the  junction  has  become  rigid,  and  there- 
fore I  think  that  tne  neoessity  of  pressure  for  it  is  altogether  excluded. 
No  external  pressure  can  remain  (under  the  circumstsnces)  after  the 
first  rigid  contact  is  broken.  All  ,the  foroea  which  remain  tend  to 
separate  the  pieces  of  ioe;  yet  the  first  flexible  adheaUma  and  all  the 
successive  ri^d  adhesions  which  are  made  to  occur  are  as  much  the 
effects  of  regdation  as  those  which  occur  under  the  greatest  pressure." 

"The  phenomenon  of  flexible  adhesion  under  tension  looks  very 
much  like  sticking  and  tenacity ;  and  I  think  it  probable  that  Profeeaor 
Forbes  will  see  in  it  evidence  of  tiie  truth  of  his  view.  I  cannot, 
however,  consider  tiw  facta  as  bearing  such  an  inteipretation;  because 
I  think  it  impossible  to  keqt  a  mixture  of  snow  and  water  for  hours 
and  days  together  without  the  temperature  of  the  mixed  mass  becoming 
uniform ;  which  uniformity  would  be  fatal  to  the  explanation.  Hy 
idea  of  tiie  flexible  and  ri^  adhesion  is  this  : — Two  convex  surfacea 
of  ice  come  together ;  the  particles  of  water  nearest  to  the  place  of 
contact,  and  therefore  within  the  efficient  aj^iere  of  action  of  thoae 
particles  of  ice  which  are  on  both  sides  of  them,  solidify ;  If  the  con- 
dition of  things  be  left  for  a  moment,  that  the  heat  evolved  1^  the 
solidification  may  be  oonducted  away  and  dispersed,  more  particles 
will  solidify,  and  ultimately  enough  to  form  a  fixed  and  rigid  junction, 
which  will  remain  until  a  force  sufficioDtly  great  to  break  tluY>ue^  it 
is  affiled.  But  if  the  direction  of  the  force  resorted  to  can  be  relieved 
by  any  hinge-like  motion  at  the  point  of  contact,  then  I  think  that  the 
union  ia  broken  up  among  the  pertides  on  the  opwing  aide  of  the 
angle,  whilst  die  particles  on  tiie  dosing  side  oome  within  tiie  eflbctual 
regelation  distance;  regelation  ensues  there,  and  the  adhesion  is 
maintained,  though  in  an  apparently  flexible  state.  The  flexibilify 
appears  to  me  to  be  due  to  a  series  of  ruptures  on  one  side  of  the  oentie 
of  contaot,  and  of  adhesion  on  the  other, — the  regelation,  which  ia 
dependent  on  the  vicinity  of  the  ioe  surfaces,  being  tianaferred  as  the 
[dace  <^  efficient  vidni^  is  changed.  That  tin  substance  we  are  oon- 
ndaring  ia  as  brittle  as  ioe,  does  not  make  ai^  difBcnlto  to  me  in 
reqtect  of  the  flexible  adhesion ;  for  if  we  suppose  that  the  point  of 
contact  exiata  only  at  one  particle,  atill  the  angular  motion  at  that 
pc^t  must  bring  a  aecood  particle  into  contact  (to  suffer  regelataoi^ 
before  separation  could  occur  at  the  first ;  or  if,  as  Beems  proved  by 
the  supervention  of  the  rigid  adhesion  upon  the  flexible  state,  many 
particles  are  concerned  at  once,  it  is  not  poaaible  that  all  these  should 
be  bn^en  tiirough  a  foroe  implied  on  one  nde  of  the  place  of 
adheritm,  before  particles  aa  the  oppomie  aide  should  have  an  (^mv- 
tunity  of  regelation,  and  so  of  continuing  the  adhesion." 

The  changes  of  temperature  and  pressure  in  the  process  of  regela- 
tion, as  here  investigated.  Dr.  Faraday  thinks,  are  too  infiniteainuJ 
go  for  anything ;  and  in  illustration  of  this  opinion,  he  describee  an 
eqieriment.  For  this,  however,  aa  well  aa  for  the  manipulation  ol 
the  experimenta  in  general,  we  must  r^er  to  his  paper;  but  an 
addendum  to  It  we  now  cite,  aa  it  details  an  eosv  method  of  examining 
the  wious  phenomena  of  regelation  which  nave  been  sscertained. 
"  Take  a  rather  large  dish  of  water  at  common  temperatures.  Prepare 
some  flat  cakes  or  bars  of  ice,  from  half  an  inch  to  an  inch  thick, 
render  the  edges  round,  and  the  upper  surface  of  each  piece  convex,  by 
holding  it  against  the  inside  of  a  warm  saucepan  cover,  or  in  any  other 
way.  When  two  of  these  pieces  are  put  into  the  water  they  will  float, 
having  perfect  freedom  of  motion,  and  yet  only  the  central  part  of  the 
upper  surface  will  be  above  the  fluid ;  when,  therefore,  the  pieoee 
touch  at  their  edges,  the  width  of  tiie  water-surface  above  the  puce  of 
contact  may  be  two,  three,  or  four  inches,  and  thus  the  effect  of 
capillary  action  be  entirely  removed.  By  placing  a  plate  of  dean  dry 
wax  or  spermaceti  upcm  the  top  of  a  plate  of  we,  the  latter  may  be 
entird^aubmaraed,iutdtbe  tendency  to  ^iproximaUim  from  oq^Uaiy 
action  otmrerted  into  a  foree  of  aenonition.  When  two  or  more  of 
such  floating  pieces  of  loe  are  brou^  I  tflsether  contaot  at  some  point 
under  the  yrner,  thqr  adhere;  fint  with  an  apparentty  fleziUe^  aai 
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then  vttli  ft  rigid  adherion,  "Wm  five  or  nx  piaoM  are  grouped  in  » 
coatorted  ahi^w,  as  an  S,  and  ms  aid  tdeoe  b«  numd  eanAillyt  aU  will 
moTo  with  it  rigicUy ;  or,  if  the  force  oe  enough  to  break  through  tiie 
joint,  the  rupture  will  be  with  •  oraokling  lunae,  but  the  jaeoea  will 
still  adhere,  and  in  an  instant  become  rigjd  again.  A«  the  adbadon  ia 
only  bf  points,  the  force  ^lied  ihould  not  he  either  too  powerful  or 
in  the  manner  of  a  blow.  I  find  a  piece  <A  paper,  a  small  feather,  or  a 
oamel-hair  brush  ^pgdied  under  toe  water  very  oonveoient  for  (be 
purpose  -Wheo  the  point  of  a  floating  wedged-ebqied  ^eee  of  ioe  ia 
brougbt  under  water  against  the  corner  or  side  of  another  floating 
piece,  it  sticks  to  it  like  a  leeoh ;  it,  after  a  moment,  a  paper  edge  be 
brought  down  upon  the  place,  a  veij  senable  resistanoe  to  the  rupture 
at  that  plaoe  is  felt.  If  the  ioe  be  replaced  hj  like  rounded  pieoae  of 
wood  or  ^baa,  tooohina  under  water,  nothing  of  ibis  kind  ooourt,  nor 
any  signs  ot  an  efiaot  thai  ooold  poaiUli^  be  rsCinad  to  e^iUlaiy 
acUoa;  and  finally,  if  two  floatiiq;  pisoes  of  ioe  have  aeparating  foroes 
attached  to  them,  as  by  threads  oonnecting  them  and  two  U^t 
pendulunu,  pulled  more  or  less  in  opposite  directions,  then  it  will  be 
seen  with  what  power  the  ioe  is  held  togetherat  the  place  of  regelation 
when  the  contact  there  is  either  in  the  flexible  or  rigid  oondition,  by 
the  velocity  and  foroe  with  which  the  two  faeces  will  separate  when 
the  adhesion  is  properly  and  futirely  overoome." 

In  Dr.  Arad^'s  second  published  notice  of  regelation  ('  Exp.  Res. 
in  caiem.  and  FbysV  Pp^  880>  ^81),  he  had  adduoed  the  growth  of 
erystala  of  oamphw  and  of  iodide  of  <7anogBa,  by  the  d^ositioo  ci 
solid  mattra  upon  them  from  an  atmosphere  unable  to  deposit  like 
solid  nutter  upon  the  surrounding  s^ass,  excwt  at  a  lower  tempersr 
ture ;  and  that  of  o^stals  in  a  solution,  by  ue  deposition  of  solid 
matter  upon  them  which  is  not  deposited  elsewhere  in  the  eelution,  to 
illustrate  the  extension  of  the  principle  of  action  which  is  manifested 
in  regelation.  In  his  reasoning  on  tlw  nature  of  that  [ninoiple,  he  also 
rarted  on  tiie  fact,  that  ioe  has  the  same  property  as  camphor,  sulphur, 
phosphorus,  metals,  &&,  which  cause  the  depositioB  of  solid  ptrtioles 
upon  them  from  Uie  surrounding  fluid,  that  would  not  have  been  so 
deposited  without  the  preeence  of      previous  solid  portions.  - 

But  the  further  experimental  inquiry  to  which  he  has  now  sub- 
jected  the  phenomoia  of  r^elation,  appears  to  have  conducted  tum  to 
a  view  of  them  whudi  is  not  altogether  reooncileable  with  hia  previous 
inferences  respecting  the  extension  of  the  lainoiple.  He  now  asks, 
"  Is  this  remu^ble  property  peculiar  to  ynXer,  or  is  it  general  to  all 
bodies  7  In  respect  of  water,  ft  certainly  seems  to  offer  us  a  glimpee 
into  the  joint  pnyncal  action  of  many  ^wrtideB,  and  into  the  nature  of 
cohesion  in  that  body  when  it  is  changmg  between  the  solid  and  liquid 
state.  I  made  some  experiments  OB  this  point whbdi  he  proceeds 
to  relate. 

The  metals  bismuth,  tin,  and  lead  did  not  present  the  slightest  trace 
of  an  action  ocKreeponding  to  regelation.  Melted  nitre  i^>eared  at 
times  to  show  traces  of  the  power ;  but,  on  the  wh<de,  Dr.  Faraday  is 
inclined  to  think  that  the  efifeots  observed  resulted  from  the  droum- 
stance  that  the  solid  rods  experimented  with  had  not  acquired  throu^- 
out  the  freezing  temperature.  Nitre,  however,  he  remarks, "  is  a  body 
which,  like  water,  enands  ia  scdidifying;  and  It  may  poasaii  a  certain 
dq;ree  of  this  pecufiar  power.'  Gladal  aeelie  aeid«  he  Ibda,  is  not 
mere^  without  r^;elating  fcffoe,  but  actual^  prescats  a  contrast  to  it. 

"  luny  results  were  tried  (without  much  or  bdj  enwctation),  crys- 
tals of  them  bdng  broof^t  to  bear  against  each  other  oy  tonion  force, 
in  their  saturated  sidutions  at  eonunon  temperatures.  In  this  way  the 
following  bodies  were  experimented  with  : — Nitrates  of  lead,  potassa, 
aoda;  Bulphrteaol  sod^  magnrrria.  oofster,  nno;  alum;  bonx;  dilo- 
ride  of  ammonium;  firro-prussiate  of  potassa;  oarbonate  of  aoda; 
acetate  of  lead ;  and  tartrate  of  potassa  aad  soda;  but  the  results  were 
all  negative."  ■ 

Dr.  Faraday's  "  preeent  conclusion,  therefore,  is  that  the  property  * 
of  regelatitm  "  is  special  for  water,  and  that  the  view  "  he  has  "  taken 
of  its  physical  cause"— "that  a  particle  of  water,  vdiich  could  retain 
the  Squid  state  whilst  touching  ioe  only  on  one  side,  oonld  not 
retain  the  liquid  state  if  it  were  tondud  ioe  on  both  sidea,  but 
became  solid,  the  general  temperature  remaining  the  same" — "does 
not  appear  to  be  less  likely  now  than  at  the  binning  of  this  shwt 
inveeti^tifoi,  and  therefore  has  not  sunk  in  value  among  the  three 
ex[Janations  (p^fo,'  namely,  his  own  and  those  of  Professor  James 
Thomson  and  Principal  Foihea,  req>ectiTe^,  which  have  been  stated  in 
our  former  aooount  of  this  aubjeoL 

In  the  'FMoeedlnga  of  the  IU»al  Socieiy '  for  May  2, 1S61  (toL  xL, 
pp.  198-204),  appears  a  note  by  Professor  Jamea  Thwnaon,  in  which 
he  states  that  he  still  adheres  to  the  explanation  of  Princii»l  Forbes's 
experiment,  cited  from  a  former  paper  by  him  in  our  article  loi,  as 
mainly  correet,  though  admitting  of  mo^cation  in  referenoe  to  a 
point  which  seems  to  him  to  be  as  yet  rather  obscure : — "  the  influenoe, 
namely,  of  the  toision  in  the  ioe  due  to  its  own  weight,  whioh  makes 
it  «vt  bo  subject  internally  to  sinniJ^atinospherie  pressure."  Profeasor 
Thomson  also  points  out  some  additional  ocmditions,  almost  necessarily 
present  in  the  experim^t,  which,  under  his  view  of  the  plasticity  of 
ice,  would  act  in  conjunction  with  those  ori^uially  adduced,  and  would 
increase  the  rapidity  of  the  union.  Sut  his  prhicipal  object  in  this 
eommuuication  is  to  dissent  from  the  interpretation  given  by  Pro- 
feasor VmAay  of  his  recent  experiments,  aa  abo^  a^  to  express 
theoirfnioD  tlut  they  are  inperfeofcaooordanoawtth,  luidtn'ltoean. 


firm,  hia  own  theory,  and  ita  ayplicatinp  to  tha  various  obeerred  earns 
of  flieunioaof  two^eoesof  moistioe  whan  plaoed  in  eontact.  lliia 
he  .  does,  after  desonbing  Faradqr's  resuha,  in  these  terms  : — "  Uy 
view  of  the  phenomexia  of  these  eqwriments is «s follows:  the  first 
oootaot  of  the  two  pieces  of  ioe  cannot  occur  without  impaot,  and  oon< 
sequent  pressure ;  and,  small  as  the  total  foroe  may  be,  its  intensity 
must  be  great,  as  the  surfaee  of  ocmtaet  must  be  Uttle  more  than  a 
geometrical  point.  This  preemre  produoea  union  by  the  process  of 
melting  and  regelation  described  by  me  in  previous  p^WFS.  On  the 
application  of  the  foroes  fitom  the  two  feathers,  at  me  ^de  of  the  pc^ 

contact,  tending  to  cause  sq»ration,  the  isthmus  of  ice  formed  hj 
the  union  of  the  two  pieces,  oomes  to  aot  as  a  tie  or  fulcmm  subjeot  to 
tmsile  force ;  and,  oonsequently,  a  corresponding  pressure  will  ooeur 
at  the  aide  of  the  isthmus  far  from  the  feathers,  and  that  pressure  will 
effbot  the  union  of  the  ice  at  the  side  where  it  ocean.  The  teniila 
force,  it  m^r  be  resdily  suppoeed,  tends  to  preserve  tike  iathnms,  hiter» 
nally  at  least,  in  the  state  of  ioe,  whatever  may  be  its  influence  on  the 
external  molecules  of  the  isthipws,  and  to  solidify  such  water  a%  having 
occupied  pores  in  the  interior  during  previous  oompreesion,  may  now, 
by  the  linear  tension  or  pull,  be  reduoed  in  cubical  pressure  or  hydro- 
static pntmm,  because  uie  melting-point  irf  wet  ioe  is  rsised  by  dimi- 
nution of  praanire  of  the  water  in  oontaet  with  iL  The  miU  mdiad 
to  the  isthmus  thus  mMarn  to  pnt  it  out  of  the  oondition  m  wUm  nty 
theory  has  dearly  indicated  a  cause  td  plastioity,  ud,  I  presume,  makaa 
it  oease,  or  almost  entirely  oease,  to  be  i^ame.  I  beueve  no  nlastie 
yielding  of  ice  to  tension  has  been  discovered  1^  observation  m  txiy 
case,  and  I  think  there  are  theoretioal  reasnu  why  ioe  should  be 
expected  to  be  veiy  brittle  in  respect  to  tensile  foroes.  The  isthmus 
then  being  supposed  devdd  of  plamci^  at  ita  extended  aids,  nUimatety 
tweaks  at  that  dde  when  the  opening  motion  oanaed  by  the  leathers 
has  anived  at  a  suflScient  amount  to  cause  fracture;  and  the  ice 
newly  formed  on  the  oompreased  aide  oomes  now  to  act  as  a  tie,  instead 
of  the  port  which  baa  undergone  disruption,  and  holds  together  the 
two  pieces  of  ioe,  or  serves  aa  a  fulcrum  under  tension  to  communicate 
a  compressive  fwoe  to  tiie  pmnta  of  the  two  pieoea  of  ice  immediatety 
beyond  it;  and  ao  tha  rolling  action  with  a  oonataot  union  at  tte  point 
of  contact  goes  fwward.  It  is  to  be  obaerved,  tliat  the  levw^  of  the 
forces  api^ed  by  the  feathera  is  ao  great,  compared  with  the  distaooe 
from  the  fulcrum  or  tcoisUe  part  (h  the  isthmus,  to  the  oompreased 
part  in  prooess  of  formation  at  the  other  side  aa  that  the  oompreesion 
may  usually  be  oonsidwed  almost  equal  to  the  tension;  ondthetemnon 
In  the  extended  part  cannot  be  of  small  intensily,  beiiu  snffloint  to 
break  that  dda  of  the  isthmua.  In  the  experiments  whi£  gava  &xibla 
adhesiaa  SMsm^  under  tenaon.  It  is  not  to  be  admitted  that  tendon 
was  really  tiie  condition  under  which  the  ice  existed  at  the  places 
where  the  union  was  occurring.  To  apply  a  simple  disruptive  foroe  to 
the  whole  Isthmus  of  ioe,  it  would  be  necessary  to  take  veiy  special 
precautions  in  order  to  arrange  that  the  line  of.  m>lication  of  the  die- 
rupttve  foroes  should  pass  tiirough  the  pmnt  ol  contact  of  the  two 
pieces.  If  that  were  done,  and  the  forces  were  gradually  increased  till 
the  eohedve  strength  of  tM  iathmua  were  overoome,  it  is  dear  that  the 
two  pieces  of  ice  would  separate  altiwether,  and  tiiere  would  be  no 
flexible  adhesion ;  but  the  flexible  odhesirai,  whsB  it  occurs,  is  easen- 
tiolly  dependent  on  the  existence  of  an  intense  pressure  at  the  side  of 
the  isthmus  remote  from  the  line  of  the  externally  applied  disruptive 
forces,  or  of  the  single  foroe  applied  in  some  of  the  expeiiments  to  one 
only  of  the  {deoss,  and  resisted  by  the  inertia  of  the  outer." 

While  Dr.  J^xidaj  was  engaged  in  the  experimental  conraboiatkn  of 
the  cause  to  which  he  had  originally  assigned  regelation,  and  in  Uie 
limitation  of  the  inferential  views  of  its  extenai<m  which  he  had  first 
taken,  a  less  conspicuous  inquirer  had  been  led  to  found  upon  tliose 
views  and  upon  a  known  fact  in  the  physical  history  of  glass,  a  theory 
of  the  universality  of  regelatiuL  Thia  had  been  indicated,  and  the 
fact  in  questiai  ateted,  at  the  end  of  our  ibnner  aooount  of  the  subject 
in  the  article  loi.  In  the  'Frooeedings  of  the  Royal  Society'  (v<d.  x., 
pp.  450-480),  Dr.  S^uaday's  'Note  on  Rwelation'  ia  followed  Mr. 
Brayley's  '  Notes  aa  the  Apparent  Universui^  of  a  Prindpte  analogoua 
to  Regelation ;  on  the  Physical  Nature  of  Qlass ;  and  on  the  Proba- 
Inlity  0^  the  Existenoe  of  Water  in  a  state  analogoua  to  that  of  Glaso.'* 
In  the  fint  of  the  three 'Notes 'of  whioh  Mr.  Braylqr'a  piHP>r  oonsists, 
the  view  (tf  the  subject  taken  in  los  (ooL  617)  ia  caanmad  in  greatar 
detail,  the  facts  there  mentitmed  bdng  regarded  as  "  indicating  the 
existmoe  oi  a  condition  of  matter  which  may  be  termed  arrested 
liquidity,  but  yet  is  not,  in  the  most  perfect  sense,  solidity.''  It  is 
assumed  ako  to  be  highJy  probable  that  the  process  by  whidi  two 
plates  of  polished  plate-gUss  become  one  is,  in  reality,  analogous  to 
that  of  regelation  in  ioe,  and  finally  dq)Mkdent  <hi  the  same  jtrindplea, 
whatever  their  true  diaraoiar  may  be  oonoeived  or  shall  nltunatdy  be 
determined  to  be.  Faots  are  stated,  from  wU»h  it  ia  inferred  that  the 
state  of  the  interior  portions  of  a  plate  of  jdote-glass  is  similar  to  that 
of  gloss  in  general  at  certain  tempwatures  much  below  its  f  usiog  point, 
when  it  presents  such  remarkable  characters  of  plasticity,  tenacity,  and 
ductility.  These  facta  are  stated  to  recall  tha  view  taken  by  Person, 
and  adopted  by  Prindpal  Forbes  [Ics,  ooL  81fi ;  Thaw],  of  the  dm!- 

*  TbrM  notes  were  received  by,  and  read  to,  the  Boyat  Sodctj  on  the  SSth  of 
April,  HMt  tilmt  Pt.  Faraday  had  ilvea  an  oral  aeeoont,  experlowotaUy 
Ulactratsd.  or  tka  eoatsnts  of  Us  ewa  *  Mole,' wUA  had  been  nedved  la  the 
preosdlBinHatli. 
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lui^  of  ib«  UquelBetion  of  iee  to  tlut  of  fatty  bodies  or  of  the  metila, 
"wtiioh  in  mdtiiig  paas  through  intermediate  etages  of  aoftnen  or 
vicomty ; "'  and  it  is  remarited,  tJm,  that  Sir  J.  F.  W.  Herachel,  when  he 
torma  regelatdtm  "  a  sort  of  wdding"  [Hail,  edL  6081,  appears  to  concur 
in  this  view.  Mr.  Brayley  asks,  in  oonoluiicm  of  this  part  of  the  sub- 
ject, "Are  all  eases  oi  tiie  nnion  of  two  i^^Mnntly  solid  suifaoes  of 
tiie  sanie  substance  cohesive  atferaoUon  oases  of  mating  and  rege- 
Uttion,  an  infinitesimally  thin  film  of  liquid  being  momentarily  pro- 
duced and  as  instantly  solidified  t " ;  and  haTiog  in  discussing  the 
pbiloBophy  of  the  union  of  two  surfsoea  of  glsaa  fc^wed  the  reasoning 
of  Profewor  J.  Thomson,  on  the  coose  ot  regelaticai,  he  states,  not- 
withstwding,  tiiat  be  wishes  to  be  understood  as  not  adopting, 
exohudraly,  any  ■r''*'"C  theory  en  the  subject  Adnutting  t^ 
operation  of  oooeriTa  attaaotion  and  o(mMi)aeot  pressun  in  toe  int 
instance,  the  phemommoD,  with  'teqMOt  to  i^im,  it  ia  shown,  readily 
admita  of  ez[danatiMi  by  the  original  view  of  Mr.  Fuaday  wiUi  reqieot 
to  ice.  [IOB.ooL8U.] 

The  object  of  Mr.  Brayley's  second  'Kote'  does  not,  strictly  belong'to 
the  subject  at  prcaent  before  us,  but  to  proeerve  the  sequenoe  of  the 
whole  inquiry  m  its  bearing  on  the  physin  of  water,  we  may  mention 
that  he  finds  reason  to  regard  the  moleoolar  oonetitution  of  glass  as 
beinganalo^ous  to  that  of  "water  cooled  bctow  the  freesing  point,  but 
still  remaiumg  liqidd,  until  by  a  tremor,  or  the  percussive  ooutaot  of  a 
sc^  body,  or  die  mere  contact  of  «  crystal  of  iee,  its  tonperature 
rises  to  SZ',  aad  it  beoomes  ioe,"  or  to  that  of  a  saturated  soluticm  of 
salt  in  hot  water.  "  If  so,"  he  remarks,  "glass  will  be  a  substance  in 
wUdi  this  state  ci  ameted  liquidity,  or  potential  solidity,  is  perma- 
neat."  InsfauctireparaUela  are  also  noticed  between  the  erystaUisstion 
of  water  and  that  oif  glstas  and  some  other  bodies,  which  are  preemted 
hy  the  experiments  of  Gregory  Watt,  and  Faraday. 

It  is  observed  in  the  ocnoluding '  Note,'  that  "  No  crystalline  body 
has  been  looger  or  more  extensively  subject  to  human  obserratioQ 
tlian  orystallised  water,  or  icei  Its  natural  history  and  properties,  as 
science  has  advanced,  have  been  investigated  with  moreeaing  generality 
and  preciaioQ ;  and  they  have  finally  heeome  objects  of  that  systematic 
and  exact  research  which  duuracterisas  the  praeent  era  of  physioal 
inquiiy.  ....  A  most  remarkable  defieiency,  however,  still  remains, 
apparently,  in  our  knowledge  of  this  Bu1»tanoe  :  voter  m  the  vttreotu 
eondttioN — lee  glau—hat  never  been  eiuened.  While  we  know  the 
antithetical  vitreous  state  of  so  many  diBerent  crystallised  subetances, 
— minerals  poduoed  b|^  heat,  salts  depoeited  from  aqueous  solution, 
neutral  bodiea  of  organic  oigin,— and  have  great  reason  to  believe  that 
that  antithetical  ooodition  to  orystallisKtion  is  universal,  we  have  no 
knowledge  of  ft  in  relation  to  water  or  ieei  Uy  own  attration  has 
been  awa^e  to  the  subject,  without  suooass,  for  many  years.  It  would 
seem  to  be  scarcely  wiUiin  the  bounds  of  poesibility  that  the  glassy 
state  of  water,  if  possesBtng  what  we  term  solidity,  should  not,  ere  now, 
either  have  been  observed  in  nature,  or  have  ooooned  and  been 
recognised  in  experimental  reeeandi*'* 

Ur,  Kayley  inqoires, "  Doea  this  ^>parent  defUdeaoy  in  our  know- 
ledge exist  because—to  use  language  recently  introduced  into  physioal 
soienoe— the  homologue  of  the  glwsy  state  of  water  Is  not  what  we 
ordinarily  term  solid— -because  the  state  of  watw  co<ded  below  82°,  but 
still  liquid,  is  in  fact  the  state  which  corresponds  to  tiie  vitreous  con- 
dition of  other  bodies,  and  to  the  physical  nature  of  perfect  ordinary 
gjass  f  Is  the  one  simply  a  case  <A  potential  scdidity,  and  the  other  of 
the  confluent  or  equivalent  state  of  anested  limudity  t" 

In  reply  to  the  anticipated  objeotfcn  thiA  the  homology  sought  to 
be  established  between  liquid  water  below  82*  and  ^ass,  is  a  forced 
one,  and  after  admittoog  that,  in  relation  to  each  other,  these  ar« 
ext»«me  cases,  he  proceeds  to  show  that  intermediate  terms  of  the 
■eriea  are  not  wanting,  some  of  tiiem  being  supplied  by  sulphur  and 
phosphonia,  aad  others,  in  a  remarkable  manner,  by  selenium,  various 
c<Hiditious  of  all  three  appearing  to  be  homologues,  at  once,  of  both 
the  extreme  terms  here  alluded  to.  Kr.  Brayley  suggwla,  finally, 
"Should  this  hypothesiB  be  verified,  water  below  82',— or  rather, 
'perhaps,  from  the  temperature  of  maximum  density  downwards 
through  that  of  freezing,— may  have  to  be  r^nrded  as  the  vitreous 
condition  of  matter;  and  the  causes  of  the  peciHiar  charocten  of  that 
condition,  its  efieots  on  the  transmisrion  of  tiie  vibrations  M  sound  and 
li^t,  the  eonohoidal  fraetore,  fte.,  mi^  have  to  be  discovered  by 
researches  on  ito  molecular  nature;'' 

In  expoaitaons,  whether  of  the  progress  or  the  actual  condition  of 
any  branch  of  wmtaaae,  the  student  is  perpetually  reminded  of  the 
leMon  which  teaches  the  indissoluble  and  univeiaal  connection  of 
every  part  of  nature  witJi  every  other  part.  Subsequently  to  the 
enunciation  of  all  the  views  on  the  subject  of  regelaticm,  and  the  mole- 
cular relations  of  ice  and  water,  of  which  an  account  has  been  given  in 
the  preceding  columns,  tiiis  truth  has  been  ezempliOed  in  a  striking 
and  instructive  manne^  whioh  may  eventaalty  make  it  requisite  to 
modify  all  existing  conduaions  on  that  subjeefe  and  its  applioatinis  to 
natural  phenom«ia. 

In  the  *  Prooeedings  of  the  Royal  Society '  for  June  13  of  the  present 
year  (1861),  vol.  xi^pp.  248-247,  appears  the  abstract  of  an  elaborate 
paper  (itself  to  be  published  in  the  '  HdhMo^iBsl  Traoaaotions ')  on 
'  Liquid  Diffusion  applied  to  Analy^/  ^n  Ur.Tb/mu  (late  FtDfcwor) 
aniham,T.PJl.8.,  Master  of  the  Hint  In  this  he  shows  the  value  of 
the  prooeas  of  diffiirimi  and  <rf  Ute  priuoiplo  of  diflbsibillty  in  water, 


albrding  the  means  of  bringii^  mit  dearly  the  distinetin  properUee  of 
what^^ear,  in  his  judgment  to  be  two  great  diviai<Hia  of  oh«nioal 
aubstanoea  Mr.  Qn^iam's  former  reeearches  on  DmnaioK  have  been 
notaced  in  the  article  on  that  subject.  As  this  will  be  the  only  oppor- 
tunity the  near  completion  our  work  will  allow  of  giving  an  account 
of  lus  new  results,  w«  ahall  cite  so  mudi  ai  Us  abstract  in  additioa 
to  what  is  required  fn  the  sut^eet  of  the  present  artide,  will  sofflee 
ioT  that  purpose.  The  entire  subject  of  dimimon,  we  may  add,  illus- 
trates in  a  remarkable  manner  the  hnportaaoe  of  that  perfect  neutrality, 
as  a  chemkal  agent,  which  has  been  shown  to  characterise  water  in  the 
preoeding  artide  on  ite  chemical  hfatory. 

"  The  flisty  <w  djAuiM,  daas  of  suhstsnoes  are  mailEed  hy  their 
tendMuy  to  eiyitalliBe^  eUhar  alona  or  in  oombinBtioii  with  water. 
Whea  in  a  ftaita  of  adntioiitlusr  are  held  by  the  advent  wUb  a  certain 
foree,  aoasto  afiect  the  volatility  of  water  by  thdr  presenoe.  The 
solution  is  gsBsrally  free  from  viscosity,  and  is  always  s^id.  Thdr 
reactiona  are  energetic,  and  quickly  efEsoted,  This  is  the  class  of 
en/ttaUoidt." 

"  The  other  class,  of  low  diSusihiltty,  may  be  named  eoSoidt,  as  they 
^ipear  to  be  tyisfied  by  animal  gelatine.  They  have  little,  if  any, 
tendency  to  crystallise,  and  tiiey  affect  a  vitreous  structure.  The 
planes  of  the  crystalj  witii  its  hardness  and  brittleness,  are  replaced  in 
Uie  oolldd  ty  rounded  outlines  with  more  or  leas  scrftaMSS  and  toug^ 
ness  of  texture.  Water  of  crystallisation  is  represmted  by  water  of 
gelatination.  Colloids  are  held  in  aolutitm  by  a  feeble  power,  and  have 
httie  effect  on  the  vdotility  of  the  aolvoits.  The  sdution  of  odloids 
has  b1w»b  a  oertun  degree  of  viscosity,  or  gummineee,  when  concoi- 
trated.  They  a^ipear  to  be  inaipid,  or  wholly  tastdess,  utdeas  when  theiy 
undergo  decompodUon  upon  the  palate,  and  give  rise  to  mystii' 
loids.  They  are  united  to  water  with  a  force  of  low  intmsity. 
Althou^  diemioally  inert  in  the  ordinary  sense,  oollotds  possess  a  com- 
parative octivl^  of  tiieir  own,  arising  out  of  their  phsrricd  propwties. 
While  the  rigidity  of  the  orystal^e  structure  shuts  out  external 
imprearions,  t&  softness  of  tiie  gelatinous  oolloid  partakes  of  fluidity, 
and  enables  the  oolldd  to  beoune  a  medium  for  liquid  difliuifm,  like 
water  itsdl  The  aune  penetrability  ai^teara  to  take  the  form  of  a 
capacity  for  cementation  m  such  colloids  as  can  exist  at  a  higji  tem- 
perature.  Hence  a  wide  sensibility  on  the  part  of  oolldds  to  external 


"  Another  noineotly  dbaracteristic  quali^  of  oolldds  is  their  mnta- 
Ulity.  Their  existence  is  a  continued  metastasis.  A  colldd  may  be 
compared  in  this  respect  to  woto-  while  eziating  liquid  at  a  temperature 
below  its  usual  fiiiiiiiimi  point,  or  to  a  supersatoiated  aaUno  aduticii. 
The  odlddal  is,  in  &ot.  a  ^vamloal  state  of  matter;  the  aystalhndal 
being  the  statical  condition. 

"  For  the  aepmXioD  of  unequally  diffusive  OTBtalloids  from  each 
other,  jor-difluaion  was  had  recourse  to.  .  .  •  The  separation  of  a 
cryatalloid  from  a  colloid  is  more  ftroperly  effected  by  a  combination  of 
ditfuuon  with  the  [osmotic]  amon  of  a  septum  eompoeed  of  an 
inaduble  cdlddsl  matMiaL  .  .  .  This  separating  action  of  the  oc^oidal 
septum  is  spdcen  of  [in  Mr.  Graham's  pi^ier]  as  tUtdyiii.'' 

*'  /ce  at  near  its  melting  point  vppetn  to  be  a  colloidal  auhetaace, 
and  exhibite  a  resemblanoe  to  a  firm  jelly  in  dastid^,  tiie  tendency  to 
tend  and  to  redintegrate  on  omtaot.''  Begdation,  according  to  thia 
view,  is  the  form  in  which  the  propcorty  of  rediiUegrati<m,h«ioaf^3ag  to 
all  cdloids,  is  exhibited  by  ice.* 

The  trudi  of  the  view  cd  the  natnrs  at  iat,  at  at  near  its  melting 
pdnt,  thus  tsken  by  Hr^  Graham,  will  require  to  be  tested  optical 
means,  by  which  it  must  be  asoertainedtlut,  at  those  temperatures,  it 
reoUy  is  not  a  crystallised  body.  A  further  verification  may  be  ob- 
tained by  determining  whether  the  alleged  odlddd  ioe  resists  the 
psssage  of  dectricity  as  crystalline  ice  is  known  to  do,  and  what 
changes  the  iwm-condacting  power  of  the  latter  undergoes,  during  the 
reoiprooal  eouversion  <^  the  crystalloid  into  the  odlcid  state,  until  it 
beoranes  tiie  ooodacting  power  <^  liquid  water.  (Furaday, '  Exp.  Bea. 
in  Elect'  par.  408. )  Should  ite  truth  be  esteblished,  Mr.  Graham  vrill 
probably  be  admitted  to  have  discovered  the  key  to  the  explanation  of 
all  the  conflicting  stetemente  and  theories  respecting  the  nature  of 
regelation  and  of  the  motion  of  {^aders.  Ice,  together  with  many 
other  bodies,  andperiu^  all,  will  be  both  a  cdloid  and  a  crystaUdd. 
That  which  Dr.  Faraday,  in  his  reoant  aqMrinMOte,  found  to  have  tho 
flexilJe  adhenon,  will  proves  in  this  case,  to  be  tlie  colloidal  or  vitreous 
form  of  that  substance  {ice-glau,  in  fact ;  ahnost  idoitioal  vdth  Mr. 
Bnyley's  homologue  of  that  hitherto  hypotheticd  body,  as  evinced  by 
&cts  recorded  Mr.  Graham,  which  will  presently  be  adverted  to), 
while  the  rigid  adheaion  will  be  found  to  characterise  ite  cryatalloidal 
form;  andtlie  drcumstaaces  from  whidi  he  inferred  that  uw  former 
has  not  in  reslify  the  itfopertiea  of  atiokiiig  and  tanadto!— in  short, 
those  of  a  viaoous  substuce,  will  be  found  to  anae  fmn  the  nnnatant 
and  n^dd  passage- the  metastasis  of  Graham — of  the  oolldd  into  the 
crystalldd  body. 

R^elation  will  consiBt  of  the  passage,  under  small  changes  of  pres- 
sure and  temperature,  of  crystalldd  into  colloid  ice,  and  ite  re-conver- 
sion into  the  former,  the  "  oementation  "  and  "  redintegration  "  of  the 
ooUoid  intttveninBj  and  thus  E^mday's  own  interpretation  of  his 
eqierimente  and  IWeaaor  Thomson's  will  be  l»>ought  into  harmony 

*  lbs  Be*.  Osnoa  Uonlej  had  pcerloaaly  drilned  reg^tloiL  ss  the  **  pro. 
party  of  pssdBB  than  a  dUntegratsl  late  a  sdU  ststs." 
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Tlw  thaofks  of  ^ftciar  m&daa  of  Votbm,  Thaaaoa,  and  lyndall 
olutUng  the  expliuution  of  the  jdaatkdty  of  lee  1^  tho  lattor),  and  tlie 
■wknn  TOBpeoting  it  of  Hopkim  and  Whewell,  mi^  {nore  to  oe  equally 
true,  or  «ome  of  ttiem  nnneowaTy.  Under  the  reciprocal  changes 
proBBure  and  temperature  going  on  in  a  g^bcier,  it  irill  follow  that  every 
part  of  it  must  be  perpetually  changing  from  a  truly  riaoona  or  plastio, 
coUoidal,  dynamic  state,  maintained  only  for  a  short  tinu»,  to  the  rigid, 
oryatalloidu,  statical  condition  of  ordinaiy  ice ;  which,  under  the  aame 
changea  will  again  trandentfy  aoBunw  the  colloidal  f<mn,  only  to 
undergo  the  ocnreaponding  ohuige,  and  ao  on  in  a  euooeasion  which  can 
termhiate  only  with  the  final  liqu^actacn  of  the  ice,  and  its  aeparation 
from  the  glacier  by  flowing  awa^  in  the  form  of  water.  All  the  conditions 
of  Tisoority  or  plwtioity,  and  ngidity,  which  the  phenomena  of  glaciers 
and  the  known  propemee  of  ice  require  to  be  fulfilled,  may  thus  be 
ciqiable  of  exfdanataon  agreeaUy  to  the  lawa  of  naturci  But  many  of 
Mr,  Graham's  reaulta  are  independent  of  his  assumption  respecting  ica 
Itis  stated  by  him,  aa  above,  that  colloidal  bodies  a&ect  the  vitreous 
structure;  uid  he  recognises  the  Titreous  form  of  siUoaaa  the  colloidal 
one.  It  is  now  evident,  indeed,  that  what,  looking  primarily  from 
organic  substances,  he  has  termed  tiie  colloidal  state,  is  u^tical, 
allowing  for  inherent  diflfeieaioe  of  propertaee,  with  that,  which,  looking 
primari^  from  inorganic  bodies,  nas  been  termed  Uie  vitreous  or 
riaaay  state.  Brery  desoriptlon  of  glass  must,  agreeably  to  Mx, 
Gnbam's  inductims,  be  m  colloidal  bo^,  and  the  union  of  two  smCwes 
of  it  at  aU  temperatures,  -wUh  the  solid  ocmdition  Is  mdntsined, 
must  be  that  oemeotation  and  redintegraUon  which  is  i^yaoally 
identical  with  regelation  itself;  and  thus  Mr.  Brayle/s  arguments 
for  the  virtual  identity  with  r«geUtioa  of  the  process  1^  wmch  two 
plates  of  plate-glass  become  one,  which  Dr.  Fanday's  new  results 
appeared  to  invalidate,  will  be  ouifinned;  while  regelation,  as  also 
sugmted  by  him,  m^r  he  found  to  be  nnivenal,  aa  reqtecta  aQ  bodies 
vrtuoh  oan  amma  the  etdkdd  fbnn.  Dr.  IWaday's  experiments  indi- 
cating its  non-extenson  having  been  oonflned  to  crystalloids.  The 
mutabilify  and  continued  metastasis  of  colloids  are  nunifeeted  in  the 
unstable  condition  of  arrested  liquidity  or  potential  solidly  recognised 
by  Mr.  &«yley;  and  Mr.  Oralum's  compariaon  of  a  colloid  in  that 
respect  "to  water  while  ezuting  liquid  at  a  tempwabire  below  its 
usual  fkeoring  pcrint,  or  to  »  supmatuntod  saluia  sdutitm  "  is  a 
repetition  of  Mr.  ftaylev^viev  of  the  mdeonlar  oonntitution  of  glass 
already  otad.  Collddalioe  (if  it  d»U  be  provedtoezist),  anduntroaen 
water  bdow  82',  are  evidently  degrees  of  the  same  condition,  saA  thus 
Mr.  BnjlBj'E  suggested  homolt^e  of  the  ^aasy  condition  of  water  is 
abnoet  equivalent  to  the  former,  and  if,  as  seems  oonformalde  with 
known  faeta,  we  assume  that  the  colloid  state  <^  water  cannot  begin 
until  it  is  redooad  to  the  tnnperature  of  its  greatest  dand^,  ttat 
homidogue  will  inelode,  abnost  explidtiy,  Mr.  Onbrn't  ooitoiad  etm* 
dition  ^ioe.  Some  nice  questions  of  temperature  will,  however,  have 
to  be  settied  by  experiment ;  and  indeed  the  subject  is  now  tips  for 
those  quantitative  detemunatious  in  which  the  existing  dlsousdous  of 
r^btion  are  remaikabljr  deficient,  and  wldcli  must  neosaarily  be  of  a 
minute  and  delioate  deeoripti<»L 

But  hare  we  must  conclude  on  this  subject ;  havin|^  merely  indicated 
how  wide  a  field  for  experimental  nManih,  obswration  in  nature,  tiie 
vertfioatitm  of  hypotheses,  and  mathematical  invoatigatlon,  all  relating 
to  ice  uid  water,  baa  jprobaUy  beut  t^enad  to  soienoe  by  lb.  Graham's 
researdies  on  liquid  diflWdon, 

From  the  jMVceding  view  of  tite  obvious  cSiaracters  and  actual  nature 
of  ice.  We  Kooeed  to  desoribe  some  of  its  properties  in  rdation  to  heat, 
and  some  dsn  of  water  in  ita  two  fluid  states.  The  difattatioa  of  Joe  by 
bai*  was  messured  In  the  yean  1846  and  1840,  at  the  Imperial  Obeer- 
vatory  of  Pulkowa,  by  Schumacher  and  his  assooiatea,  and  the  par- 
ticulate of  their  expenmrata  were  eomnmnioated  by  M.  Stinve  to  the 
Academy  of  St.  Petersburg,  in  1848,  and  were  afterwards  published  in 
its  '  Memoirs.'  The  measuremente  had  reference  to  observed  tempera- 
turea  of  the  block  of  ioe  employed,  varying  from  — 2°'8  A.  to  —  22*  R. 
(+8*176  to  +ir-6  Vabr.) 

After  applying  the  reqmsHe  eoneotitni^,  it  resulted  from  tiiem  that 
tba  ooefiioient  of  expansion  of  ioe  is  for  r  B.  <2**26  Fahr.)  *000064«S ; 
vUcb,  aocording  to  the  Rev.  Canon  Moeelev,  F.B.8.,  "  is  neartp  twice 
aa  great  aa  the  ooefiicient  of  dilatation  of  lead,  and  more  than  twice 
aa  ^eat  as  that  of  any  other  aolid."   [Hkat,  coL  687.  j 

we  do  not  know  the  modulus  ot  elasticity  of  ice,*  or  the  pressure 
undw^riiidiitdidnt(«rBtes;  but  Ifr.  Mosellqr  has  obanrad  tJiat  "If 
it  Were  aa  alastie  as  shite  and  did  not  reaist  oroahing  more  than  hard 
britft,  a  block  of  it  placed  with  its  ends  between  two  immoveable 

*  The  cxpresrion  **inodiiliiB  of  elaitldty,"-webeU«TCkbasikotbeciiezplaliied 
in  aoj  prmeding  artiele.  It  is  thea  daflaed  bf  Dr.  Tlunua  Tcnnr<  See.  B.  L., 
19  wlum  tt  was  IntTcdoeed.  *<Tke  nodntat  of  tke  dasUdty  of  any  snbetaaoe 
U  a  oolnmn  of  the  suae  ■nbatance,  ctpmUe  of  prodnelnff  a  prwrare  on  iU  baM 
whieb  ia  to  the  weight,  eanainft  a  certain  degm  of  oompmtlen,  aa  the  length 
of  the  aubaianee  ia  lu  the  diinlAaUo&  of  its  length,"  This  deOnlUcnt  ia  ginn  la 
Dr.  Tonng'a  '  Bfallicmatieal  Elements  of  Natural  Fhflosophy,'  appended  to  hia 
celebrated  *  Lcotnm,'  Lutd.,  180T,  vol.  11.,  p.  46.  It  occur*  fa  Seetloa  U, 
treating  *  Of  tfae  eqnilibriam  and  atrength  of  elastic  anbstaneee.'  These  ele- 
inenta  are  not  inacrted  in  Profeaaot  Kellaad'a  edlUoa  ot  that  work ;  bat  tfae 
aeotloB  le  xeptlntod  ia  the  late  Dr.  Peacock's  oolleetloo  of  the  *  Ulaoellaaeoiia 
Wtwks'  of  Dr.  Touvi  voL  IL,  p.  ISf.  Tka  qwUsatlOB  of  tba  aivnsrion  la 
ssplabHd  and  illiutraud  in  Lectures  xUL  and  xuL 


obstades,  would  crumble  when  its  temperature  was  raised  one  dwree 
of  EUuenheit,  It  is  ita  great  dilatiOtiOfy  which  gives  to  ice  this  ten- 
dency to  diuntemte,  when,  not  being  free  to  dilate^  its  temperature  is 
nised,  even  so  sli^tiy  aa  this.  Againia  deacribea  a  dUntegnttioa  ot 
the  transparent  ice  of  tiie  blue  banda  of  gjacieia  when  laid  bare,  which 
SE^teara  to  be  due  to  ita  ei^wnaion.''  *Bulletan  [BiblioUi^ue]  de 
Gea^,'  tol  xUv.,  p.  142 ;  ('  Proc  of  Roy.  Soc.'  vol.  xi,  pp.  171, 172.) 

Aooordlng  to  the  expenmeata  of  Melloni  on  tiie  tiwumiasion  of 
radiant  heat,  ioe  tnmamits  none  (abaorbs  all)  of  the  oalorifio  i«ya  isauing 
from  copper  at  212',  or  at  762''  Fahr.,  nearly  approaching  a  red  beat ; 
and  transmits  only  0*6  of  thoee  from  incandeecent  {datinum,  and  on^ 
6  per  cent,  of  such  rays  from  the  LooatdUi  hump.  In  these  oasea  tbe 
heat  is  abeorbed  in  the  internal  liquefeicti<m  of  toe  ioe. 

The  colour  of  liquid  water  varies,  aooording  to  the  thicknees  of  the 
qnanti^  examined,  from  a  yellowish  green  of  all  degrees  ot  intenai^ 
tnrough  green  and  blue-green  to  intense  blue,  such  aa  that  observed  in 
great  depths  <rf  the  sea.  Professor  jhndall  has  introduced  into  British 
demonstrative  soienoe,  if  indeed  he  has  not  deviled,  an  •nieriment  in 
which  the  colour  of  water  is  exhibited  hj  pasring  tiie  b^  from  the 
voltaic  lamp  through  a  long  tube  of  water  closed  by  glass  at  both  ends, 
and  receiving  the  image  on  a  screen.  In  this  experiment,  with  no 
greater  thicniiess  than  twenty  feet,  the  colour  of  water  is  seen  to  be 
yellowisb  green.  Ioe,  {vobably,  bu  the  same  range  of  ccdour ;  being, 
like  water,  eolourleas  in  small  masses;  it  is  greenish  or  Uuidi  in  laige 
masses.  Pure  aqueous  vapour  is  ocdmriess  in  the  grsatesb  tbicfcnsssca 
in  whioh  it  has  been  examined. 

Many  important  facts,  and  inductions  from  them,  relating  to  the 
eleotrioil  properties  of  water  in  all  its  three  states  <d  aggrwation,  will 
be  found  referred  to  under  their  respective  appellations  in  Uie  Indeiea 
to  Faraday's  '  Experimental  Reeeardiee  in  Electricity,'  and  in  '  Che- 
mistry and  Fhytics,' — ^indexes  which  are  anhanoed  in  value  by  baring 
been  ootietnioted  by  tiie  author  of  thoae  reaearelua  li<"iTflf. 

The  iBveess  of  the  solidification  of  water  by  depression  of  tempera, 
ture  is  noticed  under  Fkkxziho,  and  Fsnznro  asd  Mkiahto  Poiim. 
The  lowering  lA  ita  freering-point  by  -premm,  aa  discovered  by  Pro* 
feasOT  J.  Thomson,  ia  stated  in  the  article  last  cited,  aiui  has  beui 
referred  to  in  the  wweut  article,  and  alao  under  Ion.  The  tbeonr  and 
quantitative  calculation  he  orighially  gave  rsepecting  it  will  be  round 
in  the  '  Transacticna  of  the  R<ml  Society  of  Edinburgh,'  vol.  xv.,  and 
the  '  Cambridge  and  Dublin  Mathematical  Journal  ^for  November 
1860.  Ioe,  as  a  otystalline  substance  has  been  described  under  Rail, 
HOAB-IBOST,  and  Show.  Its  spedfio  gnvity  is  stated  in  the  last.  Mr. 
J.  Chapman,  Professor  of  Mineralogy  in  the  University  of  Toronto,  in 
the  '  Canadian  Journal  of  Sdmice '  for  1861,  has  queelaoned  the  truth 
eif  refening  the  crystallisations  of  ioe  to  the  riwmbohedrsl  system.  A 
mode  <^  investigating  the  process  of  fmmatitsi  of  the  steUar  and  other 
aggr^ations  of  crystals  so  ohuaoteristio  of  anew,  under  circumstances 
more  convenient  than  those  of  observations  which  must  be  made  at  a 
temperature  below  82*  Fahr,,  has  been  pointed  out  by  Mr.  Joseph 
Spenoer,  and  adopted  by  Mr.  Glashier.  It  consists  in  obeerving  the 
crystaltisatitm  of  camphor,  in  which  similar  aggregates  are  raoduced ; 
and  has  been  described  in  pi^iert  read  before  the  Greenwioi  Naturd 
History  Oub,  in  the  year  1866,  and  issnsd  1^  the  Brftirik  Meteootc^oal 
Society.  The  oompressilulity  and  Elastioitt  of  wat«r  have  both  been 
treated  of  under  the  latter  bead. 

The  phenomma  ot  tbe  oonvendon  of  liquid  into  gaseous  water  or 
aqueous  v^ur,  and  ita  properties  in  that  condition,  have  been  stated 
in  the  artidea  BoiLiifa  or  Liquids;  Ebuiujiov i  Evapobatioit; 
Stsam;  VAPODK;andyAFOiJBiOFAiJHailfT;  those  of  its  reoonretsion, 
or  condensation,  into  Uquid  water  and  iee^  under  several  beads  above 
refeired  to,  and  also  in  the  articles  Dbw  and  Raim.  Tbe  eviration 
of  ioe  has  been  noticed  under  Snow. 

The  absoiptive  power  for  heat  of  aqueous  vapour  has  reoentiy  been 
examined  by  Professor  l^ndall,  in  his  leeearches  on  the  absorption  and 
radiation  of  heat  by  gases  and  vapours,  ('  PhiL  Tnns.'  1861) ;  in  which 
he  found  that  bydrogen,  the  two  gases  which  are  the  essential  con- 
stituents of  the  i3moaphere,  and  atmoepherie  air  itself,  absorb  respeo- 
tively  about  0*8  per  oait.  of  the  oalorifio  rays  emanating  from  a  oc^pw 
surface  ooated  with  lamp-black,  heated  by  boiling  water.  "  On  a  nir 
November  day,"  he  ados,  "  tha  aqueous  viq>our  in  the  atmosphere 
produced  fifteen  times  tiie  absorption  of  the  true  air  ot  theatmospliere. 
It  is  on  rays  emanating  from  a  source  of  oompaiatively  low  temperature 
that  this  great  absorptive  energy  is  ezflrted;  heiuw  the  aqueous  vqiour 
of  the  atmoephere  must  act  powerfully  in  intercepting  teneatrial 
radiation;  its  changes  in  quantity  would  produce  c<HTespon<^ng 
change  of  climate.  Subsequent  researches  must  decide  whether  this 
vera  caiaa  is  competent  to  account  for  tiie  elimatal  changes  which 
geolc^o  reeearobes  reveaL"   *  Proc.  o£  Roytl  So&'  vol  xi.,  pp.  101, 102, 

Under  Etafobatioh,  Htoboiutbt,  and  VAF0t7B,  an  account  has 
been  given  of  Dr.  Daltcn'a  researches  and  viem  mnpniitiiig  the  prodno- 
tion  and  trajsion  of  aqueous  vapour  and  its  Telati<sia  to  the  atmosphere, 
which  for  many  years  have  been  ahnost  universally  accepted  and  relied 
upon.  Meteorologists,  accordingly,  have  be«i  aecustomed  to  separate 
the  pressure  of  the  aqueous  vapour  from  the  whole  barometric 
pressure  of  the  atmoai^iere,  and  thence  to  infer  the  pressure  of  tiie 
permanently  elastic  portion,  or  as  it  baa  been  called,  the  gtumm» 
l»wMre,ar  iiM prtmmv  of  tkt  dry  mr.  Ccdonel  Q^g,  inapaperrMd 
before  the  Royal  Society  some  years  since,  and  Lieuti-CoL  Stnoh^y 


Digitized  by 


Google 


m 


WATEB. 


WATEB-COLOUR  FAINTINa 


799 


inaraceatt  oommankatitHi ' Od  the  Distributioa  of  Aqoaona  Vapour 
in  the  Upper  Parta  ol  the  Atmoophere,'  hare  questioned  both  the 
truth  of  Italton'B  hypotheaia  and  the  correctaflM  of  the  application. 
A  mathematical  nrgoment,  showing  the  Inoompatibflity  of  the  hypo- 
tlMaia  of  a  aepaimte  vapour  atmoepbere  with  the  facts,  wUl  be  found  in 
p^per  1^  the  late  aatronomar  Beaael,  translated  in  Taylor's 


'3<neutifio  ICemoirs/voL  iL  A  more  genenlly  af^veoiable  form  has 
been  given  to  this  by  Lieutk-CoL  Sttadi^,  who  also  has  compared  the 
reatilta  calculated  from  Dalton's  hypotheais  with  the  facta  of  the  dis- 
tribution of  vapour  in  the  atmosphere,  as  obaorred  by  Dr.  Joseph  D. 
B.odkM,  the  late  Kr.  Welsh,  Coloori  Sykea,  and  himself.  From  the 
•ntin  imreftisBttoa  he  oandudeathat  "The  inhCnwtioa«t  theobsored 
tandoD  Vt  yuptmr  bom  Uw  total  bannnrtiioal  premre,  in  tiu  hop9  of 
obtaining  the  aimjda  gaseous  prenure,  mnsteoaseaitently  be  deoonnoed 
as  an  absurdity ;  and  the  barometrical  presaure,  tuna  ooirected,  aa  it  is 
called,  has  no  true  meaning  whatOTer."  ('  Proc  of  Boyal  Soe.'  voL  xL, 
pp.  182-188.1 

On  the  ooiar  hand,  the  apidieation  of  Dove's  method  lot  obtaining 
the  gwooi  preasure,  dechieed  Itam  Dalton'a  brpothasia,  in  Msjor^ 
Qcnnl SaUsa^a  paperon  the'Metaondogy  of  Bcnnbay/ poUUiea  in 
the 'Report  of  the  Bri^AsBodation' for  1844,  appeara  to  hsTo  been 
aueeaasfni  in  bringing  out  true  resnlta,  which  ueo  verify  the  law 
aammed.  It  would  appear  that  there  is  something  impwtant  on  the 
subject  yet  to  be  expUned ;  probably  in  retpeot  criF  the  relation  of  the 
obaerrea  ^uoomena  irtiidi  Dalton  expreeaed  by  the  hypotheais  of 
gweooa  BobitaiMMa  being  vacua  to  eaeh  otlur,  to  th«r  Mgregate 
pressure  when  mingled,  and  the  manner  in  wUA  that  is  maae  up  of 
thttr  separate  presaurea,  if  such  they  have. 

WATER  {MeiMeal  Uta  tif).  Several  of  the  uses  of  water  having 
been  already  stated,  either  under  tiie  utide  Batbino,  or  that  vA 
Food  iu  Arts  ard  Souhcis,  or  Watbr,  in  Nat.  Hist.  Dir.,  it  is 
intended  to  treat  here  of  sooM  <rf  the  ap^ioationa  of  water. 

atio»-Wtatt  haa  been  aoonaad  of  cawiiig  goitre;  but  thii  cbam 
aeamaitnftnmded;  and  the  ooeumnoe  of  tlin  eomiddnt  iadne  tot£e 
eakaraonssalts  which  the  snow-water  in  its  deaoent  from  the  mountains 
diaaolvea  in  large  quantftiee. 

Such  is  the  great  pnritj  of  some  aprings,  that  they  have  been 
reckoned  mKvnil  waters,  and  resorted  to  as  such.  The  chief  of  theee 
ia  Malvern,  the  apeoiflc  gravity  of  whioh  is  only  I'OOOS,  and  wliich  oon- 
talna  a  amallw  proportion  of  foretan  ingmdieuts  than  WKf  otbae  water. 
Tha  water  now  supfdied  to  the  Ci^  of  Oh^gow,  from  Loeh  Katrine, 
ia  nearly  equally  pure,  a  pdnt  of  great  importance  to  tlia  health  of  the 
inhabitanta,  and  to  tiie  numerous  numafaotoriea  of  that  city.  Water 
artifidally  purified  by  Dr.  Clark's  prooees,  is  supplied  to  Woolwich. 
Some  of  the  spnngs  of  Hatlook  are  likewiae  very  pure.  Tfaoae  of  them 
which  are  tMemuU  have  tiieir  powws  inoreaaed  by  the  higher  tempera- 
ture; hoi  thrir  beoefidaIeefeotB,IikethaM(rf  Malvon,  and  Holywen 
in  FUntiUre,  an  mainly  owing  to  theb  extreme  purity ;  wUdi  ahowa 
how  conducive  to  health  pore  water  is,  compared  with  that  which  is 
impure  or  contaminated.  Many  springa  have  their  waters  largely 
impregnated  with  carbonic  aoid  gas.  Theae  are  sparkling  and  {deaamt 
to  the  taste,  and  when  fresh-drawn  prodnoe  eome  alight  exhilaration. 

Water  charged  witli  much  free  carboaiie  add  should  never  be  con- 
veyed throus^  leaden  pipes,  but  throngh  those  of  atno  or  block-tin. 

Wdl-witer  ia  generally  obtained  from  a  greater  depth  than  spring- 
water.  It  is  also  genendly  hard,  or  is  apt  to  beoome  so  if  fcspt  in  a 
reservoir  lined  with  bricks,  unleas  they  be  ooated  with  an  inaoluUe 
oement.  The  water  from  old  wells  is  more  pure  than  from  reoent  onea, 
the  aoluble  particles  having  been  all  gradually  washed  awar.  The  pump 
and  weU  watera  in  and  about  London,  atid  ohal^  diatvicta  m  general,  are 
tnoatlyhanl.  (Pronto  <  On  Stomaoh  and  Ranal  DiNaflai,>  210, 4th 
edit)  yot  ao  tiiat  of  the  arteriaa  wdb,  vAIoh  ia  of  nnnaual  aoffeneaiL 
This  rendera  water  from  tlieae  weUa  proper  as  a  beverage  for  persona 
with  a  tendenoy  to  oertain  forma  of  calculous  oomplainta,  to  whom 
hard  waters  are  moat  hurtful  The  oanaea  of  hwdneaa  in  water  and  of 
the  injurious  influence  of  it  oo  the  health  of  many  persons,  ia  scarce^ 
sufKdeoth'  understood.  Filbati<m  ooly  removes  mechanical  impnrttiea, 
and  even  loxtg  boiling  only  preoipitatea  oertain  of  than,  vrtdle  lit  K»ne 
initanoea  it  rendera  the  water  haiden  For  the  analyria  of  water  and 
an  estimate  of  Its  mechanical  impuritiea,  see  Watib  {Chmitlry);  and 
for  the  meana  of  determining  ita  hardnesa,  aee  Soaf-Test, 

DadUtd  Water. — For  many  chemical,  pharmaoeutloal,  and  even  die- 
tetical  pnrpoees,  water  must  be  of  gre^  purity  than  it  is  generally 
found.  For  this  end  it  is  directed  to  be  distilled,  in  whidi  prooeaa 
never  more  than  two-thirds  of  the  water  pub  into  the  wHH  diould  be 
allowed  to  pass  over. 

7'(Ku^H^3^^er.— This  is  water  boiled  snd  poured  on  toasted  bread, 
which  in  some  degree  leosens  the  va{^d  taste.  An  agreeable  and  bene- 
ficial dcfiree  of  sapidity  may  be  communicated  to  water  which  has  beeu 
l<mg  boiled,  by  addiog,  previous  to  drinking  it,  a  UtUe  of  the  common 
Boda>water,  which  is  merely  carbonio  aoid  gas  diffused  through  the 
water  under  strong  preasure. 

Mineral  Waters  are  generally  charaoteiised  by  posaeaaiag  some 
principle  difTerent  from  what  is  found  in  common  water,  or  some  of 
the  ordinary  ^rinoiplee  in  unusual  proportion,  yet  amcaig  these  are 
reckoned  oertam  springs  whioh  have  no  claim  to  repute  b^ond  what 
ia  due  to  their  extreme  purity,  such  as  Halvem  and  Holywdl;  or  to 
having  a  highw  ten^nature  tiuoughout  the  year,  than  the  mean  t4 


the  latitude  where  they  are  dtuated.  These  last  are  claased  among 
the  thermal  springs,  lAich  are  properiy  divided  into  two  sections,  the 
mimeralited  hot  sprinn  and  the  unmineratrnd,  among  which  are  some 
only  tefdd,  such  as  Matlock,  where  eome  springs  are  66',  the  lowest  of 
the  class  in  Britain,  and  others  oold,  presenting  this  peculiarity,  that 
the  tepid  nningB  arise  from  fifteen  to  thirty  yards  above  the  level  of 
the  river  Derwent,  whilst  those  which  arise  either  above  or  below 
this  range  are  otdd. 

Rir  [Haotical  purposes  mineral-waters  may  be  cUssad  under  four 
heads,  each  ausoeptiUe  of  aeotmdary  heads,  soeording  as  they  are  hot 
or  cold,  or  Iiave  other  peculiarities,  namely ;  aaline,  aUuline,  chalybeate, 
and  sulphureous.  It  will  not  be  possible  to  mentiMi  more  than  a  few 
of  the  most  important  oi  eaoh. 

Saline  apoient  rorings :  of  theae  some  are  hot,  others  oold.  Hie 
chief  are  Carisbad,  Harienbad,  E«r»,  Kiseingan,  Wieabaden,  Baden- 
Baden,  SudlitB,  and  Satdsahuta,  with  PuUna,  in  Owmaiqri  Cawltenfaam, 
L«amhigt«i,  and  Harrowgate  in  Bnj^and;  Donhlane, Ktcalthly, and 
others  in  Seotland. 

Alkaline  waters,  owing  thair  prqMrtiea  to  dilAmnt  saline  prindple^ 
are  found  at  Csriabad,  iKnieabMl,  Kiarii«en,  PoUna,  Saidwhata,  Kms, 
TSplita,  and  Wieabaden,  in  Otnnany;  ViehyandMontd'Or,inF^iBee; 
Harrowgate,  Scarborough,  and  other  Toikahire  springs,  ChaHenham, 
Leamington,  Bath,  and  ekeiriiere,  in  England. 

Chalybeate  waters :  with  theee  acidulous  waten  are  often  redioned, 
as  the  mm  is  ofteu  aasoeiated  witli  much  bee  oarbmie  add  gas.  Some 
(rf  the  diief  are  Sp^  Vjnuaalb,  Sohwalbaeh,  Mwiaiibad,  Atx-U-Chapelte, 
and  BeHMT  In  Ganaain';  Tonlnidge,  Hanmi|^,  ud  Brighton,  fai 
En^and;  and  Feteriiead,  in  Sootland. 

Sulphureous  waters :  Aix-U-Cbiqwlle^  Bar^ca,  and  otlier  Fyrenean 
aprings,  are  hot ;  Harrowgate,  AAkv,  and  othm  in  Yorkshire,  cold ; 
UoBiA  and  Stratt^MSbr,  in  Sootland,  are  also  oold. 

lodoretted  and  other  waters.  Utnj  siaings  have  of  lata  been  lonad 
to  eoBtaln  a  wHable  qnaiddfy  <tf  iodine  or  bromine,  othflcs  eoBt^  both : 
Creonadi, in  Gennaw. oontHna bolb,  bvb  moat  kKUne;  Uandrindod 
and  Parte  Walla  (near  Bnilth),  in  Radiwndhire,  the  springs  issuing  fr<om 
the  lias  at  Leamingttm,  Olouoaster,  Tewkeabui^,  sad  Cbeltanfaam, 
contain  iodine ;  brciaiine,  but  not  iodine,  exista  u  small  quantity,  in 
the  saline  aperient  wateta  near  hoodon,  sooh  as  Epsom,  also  in  iho 
springs  from  the  ooal-fotmation  (tf  Asli^-de-l*-Zoudi,  Newoastle-on- 
T^ne,aadKingpwood,andBoBninglonBearBdlidNii;rii:  Woodhall,near 
Aahby-de-la-Zouoh,  oonUins  moat  iodina  of  any  British  springs  yet 
iuveatigated. 

Otgaoic  matters,  termed  Bar^uu,  gkmim,  teogmttt  Ac.,  have  been 
found  in  many  springs.  Of  these  an  account  mi^  be  found  in  Dr. 
Lonkeeter'a  *  Aakem,  and  its  Mineral  Sjnrinn,'  p.  lOS. 

The  watera  of  Sdtets  (oommonly  eaUed  Beltoer)  ia  exported  to  the 
amoont  of  above  a  milUon  and  a  hiuf  bottka.  Bo  alao  t&aa  (rf  many 
otharminaiBl  fringe;  but  they  all  eiperieBoa  aone  detetiotaUon  Iw 
time.  To  lessen  this,  artificial  imitatlMis  are  made  [  Asbatid  Watbbs  J. 
Theae  are  often  very  valuable,  but  always  inferior  in  efficacy  to  the 
waters  drank  at  Ae  nirings.  They  are  without  the  /N«a»fM,  the 
change  of  air,  scene,  reutxatiou  from  business,  and  more  regular  hours 
and  a|^iroT»iate  insisted  on  at  the  dii^  watering  plaoea;  to  aay 
nothing  ol  the  axteraal  oae  of  many  vi  the  wirten  as  hatha,  whoa 
resort  is  had  to  the  fountain  head. 

(See  Osann,  J)artttUimg  der  hde(tii»UmReaq»ai»Swropa»i  Oalrdnci-, 
On  Mineral  and  Thermal  Springi ;  Vatter,  TheoreluA'MtliK/ta  Sand- 
bueh  der  SeOmuOeHldtre ;  Dietiamain  da  Ea¥»  MUtnOUt  mr  liH. 
Daiand-Fardd,  Le  Bret,  Lefort,-et  nmvofa;  Pui^  I860.  Jtqpert  e/ 
CommMen  on  BeaUk  of  Towtu.) 

WATEB.O0LOUR  PAOTTINQ  (in  Italhn,  AatamtUMi  VnoA, 
AquareUa  ;  Ctannan,  WamB^Farim).  Amcmg  the  andesta  the  odours 
used  in  painting  were  usoslly  rendered  fluid  1^  means  of  water;  the 
names  given  to  toe  diSforent  kinds  of  painting  being  derived  from  the 
vehicle  or  medium  mixed  witii  the  water  in  order  to  bind  tlie  colours. 
TsMFKRA,  or  distemper,  iu  which  g^ue  or  some  other  gebtinous  binder 
ia  employed;  Fanoo,  in  which  tM  ooloura  are  laid  on  a  moiat  ground 
of  gBMo^  flr  ^aatar-ol-Parlai  Mihiatdii,  an  all  water  coloui  nuitii^ : 
ttidr  histay,  and  an  aooount  of  the  aeveral  prooeaaai^  will  be  found 
under  their  respective  titles :  see  also  the  general  article  PAumiia. 
In  EwOADSTia  PAMTnia,  aa  the  name  impliea,  heat  was  employed,  the 
Inuding  material  being  wax,  or  wax  and  resin ;  but  some  even  of  the 
methods  of  encaustic,  or  at  least  of  wax-painting,  aa  praotiaed  by  the 
andents,  were  really  watercobur,  the  wax  or  resin  being  reodaed 
miscible  by  the  addition  of  an  alkali  (nitrate  of  aod^  or  nitnta  of 
potash).  Oil-painting  waa  not  practise^  or  only  praotiaed  iu  an  imper- 
nct  form,  bdbre  the  16th  century,  when  Van  S^ek  introduced  the 
use  of  dl  and  varnish,  or  a  vehicle  oooipoaed  healing  linaeed,  poppy, 
and  nut  oils  with  oertain  reeinons  mixturea  This  'raiide  was,  how- 
ever, found  to  be  so  much  better  adapted  than  any  then  in  use  for 
working,  and  so  much  more  effective  and  dutsble,  as  to  be  generally 
adopted  by  artists  as  soon  as  it  became  known ;  and  the  various  methods 
of  water-colour  painting  were  neglected,  and  fdl  into  diauso,  except  for 
mural  paintings,  for  which  fresco  was  still  employed,  and  theatrical 
paintinga  and  mioiaturea,  which  were  oommonly  painted  in  tempera. 
[Faihtjko;  Van  Eyok,  in  Bioo.  Oiv.] 

Water-oolour  painting,  as  the  term  is  now  understood-^that  ia, 
painting  on  paper  with  odours  diluted  with  water — ia  a  process  of 
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eompknitlTely  recent  introdoctioiL  It  ia  true  that  the  Italian,  Dutch 
and  Flemish  paiatars  of  the  best  period  often  executed  their  cartoons 
and  flmshed  Bketches  with  water-colours,  as  may  be  seen  in  the  cai^ 
toona  of  BafBtdk  and  of  Hantegna  at  HamiAon  Court,  whidi  are  j  aiited 
<ai  paper  with  opaque  water-colonn  (or  tempera)*  and  in  aome  ol  tha 
ikatoiea  and  drawi^  axecnted  in  traoaparent  water«61ottrB  bylerkding 
Dutch  and  Flemish  painters,  of  which  esamplefl  are  exhibited  in  the 
King's  Library  at  the  ^itish  Uoaeum :  theee,  however,  were  not 
oompieted  pictures,  but  onlpr  the  diawinga  from  which  freeoo  or  oil- 
paintinfpi,  or  tapestry  hangings,  were  to  be  exeonted.  The  art  of 
water-colour  painting  in  which  tiie  oompleted  woA  ia  itself  exeonted, 
with  aU  tbeskOlaiid  care  of  the  artist,  in  watarodourB  on  papw,  Isa 
product  of  this  aountry.  It  appears  to  have  gradually  grown  out  d 
uie  methods  employed  ay  miniature  painten,  and  the  earlier  examples 
were  rather  a  kind  of  tempers  than  what  would  now  be  called  wiier- 
oolour  painting,  the  colours  being  all  rendered  opaque  by  the  admix- 
ture of  white.  Hany  of  the  eu-ly  works  of  Paul  Sandby  [Saitdbt, 
Paui.,  in  Bioo.  Dzv.],  who  perhaps  has  the  furest  claim  to  ba  r^;arded 
■B  tlw  founder  of  uia  Bnj^lsh  sohod  of  watarotAoor  painting;  are 
wiiolly  executed  in  solid  opaque  colour.  Hie  Dew  tuaUiot^  fkon  wfaidi 
was  directly  derived  the  present  jmeesa  of  water-oolonrs,  grew  into 
Togue  in  the  latter  part  of  the  last  oentniy,  and  was  at  first  known  as 
"  stained  drawing,"  a  term  by  whiidi  pictures  of  tills  kind  are  described 
in  tho  catalogues  of  the  eariy  exhibitionB  of  the  Royal  Aoademy,  The 
anUre  drawing  was  first  osrefnUy  Dkade  oat  in  light  and  shadow 
maana  of  waahea  of  Indian  ink,  or  <rf  a  giaj  w  what  waa  termad  a 
nentral  tint,  and  orer  this  tiia  reapeotira  looal  oolonra  were  paawJ  in 
thin  washas  of  trsaqurent  cdours— much  of  the  eBM  balDg  due  to 
the  neutral  tint  appearing  through  and  modifying  the  harnhneaa  of  the 
superposed  ooloars.  The  sharp-markings,  minuter  details,  ftc,  were  put 
in  with  a  reed-pen  either  immediately  before  or  subsequentiy  to  the 
laying  on  (rf  the  local  oolouri.  The  older  works  in  this  manner  have 
generally  a  oold,  gray,  feeble  appeannca,  but  ■omatimaa  vaiy  pleasing 
atmoqiherio  afbcta  ware  obtamad;  and  in  tiu  haada  *A  Cosans,  ana 
atUl  mom  of  Turner,  Oirtin,  and  Fnm^  whoaa  earUer  drMringi  were 
all  commoioed  with  a  mtmotint,  [notum  of  great  power  aad  aren 
grandeur  were  produced. 

The  improved  method,  and  tiiat  which,  in  principle  at  least,  is  still 
praotiBed,  oowistad  ia  abandindng  the  pr^atatory  neutral  grotmd  Uat, 
and  ndntitajf-fn  avary  objaet  in  thaflrst  matanoa  in  rta jropar  m 
ksTUgit  to  aubaequantdksdea  and  tints,  altbar  Udln  thin  washes  of 
transparent  colour,  or  with  a  kind  of  hatehing  rtroke  (tba  distinotira 
"  touch  "  of  the  artist),  to  modify  the  crudity  of  the  first  psinting,  and  to 
impart  the  character  and  aspeot  which  every  part  ahoold  assume  from 
its  plaoe  in  the  picture  and  the  stmosf^erio  mfluenoes  under  whioh  it 
Is  seen.  This  method  originated,  than  can  ba  little  doubt,  in  the 
adoptioQ  by  the  younger  laDdaoape  pafaitera,  Tmaur,  Oiitin,  and  thair 
oompears,  of  the  praotioe  of  mskmg  ontitf-doon  Astchea  and  studiee 
of  aeanary  in  oolouia,  for  which  purpose  the  old  method  of  employing 
a  praporatoiy  monotint  would  ba  found  too  tediona,  and  for  representing 
evaneac^t  atmospheric  phenomena  imjoaotioable ;  while  the  striking 
effects  that  were  produced  in  sketching  1^  painting-jn  the  local  colours 
at  <moa  would  aoon  lead  to  the  adoption  of  a  like  method  for  more 
fin^^ii^  wtaka.  Tat  eren  Tumar  sod  Front  oontinued  to  lay-in  the 
laiger  massss  of  abnSiaw  with  a  monotint,  long  after  thay  am]^OTsd 
looal  colour  in  tiie  first  Instance  in  the  lights  and  middle-tints.  Wnsn 
ODostha  new  method  came  to  be  generally  adopted,  tlie  progress  of  the 
art  waa  very  rapid ;  water-oolour  pdnting  acqoired  a  remarkable  degree 
of  popularity,  utd  its  professors  became  vary  numerous.  In  1805  the 
most  distinguished  [Hnctititmara  of  this  branch  of  art  formed  tham- 
aelvas  into  a  "  Sodetv  of  Painters  in  Water- Colo  on,"  which  has  ever 
sinoe  ooQtanoed  to  hold  an  annual  exhibition  of  the  works  of  its 
membera  at  their  rooms  in  Fall  Hall  East.  In  1832  the  younger 
practitionars,  feeling  that  th^  were  unable  to  bring  tlieir  wc«-ks  fairly 
before  the  public,  established  another  souiety  under  the  title  ol  "  The 
New  Society  of  Painters  in  Water  Colonre,"  and  they  have  in  like 
manner  thor  annual  exhiUtion.  But  both  exhibitions  sn  axcluuvely 
oonflnad  to  tha  moduotioni  of  lha  mvaban.  At  tha  Ifannhnatwi 
Art-lVeaanrea  ExhiUtioD  oi  1857,  a  vary  instmctrra  eollaeUoii  «f 
paintings  in  water-colours  was  broogfat  together  with  a  view  to  lUus- 
trato  the  growth  of  tha  art,  and  it  may  be  anticipated  tiut  a  maoh 
more  oomplote  collection  of  a  similar  kind  will  be  ^own  at  the  bitor- 
natiouol  Exhibition  of  1862.  The  want  of  a  parmaoent  national 
collection  of  paintings  in  this  ossentiaUy  British  branch  of  art  has 
however  long  heat  folt,  uid  though  it  has  not  yet  been  supplied,  the 
nudaaa  of  aoch  a  eolleetion  has,  mdnly  by  the  spirit  and  munifloenoe 
<rf  private  individuals,  been  at  length  formed.   [South  KsKinraTon 

HUSITO.] 

The  practice  of  watar-oolour  piunting  aa  at  preeent  puisoed  in  this 
country  diSen  so  much  according  to  the  habits  of  inoividaal  artists, 
and  so  little  guidance  oould  be  given  in  a  brief  description  of  any 
parlioular  method,  that  it  will  be  best  to  confine  ouiaelvea  to  a  few 
general  remarks.  The  paper  employed  is  usually  of  a  hard  sabstance, 
and  mure  or  less  granulated  aocording  to  tiie  size  and  chvaoter  of  tiie 
pictive,  and  still  more  the  manner  ot  the  artist :  some  using  paper 
with  oijy  a  fine  and  others  with  an  exceedingly  coarse  grain  or  tooth. 
Some  again  prefer  an  atiaorbent  paper,  or  paper  of  a  peculiar  tint, 
and  otheis  produoe  »  peculiar  texture      rubbUi^  agoofpug,  or  other 
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manipulative  prooesa :  some  of  the  moat  ramHdcabla  afibeta  In  thaIr 
pictures  (as  in  the  oase  of  Turner  and  Copley  Fidding  for  instance) 
being  to  a  great  extant  dns  to  some  such  procedure.  Tha  nlgmoita 
emplcmd  are  of  the  ordinary  kind,  prepared  in  cakes  by  the  admixture 
of  a  uttia  gam,  or  "  moist "  by  the  addition  of  honey  or  some  other 
saocharine  matariaL  Tha  colours,  as  wa  have  said,  are  painted-hi  of  their 
pn^MT  local  hue,  and  subsequentiy  modified  till  the  objecta  aeqtUra  the 
mtended  ^peoraooeh  This  was  the  older  paintars  usually  e^ted 
with  transparent  oolonra  only;  but  Turner,  Harding,  and  others  began, 
at  flist  cautiously,  and  thm  with  more  freedom,  to  mix  wUto  with 
thdr  colours,  and  this  has  been  oarried  ao  he  that  now  opaque  (or 
Mg)^  colours  often  form,  as  of  old,  the  subatanoe  of  the  wator-oolour 
paiTitings  of  some  (rf  our  moat  admued  artiste.  Another  innovation  is 
that  of  usin^  gum,  or  soma  other  vehiola  of  a  Hka  quality  (water-gbas 
has  been  txied),  to  give  d»pA  to  the  ahadom.  Theaa  are  howaver 
objected  to  by  many  as  not  Isgjtimato  materials  for  the  waterw»lour 
painter;  but  the  majority  of  painters  consider  that  it  is  lawful  to  use 
any  means  by  which  th^  can  best  oonvey  tiie  impression  they  desire 
to  nrodnoe;  and,  anppoamg  that  equal  truth  and  permanency  aa  well 
as  brilUBnty  can  ba  ao  obt^nad,  there  can  be  little  doubt  that  they 
are  right.  It  most,  howavar,  be  admitted  that  in  many  of  the  mors 
dabonte  recent  ideturaa,  aomething  of  the  exquliate  frashnew  and 
tranaparenty  of  the  earlier  water-oolour  paintings  has  been  lost  in  tiie 
attempt  to  reach  the  force  and  depth  of  oil. 

WATER,  OOMPBESSIBIUTY  OF.   [Elastioitt,  ooL  778.1 

WATER  AND  WATBBCO0B8ES.  The  ri^t  of  oonduoting 
water  throu|^  one  pieoe  of  land  for  the  use  of  another  is  an  incor- 
poreal hereditament  of  the  olaas  of  easements,  and  was  known  in  the 
Roman  law  by  the  name  of  the  tervUui  aqtn  duetiu.  The  right  of 
taking  water  out  of  the  well  or  pond  belonging  to  another  person  is 
an  incorporeal  hereditament  of  the  class  of  iwofits  called  in  the  Roman 
law  the  MrsttHi  ofiHi  kauitut.  These  ri^ts,  in  our  law,  must  be  either 
darivad  from  *  grant  or  aatahlMied  by  preacription.  [PiiESOitiFTioir.l 

It  ia  tha  law  of  England  that  water  flowing  in  a  stream  ia  oiiginalty 
ptthUei  juris,  that  ia  to  say,  a  thing  the  property  of  whioh  twlongs  to  no 
iodividoal,  but  the  use  to  all.  The  legal  iroumpUon  is  that  the  pro- 
vtietm  of  each  bank  of  a  stream  is  ^e  proprietor  of  one-half  of  the 
land  oovered  1^  the  stream,  but  there  is  no  |H«perty  in  tiie  water. 
Every  proprietor  has  sn  equal  ri^  to  use  the  water  which  fiows  in 
liw  itraam,  and  onxaqnently  no  one  oan  have  tha  ri^t  to  use  the 
wmtsr  to  the  prejt^iaa  of  any  other  without  his  eonsent.  No  pro- 
imetor  cm  oithar  dimtnish  the  quantity  of  water  whioh  would  otiier- 
wise  desoand  upon  tha  propriebm  below,  nor  throw  back  the  water 
upon  the  proprietors  above,  so  as  to  overflow  or  injure  iheir  Itmds. 
For  the  same  reason,  no  proprietor  has  a  right  to  use  the  water  of  a 
stream  so  aa  to  injure  ite  quality  to  the  detriment  of  other  proprietorB. 

The  ckHj  modea  in  vAiw  a  x^A  to  the  use  of  nuudng  water,  in  a 
mamiar  ineondrtent  with  tha  cmnmcm  law  righto  of  others  ean  bo 
established,  are  either  proof  of  an  actual  grant  or  licence  from  the 
persons  whose  ri^ts  are  affoctad,  or  proof  of  an  uninterrupted  enj  t^ent 
of  such  a  privilwe  for  such  a  |>eriod  aa  the  law  considers  sumcieut  to 
oonvtitute  a  right  by  preacnptiim.  The  period  of  twmty  years  had 
been  ganeially  fixed  upon  by  the  courts  of  law  and  equity  tor  thin 
purnoas^  and  the  same  period  has  been  adopted  in  tiw  Pnacnptiim  Act 
(3&8inmLiy.,o.71,a.2).  [Pbboeiptiov.]  But  if  water  has  not 
bean  ai^iropriated,  it  aaama  Ihi^  the  person  who  first  appn»ristss  and 
renders  it  useful  aoquires  a  tiig^t,  and  for  a  violation  of  such  right  an 
aotion  m^  be  maintained  on  an  enjt^ment  of  leas  than  twenty  years. 

Tha  privily  of  a  watercourse  is  not  confined  to  private  inoividualfl. 
It  may  be  vested  in  a  corporation,  or  maj  be  daimad  by  the  iohobit- 
anto<n  atownahipor  pariah.  Iflandwith  a  ranof  water  upon  it  bo 
sold, the  watmprtaidj^icie passes  with  the  land;  but  it  islaiddown 
by  Coke  that  if  a  person  grants  aquam  nam,  the  soil  will  not  pass, 
but  only  a  right  of  fishing  in  that  water ;  for  the  proper  words  in  that 
case  to  pass  iob  scnl  would  be,  so  many  sores  Ot  una  aqitd  eoopertas  : 
whereas  the  word  ttoffnvm,  or  pod,  will  pass  both  water  and  land. 
(1 '  Inst.,'  4,  b.)  The  exclusive  ri^t  to  a  flow  (A  water  once  acquired 
ean  only  paaa  bj  gnad  aa  an  inoraponal  haracUtament,  and  a  lioeooe, 
hy  parol  or  othorwiae,  to  nie  or  take  the  water  at  any  plaoe,  may  be 
revoked  even  without  an  axpresa  power  of  revocation  Mng  resetved, 
unless  works  have  bean  oonstraoted  and  a  nm liana  iiioiuiad  upon  the 
faith  of  it. 

When  the  owners  of  property  have,  by  long  enjoyment,  acquired 
spedal  righto  to  the  use  of  watear  in  ite  natural  state,  as  it  waa  aoous- 
tomod  to  flow,  and  not  maraty  a  omv  vAioh  ia  oommon  to  all  the  king's 
subjects,  SB  action  may  be  maintained  for  a  disturbanua  of  the  enjoy- 
ment ;  but  where  the  mjmy,  if  ai^,  ia  to  all  the  Ung'a  subjects,  tho 
onfy  remedy  is  by  indiotment.  The  mere  obstruction  of  water  which 
has  been  aoonatomed  to  flow  through  a  pecson's  lands  does  not  in  itself 
afford  a  ground  of  action.  The  plaintiff  in  such  an  action  must  be 
enabled  to  show,  either  that  some  benefit  arose  to  him  from  the  water 
going  throng^  hialsodi^  of  whicdi  hehaa  bean  dsprived,  or  at  least  that 
some  detariotathm  was  ooeaidonad  to  tiie  premises  by  the  subtraction 
of  the  water;  but  where  the  proprietor  of  the  lands  con  prove  that  he 
is  injured  by  the  diverrion  of  tiie  water,  it  is  no  answer  to  his  action 
to  show  that  the  defendant  was  the  first  perstm  who  ap^iqaiated  the 
water  to  his  own  use,  unless  he  has  had  twenty  yeew  nndistuihed 
enjoyment  ol  it  in  ite  altered  course.  If  the  iDjuiy  occa^ed  by  tte 
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divenion  or  obrtruotion  of  water  is  of  a  permanent  nature  and  injurioui 
to  tits  rerernon,  on  action  may  be  brought  by  the  revflrsioner,  as  well 
aa     the  tenant  in  poueaaion,  each  for  his  reapectiTe  loas. 

The  diTersion  of  watercouraea  or  injur;  to  tlieir  banka  bo  aa  to  cause 
inundation  are  nuis&ooes  againat  which  a  court  of  equity  will  protect 
partiea  by  injunotiui;  wdlf  there  be  a  queation  as  to  we  right  to  the 
flow  of  water,  an  iasue  will  be  directed  to  try  it.  Although  a  court  of 
equil7  will  not  in  terms  decree  the  banks  of  rivers,  waterooursea,  or 
navigaUe  canals  to  be  repaired,  tbe  effect  of  such  an  drder  may  be 
obtained  by  an  order  that  parties  shall  not  be  at  lil>er^  to  use  them 
while  out  of  r^ur,  or  against  their  impeding  the  use  of  them  by  the 
obatnutinu  consequeDt  upon  a  state  of  disrepair.  An  injunction  may 
also  be  obtained  against  conducting  the  water  from  one  man's  tene- 
ment upon  that  of  another  to  his  injury  by  druns  or  otherwise,  in  a 
manner  in  which  it  has  not  been  accustomed  to  flow.  And  it  may  be 
laid  down  generally,  that,  with  respect  to  water  and  waterooursee,  the 
aid  of  a  court  of  equity  may  be  obtained  fco*  the  purpoM  dther  of 
nstrainiag  injttij  or  of  quielJng  possession. 

WATEBFALIA  In  the  article  Valletb  we  bare  ananged  a 
general  view  of  tlifl  main  features  of  the  earUi's  surface,  and  a  sei-ies  of 
inferences  touching  the  forces  whereby  the  diversified  forms  of  hills 
and  valleys  have  been  occasioned.  But  these  forms,  though  on  a  large 
scale  they  appear  permanent,  because  the  great  modifying  agencies 
which  produced  them  have  passed  away,  ore  rrally  undergoing  continual 
change  from  causes  in  daily  operation.  The  most  solid  stone  is  wasted 
the  feeUa  but  unceasing  power  of  decomposition  poaseeaed  by  the 
atmosphere.  Rafai  washes  away  the  disint^rntions  occasioned  by 
varying  temperature  and  chemical  processes ;  tiie  hills  lose  and  tbe 
valleys  gain,  and  the  balance  of  decay  and  renewal  of  land  is  only 
finally  adjusted  on  the  shores  and  in  the  basin  of  the  sea.  Among  the 
phenomena  which  show  this  mutability  of  the  supposed  solid  land 
with  most  distinctness,  are  interruptions  to  the  general  uniformity  of 
tlu  inclinations  of  valleys  and  the  even  slopes  of  hills :  for  uese 
dbaogee  of  slope  are  points  of  variation  of  the  intensity  of  the  agencies 
exidbed  by  the  slope.  These  interruptions  of  uniformity  are  all 
referrible  to  the  unequal  power  of  resistance  which  rocks  of  different 
hardness,  or  dissimilar  position,  or  unequal  thickness,  or  unlike  modes 
of  association  present  to  external  agencies.  Thus  have  been  formed 
round  the  high  limestone  hills  of  the  northern  oounties  a  seriee 
of  rocky  terraces,  not  leas  r^ular  than  the  escarpments  made  by 
militaiy  art ;  and  thus  the  oolitic  rangee  of  the  Cotswold  show 
horizoDtal  motmds  of  sand  and  ditfo  of  stone  above  the  broad  plains  of 
lias  ol^rs  and  red  marls  which  margin  the  Severn  and  the  Avon,  On 
these  grand  features  of  the  earth's  sur&ce  the  action  of  the  atmosphere 
(including  chemical  and  mechanical  operations)  produces  only  slight 
modificotwns ;  but  when  the  terraced  slopes  in  their  flexures  round  the 
hills  turn  into  thevallen,  anew  agency  is  brought  to  work  upon  theoL 
lUvuletB,  howsVOT  small  in  quantity,  and  torrents,  even  such  as  are  of 
only  traaporary  energy,  exert  a  positive  influence  in  wasting  and  trans- 
porting away  earthy  materials ;  and  these  effects  rise  to  a  maximum 
wherever,  from  any  of  the  oauses  already  alluded  to,  the  surface  of  the 
earth  pnsents  soooesuve  points  of  less  and  greater  power  to  resist  the 
action  of  running  water.  Wherever,  in  a  valley  whose  slope  is  con- 
nderable,  the  ro^y  masses  successively  crossed  by  the  strnun  are  of 
very  unequal  hardness,  as,  for  example,  when  solid  limestone  is  found 
resting  on  soft  shale  or  feebly  indurated  sandstone,  a  more  than 
ordinarily  rapid  current  is  occasioned  over  the  lower  beds  of  the  lime- 
stone into  the  upper  beds  of  the  shale.  This  difference  <d  aixfjM  in  the 
running  water  ia  of  a  nature  to  inoreaae  oontinuaUy  to  a  oerbmi  pofait, 
d^ndlng  on  the  relative  firmness  and  thickness  ol  tiie  hard  ana  soft 
rocks,  the  inclination  of  the  valley,  the  magnitude  of  the  stream,  and 
other  less  important  particulars.  Thus  rapidi  and  cataracts  are  formed ; 
and  where  the  conditions  combine  in  the  most  fitvourable  degree  water- 
falls, to  use  that  term  in  a  more  specific  sense,  are  produced. 

The  character  of  titese  varies  aooording  to  the  disposition  the 
yidding  and  resisting  portions  of  tiie  rooka.  Whorerer  atntiiSoation  is 
absent,  as  in  granite,  or  concealed,  as  in  some  metamiHrphio  slatee,  the 
main  features  of  the  waterfall  are  determined  by  the  Erection  of  the 
natural  joints  in  the  stone.  Hence  tiie  picturesque  character  of  the 
falls  of  the  Bruar  (IlighlandB),  Lodore  (Cumberland),  and  the  Bheid- 
diol  (North  Wales),  hi  some  cases  these  natural  joints  yield  in  par^lel 
lines,  and  sive  a  deep  narrow  passage  to  the  wato*.  &«tle  Force,  in 
Cumberlaud,  is  an  example.  But  the  moat  interesting,  if  not  the 
most  idotureaque,  class  of  waterfaDs,  ia  occasioned  1^  Uie  attatifled 
rocks ;  and  the  most  curious  of  them  ore  obeerved  where  hard  lime- 
stones or  gritstones  rest  upon  yielding  shales  or  soft  days.  Bv  the 
continual  action  of  the  stream,  the  shales,  kept  constant^  damp, 
crumble  and  fall  away  even  at  considerable  heights  and  distances  from 
the  points  where  they  are  touched  by  tiie  water.  Urns,  a  hollow  space 
is  formed  beneath  the  limeatone  which  crowns  the  predpice;  koA  thia 
proceeds  so  far  as  to  reach  at  last  Bome  of  the  natural  joints  which 
divide  the  rock.  Then  the  limeetone  &lls  down,  ^e  waterfall  recedes, 
and  the  process  of  removal  and  destraction  is  renewed.  Thus,  on  the 
sides  of  tbe  hills,  in  the  limestone  dales  of  the  northern  counties  of 
En^and,  the  waterfalls  are  daily  receding  up  tbe  streams,  and  thus  are 
tbe  Falls  of  Niagara  forced  continually  farther  up  the  river.  Tbe  pro- 
ooas  ia  by  no  means  slow.  Beneath  Hordrow  Force,  In  Yoibhire  (a 
fall  of  99  feet),  the  effect  sfawe  the  general  volley  of  the  Yore  vrea  exca- 


vated by  other  forces  has  been  to  produce  a  sinaous  glen  within  steep 
vertical  walls  of  rock,  at  the  foot  of  which  yet  lie  grast  lieope  of  fallen 
materials,  which  the  feeUe  atream  that  formed  the  glen  hu  not  been 
powerful  enough  to  remove.  Vor  an  account  of  the  natural  prooeasea 
by  which  the  £Uls  of  yiagaia  have  been  displaced,  and  are  etUl  under- 
going change,  the  volumes  of  Sir  C.  Lyell  ('  Principles  of  Gteology ; ' 
'  Travels  in  N<nih  America ; '  the  former  of  which  are  instructive  on 
all  points  connected  with  the  operations  of  running  water)  may  be 
consulted.  Exactly  such  effects  as  are  here  attributed  to  running 
streams  happen  on  the  sea-coasts  where  rodu  of  a  particular  natnro 
occur  under  analogous  drcumstanees. 

The  phydcs  of  waterfalls  have  reodved  but  Httie  attention,  though 
it  might  have  been  aotidpated  that  tiiey  must  involve  considerations 
of  an  interesting  nature,  end  of  some  pUlosophical  inmortance ;  for  in 
them  we  have  l^e  prindpol  coses  in  nature  of  tbe  meonanical  agitation 
and  division  of  water,  resulting  chiefly  from  ita  own  inertia,  gravity, 
and  momentum.  In  the  sraatest  waterfall  in  Eurcme,  for  ozamplsy  the 
Voring  Fos,  near  the  Hazoaoger  Fiord,  in  Weston  iTonny,  we  nare  a 
very  laige  bo^y  of  water,  and  a  dear  Call  of  900  feet.  It  descends 
into  a  narrow  bare  oharai,  the  sides  of  which  are  very  nearly  perpen- 
dicular. "The  spray  dashes  up  from  bdow  with  such  force,  that 
another  water&ll,  which  descends  on  the  opposite  side  of  the  diasm. 
is  actually  stopped  by  it  and  disperaed  before  it  can  reach  the  bottom." 
(H.  F.  Tozer, '  Taoation  Tomiata  in  1690.') 

The  late  Captahi  Badl  Hall,  in  Us  '  Travels  hi  Korth  America,' 
thus  describes  the  involution  of  dr  in  the  Horseshoe  Fall  of  Niagara, 
and  its  subsequent  disengagement.  "  This  enormous  cataract,  in  its 
descent,  like  every  other  cascade,  carries  along  with  it  a  quantity  of 
air,  which  it  forces  br  bdow  the  surface  of  the  water,  an  experiment 
which  ainr  one  may  tiy  on  a  small  scale  by  pouring  water  into  a 
tun^Uar  from  a  heights  The  quantity  ot  air  thoa  carried  down  brf  so 
vast  a  river  as  Niacin  must  be  great,  and  the  depth  to  wbidi  it  is 
driven  in  all  probability  oonsiderable.  It  may  also  be  much  oondeosed 
by  the  pressure ;  and  it  will  rise  with  proportioitate  violence  both  on 
the  outside  of  the  cascade,  and  within  the  sheet  or  curtain  which  forms 
the  cataract"  He  mentions  also  the  blast  of  wind  whidt  risso  accord- 
ingly from  the  pool  on  the  outside  of  the  sheet  To  the  explodon,  as  it 
may  be  termed,  of  the  liubbles,  thus  oonstitutiDg  this  enormous  and 
perpetually  rcawwed  acGomolation  ol  bursting  froth,  we  must  aaeribe 
the  greater  part  of  tbe  sounds  which  combine  to  produce  the  roar  of 
the  Niagara  falls.  In  doing  this  we  apply  to  the  aubjeot  the  observa- 
tions ot  Professor  Tyndall,  on  the  sound  of  breakers  and  the  roar  of 
the  ocean,  ('  Vacation  Tourists  in  I860,'  p.  S07,  note.)  The  impact 
of  vnter  against  water,  he  has  shown,  is  a  comparatively  subordinate 
aouroa  of  aoond ;  thoiu^  in  this  case,  from  the  enormous  masssa  of 
water  oonoemed,  and  we  momentum  whidi  those  of  the  river  acquire 
from  the  hcds^t  from  whiob  they  descend,  the  sounds  proper  to  that 
impact  most  be  very  considerable.  The  sonorousness  of  tbe  roar,  also, 
agrees  with  this  ascription  of  it,  prindpall^,  to  the  violmt  impact  of 
air  against  dr,  the  air  impinged  upon  bemg  tiiat  of  the  free  atmo- 

Sbwe,  hy  which  the  sound  ia  oommunioiSed  to  the  ear.  The  ei- 
adtma  of  the  bubbles  must  take  place,  la  monv  instances,  with 
eoormoua  force,  owing  to  the  redatanoe  preaeuted  the  ttiimwn«« 
oobedve  power  of  films  of  wvter,  and  ooeiakn  eorraqionding  loudnsH 
of  tbe  aounds,  vriiidi,  however,  in  ooolesoflnoe  and  rapid  suooassioD 
ore  heard  as  an  interminable  roar. 

To  these,  no  doubt  ^ormous  bubbles  of  condensed  dr,  rushing 
upwards  to  the  surface  of  the  pod,  and  expanding  as  they  rise,  we 
muik  also  probably  attribute  tiie  production  of  the  diaq>-poiiited 
conea  of  water  whldi  are  omtinually  projected  upwaids  from  the  pool, 
cm  the  ontdde  of  tbe  fall,  sometimes  to  the  height  of  a  hundred  and 
ten  or  twenty  feet.  The^  are  further  described  by  Captain  Hall  (who, 
however,  expresses  no  opinion  as  to  their  origin),  as  resembling  some 
comets  in  form,  their  point,  or  apex,  which  ia  dwajrs  turned  upward, 
being  quite  sharp,  and  not  larger,  he  estimatea,  "  tituu  a  man's  fingers 
and  thumbs  toou^xb  as  nearly  to  a  point  as  posdble.  Tbe  oonicol  tails 
whidi  stream  from  these  watery  meteors  may  vary  from  one  or  two 
yardsjto  ten  or  twdve,  and  are  spread  out  on  all  rides  in  a  very  curious 
manner."  The  actual  production  of  these  cones,  and  tiieir  emergence 
from  tbe  surfoce  of  the  pool,  which  must  be  their  beginning  above 
water,  if  the  origin  here  ascribed  to  them  be  the  true  one,  are  concealed 
by  the  douds  of  n>ray  in  which  the  bottom  of  the  foiling  sheet  is 
oonatantly  hidden  from  the  view.  Out  of  this  thar  are  at  all  timet 
saen  darting  up. 

This  cloud  or  mist  of  spray  is  itsdf  an  interesting  phenomenon, 
charaoteristio  more  especially  of  great  falls,  like  those  of  Niagara, 
uniting  depth  of  &II  and  quantity  of  vrater.  It  arises  from  the  bottom, 
where  the  impact  of  the  descending  upon  the  still  or  merely  flowing 
water  takes  place;  and  it  involves  Mvard  physical  oonauerations 
which  seem  to  have  aacqted  notios^  Aa  produora  oy  the  Niaaam  foll^ 
its  extent  and  viidbUity  from  a  diatanoe  have  often  beaoi  desoribed. 
The  lower  part  of  the  great  fall,  according  to  Captain  B.  Hall,  is 
dways  conc^ed  by  this  rolling  cloud  of  spr^,  which  waves  backwards 
and  forwards,  and  rises  at  times  to  tbe  height  of  voanj  hundred  feet 
above  the  falls.  Isaac  Wdd  describes  it  as  consisting  of  thick  volumes 
of  whitish  mist,  having  much  the  appearance  of  smoke  rising  from 
heaps  of  burning  weeds ;  such  smoke,  it  may  be  added.  Itself  orauust- 
ing  prindpally  of  steam  oondeoBed  into  globules  of  water,  or  ateom- 
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cload.  The  same  ttaveller  relates  that  this  "  cloud  formed  from  the 
Httay"  of  tiie  Miagan  fulia  waa  aeea  by  him  aad  hia  party  on  Lake 
Ontario,  at  the  diatanoe  <d  flf^fmu  muaa,  u  "  a  small  white  doud  in 
the  homoDi"  which  remained  steadily  fixed  in  tbe  aame  spot,  ita 
di^pe,  aa  oheerred  bgr  a  telescope, "  varied  every  instant,  owing  to  the 
continued  rising  of  the  miat  from  the  cataract  buieath."  But  it  is  only 
seen  at  such  adiatance,  he  adds,  when  the  "  air  ia  very  clear  and  there 
is  a  fine  blue  sky."  Weld  also  describes  the  -now  wedl-known  appear- 
ance of  coloured  bows  in  the  spray,  similar  to  rainbows,  and  for 
which  it  wiU  be  convenient  in  this  article  to  use  that  appellation. 

Notwithstanding  the  production  of  these  rainbows,  [mving  the  mist 
to'eonast  of  separate  drops  of  water,  in  the  oondititm,  in  fact,  of  small 
nun,  it  has  frequently  been  described  as  vapour,  wd  identified  in  nature 
with  fog  and  Ute  olouda  of  the  sky,*  although  rainbo'ws  do  not  occur 
in  them,  aiid  although  we  have  no  reason  to  believe  that  the  ooaversion 
of  water  into  vapour  can  ever  take  place  by  mechanical  action,  however 
T»^t  and  c<»itinued.  Weie  this  possible,  indeed,  it  could  not  bat 
take  place  at  th^eae  &!ls,  wh«e  the  water  is  perpetually  exposed  to  the 
omsequcDces  <A  greater  meohaaicsl  force  than  under  any  other  circtun- 
staineea  whatever,  either  in  nature  or  art ;  where  indeed  all  the  circum- 
stances are  most  favourable  to  such  conversion,  were  it  physically 
possible. 

We  have  seen  in  Ute  example  of  the  Toritu;  Fos,  how  enormous  is 
the  force  with  which  the  spray  into  whidi  the  descending  is  divided  by 
the  momentum  with  which  it  falls  upon  the  still  water,  and  partly,  no 
doubt  by  the  resilient  elasticity  of  the  Uttffi*,  is  driven  upwards.  Such 
spray,  but  greatly  varying  in  magnitude^  number,  and  approzimatdon  of 
imrticlee,  and  therefore  m  their  aggregate  effect  and  appearance,  may 
be  produced  under  conditions  in  which  water  impinges  with  great 
force  upon  water,  or  upon  solid  bodies,  or  solid  bodies  upon  it ;  also  aa 
in  atorm-tpray,  by  the  action  of  the  wind  on  the  surfaoa  of  the  sea,  by 
whidi,  as  by  the  perpetual  action  of  waterfalls,  perastent  mist  is  fr&- 
wtently  occasioned.  FurUier,  it  is  produced  to  a  suffioient  extent  for 
Uie  ^peaiance  of  rainbows,  when  the  waves  of  the  sea,  at  their  sum- 
mits, curl  and  break  into  foam  under  the  force  of  a  breeze.   Bub  the 

ry-n^  of  great  waterfalls  ia  in  all  probability  occamoned,  in 
greatest  df^ree,  and  as  connsting  of  tbe  most  minute  particles, 
by  the  violent  bursting  of  the  multitudinous  air-bubbles  shnady 
described,  forming  the  froth  or  foam  oi  the  fidls,  hy  Thich  the  films  of 
water  inclosing  the  air  are  rent  into  minute  dust,  as  it  were,  of  water, 
incalculable  in  the  number  of  particles  in  a  given  space,  and  capable  of 
suspension  in  the  air,  like  the  globules  of  which  thq  clouds  of  the  sky 
themselves  confust.  [Clovds-J 

These  parti<des,  however,  differ  greatly  from  those  of  the  clouds,  and 
the  oonnaction  (tf  their  history  with  the  subjects  of  the  smaUness  of 
the  particles  into  which  water  is  thus  mechuioslly  diviiiUe,  and  the 
true  nature  of  the  clouds,  and  of  the  globules  or  particles  composing 
thou,  ia  in  several  respects  instructive.  The  spray  of  waterfalls  and 
of  tiie  Gresta  of  waves  conrists  of  globules  or  particles  of  water,  result- 
ing, exclusivety,  from  ita  mechanical  diviuon ;  but  the  production  of 
perfect  rainbows  in  it  evinces  Uiat  it  is  identical,  within  certain  limits, 
in  respect  of  the  magnitude  of  the  particles,  thdr  distancB  from  sack 
othffiT,  and  their  distribution  in  a  given  space,  not  with  true  cloud,  but 
with  the  minute  rain  in  which  the  rainbow  of  Uie  aky  occurs  under 
ordinary  drcumstancee.  We  have,  therefore,  in  the  pn^uotion  of  that 
meteor,  a  kind  of  measure  of  tlu  msgnitode,  constitation,  and  dis- 
tribution of  the  partidee,  which,  fat  all  thene  ombIj  it  is  demonstrable 
must  be  geometncally  sc^ 

We  imn,  in  aerml  articles,  alraadf  noorded  our  belief  that  the 
g^bules  a<nistitnting  the  clouds  are  not  hdlow,  and  our  disbelief  <rf 
the  existence  of  wlu^  has  been  termed  'vesiculia-  vapour/  that  is,  of 
veddes  of  water  (whether  containing  vapour  or  not),  resulting  from 
the  condensation  of  invisible  vapour  or  water  in  its  pure  gaseous  con- 
dition. Sir  J.  F.  W.  Herachd  ('  Meteorology,'  par.  92,)  t^ter  describing 
tbe  production  of  mist  or  fog  [Mist]  by  the  predpitation  of  moisture 
from  the  atmosphere,  ofiian  too  following  important  obaervation  on  the 
subject  in  qneanon. 

"  It  is  a  &vourit«  dogma  with  many  meteorologists,  that  the  particles 
so  predpitoted  assume  the  fonn,  not  of  drops,  but  of  boUow  spneree  or 
bubbles.  De  Saussure  states  that  he  has  sees  such  floating  before  his 
eyes  in  clouds  and  fogs  on  the  Alps ;  and  the  dusty  appearance  of  the 
vapour  floating  over  a  cup  of  coSee  in  the  sunshine  is  adduced  in 
proof.  The  stnmgest  argument  in  their  &vour,  however  (for  there 
is  great  room  for  optical  lUusiou  in  such  matteTs),  is  that  aiMuced  by 
KratateniteiD,  that  the  sun  striking  <ai  a  fog  cloud  [t1  produces  no 
rainiiow,  which  it  ought  to  do  wwe  the  wata*  ooUeotea  In  spherical 

*  Sir  C.  JjjtUt  for  example,  In  hla  *  Travels  ia  North  America,*  fint  identifies 
the  spny-clottd  of  -Niagara  foils  with  the  doude  of  the  atmtMphere,  and  then 
with  the  undoubted  steam-cloud  rising  from  Etna  (and  other  volcanoes),  irhiob 
he  also  tdentifles  with  the  clouds,  Tegardlng  both  phenomena  as  eUoidatlog  their 
nature.  But  while  the  steam-donds  of  vcdeanoea  are  InduUtaUy  of  the  uffle 
natnxe  with  Ute  dooda  of  the  atmosphere,  the  ipray^^Iotid  of  Niagara,  sa  ihawii 
above,  b  dUhrcDt,  notwltbstandbir  its  appeanuoe. 

[f  Ihe  cotoored  bow  similar  to  ibat  produced  by  rain  observed  In  mists  lying 
upon  low  grounds,  as  mentioned  in  the  article  Baimhow,  la  evidently  caused  by 
the  drops  of  water  resnlUng  from  the  aggregation  of  the  aqueous  particles 
ooQStitoUsg  the  mist,  by  the  same  prooen  as  the  prodnotlon  of  tain  from 
doeda.] 


dropt.  This  argument  does  not  admit  of  a  ready  answer  j  but  the 
difficulty,  on  the  other  hand,  of  conceiving  any  possible  mode  in  which 
such  bubbles  can  be  formed,  disposes  us  to  believe  that  the  extrame 
minuteness  of  the  globtiles  may  perhaps  be  found  to  afford  one,  thdr 
diameters  being  probably  of  an  order  comparable  witii  the  breadths  of 
the  luminiferous  unduls^ious."  * 

In  the  ateom-doud  issuing  from  the  boiler  of  a  locomotive  engine, 
whether  immediately  above  the  funnd,  when  blowing  off,  or  at  a  dis- 
tance from  it,  or  in  the  pufEa  of  steam  given  off  during  the  course  of 
the  engine,  no  ninbow  is  ever  viuble,  as  tiie  present  writer  can  testify 
from  obswration :  they  appear  to  be  phyucally  identical  with  the 
douds  of  the  sky.  With  tlus  agrees  another  point,  tite  production  in 
all  these  cases  of  opalescent  vapour  [Vafoob,  Ofalbsozht  ;  WuthEb], 
which  also  is  always  caused  in  the  douds  of  nature ;  intCKnrening,  as  a 
middle  term,  in  the  conversion  of  invisible  vapour  into  doud,  and  in 
tbe  resolution  of  doud  into  invisible  vapour,  Ita  occurrence  in  both 
prooaases  may  be  observed  in  and  about  the  clouds  at  almoat  all  timss 
during  tiie  presence  of  the  sun,  or  just  before  or  after  it;  but  leas  fre- 
quently, and  only  under  favourable  circumstances,  in  moonlight.  The 
Bolor  radiation,  and  the  oapadty  of  the  air  for  more  vapour  on  and 
above  the  upper  surfaces  of  douds,  often  render  the  intervention  of 
opaleaoeat  vapour  invisible  in  tiiat  situation,  but  it  may  ^woys  be  seen 
in  the  reverse  process,  in  the  vapour-plane  or  vapour-Kone  [Vapoub- 
PliAin}  at  the  base  of  mnsiea  of  clouds,  espedsUy  of  cumuli.  But  the 
production  of  opalescent  vapour  does  not  occur  with  the  spray  of  water> 
iallfi  or  waves.  The  reason  seems  obvious.  The  douds  of  the  atmo- 
sphere and  of  the  steam-engine  consist  of  globules  so  minute  that  very 
^ht  local  changes  of  temperature  will  e&ot  their  resolution,  Imd  so 
near  to  eooh  other  that  the  amount  of  opalescent  vapour  produced  by 
every  one^  individual^,  coalesces  into  an  aggregate  mass  for  all,  so 
that,  though  only  momentary  for  each  ^bule,  it  is  petiistant  fbr  the 
mass,  and  therefore  becomes  visible.  But  tihe  partides  tlie  qnay 
aro,  comparativdy,  so  latge,  that  much  greater  mtTerenoes  of  tempera- 
ture are  required  for  their  conversion  into  invisible  vapour,  and  also  so 
distant,  comparativdy,  from  each  otiier,  that  the  local  momentary 
opalescence  ceases,  before,  by  the  ooslesoenoe  of  that  froduoedat  many 
points,  it  can  become  visibl^ 

We  may  nf sly  oondude,  therefore,  it  would  appear,  from  sll  these 
facts  and  siguments,  and  in  corroboration  of  opinions  generally  but 
not  universally  hdd,  that  tiie  clouds  are  really  composed  of  exoeesivdy 
minute  globufee  of  liquid  water,  not  hollow,  and  not  consisting  in  any 
re8i>ect  of  vapour  (tiiough  nec^sarily  intermingled  with  it),  which, 
having  resulted  from  the  condensation  of  volumes  of  continuous  vapour, 
<n-  of  vapour  no  otherwise  disoontinuous  than  as  oocasioned  by  the 
uniformly  intetapenad  particles  of  the  air,  are  formed  at  inaensible 
distances  from  each  other ;  and  that  these  at  length  (under  oiroum- 
stances  not  altt^ther  understood,  and  wlwther  related  primarily  to 
heat  or  to  dectricity  is  also  tmcertain)  coalesce  into  much  larger  glo- 
bules, or  drops,  exceeding  in  diameter  the  breadths  of  the  luminiferona 
undulations,  and  therefore  capable,  like  the  drops  of  waterfall-  and 
wavoHspray,  of  exhibiting  the  rainbow. 

Minute  dobules  or  partidea  of  water,  it  is  now  evident,  exist  of 
sevend  orders  of  magnitude,  eaoh  order  having  characteristic  proper- 
ties, whether  of  its  own,  or  ariring  from  the  mutual  distance  of  Uie 
partides  and  their  consequent  niunber  in  a  given  space,  or  from  the 
mingling  with  them  of  pure  tran^arent  aqueous  vapour,  ot  air,  or 
both. 

The  aniUcatioii  to  waterfalls  of  Professor  TyndaU*s  observations  on 
ihe  soond  of  agitated  water,  was  founded  merdy  upon  his  note  in  the 
'  Vacation  Tourists,'  dted  above,  the  writer  of  the  above  remarks  on 
tbe  physics  of  the  subject  not  having  seen  the  paper  in  the '  Philo- 
so[dLioal  Magazine '  referred  to  in  that  note,  until  after  they  were  in 
type.  Professor  Tyndoll,  after  alluding  in  that  paper  ('  Fiienomena  of 
a  Water-Jet ')  to  the  roar  of  the  ocean  as  bdng  caused  by  the  bursting 
of  bubbles,  himself  ai^dies  his  inferenoes  to  water&lls  In  the  following 
manner ; — '*  It  is  the  same  as  regards  waterfalls.  Wore  Niagara  con- 
tinuous and  without  lateral  vibration,  it  would  be  as  ulent  as  a  cataract 
of  ice.  It  is  possible,  I  believe,  to  get  behind  the  descending  watw  at 
one  place  [this  is  readily  practicable,  and  frequenUy  done] ;  and  if  the 
attention  of  travellera  were  directed  to  the  subject,  the  moss  might 
perhaps  be  tetn  throu^k.  For  in  all  probability  it  also  has  its  '  con- 
traoted  sections,'  after  passing  which  It  is  broken  into  detadied  masses, 
which,  plunging  suocesdvely  upoa  the  air-bladdoa  formed  by  thdr 
precursors,  suddenly  liberate  their  ooutenta  and  thus  oreate  the  tiiunder 
of  the  water&U." 

Professor  Magnus,  of  Berlin,  It  appears,  was  the  first  to  account  for 
the  production  of  bubbles  when  water  is  poured  into  a  gloss, — ^tiie 
same  physical  phenomenon  as  tiieir  producticm  by  waterfalls.    It  is 

*  This  is  one  of  the  very  Ibw  oases  In  which  it  hsabeenpoosIUe  toeonsUer  the 
sensible  magnitudes  «i  the  partides  of  pooderaUe  matter  as  proportioned  to  the 
measnraUe  attributes  of  the  ether,  or  to  treat  then  as  eommsarotate.  Another 
ease  has  been  pointed  out  by  Dr,  Paradsy,  who  has  shown  that  seven  and  a  half 
lenves  of  gold-leaf  might  be  placed  in  the  space  oocupled  by  a  single  undulation 
of  the  red  ray  of  tight,  and  five  in  one  of  the  violet  ray ;  so  that  a  single  leaf  of 
beaten  gold  occupies  in  average  tUdcnau  no  more  Qion  from  on»«lghth  to 
on»JUthpartef  awaveof  Ili^  (*Pn»  orifaiy,XBBL,'ToLli,,p.fU|  *PU1 
Trans.,'  1«C7,  p.  147.) 
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briefly  thus,,  as  he  proved  by  experiment :  aoonoaTity  ia  formed  by 
tbe  falling  water  at  the  pomb  where  it  strikes  the  water  below;  thu 
doses  in  as  soon  as  the  l«kst  motion  has  been  imparted  to  the  stur&oe, 
and  the  air  within  ib  is  carried  downwards.  It  will  readily  be  aeen 
how  iUustiatiTe  thii  explanatioD  is  of  a  part  of  Cuit  B.  Hall's  aocount 
of  the  air-bubbles  at  Ihe  Niogiun  falls,  and  of  the  wpHoatitms  of  it 
above ;  but  no  part  of  the  air,  it  must  be  inferred  from  the  experi- 
ments of  Profeesors  Magnus  and  Tyndall,  is  carried  down  by  adhesion 
to  the  water. 

In  another  part  of  his  paper,  Profouor  l^dall,  illustrating  ezpeii- 
mentally  the  subject  of  Uie  contracted  vun  [Htdrodthahios,  coL  774], 
desoribes  the  resolution  of  the  vein  or  stream  of  water,  after  passing 
the  contracted  section,  into  detaohed  masses ;  and  obaenres,  "  Follow- 
ing  the  jet  downwards,  we  find  that  these  masses  become  more  and 
more  attenuated ;  and  were  the  hei^t  sufficient,  they  would  finally 
appear  as  a  kind  of  water-dust,  an  example  of  iriiioh  on  a  lat^  scale  ia 
furnished  by  the  Slavi-baeh,  near  Lauterbrunnan,  in  Switserland. 
Travellem  usually  attribute  the  breaking  up  of  the  Btaub-bach  to 
atmoqiherio  redstanee,  but  tiie  latter  has  oomparatlTely  little  to  do  in 
the  matter ;  were  the  surroundbg  space  a  vacuum,  the  same  would  be 
exhibited."  This  indicates  an  additional  and  very  eSective  cause  of 
the  production  of  watn^all  spray,  and  is  probably  applicaUe  to  the 
phenomena  of  the  Yortng  Fos,  notaoed  above,  which  appear  not  to  be 
accurately  understood.  (See  '  PhiL  Mag.'  Series  4,  vol  i.  p.  1,  and 
p.  105.) 

WATER-GLASS  PAINTING,  a  method  o£  painting  in  which  the 
vehicle,  or  binder  of  the  coloivs,  is  a  soluble  alkaline  silicate.  This 
process,  which  haa  been  in  Tise  for  some  years  in  Qermany  for  mural- 
paintfiig,  and  in  whidi  Kaulbaeh,  among  otiwra,  has  piunted  all  his 
Uter  wall-noturas,  wpeen  to  hare  been  invented,  or  grewy  improved, 
by  Dr.  Johann  N.  Ytm  Fuchs,  who  termed  it  Stenoekromy,  and  pub- 
lished a  pamphlet  explanatory  of  the  process  and  poinidng  out  its 
advantages.  This  has  been  translated  for  private  drculation  by 
direction  of  the  Prince  Consort  (chiefly  with  »  view  to  the  consider- 
ation of  the  applicability  of  the  process  to  the  paintings  in  the  New 
I^laoe  at  Westminster),  under  the  Utle  of  'The  Mnnufocture,  Pro- 
perties, and  Apptioations  of  Water-Qlaas  (soluble  alkaline  silicate), 
including  a  Prooess  of  Stereochromio  Rtinting.'  Kr.  D.  Hadise,  B.A., 
who  was  aigaged  on  the  preparatory  labours  connected  witii  painting 
in  freaoo  aurge  pictiTre,  '  The  Meetjng  of  Wellington  and  Blucher/ 
in  one  of  the  two  smtces  (46  feet  in  length)  in  the  Royal  Qallery  of  the 
House  of  Lrads,  ana  who  had  been  greatly  impressed  vrith  the  failure, 
as  rq^rds  penuatMU?,  of  the  recently-painted  frescoes,  was  led  by  a 
perusal  of  thia  pamphtet  to  determine  on  lubmitting  the  water-gUH 
process  to  a  >Barcning  inreeti^tion.  He  acoordin^ly  made  various 
experiments,  and,  not  suoceedun^  to  his  satisfaction,  proceeded  to 
Germany  to  make  himself  acquamted  with  the  method  as  actually 
practised  there,  and  to  ezanune  the  woAa  executed.  The  result  was 
his  conviction  of  its  eiutability.  He  has  unce  executed  various  trial 
pictures,  and  he  is  now  minting  his  great  picture  with  water-^asa. 
Mr.  J,  R.  Herbert,  R.A.,  who  is  engaged  in  pointing  the  Peers'  Rohing- 
Room,  also,  having, "  after  repeated  experiments,  modified  it  aocrading 
to  his  own  views,  espreasee  himself  entirely  satisfied  with  it.  As  its 
working  cspobilitiea  have  so  far  satiefied  the  practical  artist,  and  the 
finished  examides  tippeax  to  have  withstood  sucoesafully  not  only  the 
efibot  (rf  timor-**  T"^  too  Mef  to  he  condudve,— but  «£n  the  various 
teste  hitherto  ftp^ed,  the  jwooess  would  seem  to  merit  very  attentive 
coneideration.  The  frescoes  painted  vritfain  ttie  last  few  years,  not 
only  in  this  country,  but  in  Germany,  where  so  much  more  attention 
has  been  ^ven  to  them  and  artiste  are  so  thoroughly  familiar  with  all 
tiie  warkiag  details,  have  for  the  meet  become  deteriorated  to  a  veiy 
marked  extent;  and  it  will  be  an  ^Tnmm—  pin  if  the  water-glass 
proosM  provflB  to  be  »  really  permanent,  as  it  would  seam  to  be  in 
other  renecta  an  effldent,  subetittite.  It  will  he  no  doubt  Intareeting 
to  give  a  brief  general  statement  of  the  process ;  for  further  partdculars 
we  refer  to  the  '  Twelfth  Report  of  ttie  Commissioners  on  the  Fine 
Arts '  (1861),  in  an  i^>pendix  to  which  Bfr.  Madise  has  given  a  very 
full  aooouni  aS  his  ai^arienoa  and  ample  details  of  ue  modes  of 
woiUng. 

The  Watflr-Olasiisoomposed  of  powderad  qusrtc  (dlloa)  hoOad  in 
purified  potsss  or  soda,  but,  acooidins  to  Dr.  F«ttenkofer,  the  ddef 
authority  on  the  subject,  the  potass  suittioa  Is  to  be  prefcned.  It  ia 
prepared  by  chemists  of  diSerent  d^reea  ot  strength,  according  as  it  is 
to  be  employed  for  li^ing-on  the  colours  or  for  firing.  The  pigments 
are  the  same  as  those  used  in  fresco-painting,  but  zino-white  is  the 
only  white  that  can  be  relied  on.  The  ground  is  an  intonaoo,  formed 
of  river-sand  and  Portland  cement  precisely  as  for  Fbi800>  but  imae* 
what  more  absorbent.  Kaulbaoh  has  the  ground  {vqiared  vrlth  a 
granulated  surface,  insisting  that  "it  shonld  fed  to  the  touch  like  a 
coarse  rasp ; "  but  tins  does  not  appear  to  be  necasBaty.  A  smooth 
ground,  if  carefully  prepared,  takes  uie  colours  with  equal  facility ; 
and,  in  fiut,  the  dagie*  of  roughnesa  or  smoothnees  may  be  regulated 
si  the  pleasure  and  aoeording  to  the  manner  of  the  pidnter.  After  the 
iutonaco  has  been  wdl  dried,  and  the  cement  hardened,  the  supo^cid 
sand  is  to  be  sw^t  off,  and  the  surface  to  be  moistened  with  a  saturated 
nlutim  of  carbonate  of  ammonia  (Mr.  Madise,  we  believe,  employs 
lime-water),  when  it  is  ready  for  punting  on. 

The  painting  itself  mar  b«  '•xecuted  in  two  wiqn.   In  the  first,  the 
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water-glass  in  a  diluted  form  is  mixed  with  tiie  colours,  and  used  as  • 
vehicle  in  woAing.  But  Mr.  Madise  found  that  it  was  hardly  possible 
to  work  with  audi  a  vdiicle  with  sufficient  facility, "  because  of  its 
stitfoning  the  brudi,  and,  as  it  were,  petrifying  the  contents  of  the 
pdette  before  the  minting  could  be  accomplidied  even  by  the  most 
rapid  execution."  The  solution  may,  of  course,  be  diluted  so  as  to 
odmit  of  the  painting  being  executed  with  much  greater  facility ;  but 
this  can  only  be  done  at.  the  expense  of  the  fixing  qualities  of  the  fluid. 

The  other  method— tliat  employed  by  Eauliuvch  and  his  anistants, 
and  adopted  by  Hr.  Madise— oonsiats  m  simply  using  distilled  water 
as  the  vehide,  and  fipTubing  the  parts  as  the^  advance ;  and  on  the 
following  day,  when  the  finished  work  is  qmte  dry,  ^plying  to  it  a 
solution  of  water-£^as8,  formed  of  "  two  parts  water  and  one  of  the 
concentrated  liquor  imported  from  Berlin,  and  this  solution  having 
been  twice  apjuied,  the  pdntins  is  now  perfectly  fixed."  (Madise.) 
Mr.  Mwdise  ap^es  the  water-^uss  "  freely  with  a  large  flat  waters 
colour  bnuh."  The  Berlin  arbsts  use  a  syringe  of  peculiar  oonatruc- 
tion;  and  Mr.  Maclise  finds  great  advantage  in  "  ahedding,  W  means 
of  a  syringe,  a  spray  of  coloured  water  over  any  portion  ot  we  wall- 
poiuting,"  and  thuu  producing  "  very  easy  and  pleasing  changes  in 
hues"  where  it  may  be  deemed  neceasary.  The  pnncipal  condiUona  of 
sucoesB  appear  to  Mr.  Maclise  to  be  Uut  the  dcture  should  be  thinly 
painted,  water  ba  freely  used,  and  the  ground  be  carefully  ^epared 
and  very  aboorbent. 

In  appearance  vrater-glaas  painting  bean  »  dose  affinity  to  fresoo. 
It  is  flat,  free  from  gloesmees,  and  the  colours  iq>pear  opaque ;  but  the 
surface  may  be  reD<kred  glossy  by  udng  a  concentrated  solution  of  the 
water-glass  as  a  vamiah.  As  it  is  for  mural  painting,  however,  that  the 
water-gbsB  method  seems  espeoidly  fitted,  the  flat  nnshining  surface  ia 
an  advantage.  In  oomporison  with  fresoo,  its  nmsriority  seems  to  con- 
sist in  tiie  odours  remaining  quite  unaltered  wlulst  working  and  when 
dry ;  in  the  process  allowing  the  {octure  to  be  retouched  and  carried 
out  to  any  degree  of  finish  not  only  during  its  progress  but  after  the 
"  fixing ;  and,  finally,  that  it  promises  to  be  permanent.  On  this  last 
and  moat  important  point  we  may  remark  that  whilst  Kaulbach's  great 
frescoes  have  become  seriously  deteriraated,  his  large  water-glasa 
paintings  remain  quite  nniojured;  and  in  Munkh  some  stereoehrome 
pictures  are  add  to  have  existed  for  twenty  yean  vrithout  exhlUting 
any  symptoms  of  decay,  whilst  the  frescoes  are  all  more  or  lees 
dunatfed. 

WATER,  HOLY  (in  French,  Eau  hSnile,  or  blessed  water ;  but  in 
Italian,  Aqua  tanta,  as  in  English),  is  water  bleesed  b^  the  priest, 
which  is  used  in  many  ceremonies  of  the  Roman  Catholic  church,  as 
in  the  offices  of  baptiun  and  burid,  and  in  various  parts  of  tiie  mass  or 
ordinary  service.  There  is  commonly  a  font  of  hdy  vrater  in  the  porch 
of  Romui  Catholic  chtvches,  into  wuch  the  oongregatlon  as  they  enter 
the  church  dip  their  fingers,  and  then  make  the  sign  of  the  cross  upon 
their  foreheads.  The  holy  water  is  mixed  with  salt ;  and  this  is  naid 
to  have  been  first  done  by  Pope  Alexander  I.,  in  the  banning  of  the 
2nd  century.  Some  make  Pope  Alexander  to  have  been  Uie  inventor 
of  holy  water  dtogether.  Protestant  writers  have  been  accustomed  to 
trace  the  holy  water  of  the  Komish  church  to  the  pontificd  lustrations 
of  the  pagan  Greeks  and  Romans ;  but  both  the  pagan  and  the  Chris- 
tian practice  may  perhaps  be  more  correctly  referred  to  the  natural 
feeling  which  pomta  out  water  as  the  symbol  of  purification.  In  the 
ancient  churches,  in  the  middle  of  the  Atrium,  or  sqiutre  plot  of 
ground  between  the  porch  and  the  diurch,  was  comtuonly  a  fountain 
or  dstem  of  water,  in  which  the  people  washed  thdr  hands  and  faces 
before  they  entered.  Holy  vrater  is  also  used  in  the  Greek  church, 
but  without  salt.  The  mixture  of  the  sdt  and  water  is  interpreted  by 
some  Roman  Catholic  divines  as  typifying  what  is  called  the  hy[ioatatic 
union  of  the  nature  of  Christ,  the  salt  being  the  emblem  of  his  (Uvinity, 
the  water  of  his  hnmani^. 

WATER-MACHINES.  rrimBinKa;  Watxb-Wusels.] 

WATER-MEADOWS.  Pbmqatiom.I 

WATER-MILLS.  [WATKE-WHERLa.] 

WATER-PARTING,  in  phyncd  geography  and  geology,  tlie  term 
recKitly  substituted  for  that  of  Watodied,  tuen  as  the  cquivdent  of 
the  German  WamntAeide,  in  its  primary  ai^  Migind  signiflcatioD,  that 
nt  the  line  of  separation  between  the  contiguous  basins  o£  two  nrers. 
[Rivers;  Watkbshed,! 

WATER-PIPES.  In  addition  to  what  has  been  said  on  the  subject 
of  the  flow  of  water  is  pipee  under  Pirs  and  Water  Svfplt,  it  may 
be  desirable  here  to  mention  a  few  practical  mattera  connected  with 
their  manufacture  and  use. 

The  wooden  jHpes  formeriy  employed  were  made  from  dm  trees, 
and  of  aboat  14  or  10  feet  m  length,  tiio  diameter  ludy  exceeding 
9  inches ;  tb»  interior  was  bored  out  by  an  anger;  the  jomta  vrore  <n 
the  kind  known  as  the  spigot  and  faudt,  in  which  one  end  of  the  tree 
was  tapered  for  a  length  of  about  9  inches,  and  the  end  of  the  pipe 
destined  to  receive  that  taper  was  rimtred  ovt  to  fit  it.  These  pipes 
have  now  been  entirdy  abandoned,  on  account  of  their  not  being  able 
to  resist  the  pressures  they  are  exposed  to  in  modem  works,  and  of  the 
had  flavour  t^ey  communicate  to  tiie  water. 

The  oast-irim  pipes  are  hud  with  socket  joints  run  with  lead;  the 
depth  of  the  joint  being  proportioned  to  the  diameter  of  the  pipee, 
but  even  in  the  largest  it  does  not  exceed  0  or  8  indies.  A  gmit 
effort  has  latdy  been  made  to  introduce  turned  and  bored  jdnts  fcr 
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mtwdiitrlbutioD ;  butlhedlafeorlnnoaof  themimd,  indtheuneqiial 
dibiltion  of  th*  ptpw,  bave  hitlMrto  prevented  the  Buooenful  nppuca- 
tioQ  erf  that  system.  It  u  ouabomsrj  to  cast  the  smaller  pipes,  that  is 
to  U.J  thoee  of  from  2  to  8  inches  in  diameter,  in  lesguiB  of  6  feet 
eaoh ;  and  the  pipes  of  greater  dinnensiotui  in  9  feet  lengths.  The 
thickneesTariesbetmen  Athaof  oninch  for  ft  S-ineh  pipe,  ^tiu  of  on 
inch  for  a  ^mck,  {ths  of  an  inch  for  a  13-iDch,  and  1)  for  a  44-inch 
inpe ;  the  latter  dimension  is  the  largest  hitherto  adopted,  and  the 
oidy  inatanoe  recorded  of  the  nse  of  such  pipes  is  in  the  great  Riving- 
ton  Pike  sapply  to  LiverpoeO.  Of  late  years  an  attempt  has  been 
mode  to  introduce  the  wrooghlrinm  pipes  of  large  diameter,  ooated 
externally  vith  asptialte,  on  Chamero7*B  patent;  bnt  in  praotioe  eo 
many  inconTenisnoes  have  been  found  to  be  attached  to  them,  that  the 
cast-iron  pipes  are  now  almost  escludrdy  used  in  the  ground,  vben 
the  water  is  under  preasnrek 

tilazed  earthenware  pipes  an  frequently  need  to  oonrey  water,  vhen 
it  is  not  under  pressare ;  but  the  difficulty  of  beeping  the  joints  water- 
tight has  hitiwrto  prevented  this  material  from  beuig  much  used  for 
water  supply.  FrDm  the  nature  of  the  earth  used  in  the  manufacture 
of  stoneware  pipes,  their  length  eannot  exceed  8  feet;  ind  ooiiie- 
quently  the  number  sod  expense  ot  the  joints  ^ronM  be  »  fatal 
M>jection  to  any  such  applioation. 

As  to  lead  pipes,  the  joints  are  made  by  soldering  the  two  ends  of 
the  pipes  tcgrther,  the  ends  mettiriff  butt,  as  workmen  say.  Up  to  a 
diameter  of  2  or  8  inches  lead  pipes  can  be  drawn ;  beyond  that 
dimension  they  are  formed  1^  rolling  sheet-lead  over  a  mMtdril,  and 
then  soldering  the  longitudinal  lap.  Joints  so  made  are  hudly  aids  to 
resist  the  effect  of  the  entmnous  piussuies  used  in  modon  water-woiks, 
for  at  the  preaefit  dqr  the  oidinan  east-iron  pipes  are  tested  to  a  pres- 
sure of  800  lbs.  on  the  sqaare  moh ;  and  m  the  case  of  the  great 
Liverpool  pipes  the  pressure  was  even  carried  to  000  lbs.  per  in^  As 
a  general  rule  lead  pipes  are  mode  ^  of  an  inch  in  tiiickness.  The 
junoticn  of  service-pipes  upon  cast-iron  mains  is  effected  by  fixing  a 
brass  ferrule  to  th*  latter,  and  soldering  the  swioa-nipe  to  the 
ferrule ;  and  it  would  anwsr  that  the  intwvention  ol  uie  fsmde  is 
Buffident  to  prevent  the  gatvaida  action  between  the  iron  and  the  lead, 
which  woidd  othenriee  take  i^aee.  All  the  small  taps,  valves,  fto., 
ap(m  service-pipes  are  made  of  brass;  but  the  plugs,  sluices,  and 
valves,  upon  ^e  mains  are  usually  made  of  eas^iron.  Zinc  is  rarely 
used  lor  the  purposes  of  water  snroly,  and  it  is  never  used  In-  the 
servioe-pipes;  wroug^t-iron  pipes  themselves  sre  not  so  much  need  for 
this  pnrpose  lead,  on  aooouut  d  the  grsetv  dnetlli^  of  the  latter 
metw. 

WATER-POWER  and  WATER-PRESSURE  ENOINES.  The 
wet^t  and  tiie  impetus  of  a  stream  of  water  are  frequently  employed 
fall  meahanias  as  a  source  of  motive  power  for  the  machinery  used  in 
industrial  opentioQS,  in  the  form  of  the  various  kinds  of  watsr-wheels ; 
and  of  late  yean  the  law  by  whioh  water  and  other  sbnilar  (piaotioally) 
ineompwsslble  gnids  transmit  pressare  in  every  direotioii,  aiid  tend  to 
assume  a  coostaot  level  in  snyxeveiBed  sypb<ai,  has  been  made  to  ssrve 
tlte  poiposes  of  mechanics  by  furnishing  the  power  exerted  by  the  so- 
called  hydianlio  cranes  and  the  water-pressure  engines.  The  term 
ttater-povtr,  therefore,  simply  refers  to  the  force  developed  hy  the 
water  in  its  natural  fluid  state;  and  it  acts  eithw  ita  weighs  its 
impaet,orh7fts  wnrer  of  tnnnoittliw  an  effbrt  axendssd  upon  any 
part  of  ItscuroumMrenoe.  In  an  oveiwot  wheel  the  water  acts  almost 
ezolnaivefy  by  its  w^^t,  wUch  is  applied  on  one  side  of  on  unbalanced 
lAeel;  in  an  undershot  wheel  the  water  may  often  exercise  power  by 
reason  of  the  velocity  with  whioh  it  is  animated  when  it  sbikes  the 
floats ;  in  a  reaction  wheel  the  power  is  produced  by  the  esci^  of  the 
water  fmn  a  rape  reacting  twon  the  au-  sanoundLiB  the  aj^nratus; 
and  Id  the  hjaiaxiUe  orons^  ne  power  iaobtainsdliyloRdBg  water  into 
a  raised  dsteni,  from  lAeuoe  it  is  Ma  to  net,  as  worinnen  say  "  with 
a  head,"  upon  lite  \mderdde  of  pistons  bearing  loaded  surfaces.  Virtu- 
ally it  is  the  weight  of  the  water  whioh  ^woduces  the  useful  eEbct 
in  all  theee  coses ;  but  the  interferences  with  its  action  ore  so  numerous 
as  to  justify  the  popular  distinotions  above  referred  to. 

"Hie  varMns  deaoriptions  of  watib-wbsxls  ore  described  under  that 
head;  at  pmssnt  It  is  intended  wly  to  notioe  the  wsteryossure 
engiBSB  vnd  in  mining  opentiuu,  uai  tiie  hydianlio  cranes  ,*  oecause 
they  constitute  applications  of  water-power  of  so  peculiar  a  nature,  as 
not  to  justify  thur  heixix  included  under  the  more  generally  known 
classification  of  woter-wheels  or  engines.  The  mode  of  their  applica- 
tion is  slso  different  from  that  of  the  ordinary  f mns  of  water^ogmes ; 
the  latter  being  usuaUy  mnployed  ios  the  purpose  of  driving  machinery 
or  miU  week,  tiie  former  tw  nising  water,  or  for  hoisting  weights 
otdgr. 

The  mtenpnuare  mgina  are  oonstructed  upon  the  prindple  of 
oolleoting,  in  a  tube  of  a  oertain  height,  a  quantify  water,  and  in 
allowing  that  water  to  escape  when  it  has  produced  the  desired  effoot. 
This  is  aocomplished  by  placing  the  underidde  of  a  pist(m,  moving  in  a 
vertical  cylinder,  in  communication  with  a  column  of  water,  und  in 
cutting  off  that  oommutucation  when  the  piston  has  arrived  at  the 
bead  of  its  stroksi  The  pressnre  of  the  oulunio  of  water  acta,  in  fact, 
to  laise  the  piston,  to  wlilch  the  pump  rods  are  attached ;  and  the 
alternate  downward  motion  is  effected  by  the  weight  of  the  pump  rods 
themselves,  in  the  same  manner  that  the  pump  roda  of  the  Cwnish 
engines  work :  the  bottom  of  the  o^linder  Is  plooed  in  eominunioation 


alao  with  the  outflow,  so  as  to  allow  the  water  to  ocape  aftor  It  bos 
done  its  wwk.  The  passages  for  the  water  are  opened  and  dosed  by  a 
'  series  of  tappets  and  equilibrium  valves  of  a  peculiar  description,  in 
order  to  avoid  any  abrupt  hydraulic  jar  from  the  change  in  the  con- 
'  ditions  of>  flow  in  the  descending  main ;  ^ese  details  are,  however,  of 
too  ecnnplicated  a  nature  to  aUow  of  their  being  represented  here, 
bnt  they  may  bo  studied  in  the  notice  ol  the  water-pnasure  engine  at 
Huelgoat  in  the  'Annates  dee  lUnea,*  or  in  JBniat's  'G^logio 
u>phqu^.'  In  the  best  mginee  of  this  deeoription  the  useful  ^Set 
obtained  is  usually  about  0*46  of  the  power  exerted ;  tiiotigh  it  has 
been  stated  that  in  the  pumps  lately  executed  at  Freyberg,  as  much  as 
076  of  the  real  power  has  been  used.  Mountainous  districts  are  the 
most  favourable  for  the  establishment  of  the  water-pressure  engines ; 
for  it  is  only  in  them  that  the  necessaty  conditions  for  th^  economical 
working  occur  naturally.  These  are,  tluit  a  sufficiently  oopiona  supply 
of  wat^  should  exist  at  a  considenble  height  shove  the  seat  of  the 
piston ;  and  that  a  free  discharge  for  both  the  water  which  has  served 
as  the  motive  power  and  for  the  water  raised  shotdd  exist  The  Huel- 
goat eiwine  is  placed  at  a  distance  of  800  feet  from  the  surface,  and  it 
r^sss  ms  water  from  a  mine  164  feet  bdow  the  level  of  the  cylinders; 
the  diameter  ol  the  piston  is  8  feet  4]  inchea,  its  h^ht  8  feet,  and  the 
length  of  the  sfavke  7  feet  e\  inches ;  it  mokes,  when  in  full  work, 
64  strokes  in  a  minute,  and  raises  tiurough  the  total  hdght  of  754  feet, 
in  one  lift,  890  gallons  per  minute ;  tiiere  are  two  (flinders,  but  the 
galleries  are  not  soffleientiy  advanced  to  keep  them  oonstantiy  at  work ; 
the  desoending  and  outflow  pipes  an  IS  inches  in  diameter,  the  pump 
\mrnL  is  18  iootMs  fn  diainatsr,  and  the  ascend  Ing  pipe  is  1 01  in  diameter. 
H.  Relcbenbaoh  has  executed  for  the  salt  apringa  of  southern  Bavaria 
a  great  number  of  these  water  pressure  engines ;  and  it  may  be  desir- 
able to  add  that  the  one  at  Illsan^  is  set  in  motion  by  a  bll  of  water 
828  feet  in  height,  and  that  it  raises,  in  one  lift,  not  less  than  1S64 
cubic  feet  of  wi^er. 

The  hydraulio  or  water-pressnn  crones  were  invented  1^  Sir  W. 
Armstrong,  and  applied  Iv  him  to  the  quns  of  Newcastle  about  the 
year  1846,  in  the  first  instaaoe;  but  subsequentiy,  their  use  has 
become  general  in  other  towns,  wherein  water  is  to  be  obtsined  under 
c<msiderable  pressure.  In  these  engines  the  water  is  admitted  to  oet 
upon  one  side  of  a  piston  working  in  a  tight  t^llnder,  and  bearing  a 
piston-rod,  upon  the  end  of  which  is  fastened  a  uiain  passing  over  two 
fixed  pnllep,  under  the  pivot  of  the  crane,  and  over  a  moveable  one  on 
the  head  of  the  piston  Uself,  in  order  to  jncrease  the  diitanoe  traversed 
hj  iba  load,  at  tiie  expense  of  the  power.  The  strbke  of  the  <iylindeni 
is  usually  long,  and  tiius  passing  the  chain  over  the  tlu^  pulleys, 
the  load  is  rued  through  a  l^i^t  equal  to  tivee  times  the  stn^;  but 
the  load  is  correspondingly  reduced  m  propwtion  to  tiie  effinrt  exerted 
on  tiie  piston.  There  are  valves  placed  at  the  bottom  of  the  cylinder 
to  closs  the  acoen  of  the  water  to  the  [dston,  and  to  opeai  tiie  escape 
pasMges;  and  when  the  latter  sre  opened  tiie  water  escapes,  and  the 
weight  of  the  piston,  and  of  the  machinery  attadied,  brings  the  piston 
back  to  ita  original  positioti.  Relief-valves  an  placed  near  the  slide- 
valves,  which  give  access  or  egress  to  the  water,  to  guard  agunst  any 
sodden  shocks  from  changes  of  direction  in  the  movement  of  the  water 
which  mi{^t  be  likdy  to  produce  a  hydraulio  jar.  The  water- preeeure 
crsnes  used  at  Newcastle  had  <7lindQr8  12  feet  l<8ig  by  1  foot  in 
diameter,  and  they  worked  under  a  liead  trf  water  equu  to  840  fbrt. 

The  pi^idple  <j  the  hycbauUo  press  is,  in  fsot,  the  same  as  Uie  one 
invidvei  in  the  water-preasun  enf^e  and  the  l^draulic  crane.  It 
consists  in  the  fsoulfy  hy  ifi^ch  water  transmits  in  all  directions  a 
poww  exenaaed  upon  any  portion  of  its  surface ;  the  difference  in  iba 
mechanical  arnuigemMit  being  simply  that  In  the  hydraulic  pnea 
additional  force  is  applied  by  means  of  leveis  and  pumps,  whereas  in  tho 
pressure-engines  the  statical  pressun  of  the  aonroe  of  supply  is  alone 
brought  into  operatim.   [Htdraouo  Fbibs  ;  HTDBODTiiAiaca.] 

WATEUPfiOOFINO.  Textile  fabrics,  whatever  be  tiieir  chanititer, 
are  pervious  to  water  from  two  causes :  namely,  the  existence  of  minute 
spaces  between  the  individual  fibres  of  the  yam,  whether  of  silk,  cotton, 
wool,  or  flax ;  and  tiie  rectangular  meehes  consequent  on  the  process  of 
weaving.  To  close  up  these  minute  channels,  ss  likewise  tiie  pores  of 
leather,  so  as  to  impart  a  vaterprocrf  quality  to  the  material,  lus  ben 
the  object  of  a  lafge  number  of  pat«its,  as  weD  ss  of  redpsa  whfeb 
have  not  been  patented.  Hr.  Helfewell  took  out  one  of  the  earliest  of 
these  patents,  for  a  solution  whioh  should  render  cotton  and  oUier 
fabrics  waterproof.  According  to  thia  plan,  for  a  quantify  of  woven 
material  equal  to  1000  lb.  weight,  then  an  used  120  lb.  of  rock  alum, 
80  Ih.  of  common  whiting,  and  200  ^lons  of  water.  This  mixturs  in 
intoided,  by  the  ohemical  action  of  its  ingrecUenta,  to  yield  a  solution 
oi  slnmino,  irith  which  the  doth  is  saturated.  After  the  saturation 
the  doth  is  passed  quickly  through  a  vessd  contuning  a  solution,  at  a 
temperature  of  100°  Fohr.,  of  yelbw  soap  in  water,  tiie  proportions 
being  8  lb.  of  soap  and  30  gallons  of  water  to  50  lb.  of  doth.  This 
latt^  process  is  for  the  purpose  of  fixing  the  alumine  in  the  inteiatices 
of  the  doth,  and  enabling  it  to  resist  the  sction  of  water.  The  doth  is 
finaify  waahed,  to  free  it  from  any  inqraritias.  Mr.  Hall  patented  a 
method  of  waterproofing  doth  1^  immniRon.  He  deacribes  two  kinds 
of  solution  employed  for  this  purpose.  1st,  two  ounces  of  pulverised 
alum  an  dissolved  ill  a  [ant  of  distilled  water ;  one  ounoe  of  dry  white- 
leadtorubbed  down  in  another  pint<rf  water;  and  the  two  adutions 
bedng  mixed  and  allowed  to  lettl^  the  aapn^ant  liquor  eonatitotea 
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the  required  agent.  2nd,  one  ounce  of  dry  urUte-lead  ia  rubbed  down 
in  half  a  pint  of  water ;  one  oanoe  of  pounded  almn  is  dinolved  in 
anoUter  luuf-pint  of  wat«- ;  uxd  these  two  solutions,  togetber  with  two 
fluid  dnuihrns  of  acetic  acid,  are  mixed  together,  and  aUowed  to  setUe. 
When  the  cloth  haa  been  immersed  in  the  supernatant  liquor  resulting 
from  either  of  the  above  aolutioos,  it  is  passed  throuf^  a  aolution  of 
quicklime,  and  a  third  time  through  a  solution  of  boiled  Irish  moos, 
which  aots  as  a  muoala^  One  more  example  will  sofBce :— Bt^  half 
an  ounce  of  RoBsiBn  ismglaas  in  a  pound  of  soft  water  till  diasolved ; 
dissolve  an  ounce  of  alum  in  two  pounds  of  water ;  dissolve  a  quarter 
of  an  ounce  of  white  soap  in  a  pound  of  water ;  strun  these  solutions 
Beparatalv  through  linen,  and  then  mix  them  all  together.  Heat  this 
liquid  till  it  simmers,  and  awly  it  with  a  brush  to  the  wrong  ude  of 
the  oloth,  (HI  a  flat  taUe.  When  diy,  the  cloth  ii  brushed  lu^tly 
with  water.  The  intenticm  of  this  process  ia  to  render  the  dott  im- 
pervious to  water,  but  not  to  air. 

The  wr/iee-appUcation  of  a  species  of  waterproof  varnish  has  been 
the  subject  of  many  patents.  Messrs.  Mills  and  Fairman  introduced  a 
oompoaition,  formed  of  100  lb,  of  linseed  oil,  40  lb.  of  pipeclay,  and  a 
small  quantity  of  burnt  umber,  white-lead,  pounded  pumioe«tone,  and 
one  or  two  oUier  subataucee.  These  ingredisnti  were  melted  toffBOiee 
and  ground  to  a  smooth  punt-like  state,  and  ^en  applied  to  the  sai&ce 
of  the  &bric  with  Urge  knives,  the  doth  bcdng  stretched  over  wooden 
frames.  When  one  surface  was  thus  coated  and  dried,  the  othw  was 
similarly  treated.  This  was  not  intended  as  a  waterproof  compodtion 
for  ordmaty  doUiing^  but  raster  for  tarpauling,  awnings,  coach  top* 
covers,  boat-cloaks,  and  other  coarse  matenalsrMr.  Newberry's  patent 
ia  for  a  mode  of  wplying  walb&eprool  oompoaiticHi  in  suoh  a  way  as  to 
leave  one  side  of  the  woven  fabric  free  from  its  infloeoce,  thereby 
m^senting  to  the  eye  a  texture  nearly  resembling  that  of  ordinary  doth. 
The  method  consists  iu  saturating  the  cloth  vrith  the  waterproof  com- 
podtion, and  ezpodnft  one  auruce  only;  in  such  a  vrsy,  that  the 
abnoa^tare,  or  artifioial  heat,  may  harden  the  composition  on  that 
Burbce  into  a  dry  membranous  film ;  while  the  othn-  aid^  after  being 
kept  mdat  during  the  drymg  of  the  first,  is  cleansed  from  the  oom- 
poeition  by  means  of  spirit  of  turpentine.  Mr.  Newbenr  deecribee 
three  modes  of  effecting  this  object.  In  the  first  mode  the  doth  or 
woven  feibrio  is  stretched  over  a  &ame,  and  after  being  saturated  with 
the  comf>odtion,  ia  allowed  to  float  on  a  layer  of  oil  till  the  upper 
Boifaee  is  dry;  after  which  the  lower  sur&ce  ia  deansed  from  the 
compodtion.  In  the  aeoond  mode  the  doUi  is  stretched  double,  or  in 
two  plies,  over  a  frame,  saturated  with  the  compodtion,  and  then  left 
to  dry  on  the  exterior  surfaoea,  the  eontaot^uinoea'  remaining  moist 
until  the  time  of  removal.  In  tiie  tiurd  mode  recourae  ia  had  to  a 
roller,  on  which  the  cloth  is  coiled,  and  a  flat  table  of  date,  stone, 
varnished  wood,  or  other  subatance  non-abaorbent  to  the  compodtion. 
The  table  ia  ooatad  with  a  layer  of  the  compodtion,  and  the  doth, 
bdng  nnodled  and  htid  down  upon  it,  ia  pressed  and  rolled  till  every 
part  bec<Hne8  wetted  by  the  compodtion  beneath.  In  this  way  the 
upper  surface  may  be  cleanaed  while  the  lower  ia  in  contact  yimi  the 
table,  and  the  latter  ia  then  exposed  to  a  drying  prooees. 

The  amdication  of  a  layer  of  cement,  gum,  or  vamidi  between  two 
other  auDstanoea,  with  a  view  to  render  the  inner  one  impervious  to 
water,  haa  been  practiaed  under  many  diffdrent  modifications,  including 
that  which  is  known  by  the  name  of  the  inventor,  Macintosh.  Mr. 
Weise  of  Bermondaey  devised  a  peculiw  kind  of  fabric,  wUdi  seems 
to  belong  to  Uie  class  sow  under  consideration.  This  fabric  was  to 
be  used  dther  as  a  material  for  hats  and  bonnets,  in  lieu  of  the  usud  f dted 
beaver,  or  as  a  doth  for  other  garments.  The  materida  consisted  of 
beaver-fur,  musk-fur,  hare's  wool,  Spenidi  wool,  flax,  down,  and  waste 
ailk,  any  or  all  of  wbidi  were  to  be  combined,  aooordbg  to  the  kind  of 
fobric  reqtured.  The  materials  were  carded,  roved,  and  spun  into 
yam,  in  ^e  manner  of  ootton;  and  this  yarn  was  aoaked  in  a  solution 
of  caoutchouc,  or  Indian  rubber,  to  render  the  interatices  between  ita 
fibres  waterprool  The  yam  vras  then  woven  into  a  textile  fabric; 
and  in  order  to  render  the  meshes  impervioua  to  water,  the  cloth  was 
drawn  over  a  heated  cylinder,  where^  the  resinous  compodtion  was 
80  far  mdted  as  to  flow  into  them.  The  last  part  of  the  process  was 
to  raise  a  pile  or  nap  on  the  aur&ce  by  means  of  teazles  or  brusheSi 

In  Mr.  Macintosh  s  patent  of  1824,  the  use  of  a  cement  between  two 
layers  of  cloth  was  introduced.  The  cement,  or  thiok  elastic  varnish, 
was  made  by  dissolving  caoutchouc  in  a  small  quantity  of  o<«l-oil,  the 
proportions  of  the  ingredients  varying  according  to  their  quality.  This 
invention  led  to  the  remarkable  series  of  [^Messes  for  wateriawfing 
noticed  under  CUoctohovo  MAmrvACTVB& 

The  attempts  to  reader  ItaOur  waterivoof  depend  in  general  on  the 
filling  up  of  the  amall  pores  which  have  previoiuly  admitted  the 
tannin ;  the  substance  imbibed  bdng  such  as  wUl  repd  or  resist  water. 
Many  such  methods  have  been  proposed  at  diflerent  times,  of  which  it 
will  be  enough  to  mention  a  few.  Mdt  over  a  slow  fite  a  quart  of 
boiled  Unseed  oil,  a  pound  of  mutton  suet,  three-quartws  of  a  pound  of 
ydlow  _beM*-wa]^  and  hdf  a  pound  of  common  resin,  or  smdler 
quantitiea  in  the  Uke  relative  proportions;  and  with  this  mixture 
saturate  the  leather  of  new  boots  or  shoes,  while  the  latter  is  slightly 
warm.  Another  method  is  to'  melt  two  ounces  of  yellow  bees'-wax, 
two  oimces  of  Burgundy  pitch,  and  two  ounces  of  turpentine,  in  a  pint 
of  linseed  oil,  and  with  tiiia  mixture  to  saturate  the  wormed  leather. 
The  '  Joumd  of  the  American  Inptituto  '  gives  the       following : — 1. 


Boil  together  for  half  an  hour  one  quart  of  linseed  oil,  two  ounoea  of 
redn,  and  half  an  ounce  of  white  vitrid,  to  which  add  four  ounces  of 
roirits  of  turpentine  and  two  ounces  of  white  oak  sawdust,  and  ^)j>ly 
tliis  mixture  to  the  leather  by  means  of  a  brush.  2.  Apply  a  ooatmg 
of  tallow  to  the  leather ;  and  after  this  haa  dried,  coat  it  a^pun  with  a 
mixture  of  one  part  of  oopuba  balsam  with  two  ot  naphtha.  Another 
mixture  for  this  purpoae  consists  of  six  oimcea  of  caoutchouc  boiled 
for  two  hours  in  two  quarts  of  linseed  or  neats'-foot  oiL  LasUy, « 
mode  has  been  much  recommended  of  applying  a  hot  mixture  of  two 
parts  tallow  and  one  part  resin,  with  which  the  leather  may  be  com- 
pletely saturated,  the  r«dn  imparting  an  antiseptic  quality  to  the 
tallow. 

One  of  Hr.  Sievier'a  contrivances  ia  for  rendering  leather  at  once 
elaatio  and  waterproof.  A  thin  sheet  of  leather  is  cemented  to  a  thin 
sheet  of  Bolid  caootchouo  by  a  caoutohouc  solution,  and  kept  under 
pressure  for  five  or  dz  days.  The  compound  fabric  thus  formed  is 
nearly  inelastic,  because  the  leather  has  temporarily  suspended  the 
elastic  power  of  the  caoutchouc ;  but  by  the  application  of  a  tempera- 
ture about  equal  to  180°  Fahr,,  tiie  caoutdiouo  partaally  coUapeee,  uid 
the  leather  assumes  a  corrugated  surface,  similar  to  Morocco  leather. 
The  leatiier,  rendered  thus  elastic  and  waterproof,  is  thotl  manufactured 
into  boots  and  shoes  or  other  artides. 

WATERSHED.  It  has  been  observed,  m  the  artide  Ritzbs,  that 
the  margin  of  a  river-besin  generally  liee  contiguous  to  the  basin 
of  another  river,  and  therefore  oonstibuting  the  boundary>line  of  two 
basins,  the  waters  descend  cm  both  ddes  into  tiieir  respective  basins ; 
and  hence  the  whde  line  of  these  margins,  it  has  been  stated,  is  called 
a  iMterdktd — properly,  the  ■water-panin^. 

lb  might  bo  supposed  that  this  ia  dmfdy  a  matter  of  nomenclature, 
relating  to  a  dngle  and  definite  dementiuy  phenomenon  of  phydcal 
geography.  But  this  ia  far  from  being  the  case.  The  term  we  are 
explaining,  originally  introduced  iu  the  sense  just  described,  haa  been 
extended,  apparentiy,  to  every  phydcal  locahty  in  whidi  tributary 
streams  having  their  conSuence  in  a  river-badn  issue  from,  or  descend 
on  the  face  of,  doping  laud,  without  reference  to  those  on  the  other 
side  of  a  ridge,  or  on  the  counter-slope ;  and  this  eztendve  application 
often  obscures,  in  geognq)hiod  description,  the  origind  aense  of  the 
term.  Of  these  various  applications,  exaiaplaa  will  be  found  in  the 
citations  which  follow. 

The  Bev.  C.  G.  Nicolay,  iu  the  '  Mv^iul  (A.  Oeographical  Sdeuce ' 
(vol  i.,  Temiindogy,  pp.  422-3),  enters  into  the  following  daborate 
and  eriticd  diaonsaion  ox  the  manner  in  whloh  this  term  ia  to  be  under- 
stood : — ■*  The  tendency  of  water  to  seek  its  levd  makes  tlte  podtira 
and  qnantity,  as  well  as  character,  of  the  waters  of  tiie  globe, 
dependent  on  its  contour;  every  oooicd  projection,  every  ridge,  in 
short,  every  elevation  of  what  sort  soever  it  may  be,  becomes  a  water- 
shed ;  and  that  knowledge  of  the  height,  dope,  uid  direction  of  the 
various  watersheds  of  the  earth's  surface  the  first  step  to  its  generd 
contour.  The  word  watershed,  in  geographicd  defiuitum,  implies  the 
line  by  which  any  waters  are  divided  from  eadi  other,  ud  the  water- 
shed  of  any  country  is  no  doubt  such  a  line ;  but  as  every  alope  sheds 
water,  and  many  nvers  have  their  rise  on  dc9>es  bdow  the  main  water 
shed,  some  further  dividon  of  the  vocdi — some  classification  of  the 
districts  to  which  it  is  applicable— appears  highly  desirable.  As  this 
does  nut  seem  to  have  been  ever  attempted,  the  following  is  oflered  as 
a  suggestion. 

"  That  there  is  a  line  in  every  country  which  may  be  termed  ita 
prindpd  watershed,  will  not  be  disputed ;  every  country  has  aome  one 
district,  usually  in  tiie  direction  of  its  greatest  length,  more  devated 
than  another,  from  the  sides  of  which  the  waters  collected  from  snowe, 
dew,  rain,  and  springe  pour  down,  unt»l  they  are  recdved  into  the 
basin  of  some  inland  water,  or  at  last  into  the  sea;  this  may,  there- 
fore, be  properly  termed  its  primary  watershed ;  but  as  the  mountains 
of  the  world  cannot  be  satisfactorily  considered,  except  in  their  relative 
connection,  the  highest  ranges  extending  through  the  greatest  length  of 
the  continental  masses,  the  term  primary  watershed  should  be  confined 
to  these ;  bOTond  them  others  of  leas  oonddeiable  elevation  are  found, 
the  alopea  of  which  are  presented  towards  the  primary  watershed  and 
form  with  it  deep  hollows,  into  which  their  united  waters  are  poured, 
while  from  the  opposite  dope  the  waters  collected  descend  in  a  differ- 
entdirection.  Theaemay,  not  iuaptiy,  botermed  secondary  watersheds, 
as  paying  the  tribute  of  part  of  their  waters  to  the  primary,  and 
forming  the  inferior  limit  to  the  prindpd  river  basins ;  while  othera 
rising  beyond  may  be  called  tertiary.  It  will  be  observed  that  this 
clasdfioation  affbrda  not  only  a  systematic  division  of  the  devated  land, 
but  also  of  the  waters  of  tiie  globe,  as  appertaining  to  any  of  its  parts ; 
rivers  having  their  rise  in  the  primary  watersheds  may  also  recdve  a 
similar  dedgnation,  as  may  their  basins;  others  may  be  termed 
secondary  or  tertiary,  according  to  their  podtion  and  the  vrateraheds 
to  which  they  bdong." 

In  Dr.  Beke'a  records  of  travd  and  geographicd  vrorka,  the  term 
"  water-parting  "  is  aubatitnted  for  "  watenhed,"  fw  vriiich  change  he 
assigns  the  following  reason  : — "  The  line  of  dividcm  and  separation 
between  the  contiguous  basins  of  two  rivers,  called  by  the  andenta 
ilirorlio  aquoa-um.,  the  parting  (or  flowing  in  opposite  directiuns)  of  the 
waters,  is  m  German  called  die  }S'auerKheide,  which  means  literally  the 
same.  English  geographers,  following  the  example  of  geologiata,  have 
adopted  the  ezpresdon '  waterdied,'  which  ia  evidently  a  corruption  W 
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ihe  Qemmo  Wattettekeide,  and  was  jprobably  first  iatroduced  among  tu 
by  minera  from  Germany.  The  tonu  ib,  however,  objectionable ;  becaiiae, 
to  the  mere  En^iah  Bohokr,  it  mppean  to  be  a  native  compound  of  the 
wwdi  'water'aiid'ehed,'Mif  meaniDg  that  the  water  is  sftecl  in  oppo- 
site directions,  and  hence  leads  to  the  belief  that  the  ude  of  the  Ixisin 
of  a  river,  rat^  than  division  between  the  adjoining  boeimi  of  two 
rivws,  ia  intended.  In  fact,  the  expression  has  of  late  years  been 
frequency  used  in  that  sense.  The  subetitntion  of  the  term '  water- 
partiiig'  renders  the  idea  intended  to  be  conveyed  intelligible  to  all, 
and  eiaotfr  excesses  the  Latin  divortio  agaarun,  and  the  Qerman 
Wamn^katU."  ('  Sources  of  the  Nile,'  p.  8,  cote.) 

Dr.  Bdce's  remarks  are  amply  justified,  it  will  be  seen,  by  the 
previous  discusnion  of  Mr.  Nicolay,  and  also  in  the  following  statement 
on  tiie  philosophy  of  the  subject  as  one  of  the  oonSguration  of  the 
globe,  by  Sir  J.  P.  W.  Herschel,  who,  it  will  be  observed,  while 
adopting  previous  implimtion  the  tenn  watenhed,  in  its  primaiy 
ugmfleation.  evidently  cooneots  it  also  with  the  meaaiiw  of  the  Eng^ 
word  toAed.  "ToaSm&A  of  a  knowledge. of  the  he^Jits  of  stations 
above  the  sea,  we  may  oonnect  all  stations  at  tlie  same  altitude  by 
level  lines,  the  lowest  of  which  will  be  the  outline  of  the  sea-coast ; 
and  the  rest  will  mark  out  the  successive  ooast-lines  which  would 
take  place  were  the  sea  to  rise  by  r^ular  and  equal  accessions  of 
level  over  the  whole  world,  till  the  higliest  mountains  were  sub- 
melted.  The  bottoms  of  vallsn  and  the  ridge-linea  of  hills  are 
detennined  by  their  properly  of  interseotiQg  all  these  level  lines  at 
right  andies,  and  being,  subject  to  that  oomlition,  the  shortest  and 
longea^that  is  to  say,  uie^steepest  and  tiie  most  gently  sloping  oounee 
respectively,  which  can  be  pursued  from  the  summit  to  the  sea.  The 
former  constitute  'the  water-courses'  of  a  country;  the  latter  its 
linee  of  'watershed,'  by  which  it  is  divided  into  distinct  bauns  of 
drainage."   ('  OuUines  ^  Astronomy,'  par.  289.) 

Agi^  Ck^tain  H.  Stnohey,  and  his  lavther  Llent-OoL  B.  Strachey, 
to  whose  contributions  to  Bdentific  geography  we  have  bo  often 
referred,  doignate  the  northern  and  southern  faces,  or  slopes  of  the 
great  table-lwd  of  Thibet  [Puras]  as  the  Turkish,  and  Himalayan 
or  Indian  'watersheds'  respectively;  meaning  the  entire  inclination, 
between  the  taUe-Iand  and  the  low  plains  to  the  north  and  south, 
occupied  by  suooeariva  ranges  of  mountains,  down  and  through  which 
the  great  rivers  maintrining  a  courae  along  the  summit  of  Uie  table* 
land,  and  receiving  the  dr^oage  of  its  corrugatione,  flow  into  those 
plains,  namely,  the  plains  of  Hindostan  on  the  one  hand,  and  those  of 
Turkistan  or  Yarkend  on  the  other.  ('Phil.  Trans.',  1S59,  pp.  776, 
777.)  Here  we  have  another  modification  of  the  sense  in  which  the 
term  we  are  dlscusrang  is  to  be  understood,  referring  to  a  slope,  not  as 
giving  rise  to  streams,  or  sepaiatrng  them,  but  ai  merely  giving  tiiem 
passage.  In  the  fligniflcati<m  of  Watien^eide,  the  water-partmg,  the 
highest  part  of  the  table-land  itself  is  the  watershed.  But  Lieut-CoL 
Strachey  defines  the  meaning  in  which  he  uses  the  term  bj  referring 
to  "  the  crest  of  tlie  Indian  watershed,"  which  is  merely  the  summit  of 
the  slope. 

Fin^y,  an  eminent  gecnrapher  and  geologiBt,  Professor  H.  D. 
Bogm,  ia  Ue  aooonnt  of  the  parallel  roods  of  Iioohaber,  [Tallkts, 
col  S44]  states  that  each  of  them  ododdes  "in  level  with  some  water- 
shed, or  notch  ia  the  hills  leading  out  from  its  glen  into  some  other 
glen ; "  implying  only  by  watenhed  an  opening,  by  which  water  escapee 
to  a  lower  level,  and  merely  adopting  one  of  the  senses  of  the  word  shed. 

We  find,  therefore,  that  at  present  the  expression  watershed  is 
employed,  by  the  &nt  authorities,  to  denote  any  portion  of  inclined  land 
on  wluoh  water  appears  or  deaoends  from  a  higher  to  a  lower  levd. 

The  qiirit  of  Dr.  rnke's  remarica  on  ttte  subject  is  applicable  to  other 
scientific  terms  which  have  been  derived  from  the  German  language, 
and  eepedally  to  tiiooe  adopted  from  the  phraseology  of  miners.  Both 
geography  and  geology  were  cultivated  as  soienceB  in  Qermany  before 
they  had  become  such  in  En^and ;  and  mining  in  the  former  country 
was  already  a  syBtematic  art  with  a  copious  terminology.  Some  of 
the  principal  founders  also  of  modem  geology  in  England  had  been 
students  in  the  celebrated  school  of  EVeiberg  under  Werner,  which 
became  on  additional  cause  for  the  introduction  of  German  terms  into 
scientific  nomenclature.  This,  indeed,  was  inevitable,  and  might  have 
been  unexceptionable,  but  an  erroneous  ^irooedure  took  place,  of  which 
we  have  on  example  in  the  term  which  is  the  subject  of  the  present 
article^  Barbarous  imitations  of  German  terms  and  tduasee  were 
made,  instead  of  expressing  th^r  meaning  in  sound  Engush  words,  or 
ocmstructing  compound  terms  derived  from  the  perennial  sources  of 
the  Gredc  or  Latm  languages.  This  was  done  even  by  men  who  were 
fully  competent  to  take  these  preferable  alternatives ;  thus,  the  late 
Rev.  Dr.  W.  D.  Conybeore,  afterwards  Dean  of  Llandaff,  who  was  an 
ornament  of  the  University  of  Oxford,  and  a  geologist  of  great  merit, 
substituted,  about  fifty  years  ago,  the  term  ttrike,  now  universally 
employed  1^  English  geologists,  for  the  German  word  ifreieh,  to  denote 
the  direction  of  strat&ed  rooks,  at  right  anglee  to  their  line  of  dip,  as 
referred  to  the  cardinal  points.  An  unreasonable  horror  of  technicali^ 
and  abetruseness  appears  to  have  prevailed  among  the  gifted  men  to 
whom  we  have  alluded,  who,  in  tiieir  anxiety  to  avoid  burdening  the 
new  sciences  they  were  fostering  with  unfamiliar  expressions,  left  them 
almost  without  an  ^ipn^niate  vocabulary,  the  want  of  which,  especially 
in  geolt^,  has  still  to  be  supplied,  in  many  initanoes,  by  awkmrd  and 
■omethnea  tedious 


It  ia  worth  the  remark  that  the  propriety  of  Dr.  Beke's  substitution 
seems  to  be  taoitiy  admitted  by  other  geogr^hers ;  for  in  Uie  index 
to  the  '  Manual  of  Qeographical  Science,'  puUishad  with  the  second 
volume,  the  passages  above  cited  from  ilbt.  Nicolay,  explaining  the 
applications  of  "  watershed,"  are  referred  to  by  the  words,  "  water- 
iMiting,  meaning  of  term,"  although  that  term  does  not  occur  in  them. 
This  may  be  taken  as  an  indication  that  it  may  not  be  too  late  to 
eatabliah  "water-parting"  for  the  primary  sense  in  which  "water- 
shed "  has  been  received ;  but  we  thmk  tiiat  the  latter  may  be  accepted 
also,  confined,  however,  to  the  secondary  meanings  to  which,  as  wo 
have  seen,  it  has  been  extended,  and  more  particularly  to  those 
involving  the  obvious  meaning  of  the  English  words  of  which  it 
consists. 

The  im^rtance  to  the  inhabitants  of  a  country  of  the  geographical 
ocmfiguration  or  phenomenon  described  by  the  term  water-parting,  and 
the  mfluence  which  a  particular  example  of  it  may  exert  in  the  produc- 
tion of  national  ideas,  u  ouriously  illustrated  by  the  Bev.  A.  F.  Stanley's 
interpretation^  ad^ted  and  extended  by  Dr.  Bdce,  of  the  story  tmd 
to  the  historian  Herodotus,  in  Egypt,  by  tiie  treasurer  of  l^erva's 
Treasury  at  Sais.  This  was,  that  were  were  two  mountains,  named 
Crophi  and  Mophi,  rising  into  sharp  peaks,  situated  between  the  city 
of  S^e  in  Thebais,  and  Elephantine ;  and  that  the  sources  of  tite 
Nile  issued  from  between  those  mountains,  half  of  tiie  water  flowing 
over  Egypt  and  to  the  north,  and  the  otlur  half  over  Ethiot^  and  to 
the  south.  Herodotus  observes  tiiat  by  the  deep  unfathomable  sources 
described  to  him  in  this  story  w^  meant  tite  vicJent  eddies  of  the 
cataraoto ;  and  Mr.  Stanley  argues,  t^t  to  the  ancient  inhabitants  of 
Lower  Egypt>  the  sight  or  the  report  of  such  a  convulsion  as  the  rapids 
make  "  in  the  fiu»e  of  their  calm  and  majestic  river  must  have  seemed 
the  very  commencement  of  its  existence,  the  struggling  into  life  of 
what  uterwards  becomes  so  mild  and  beneficent;  and  tiiat  if  tiiey 
hefird  of  a  river  Nile  further  south,  it  was  but  natural  for  them  to 
think  it  could  not  be  tiieir  own  river.  The  granite  range  of  Syene 
formed  their  Alps — the  water-parting  of  their  world.  If  a  stream 
existed  on  the  opposite  side,  they  imagined  that  it  flowed  in  a  oonteaiy 
directim  into  the  ocean  of  the  south."  ('  Sooroea  i4  the  Nile,'  p.  48 ; 
Stanly's '  Sinu  and  Palestine,' p.  xliii.) 

WATERSPOUT,  a  meteorological  j^wnomeaum  of  the  same  olaas 
probably  as  the  whirlwinds  which  raise  pillars  of  sand  in  the  deeerta  of 
Africa:  such  whiriwinds,  in  fact,  become  waterspouts  when  they  reach 
the  sea ;  and  when  waterspouts  reach  the  shore  they  in  some  cases 
become  or  produce  whirlwindSL  But  there  ia  much  reason  to  believe 
that  the  name  has  been  properiy  applied  to  sereial  f&j  diflhrent 
phenomena. 

The  following  is  a  general  desoription  of  the  production  of  a  water- 
spout at  sea : — 

Below  a  thick  cloud  the  sea  appears  to  be  greatiy  disturbed  within  a 
circular  area,  whose  diameter  varies  from  100  to  120  yards,  the  waves 
tending  rapidly  towards  the  centre  of  the  agitated  mass,  where  there  is 
formed  a  vast  body  of  water  or  aqueous  vapour :  fr<nn  henoe  there 
rises,  with  a  spiral  movement,  towards  the  cloud,  a  column  of  a  conical 
f<»m,  reaembhng  a  trumpet.  Vertically  above  tiiis  ascending  column 
there  is  formed  in  the  cloud,  but  in  an  inverted  position,  a  correnrand- 
ing  cone,  whoee  lower  extremi^  (the  apex  of.  the  cone}  gradnatlr 
approaches  the  summit  of  the  ascending  oolumn ;  and  at  length  both 
are  united,  the  diameter  at  the  place  of  junction  being  only  two  or 
three  feet  The  waterspout  is  said  to  be  accompanied,  during  its 
formation,  by  a  rumblii^  noise ;  and,  when  complete,  it  assumes  a 
magnificent  appearanoe.  The  whole  oolumn,  which  extends  from  the 
sea  to  the  douds,  is  of  a  light  colour  near  its  axis,  but  dark  along  the 
sides,  which  gives  it  the  appearance  of  being  hollow. 

The  spout  appears  to  move  with  the  wind,  though  even  when  no 
wind  is  felt  it  sometimea  varies  its  poaition,  tending  aucceaaivdy  in 
different  direotiona.  It  frequenttr  happens  that  the  upper  and  lower 
parts  of  a  column  move  with  dimrent  velocities,  and  tiien,  aftor  the 
whole  has  taken  an  inclined  position,  the  parts  separate  from  one 
another,  often  with  a  loud  report.  Previously  to  the  rupture  of  tiie 
column,  the  dark  parts  seem  to  be  drawn  upwards  irregularly,  leaving 
only  a  slender  tube  in  connection  with  the  water  below.  The  whole  of 
the  v^wur  is  at  loigth  absorbed  in  the  air,  or  it  descends  into  the  sea 
inafaeavjahowerof  rain.  Thednrationof  tiie  phenomenon  la  various: 
some  qMmts  dis^^war  almost  as  aoon  aa  th^  are  formed,  and  othara 
have  been  known  to  continue  arndj  an  hour :  ocossionaUy  they  form 
themselves,  continue  for  a  short  time,  vanish,  and  again  wpptm,  and  so 
on  several  times  sucoeeaivety. 

Waterspouts  are  occasionally  seen  above  land  which  some  re- 
markable examples  will  be  described  In  the  aequel),  and  oonseqoently 
there  ia  then  no  aacending  oolnmn  <A  water  or  vwour  to  meet  that 
which  desoeods  from  the  clouds.  In  Dr.  (Sir  David)  Brewster's 
'  Journal  of  Scimoe '  (No.  6)  there  is  an  accoifiit  of  one  wluoh  was  seen 
in  EVance :  it  is  stated  to  have  appeared  like  a  conical  mass  of  vapour, 
and  to  have  given  out  a  strong  sutphureoos  smell ;  flashes  of  lightoing 
issued  from  it,  and  threw  off  a  great  quantity  of  water.  It  moved 
forward  in  one  direction  over  high  grounds  and  vaUeya,  and  it  oroased 
the  courae  of  a  river,  but  on  coming  to  hills  ol  a  oomcal  form,  it  paaaad 
round  them.  The  alleged  eulphoreona  smell  was  no  doubt  that  of  the 
eleotrio  aura,  so  called,  peroeived  when  lightoing  has  taken  effect  very 
near  tba  observer,  and  probably  often  that  of  osone  in  reolify.  Water- 
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spouts  ham  ooauixioaSij  been  witneesed  in  this  eountiy.  In  1716  me 
(rftiwmbontbi  Lamcwbire,  when,  at  the  place  where  it  fell,  the  ground 
was  torn  up  to  the  extant  ol  about  half  a  mile  in  length,  and  to  the 
depth  of  seven  feet,  ao  as  to  lay  bare  the  eurlaoe  of  the  rook  under- 
neath.  ('  FhiL  Tnns.;  Ko.  SCS.) 

nM  formation  of  watarntouts  has  been  Moribed  to  a  whirling 
motion  jroduced  in  the  air  by  oorrenta  coming  in  oppoeite  direetiona; 
ft  baa  been  aappoaed  that  the  partidea  of  vapour  in  the  upper  regions 
thns  aoquire,  by  the  oentrifugu  force,  a  tendojcy  to  more  to  wards  the 
exterior  parte  of  the  oolunm,  leanng  the  interior  void  or  in  a  rarefied 
atate.  T^e  preeaure  of  the  atmoaphare  heang  thus  removed  from  the 
surface  of  the  sea  or  ground  immediately  bdow,  that  whioh  takaa 
effect  on  the  aoirouikUng  water  (when  the  ^>out  is  formed  at  sea)  must 
impel  the  latter  towards  that  part,  and  cause  it  to  riae  into  tiie  apace 
where  the  partial  vacuum  exists.  There  ia  great  probabili^  that  the 
devotion  of  Uie  sea  under  the  dood  ia  in  part  oauaea  by  the  larefootifm 

Uie  air ;  but  as  the  preeaure  of  the  atmosphere  could  'only  raise  the 
water  in  a  perfect  vacuum  to  the  height  of  about  80  feet,  and  as  the 
height  of  a  watanpout  ia  known  to  be  acMnetlmea  about  half  a  mile, 
some  other  exphaartion  of  this  part  of  the  phenocneoon  must  be 
wuj^t  for. 

Some  valuaUe  obeervatious  on  waterapouta  formed  over  land  have 
been  reoently  made  by  Major  Walter  S.  Showill.  an  offion-  to  whom 
we  are  indebted  for  various  oontributitaia  to  adenoe,  respecting  th.* 

Ehysioal  geography  and  meteorology  of  India.  Among  other  ina^ujes, 
e  boa  described  in  a  vary  instructive  manner  a  waten^ut  of 
ooloaaal  dimensions  which  was  seen  to  form  and  burst  at  Dum  Dum, 
d^t  milea  norUi-aast  of  Chloutta,  on  the  7tb  of  October^  1869.  Tba 
drotunatauoaa  preceding  and  attending  the  phenomenon  were  as  fol- 
lows : — 

The  Bouth-weat  monsoon  [Mosaooit]  during  the  week  had  reoelved 
ita  first  dieok  by  the  north-east  monsoon  endeavouiJng  to  cross  the 
Himalaya  mountains,  and  to  drive  back  the  heavy  mafwna  at  douds 
and  moiatore  **  (ptAmbly  douda  baeondng  floating  small  nta,  having 
tha  anieet  of  mist)  that  had  been  banked  up  along  their  flaxika  during 
the  whole  of  the  rainy  aeaaon,  or  during  the  prevalenoe  of  the  south- 
west monsoon.  At  Dum  Dum,  the  viable  heavena  were  whdly 
occupied  by  a  dense  mass  of  very  grandly  diaped  and  masdvely  grouped 
atrata  of  cumuli  [Clottd]  atvarioua  eLevatitma;  the  lowest  atratum, 
from  actual  measurement  by  liaior  SOwrwill,  was  2000  feet  above  the 
earth,  tha  highest  probably  rea^hig  the  aUttoda  ot  2^000  laet,  the 
entire  mass  being  about  five  milea  m  vertical  tUokneis.  The  aspect 
of  the  heavens  during  the  past  few  dj^  had  been  moat  ranaikable, 
preeenting  a  scene  of  great  disturbance ;  the  douds,  evidently  impelled 
from  the  south  by  uie  south-west  monsoon,  but,  checked  by  the 
north-east,  the  whole  mass,  extending  for  as  many  mUes  as  the  eye 
could  reach  from  north  to  south  ud  fnnn  east  to  west,  acquired  a 
ntan  and  at  the  asme  time  an  uodulatory  motion ;  huge  tracts  of 
oknuu  remlviw  rapidly  around  a  centre  vdileh  ap^ued,  from  the 
observo'a  position,  diatant  about  1}  mile  from  Dum  Dum,  to  be  about 
fi  miles  to  the  south-east.  This  rotary  motion,  performed  in  a  Toy 
large  drde,  gave  tlie  douds  the  appearanoe  of  mo^g  in  two  distinct 
directions,  those  nearest  to  the  observer  appearing  to  be  going  north, 
and  those  furthest  removed  to  be  going  south.  In  the  sai^  portion  of 
the  di^,  tiie  wind  had  bean  frtun  tha  sonth,bringing  wUhit  from  the 
■ea  a  laige  body  douda;  at  noon  H  changed  to  uw  aouth-mst,  at 
2  F.K.  to  the  west,  and  at  4  r.M.  to  the  north :  there  had  been  but 
littie  rain  during  the  day. 

The  greatest  wstorbaiice  in  the  douda  took  place  between  the  hours 
of  three  and  four,  the  whole  maas  revolving  and  heaving  violentiy ; 
extensive  maasee  of  douda  ware  onuihad  mod  driven  into  othem,  but  no 
U^lning  was  observed.  It  now  rained  heavily  to  tiie  north  mi  seat. 
«  During  this  time,"  Major  Sherwill  aaya,  "  more  than  one  walen|MHit 
endeavoured  to  form,  but  unauccessfully.  It  was  whilst  observing  the 
highly-agitated  maaaco  of  douds  that  were  revdving  and  osoiUating  in 
a  most  peculiar  manner,  tbat  I  witnessed  the  oommencmnent  and  ter- 
mination  of  the  remarkable  watenpout  now  under  oonaideration.  At 
three  r.u.  It  became  auddenly  quite  calm,  and  during  the  calm  a  pale 
wateiy-lookins;,  but  very  watoy,  cumolua,  thebaseof  whidiwasanc^t 
line,  and  paraUd  to  the  horiztui,  was  seen  to  bulge  out  downwards  or 
towards  the  earth  in  a  long  well-defined  and  light  Uue  odoured  out- 
line ;  from  the  centre  of  this  hanging  ourve  a  broad  column  of  a  pale 
watery  vapour  r^iidly  sank  towards  the  eartii,  dosdy  resembling  a 
very  attenuated  cone,  dazfc  at  the  adgea  and  pole  blue  in  the  centre, 
plainly  showing  it  to  be  a  solid  cylinder;  as  it  neared  the  earth  tiie 
lower  half  of  this  degant  column  commenced  to  gyrate  n^iidly,  the 
loww  and  oaoillatmg  violently  to  the  right  and  to  the  left;  this  latter 
movement  I  imagine  to  be  a  mere  optiou  illusion,  caused  by  the  lower 
end  of  the  odumn  revdving  in  a  drde  of  large  diameter;  as  the 
coluxan  neared  the  earth  it  expanded  and  omitraoted  in  an  agitated  and 
rapid  manner  about  the  centre  into  doud-likeprotubtvanoee,  which 
partook  at  the  aame  time  of  the  motion  of  the  revolving  column. 
Upon  arriving  neam  tho  earth  the  end  of  the  oolumn  parted  into  two 
dender  odumns  about  ICO  (<  or  200,'  as  stated  in  another  dace)  feet 
each  in  length,  and  in  this  condition  reached  the  ground.  The  shape 
of  the  column  was  now  completdy  and  instantoaeoudy  dtered ;  for 
the  whole  cumulus  burst,  and  was  seen  pouring  down  to  the  eartii,  not 
as  a  aho  war  of  rain,  but  aa  a  heavy  maai  of  water,  xeMmbling  a  watarfdl 


mon  than  a  shower  of  rain,  that  completely  exhausted  and  brought 
the  whole  doud  to  the  ground  in  a  few  seconds  of  tima" 

The  estimated  length  of  the  cumulus,  the  lower  portion  of  iriiich 
had  become  a  heavy  nimbus,  from  which  the  waterspout  depended, 
had  been  SOOO  feet,  and  its  height,  from  base  to  summit,  5000  feet 
Bj  trigonometrical  means.  Major  Sherwill  asoertdned  that  the  perpen- 
dicular hn^t  or  length  the  column  or  waterspout  itself,  from  the 
pdnt  <d  its  i«otrudon  from  the  douda  to  its  lowest  extreme  point,  at 
the  moment  of  bursting,  was  IffOO  feet.  Ita  period  of  duration,  team 
its  first  formation  to  its  bursting;  waa  about  26  seconds.  It  burst 
upon  the  artillety  praotice^roan(C  a  large  grassy  pldn,  of  whidi  it 
covered  hdf  a  square  mile  with  water  to  the  depth  of  about  half  a  foot, 
which  took  fourteen  daya  to  drain  off  by  the  usud  drainage  ooui«ee  of 
the  countn.  The  cattle  fled  in  all  dinctions  as  it  descended,  but  no 
ndse  waa  heard  at  the  observer's  podtion. 

Majw  Sherwill'a  obaervationa  are  illustrated  by  excellent  litiiograpihio 
representations  of  the  wateispoata  he  observed.  Some  of  these  are 
somewhat  ron^ity  c<^ied  in  the  subjoined  diagram,  in  which  fiff.  8 
represents  the  waterspout  now  described.  Half  an  hour  after  this  hod 
disappeared,  he  relates, "  another  formed  to  the  east  of  the  petition  : 
it  was  a  very  attenuated  odumn,  about  800  or  1000  feet  in  length,  but 
the  doud  from  which  it  descended  bdng  upwards  of  2000  feet  ^bove 
the  earth,  no  contact  was  completed ;  the  column,  which  lasted  for 
half-on-hour,  gradually  faded  away,  bdngabaorbed  upwards  into  the 
doud  from  whence  it  had  descended.  The  doud  and  column  were 
moving  rather  rapidly  towards  the  aontii,  which  probably  accounts 
for  the  oolumn  never  reaching  the  ground.  The  column  gyrated 
and  OBcOlated  vidwtiy,  lengthening  and  contracting  as  shown  in  tha 
^i*8"U»  {fy-  4)>  where  deven  di^ireat  positions  of  the  column  are 
g^ven,  aket(»ed  at  intervals  of  from  two  to  five  minutes.  Towarda 
sunset,  the  douds  b^;an  to  yidd  to  the  north  wind,  and  were  gradu- 
ally driven  out  to  sea,  leaving  a  dear  cloudless  sky ;  and  at  nine 
o'clock  at  n^t  not  a  doud  was  to  be  seen.  The  north-east  monsoon 
bad  fairly  set  in. 


The  following  are  the  psrticulara  of  the  other  four  waterspouts 
figured.  1,  Sen  from  Sooksagur,  85  milea  north  of  Calcutta,  on 
the  27th  September,  1850,  at  8  80  r-v.  Estimated  length,  lOOO  feet. 
Moving  south.  Dependent  from  a  heavy  nimbus  at  an  angle  of  45' 
with  toe  horizon.  Upper  portion  gyrated  rapidly.  Lasted  ten  minutea. 
Did  not  burst,  but  was  absorbed  upwarda.  P^.  2,  a,  b,  o.  Seen  from 
Howrdi  (Cdoutta)  24tii  September,  1866,  r.H.  Estimated  length,  200 
feet.  Moving  north.  Depended  from  a  vcsy  heavy  and  stormy 
loddng  nimbus,  accompanied  by  vivid  li^tning.  It  waa  greatly 
agitated,  throwing  its  lower  end  horiscmtally  to  the  south,  then  to  the 
north,  at  anan^ol  45*;  lasted  about  five  minotes,  snd  burst  into 
hsavy  dduging  rain. 

Ftg.  5.  Seen  from  Dum  Dum,  and  from  Cdoutta,  on  the  11th  of 
August,  1860,  at  5  p.m.  Estimated  length,  1000  feet.  Moving  south. 
Yei^  perfect  and  grand.  Depended  from  a  heavy  nimbus,  itn«ooom< 
pamed  by  lightning.  Gyrated  rapidly  at  the  top,  dai^  at  the  edges 
and  pale  olue  in  tne  middle.  "Divided  at  the  lower  end  into  two 
smaller  columns  of  50  or  80  feet  In  IragUL"  Lasted  dxnit  ten 
minutes,  and  burst  into  hean  rain. 

Fig.  6,  Seen  from  Sulked,  (Cdoutta)  on  the  same  day,  and  at  the 
same  hour  as  the  last;  crossed  the  river  Hooghly  at  that  place, 

Sitating  the  water  beneath  it.  Eatimated  length  800  or  900  feet, 
oviog  north-west.  Depended  turn  a  hsavy  nimbus.  *■  Bad  baagins 
fringe-douds,  dropping  run,  on  the  south  dde  of  the  upper  part  <S 
the  column."  Gjmted  rapidly  at  the  summit  of  the  cdunm.  Was 
bent  by  a  south  wind  into  an  el^ant  double  cone  resembling  the  letter 
S,  Lasted  about  ten  minutes.  Superior  portion  absorbed  upwards, 
lower  psit  burst  into  heavy  rain.  The  figures  in  the  diagram,  it  must 
be  stated,  have  a  more  defined  outline,  and  a  greater  appearanoe  of 
Bolidity,  tiian  in  the  original  litiiographs. 

Major  Sherwill,  in  oondudon,  has  briefly  described  and  also  figured 
two  other  waterspouts,  both  attended  by  or  exhibiting  remarkable  and 
insbvctivephenotuaia.  Oneof  these  was  seen  by  him  fnunDaijeeling, 
in  the  Himali^  cn  tha  SMh  of  May,  1862,at noon.  IHiliina  a  warn 
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itej  Bummer  day,  higbly  farotirable  to  evaporation ;  and  the  invisible 
vapour  mth  Tvhich  the  air  had  become  charged  was  auddealy  con- 
densed, by  a  chilled  stream  of  tur  descending  from  the  snowy  range  of 
the  Himalaya,  distaat  S5  miles,  into  a  huge  oumulua  doud,  at  an 
devatton  of  11,000  feet.  The  fint  dfeot  id  the  cold  blast  ma  the 
fonnation  of  a  small  cloud  "the  nn  of  the  hand,"  whidi  rapidly 
increeaed  until  it  extended  to  the  lengtii  of  IS  miles  and  the  verticd 
thicknees  of  6000  feet,  or  nearly  one  milsw  This  body  of  cloud  was 
driven  with  great  celerity  to  the  south;  and  as  it  approached  the 
mountain  Ponglo  (distant  I14  miles  from  Ihu-jeeling,  and  slightly 
exceeding  10,000  feet  above  the  sea)  the  lower  portion,^itherto  nearly 
honBontal,  began  throwing  down  about  twenty  waterspouta,  each  1000 
{set  in  length,  which  nrated  at  a  rapid  pace,  increasing  in  length  at 
tiie  same  time,  until  Uie  whole  cloud  burst  into  heavy  rain.  "  The 
summit  of  the  mountun,"  it  is  observed,  "  was  evidently  a  point  of 
attraction  for  the  electricity  contained  in  the  cloud,  as  the  waterspouts 
one  mile  north  and  south  of  the  central  group  descended  towards  the 
uounttun  at  an  angle  of  i5'  with  the  horizon,  and  all  seemed  sUiving 
to  Twdh  the  very  summit  of  the  mountain :  and  upon  reaching  it  they 
all  burst  into  heavy  run.  Time  of  dtmtion,  fifteen  minutes."  The 
other,  and  the  last  waterspout  of  Major  Sherwill's  list,  was  observed 
and  sketched  by  the  Kev.  R.  A.  H.  Norman,  at'Dum  Dum,  on  the  28th 
of  October,  1860.  It  was  a  group,  depeniUng  from  a  heavy  nimbus, 
and  consisting  of  one  central  and  large  spout  or  column,  1500  feet  in 
leogUi,  flanked  to  tiie  eastward  by  many  smaller  ones,  some  of  Utem 
SOO  feet  long,  which  were  abaorbed  into  the  main  column  aa  fast  as 
they  were  formed.  Between  the  nimbus  and  the  man  of  li^t  base 
that  covered  the  horizon,  a  long  slip  of  blue  sky  vas  visible,  and  the 
vraterspout,  where  it  crossed  this,  was  invisible,  appearing  as  if  the 
whole  was  divided  into  two  portions.  The  entire  group  lasted  twenty 
minutes,  and  eventudly  buiBt  into  heavy  rain.  ('  Proceedings  of  the 
Anatio  Society  of  Bengal/  Sept.  5,1861,  Jonmal,  new  series,  vol.  xxix., 
pp.  S68-875, 418,  m.) 

The  manner  in  whitdi  several  of  the  waterspouts  described  by  Major 
Sherwitl  burst  into  rain  on  coming  into  contact  with  the  earth,  is 
strongly  indicative  of  electrical  agency,  to  which,  indeed,  these  pheno- 
mena, with  more  or  less  of  vague  conjecture  or  more  or  lees  of  science, 
have  long  been  attributed,  and  which  may  be  both  cause  and  con- 
sequence of  the  mechanical  actions  to  which,  in  Uie  former  part  of  this 
article,  they  have  in  part  been  referred.  The  circumstance  just 
mentioned  points  to  an  extendon  of  tiie  cloud  towards  tiie  eartii 
caused  by  electrical  attraction,  between  two  surfaces  (those  of  the 
cloud  and  the  earth),  one  of  which  has  been  charged  by  the  other  1^ 
induction,  until,  by  the  contact,  a  discharge  of  the  electricity  takes 
place,  and  the  particlee  of  water  previously  charged  are  at  once  pre- 
cipitated upon  the  earth.  Under  other  oirounu^ances,  the  attractive 
force  of  the  earth  ceasing,  or  being  insufficient,  the  spouts  are  absorbed 
into  the  cloud  again  by  the  forc6  which  holds  the  cloud  together. 
But  the  column  or  spout  itself,  being  colourless  and  transparoot,  when 
viewed  by  transmitted  light,  would  appear  to  consist,  not  of  cloud,  but 
of  water,  nearly  in  tiie  state  of  ram,  and  bristling  into  it  on  the 
dischai^ge  taking  place.  The  entire  system  of  cloud  and  water,  and 
the  flooded  earth  also,  being  one  of  excellent  conducton  of  electrici^, 
the  discharge  is  comparatively  or  altogether  silent. 

Strong  corroboration  of  these  inferences  as  to  the  eleefrioal  produc- 
tion of  waterspouts,  may  be  found  in  their  obaerved  production  in  the 
sequence  of  the  phenomena  which  attended  the  submarine  volcanic 
eruption  by  which  the  tempcnary  isluid,  Sabrina,  was  elevated  irom 
the  bed  of  the  aeetai,  near  Si.  Mi(»iael's,  in  the  Azores,  from  the  9th  to 
the  12th  of  June,  1 81 1 ;  the  important  bearing  of  which  on  subject 
seems,  hitherto,  to  have  escaped  attention.  Qiptain  Pillard,  R.N.,  who 
witnessed  the  eruption,  describes  (under  the  name  of  smoke,  like  all 
other  observers  of  volcanic  eruptions  un1»l  Sir.  Poulett  Scrope  had 
shown  it  to  be  condensing  steiun},  the  immense  eteam-cloud  issuing 
from  the  sea,  whioh  ramstituted  a  part  of  the  eruption,  together  with, 
and  through  whidi  the  eolnmns  of  stones,  cinders,  and  sues — the  com- 
minuted lavas — were  projeoted  in  rapid  sucoession.  "During  these 
bursts,  the  most  vivid  flashes  of  lif^tning  continually  issued  from  the 
densest  part  of  the  volcano ;  and  the  cloud  of  smoke  [steaml  now 
ascending  to  an  altitude  much  above  the  highest  point  to  whicn  the 
aahes  were  projected,  rolled  off  in  large  masses  of  fleecy  clouds  gradu- 
ally expanding  themselves  before  the  wind  in  a  duvctim  nearly 
horizontal,  and  drawing  up  to  them  [and  being  drawn  down  into^  a 
quantity  of  waterapoutt,  whicb  formed  a  most  beautiful  and  striking 
addition  to  the  general  appearance  of  the  scene."  These,  according  to 
the  particulars  rtated  ('  Phil.  Trans.,'  1812)  must  have  been  from 
or  four  hundred  to  eight  or  nine  hundred  feet  in  height  or  length. 

We  have  hero,  palpably,  all  the  elements  for  the  electrical  causation 
of  watenqwuts— uie  immense  evolution  of  electricity  [VoLoanOES,  col. 
660],  chaified  surface  of  cloud,  the  dieleotrio  atmosphere,  the  sur- 
face of  sea  below — and  the  actual  production  aooordinghr,  of  the  phe- 
nomena sought  to  be  accounted  for.  Much  more  might  be  said  on  this 
branch  of  the  subject,  which  indeed  is  one  of  great  extent  and 
complication,  the  explanation  now  suggested  being  of  a  general  naturo 
only. 

Much  valuable  information  respecting  waternponts  was  introduced 
Inr  the  late  Mr.  Piddington,  into  part  ff  (rf  his  '  Sailor's  Horn-Book  for 
the  Law  of  StOTma,'  including  a  view  of  the  contents  of  H.  Peltier^ 
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work  entitled  '  Obeervatious  et  recherohes  exp^rimentales  sur  lee 
causes  qui  ooncourent  Ik  la  formation  des  Trombes,'  under  which 
appellation  whirlwinds  and  waterspouts  are  identified  by  the  author ; 
being  applied,  indeed,  to  them  indiSerently  and  convertibly,  by  French 
writers  in  general. 

To  a  portion  of  this  port  of  the  mibjeet  we  shall  return  when  con- 
sidering cyclones  and  whirlwinda  in  the  article  WiRi). 

WATER  SUPPLY.  The  improvements  which  have  late^  been 
effected  in  the  practical  details  of  avUised  life,  have  given  rise  to  so 
great  a  demand  for  a  copious  domestic  supply  of  water,  thut  the 
branch  of  l^draulio  engineering  connected  with  that  portion  of  modem 
social  organisation  has  assumed  a  degree  of  importano^  in  excess  even 
of  the  importance  attached  to  ft  by  the  meet  civiliaed  nations  of  anti- 
quity. Yet  from  the  earliest  periods  in  the  history  of  man,  the 
attention  of  the  governors  of  populous  cities  has  been  always  directed 
to  providing  for  them  copious  supplies  of  the  fluid  so  indtspensable  for 
comfort,  cleanliness,  and  safety ;  and  no  surer  test  can  be  found  for 
the  oharaoter  of  a  national  orsanisation,  so  far  as  its  influence  upon  the 
phyaioal  hwpimsa  of  its  subjects  is  oonceraed,  ^an  the  one  to  ba 
dieoovered  m  the  state  d  the  water  Bupjdy  of  its  towns.  Some  of  the 
lessons  to  be  derived  from  an  examination  of  the  various  systonB 
hitherto  adopted  will  be  alluded  to  in  the  course  of  the  foUoiring 
review  of  their  history. 

There  are  few  indications  left  of  the  existence  of  a  complete  nstem 
of  water-works  in  tiw  ruins  of  the  Assyrian,  or  of  the  Babylonian 
towns,  althoiigh  the  numerous  traces  of  canals  upon  tiie  banks  of  the 
Tigris  and  Euphrates  show  that  great  attention  was  there  paid  to  the 
Irrigation  of  the  land,  and  to  securing  a  co^aous  supply  of  water.  In 
Egypt,  the  same  conditions  appear  to  have  prevaUed,  and  numerous 
canaJs  were  formed  for  the  purpose  of  leading  the  waters  of  the  Nile 
to  tanks,  and  wells,  situated  at  distances  bom  the  shores  of  the 
stream ;  but  the  water  was  not  habitually  raised  to  any  height,  unless 
in  gardens,  and  then  only  in  small  quantities,  and  by  very  rude  machi- 
nery. It  is  interesting,  however,  to  observe  that  the  hieroglyphind 
paintings  of  the  Egyptians  represent  the  use  of  the  shadouf,  or  of  the 
balance  pole  and  bucket,  still  retained  is  that  countir,  and  by^e 
market  gardeners  of  the  neighbourhood  of  London.  The  noria  was 
not  known  to,  or  used  by  the  ancient  Egyptians,  although  so  univer- 
sally employed  in  that  country  at  the  present  day;  but  Diodorus 
mentions  that  the  machine  known  by  the  name  of  the  Archimedean 
sorow  was  invented  by  them.  In  Phoenicia,  and  in  udsea,  traces  of 
aqueduote,  of  tanks,  and  of  wells,  ore  frequently  to  be  met  with ;  and 
in  those  countries  the  first  indications  of  works  designed  for  the 
purpose  of  conducting  the  watere  which  outburst  at  a  high  level  at 
some  distance  from  theproposedplaceof  consumption,  may  be  observed. 
There  were  no  pipes  used*in  any  of  these  water^works,  or  conduits; 
and  the  first  instance  on  record  of  their  application  is  to  be  found  in 
the  ruins  of  the  aqueduct  of  Patara,  in  Lyda ;  up<m  which  lino  there 
is  a  smgular  wall,  or  embankment  of  rough  stone,  across  a  valley  260 
feet  deep,  and  200  feet  across,  bearing  upon  its  curved  top  a  line  of 
marble  blocks  cramped  together  and  perforated,  so  as  to  form,  in  fact, 
a  reversed  mAion.  It  would  seem  that  the  defective  state  of  the  metal- 
lurgic  arts,  alone  retarded  the  ^tplicotiou  of  the  principles  of  hydro- 
statics known  to  the  more  anoteit  nations  of  the  East ;  for  the  hiero- 
glyphical  paintings  of  Egypt  certainly  show  that  the  syphon  and  the 
ordinary  forms  of  pipes  were  occasionally  employed  by  them ;  and  the 
aqueduct  of  Patara  equally  proves  that  tiie  Qreeka  were  aware  of  the 
law  by  whioh  water  rose  to  equal  heights  in  the  two  legs  of  a  reversed 
syphon. 

It  was,  however,  under  the  dominion  of  tiie  Romans  that  the  antdent 
world  undertook  tiie  most  gigantic  works  for  the  supply  of  their  towns 
with  water;  and,  fortunately,  the  writings  of  Vitruvius,  Frontinus, 
and  Palladio  have  transmitted  to  our  days  much  curious  information 
with  respect  to  the  detailed  methods  of  execution  adopted  the 
Roman  engineers.  According  to  Frontinus,  the  inhabitants  of  the 
Eternal  Ci^  for  a  long  time  eontoited  themselves  with  a  sin^  of 
water  obtained  from  the  Tiber,  from  land  -springs,  and  from  welb ;  out 
about  the  year  812  B.a,  the  censor  Appus  Claudius  completed  the  first 
aqueduct,  subsequently  known  as  the  Aqua  Appia,  which  conducted  to 
Rome  tiie  waters  of  a  spring  rising  "  in  the  field  of  Lucullus,  between 
the  7th  and  8th  naUiaria  of  the  !n«nostine  road."  Subsequentiy,  the 
aqueducts  of  the  Anio  Yetus,  Aqua  Uarcia,  Aqua  Tq>ula,  Aqua  Julia, 
Aqua  Crabro,  Aqua  Yirgo,  Aqua  Ahdatina,  Aqua  Augtista,  Aqua 
Claudia,  Anio  Novus,  and  the  A.  Alezandrina  were  added  to  the  means 
of  supply ;  and  in  tiie  later  days  of  the  empire  the  duly  distribution 
of  water  amounted  to  the  enormous  quantity  of  882,807,624  gallons. 
As  the  population  of  .Rome  does  not  appear  to  have  attained  1,000,000 
under  Aurelian,  according  to  the  calculations  of  M.  Letaroidlly,  the 
average  supply  must  have  been  about  332  g^ons  per  head  per  day; 
but  as  the  roisters  of  the  distributions  show  that  oiuy  one-fifth  of  ma 
total  quantity  was  token  by  private  consumers,  it  must  be  evident  that 
the  b\Ulc  of  the  water  was  devoted  to  the  public  fountains,  baths,  gardens, 
and  amphitheati^,  &c.  The  text  of  frontinus  contains  many  curious 
detuls  with  respect  to  the  manner  in  which  the  house  services  were 
connected  with  the  reservoirs,  or  diiftributory  cistenA;  the  regula- 
tion of  the  plumbers'  works ;  and  the  [n-eoautions  observed  to  insure 
tiie  ooohtesB  and  purity  of  tha  water ;  and  there  are  few  books  illus- 
tzative  of  the  manners  and  eustoma  1^  ^9  Romans  which  give  so 
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ourioua  an  hiai^lit  into  their  muniupel  life  aa  tiie  '  CommentarieB '  of  . 
this  auUior.  It  may  be  added  that  the  total  length  of  the  eleven  flnt-  ' 
named  aqueducts  vas  not  lees  tiian  456,987  yards,  of  which  SS,421 
yards  were  built  upon  arches.  The  highest  point  of  ground  in  the  oity 
was  the  Mods  Esquilinus,  which  weis  144  feet  8  inches  above  iiia  lerd 
of  the  invert  of  the  Cloaca  Maxima,  but  the  aqueduct  of  the  Aoio 
Kovua  discharged  its  waters  at  the  level  of  Ififi  feet  10  inoheB  above 
the  same  datum.  The  flow  of  the  waters  attributed  to  the  poblio 
service  was  constant,  by  night  as  well  as  by  dsy ;  and  the  privAte  c<ni- 
Bumer  had  the  same  privilege  if  he  desired  it. 

The  Koman  emperors  were  far  from  confining  tJieir  attention  to  the 
water  supply  of  Rome  itedf,  for  numerous  and  ngaatic  works  <d  that 
description,  for  the  supply  of  important  provindaltownB,  were  executed 
by  their  orders.  [Aqueduct.]  During  the  dedioe  of  the  lover  empire, 
even,  the  construction  of  aqueducts  and  reeervoirs  waa  carried  an  with 
the  some  degree  of  enerfnr  as  in  the  brighter  period!  of  the  Roman  rule ; 
and  tlte  nei^bourhood  of  Constontino^e  poesessee  ruinB  ^  (he  aqueduct 
of  Justinian,  and  in  the  valley  of  Bourgas,  which  may  rival  any  of  the 
earlier  atmcturee  in  magnitude  at  least,  if  not  in  conBtructive  skill. 
Perhaps  the  most  remarkable  parte  of  the  water-works  of  Constanti- 
nople were,  however,  the  subterranean  reservouv  there  coDstructed  to 
store  the  water.  One  of  thwa  is  aboat  819,200  cubic  feet  in  oapadty, 
and  the  other  about  1,026,970  cubic  feet,  and  they  are  vaulted 
throughout. 

Of  course  the  art  of  distributing  water  suffered  under  the  effects  of 
the  irruption  of  the  barbarians ;  and  all  that  was  done  by  even  the 
most  enlightened  of  the  rulers  of  the  Gothic,  Vandalic,  and  Lombardic 
tribes  was  to  repair  and  maintain  the  aqueducts  they  found  to  be  in 
existence  when  they  ovoran  the  provinces  of  the  Roman  empire. 
There  Lb  a  tradition  oonneoting  the  erection  of  the  aqueduct  of  Spo- 
ieto  with  the  niune  of  Theoderic  the  Ooth ;  but  the  style  of  the 
monument,  and  many  other  indications  it  furnishes,  would  throw 
great  doubts  on  the  ccnrectness  of  the  story ;  nor  can  we  discover  any 
authentic  records  of  the  execution  of  any  great  wortui  for  the  euj^ly 
of  water  to  towns  during  the  medifeval  pwiod,  until  about  the  end  of 
the  18th  century.  In  fact,  the  great  centres  of  populotaon  in  modem 
times  were  but  very  insignificant  villages  in  the  early  periods  of  hi»- 
tory  ;  and  propertywas  h^d  by  far  toounoertain  a  tenure  to  justify  tiie 
execution  of  great  public  works.  The  Italian  citdes  eeem  to  have  been 
the  first  to  attempt  anything  like  a  qntematic  distribution  of  water ; 
and  Michael  Boctanegra,  at  Genoa,  in  1278,  the  unknown  authors  of 
the  Spoleto  and  of  ^e  CSvita  Castdlana  aqueducts,  at  other  periods 
in  the  Middle  Ag«,  revived  Oie  modes  of  CMutmction  adopted  by  the 
Romans.  In  the  north  of  Europe  there  do  not  nppar  to  have  been 
made  any  attempts  to  rival  the  gorgeous  monumenfag  of  the  Roman 
empire ;  and  in  nearly  all  coses — as  at  London  and  at  Paris — the  system 
adopted  seenu  prindpally  to  have  been  to  lead  to  some  stone  reservoirs 
the  waters  of  springa  rising  in  the  country,  by  means  of  wooden  or  of 
leaden  pipes.  When  the  populations  of  those  towns  had  increased  to 
a  ccnuiderable  extent,  it  was  found,  howevw,  that,  as  in  the  former 
oaae  of  Rome,  it  waa  no  longer  possible  to  obtain  tiie  neoeasaiy 
quantity  of  water  from  the  superficial  gravels,  or  from  the  water- 
bearing  strata  around  them  ;  and  we  accordingly  find  that  at  the  close 
of  the  mediaeval  period  efforts  were  made  to  aeoure  vrater^ippliea  to 
the  latga  towns  from  larger  areas  than  had  previously  Bufiioed.  In 
France,  the  engineera  seem  to  have  considered  themselves  bound  to 
return  to  the  traditions  of  the  Romans,  and  the  aqueduct  of  Aroeuil 
was  built  in  avowed  imitation  of  the  analt^us  structures  of  the 
ancients.  In  England,  the  system  of  contouring  the  ^^11"  by  open 
water-courses  prevailed ;  and  the  Plymouth  Leet,  oitabliBhed  by  Sir 
F.  Drake,  and  the  UTew  River  by  ^  H.  Myddelton,  may  be  cited  as 
illiutratitnw  of  the  wjistem  long  adopted  here.  The  great  aqueduct  of 
Lisbon,  erected  between  17IS  and  1782;  the  aqunlnct  of  Coaerta, 
erected  by  Tanvitelli  about  I7S8 ;  the  aqueduct  of  Symete,  erected  by 
Prince  Biacari,  in  Sicily ;  the  Croton  Aqueduct,  and  the  Roquefavour 
Aqueduct,  may  be  referred  to  as  illustratione  of  the  modem  execution 
of  works  for  the  supply  of  water,  designed  upon  the  princi[dea  of  the 
ancients ;  but  the  mojori^  of  the  modem  water«uppliee  are  executed 
in  a  far  lees  ostentatious  manner,  and  with  modifications  required  by 
the  local  habits  or  by  the  municipal  organieation  of  the  towns  them- 
selves. Of  late  years,  also,  the  improvements  which  have  been  effected 
in  the  machinery  used  for  the  purpose  of  raising  water,  and  the  new 
applications  of  metallurgy  to  me  building  arts,  have  so  profoundly 
changed  the  economical  conditions  of  the  distribution  of  water,  that  it 
is  hardly  possible  to  compare  the  systems  which  have  respectively  pre- 
vailed in  uicient  or  in  very  modem  times.  The  fundamental  difference 
seems,  however,  to  consiBt  in  this,  namely,  t^t  the  state  undertook 
the  execution  of  the  water  supplies  of  antiquity,  whilrt  in  modran 
times  they  have  been  left  entirely  to  municipalitiea  or  to  private 
industry.  What  the  modems  may  have  gained  in  economy  under 
theBO  circumstances,  they  have  lost  in  art;  and  just  precisely  aa  the 
economical  element  of  the  calculation  prevails,  bo  does  ^e  manner  in 
whudi  a  modem  water  mpplj  is  effected  lose  ^1  ohantoter  of  beauty  as 
a  monument. 

Before  entering  upon  the  ctasidoratton  of  the  technical  questions 
«>nnected  with  the  Bobject  of  a  water  supply,  and  before  quitting  the 
past  hisbny  of  those  operatioDS,  it  may  be  desirable  again todwell 
dpon  a  very  generally  received  opinion  vrith  respect  to  Amnm<w^ 


ignorance,  by  the  andents,  of  the  princwle  of  the  inverted  pyphoQ ;  w 
of  the  principle  by  which  water  will  mid  the  same  level  at  the  two 
ends  of  a  continuous  pipe,  unless  prevented  by  some  extemU  force. 
This  opinion  has  been  repeated  in  so  many  popular  works  upon  science, 
that  it  is  ahnost  univers^y  believed ;  yet,  not  caily  does  the  aqueduct 
of  Patara  entirely  refute  it,  but  the  great  syphon  upon  the  oouree  of 
the  aqueduct  of  Lyon  proves  titat  ^e  ancients  were  as  well  acquainted 
with  the  principle  as  the  modems  themselves  are.  It  is  the  mora 
extraordinary  that  this  singular  opinion  should  have  obteined  such 
universal  credence  as  it  has  done,  because  Vitruvius  discusses  in  a  very 
practice  spirit  the  mode  of  executing  the  descending  and  ascending 
pipes,  in  chap.  vii.  lib.  8 ;  and  he  pointfl  out  the  precauti<HU  to  be 
taken  to  prevent  the  rapture  of  the  pipes  hy  the  oompreaaion  o£  the 
air  in  tiie  lowest  parts  td  the  syi^on. 

The  first  inquiry  at  the  present  day,  when  it  may  be  desired  to 
execute  a  systetn  of  water  su[^ly  to  a  town,  after  having  aaoertoined 
the  present  and  the  probable  future  extent  of  the  consumption  {whioh 
is  usually  reckoned  to  take  place  at  the  rate  of  forty  gallons  per  head 
of  the  population  per  day),  must  of  course  be,  aa  to  where  a  ponpanent 
supply  of  water  of  a  proper  quality  is  to  be  obtuned.  Much  diacusnon 
has  of  late  years  taken  place  with  req>ect  to  the  question  as  to  what 
constitutes  the  proper  quality  of  Buch  a  water,  and  the  formerly 
received  opinione  of  phypiologists  and  engineera  have  been  boldly 
challenged  by  men  who  nave  had  little  claun  to  either  of  those  titles. 
The  discussion  has  principally  tumed  on  the  subject  of  the  hardness 
and  of  the  softness  of  waters,  oonsequent  upcm  the  presence  in  them 
of  the  salts  of  lime,  in  the  form  of  the  bicorbonates  cn  that  base ;  the 
former  authorities  upon  such  matters  contending  that  a  certain  pro- 
portiou  of  lime  is  neceesaiy  in  a  potable  water,  whilst  the  new  li^te 
contend  that  absolute  purity  should  be  aimed  at.  The  truth*  in  Uiia 
oaae,  seems  to  be  that  there  is  still  too  conaidOTable  an  amount  of 
uncertainty  with  reapect  to  the  real  action  of  the  salts  in  question 
upon  the  human  frame  to  allow  of  the  formation  of  imy  very  decided 
opinion  on  the  Bubject,  or  of  the  establishment  of  any  absolute  law  for 
the  adoption,  or  rejection,  of  a  particular  source  of  supply,  when  its 
departure  from  the  standard  of  absolute  purity  is  very  smaU.  Local 
considerations  of  economy  must,  in  the  present  state  of  knowledge, 
exercise  great  influence  upon  the  choice  of  the  source  of  supply ;  and 
it  is  only  when  the  quantities,  or  some  peculiar  properties,  of  the  extra- 
neous impurities,  are  very  objectionable,  that  it  becomes  desir^e  to 
reject  a  source  which  is  close  at  hand.  The  qualities  which  are  indis- 
pensable in  a  water  designed  to  be  distributed  In  a  town,  are,  to  quote 
the  words  of  the  '  Annuaire  des  £aux  de  Frtmce,'  that  "it  should  be 
fresh,  limjad,  and  without  smell;  that  itB  flavour  should  be  hardly 
perceptible,  and  that  it  be  neither  disagreeable,  fiat,  brackish,  nor 
sweet;  that  it  should  contain  little  foreign  matier,  but  a  sufficient 
quantity  of  air  in  dissolution ;  that  it  should  dissolve  soap  without 
leaving  curds,  and  should  cook  v^ietables  easily."  A  small  portion  of 
carbonic  acid  gas  increases  the  wholesomeneas  of  a  water,  by  its 
influence  upon  the  digestive  oi^ans ;  but  it  enables  the  water  to  take 
up  an  additional  quantity  of  the  salts  of  lime  (whidi  in  their  turn 
increase  the  hardness  of  the  water),  and  to  develope  some  forms  of 
disease  {eucb  aa  gout,  calculi,  tc.)  in  the  populations  using  it  habitually. 
Waters  containing  salts  of  magneoa,  or  sulphate  of  lime,  aie  con- 
sidered, on  the  other  hand,  to  produoe  the  loathsome  disease,  the  goitre ; 
and  the  very  purest  waters  obtained  from  ^e  melting  at  ice,  or  of 
snow,  ore  d^cient  in  some  elements  neoessaiy  to  maintain  the  healthi- 
ness of  the  human  frame.  The  waters  which  hold  in  solution  notable 
proportions  of  oiganic  matters,  are,  however,  those  which  are  the  most 
objectionable ;  and  diarrhtea,  dysenteries,  and  other  acute  and  chronic 
diseases  may  be  traced  to  the  use  of  the  water  obtained  from  ponds, 
marshes,  or  wells,  containing  excesuve  raoprations  of  altered  organio 
matten,  either  in  suspension,  or  in  solution.  It  was  considered,  by  the 
authors  of  the  '  Annuaire  des  Eaux,'  that  the  Bmall  quantity  of  the 
diloride  of  sodium  to  be  found  in  ordinary  river  or  spring  wi^er  was 
rather  advantageous  than  otherwise;  and  they  further  remark,  that  the 
chlorides  in  water  are  almost  always  associated  with  the  iodides  and 
bromides,  which  unquestionably  increase  its  salubrity.  It  may  be 
added,  tlut  when  tiie  proportion  a£  the  bicarbonate  o£  lime  in  a  potable 
water  exceeds  1  in  SOOO,  it  becomes  podtively  injurious;  that  the 
bicarbonate  of  lime  is  tiirown  down  by  boiling ;  but  tiiat  neither  the 
salts  of  magnesia,  nor  the  sulphate  of  lime,  are  ^us  expelled. 

The  opinion  which  it  has  lately  been  attempted  to  convert  into  a 
law,  "  that  the  nearer  the  source,  the  purer  the  supply,"  seems  to  be 
one  of  those  half-tioitha  which  require  to  be  accepted  with  a  reserva- 
tion. Thus,  the  waters  rUing  from  deep-seated  spring  in  the  chalk 
formation  contain  at  their  source  an  abnormal  dose  of  the  bicarbonAto 
of  lime,  which  they  part  with  if  allowed  to  flow  in  the  open  air  in  a 
clear  channeL  Indeed,  so  much  do  waters  generally  improve  by  the 
flow  in  open  channels,  that  some  of  the  ablest  physiologists  hold  that 
river  waters  alone  should  be  used  for  town  supplies ;  but  in  such  cases, 
it  is  essential  to  adopt  precautions  with  a  view  to  the  prevention  of 
the  oontaminatiou  of  we  latter,  by  the  organio  impurities  washed 
down  from  the  lands  they  traveiae.  A  prolonged  conne  over  a  rough 
channel  also  removes  earthy  impurities,  and  the  hydrous  oxides, 
which  are  often  held  in  suBpension  in  spring  waters ;  but  it  does  not 
seem  to  have  any  influence  upon  the  eulphates  of  lime,  or  of  magnesia, 
or  upon  the  ohiorides  of  caloium  or  of  sodium.   In  all  oases  wherein 


Digitized  by 


Google 


767 


WATER  SUPPLT. 


WATER  STTPPLT. 


768 


Buch  a  course  is  able  to  do  good,  it  moat,  however,  be  obaerred,  that 
the  voter  must  flow  with  con^denble  velocil^ ;  nnA  it  would  amear 
that  the  aeration  of  the  wator  thus  produced  constituteB  one  o)  the 

Buperiorittes  of  river  waters  over  those  obtained  from  orduiarjr  wells; 
because  the  latter  are  exposed,  occoaionally,  to  become  stagnant. 
When  a  water  supply  has  to  be  obtained  from  u  great  distance,  the 
considerations  of  the  deposition  of  the  earthjr  salts  become  of  great 
importance,  on  account  of  the  effect  they  are  likely  to  i>roduce  upon 
the  delivery  of  the  conducting  channels ;  and  it  was  preciaely  because 
the  engineer  of  the  Marseille  waterworks,  U.  de  Montricher,  feared 
that  the  waters  of  the  Durance  would  choke  a  reversed  syphon  that  he 
was  led  to  erect  the  gigantic  ai.iueduct  of  Roquefavour.  The  channel 
through  which  any  stream  is  to  be  led  must,  it  may  also  be  added,  be 
protected  from  accidental  impuritiea  derived  from  the  atmosphere,  or 
from  any  other  source ;  and  even  at  the  present  day,  the  hydraulic 
engineer  migjit  derive  many  useful  lessons  from  the  practice  of  the 
Romans  ia  Uiese  details  of  uieir  aqueducts.  They  took  care,  in  fact, 
to  cover  their  channels  as  far  as  possible;  to  provide  ventilating  shafts 
from  distance  to  distance ;  and  to  place  drips  in  the  line  of  the  invert, 
in  order  to  produce  small  cataracts,  with  a  view  to  increasing  the 
aeration  of  tbo  water. 

Tho  objections  to  the  use  of  ordinary  well-waters,  on  account  of  their 
tendency  to  become  stagnant,  apply  with  variaUe  force  (according  to 
the  quautitiea  considered)  to  the  waters  of  ponds,  of  reservoirs,  or  of 
lakes;  and  therefore  they  have  an  important  beanng  upon  the  system 
of  1^  supply  to  towns,  Imown  in  England  by  the  name  of  the  "  catek- 
vater  giavilation.  tystcm."  In  works  of  this  description,  the  water, 
foiling  upon  elevated  districts  around  the  town  to  be  supplied,  is  stored 
in  lai^  artificial  reservoirs,  in  such  a  manner  as  to  allow  the  excess  of 
the  winter's  rams  to  be  distributed  in  the  dry  season;  and  evidently 
these  reservoirs  most  be  established  so  as  to  ensure  the  disposal  of  toe 
maximum  quanUty  for  distribution  precisdy  at  the  season  when  there 
would  be  the  least  rain&ll  to  renew  ue  water.  Dtuing  the  dry  season, 
in  fact,  the  water  in  the  reservoirs  cannot  be  renewed,  and  it  must  be 
exposed  to  all  the  deleterious  actions  which  are  known  to  take  place  in 
stagnant  water  from  the  development  of  animal  and  of  vegetable  life  in 
them,  under  the  influence  of  lu;ht  and  heat,  The  pari^  of  the  waters 
thus  stored  must,  however,  depend  greatly  upon  the  nature  of  the 
surface  from  whence  they  flow,  upon  the  nature  of  the  soil  of  the 
reservoirs  themselves,  and  upon  the  exposure,  the  outlina  in  plan,  and 
the  transverse  sections  of  the  reservoirs ;  for  the  primary  qualities  of 
the  water  depend  on  the  first  of  these  considerations,  and  its  preserva- 
tion in  a  wholesome  state  depends  grnitly  upon  the  influence  of  the 
latter  in  maintaining  a  surface  sgiti^oD.  The  lands  which  exercise 
the  most  deleterious  action  upon  the  waters  to  be  impounded  are  those 
whiiJi  are  covered  by  peat,  or  by  awricultural  land ;  or  those  which  are 
likely  to  give  off  mineral  or  earwy  salts  in  large  quantities;  and, 
therefore,  the  primary  or  secondary  aystalUne  roclu  and  the  pure 
silicious  sands  are  the  best  adapted  for  the  purpose  of  forming 
gathering-grounds.  In  England,  and  in  moat  countries  where  gravi* 
tation  waterworks  can  be  established  from  reservoirs,  such  as  are  above 
alluded  to,  it  fortunately  happens  that  the  gathering-grounds  occur  in 
the  hilly  districts  of  we  primary  formations;  but  m  India,  and  in 
tropical  alluvial  plwns,  it  is  often  necessary  to  store  the  excessive 
rainfall  of  the  wet  season  in  tanks,  for  consumption  during  the  diy 
season,  because  the  superficial  water-courses  cease  to  yield  water,  and 
there  are  no  perennial  springs  in  such  districts.  The  waters  so  stor^ 
must,  under  these  circumstances,  be  filtered,  or  treated  in  some  way, 
in  order  to  counteract  their  otherwise  deleterious  efibcts  upon  Gxa 
human  frame ;  the  great  difficulty,  however,  arising  from  the  tempe- 
rature to  which  they  are  raised  by  the  sun's  action  upon  their  surfoce. 

It  would  appear,  after  all,  that  the  waters  which  unite  the  greater 
number  of  favourable  qualities  for  a  town  supply  are  those  which  flow 
from  deep-seated  spring,  or  from  the  insoluble  clay  slates,  ci^talline 
limestones,  or  are  obta^ed  by  oontinuous  pumping  from  wdls  sunk  in 
the  pure  mlioiouB  strata,  fto.  It  is  not  often  that  these  wells  yield  water 
in  sufficient  quantities  for  a  town  supply;  and  l^ere  is  always  a  dan^r 
of  their  being  interfered  with  by  the  operaticms  of  neighbours,  or  by 
injurious  infiltraUons  from  cesspools  or  dead  wells.  The  history  of  the 
Artesian  wells  round  London,  of  those  at  Tours  and  Paris,  and  of  the 
deep  wells  in  the  new  red-sandstone  at  Liverpool,  proves  that  there  are 
aerious  objections  to  allowing  the  supply  of  a  large  population  to 
^pend  on  sources' so  nnoertain,  and  so  easily  diverted,  as  these  de^ 
seated  sp^gs  evidently  are.  In  no  ooontiy  in  Europe  is  there  any 
legislation  creating  a  right  of  |«vperty  in  underground  waters;  for 
law-makers  have  not  hitherto  been  geologists,  and  they  have  openly 
avowed  their  ignorance  of  the  principles  whic^  regulate  the  flow  of 
deep-seated  ^rings.  It  thus  happens  that  the  inbabltBats  of  lai;ge 
towns  are  compelled,  pnurtically,  to  resort  for  tiieir  water  sni^t^  either 
to  riven  or  superficbf  water-j»)urses,  or  to  create  reservoizs  upon  either 
the  gravitation  or  the  tank  syBtem,  to  impound  the  rainfall  of  the 
wet  seasons. 

In  the  previous  portion  of  this  article  it  was  stated  that  tjie  quantity 
of  water  to  be  distributed  in  a  town  was  usually  calculated  at  the  rate 
of  40  golloDB  per  individual  per  day ;  but  evidentiy  local  circumstances 
may  aiTect  this  rate  of  consumpuon  to  a  very  serious  extent.  It  is 
more  than  questionable  whether  even  the  most  luxurious  persons 
require  absolutely  a  greater  qutmtity  than  6  gallons  per  da^  for  their 


own  immediate  consumption ;  and  if  the  latter  be  carried  to  10  gallons 
per  daj,  it  would  suffice  widi  ^iroper  care  for  any  real  demands.  In 
calcuh^dng  for  a  town  supply,  it  is  necessary,  however,  to  allow  for  the 
consumption  by  trades  using  large  quantities  of  water,  and  for  muni- 
cipal purposes,  such  as  street-watering,  flushing  sewers,  extinction  of 
fires,  &0. ;  and,  in  order  to  cover  these  demands,  it  was  considered,  so 
long  08  the  old-foshioned  intermittent  supply  existed,  that  an  allowance 
of  20  gall<ais  per  head  per  day  would  be  si^^ent.  The  introduction 
of  the  constsnt-ddivery  system  has  of  late  years  tended  angularly  to 
increase  the  quantity  of  water  distributed,  and  indeed  the  waste  of 
water  which  thus  takes  place  is  at  times  so  great  that  it  almost  assumes 
the  importance  of  a  public  calamity.  In  London,  where  the  inter- 
mittent supply  still  prevails,  the  consumption  of  water  is  now  not  less 
than  at  the  rate  of  40  gallons  per  head  per  day  on  the  average ;  in 
Croydon,  at  Boston,  New  York,  &a.,  tiie  rate  under  the  constant 
delivery  has  been  80, 100,  and  even  sometimes  SOD  gallons  per  bead 
per  day.  No  doubt  a  great  part  of  this  waste  coidd  be  prevented,  and 
it  would  never  be  allowed  to  exist  if  the  water  supply  of  towns  were 
left  in  the  hands  of  private  compamea ;  but  tiie  tendency  of  the  age  Is 
certainly  to  withdraw  municipal  services  from  the  control  of  speculative 
adveotiuers,  and  it  therefore  becomes  important  to  direct  attention  to 
the  eventual  danger  arising  from  the  waste  which  seems  to  be  inherently 
attached  to  the  modem  system  of  distiitnttion. 

Whatever  may  be  aastnned  to  be  the  normal  rate  of  consumption 
by  the  inhabitaiitB  of  a  town,  it  must  be  observed  that,  in  the  summer 
months,-— titat  is  to  say,  in  June,  July,  August,  and  September,— the 
average  consumption  per  individual  per  day  increases  in  about  the  ratio 
of  10  per  cent,  upon  the  ordinary  average  ;  whilst  in  December, 
JftDuaty,  and  Febnuuy  it  is  about  as  much  below  the  same  average. 
In  designhig  gtavitslumrworkB,  e^eoially,  this  becomee  an  important 
connderatitm ;  for  the  consomption  actually  iucreasea  when  t^e  supply 
decreases,  and  the  dimensions  of  the.  reservoirs  must  be  calcidated  of 
sufficient  size  to  meet  the  demand  of  Uie  season  which  is  the  moat 
unfavourable.  The  compensations  to  be  given  to  the  ancient  possessors 
of  water  privileges  must  also  be  taken  into  account  in  designing  any 
new  water-worki,  especially  in  the  case  of  gravitaticm-works,  which 
interfere  more  with  the  natural  hydrognphical  conditions  of  a  district 
than  ordinary  pumping- works  do ;  and  the  hws  of  watn-  by  evaporation 
from  the  reservoirs  in  hot  weather  requires  also  to  be  allowed  for.  In 
most  countries  of  Southern  Europe,  it  is  to  be  observed,  moreover, 
that  the  rate  of  personal  consumption  of  water,  so  to  speak,  is  much 
less  than  the  rate  prevailing  in  the  north,  but  that  the  quantity  of 
water  poured  down  we  channels,  or  used  in  the  monumental  fountains, 
or  in  otiier  oontrivanoes  for  cooling  and  refreshing  the  air,  is,  on  the 
contiary,  very  much  greater.  Thus,  in  Paris,  it  is  stated  officially  that 
the  supply  of  water  takes  place  at  the  average  rate  of  131  g^ons  per 
head  per  day ;  but,  in  &ot,  the  water  is  sold  by  the  pail,  and  in  no 
house  in  Paris  is  there  a  supply  (in  1861)  to  the  second  floor,  and 
nearly  all  the  water  which  is  brought  into  the  city  is  poured  into  the 
street  kennels  or  is  employed  in  the  fountains.  All  these  details  of 
the  application  of  a  town  supidy  must,  therefore,  be  carefolly  examined, 
and  allowed  for,  in  eeleoting  the  source  and  mode  of  distribntion;  for 
it  must  be  evidmit  that  every  particular  climate,  and  every  phase  of 
civilisation,  requires  to  be  treated  upon  its  own  special  principles. 

The  quantity  and  the  quality  of  the  water  supply  being  determined, 
a  very  important  question  arises,  as  to  whether  it  should  be  obtained, 
at  a  great  original  outiay,  under  such  conditions  as  to  aUow  tiie  water 
to  flow  to  the  place  ta  distribution,  by  gravitation;  or  whether  it 
should  be  obtained  by  means  of  pumjung-mochinery,  at  a  smaller 
original  ontlay,  but  at  a  greater  annual  ei^enae  for  working.  This 
question  is  one  which  it  is  impossible  to  decide  d  priori,  b^use  it 
must  be  bo  materially  offlBcted  by  local  considerations  &s  to  render  it 
dangerous  to  lay  down  any  absolute  rules  in  the  matter.  But  it  must 
be  evident  that,  wherever  it  is  possible,  as  it  was  in  the  cose  of  ancient 
Rome,  to  lead  into  a  town  streams  of  water  rinng  at  a  natural  elevation 
above  the  proposed  points  of  distribution,  there  must  be  an  evoitual 
economy  m  bo  doing  over  the  cost  of  another  system  by  which  the 
water  would  be  raised  from  even  a  nearer  point  by  the  ud  of  a  compli* 
cated  piece  of  machinery.  The  Romans,  who  were  able  to  concentrate 
upon  any  work  they  imdartook  the  resources  of  the  known  civilised 
world,  ado|>ted  the  formerimtem;  and  the  hi^y-centrrdised  govern- 
ments of  modem  Europe  endeoi^  prefer  it,  for  tke  French  are  about 
to  incur  an  enormous  expense  in  order  to  lead  to  Paris,  by  gravitation, 
some  sfoings  which  rise  at  a  great  distance  from  that  town.  In 
England  and  in  Amerioa,  however,  where  individual  enterprise  is  so 
much  more  active,  the  tendency  ia  to  resort  to  sources  of  supply  which 
admit  of  f^e  applkation  of  machinery  at  a  small  primary  outlay ;  snd, 
in  fact,  the  choice  betweoa  the  two  qratems  must  greaUy  depend  upon 
the  power  of  omnmanding  capital,  and  upon  the  balance  of  motives 
which  ndght  lead  to  imposing  a  burden  upon  the  present  generation 
for  the  safe  of  its  snooessors.  In  uther  case,  the  works  required  for 
the  filtration,  storeage,  and  distribution  of  the  waters  ore  the  same ; 
the  only  difference  consists  in  the  mode  of  leading  the  water  to  the 
point  from  whence  the  distribution  is  to  take  place. 

Even  in  gravitation  works  tiiere  are  various  methods  of  solving  this 
question,  for  thowatw  may  be  led  mther  in  dosed  ^pes  or  in  open  or  In 
covered  oonduits.  Open  conduits  may  be  reeorted  to  when  the  district 
^bsy  tiBTBiM  is  not  Itkely  to  funish  any  demaits  of«  nature  to  ^ter 
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Uie  purity  ol  the  vster ;  but  if  Bmnll  local  watercouraea  should  be 
likely  to  pour  into  the  Btream,  or  if  tl.e  Utter  should  be  exposed  to  the 
danger  of  contaminatioD  from  the  dust,  amoke,  or  other  impurities  of 
a  town  atmosphere,  the  conduit  must  be  oorerad.  The  advantage  of  a 
pipe-conduit  consiflts  precisely  in  th«>  ^otectiim  it  affords  against  such 
accidental  sources  of  contamination,  and,  general^  speaking,  it  will  be 
found  to  be  cheaper  than  a  masonry  conduit  of  on^naiy  dimensions. 
Uoreover,  tlw  ftudlity  the  t^pes  funiiah  for  the  execution  of  revened 
syphons  diapenseB  with  the  necessity  for  the  construction  of  costly 

Xtducts.  It  is  essential  to  make  the  dimensiona  of  the  pipe  eome- 
t  larger  than  would  theoretically  be  neceeaaiy  to  convey  the  quan< 
tity  of  water  required  to  be  delivered ;  because  there  is  a  dang^,  in 
almost  aH  cases,  of  the  formation  of  an  incrustation  in  the  intcurior  of 
tiie  jnpea,  which  would  practically  diminlBh  their  sectional  area ;  and 
it  is  esBcatial,  also,  to  provide  means  for  occasionally  examining  and 
clearing  the  pipes.  In  all  descriptions  of  conduits  it  is  necessary  to 
provide  stop-gatea,  or  valves,  and  overflowa,  so  as  to  arrest  the  passage 
of  the  water  in  case  of  accident.  The  material  generally  used  tor  pipe- 
conduits  is  cast-iron ;  but  glazed  stone-ware  is  often  employed  with 
success,  when  the  water  does  not  fiow  under  great  pressure.  The 
Romsns  frequently  used  lead-|dpee  for  this  purpose ;  but  as  a  general 
rule  Utey  preferred  covered  aqueducts,  and  the  Continraital  eufpoeers 
Rtill  adhere  to  this  system.  In  the  great  Liverpool  gravitation  water- 
works, and  in  the  new  supply  to  Olai^w  from  Loch  Katrine,  oast-iron 

Eipes  have  been  exclusively  used  where  any  great  difiarenoes  of  level 
avo  been  encountered. 

In  the  majority  of  cases  at  the  presmt  day,  the  water  brought  from 
A  distance  for  the  supply  of  a  town,  is  filtered  before  distribution ;  and 
this  is  effected  in  positions  as  close  as  possible  to  the  pumping  station, 
or  to  the  entry  of  the  distributing  mains,  unless  the  water  ^ould  be 
BO  pure  naturally  as  to  allow  this  precaution  to  be  dispensed  with. 
There  are  numsroua  systems  of  filtration  in  use  in  Englimd,  but  the 
tme  most  genendly  adopted  is  to  cause  the  water  to  paas  through  a 
succession  of  layers  of  saod  and  gravd  (increasing  in  ooaneness  Bom 
above  downwards)  to  a  series  of  dnins  leading  to  a  covered  reservoir. 
The  total  thickness  of  the  filtering  media  is  usuaUy  made  from  six  to 
seven  feet,  and  the  number  of  layers  about  eight  or  nine,  the  head  of 
water  over  the  upper  surface  of  the  sand  being  about  two  feet. 
Engineers,  however,  are  not  unanimous  in  their  opinions  as  to  tiie  beet 
relations  between  ti»  depth  of  the  filtering  media  and  the  head  of 
water  over  them ;  for  in  some  cases  the  depQi  of  the  sand  and  gravel 
is  made  only  4  feet  6  inches,  and  the  working  head  four  feet,  instead 
of  the  dimensiuns  quoted  above ;  but  eviden^y  the  degree  of  puri^  of 
the  water  itself  muat  materially  affect  this  question.  It  may  even 
happen  that  the  quality  of  the  water  may  require  the  introduction  of 
some  ingredirat  in  the  filtering  media  which  diould  be  able  to  exercise 
a  ohemioal  iafluenoe  upon  the  water  Uadt ;  and  in  some  cases  it  has 
been  proposed  to  mix  animal  charcoal  witli  the  upper  layers  of  sand, 
in  order  to  remove  any  organic  matters ;  or  to  mix  the  magnetic  oxide 
of  iron  with  the  sand  when  peaty  matters  are  present;  or  even  to 
apply  Dr.  Clark's  irocess  when  the  bicarbonate  of  lime  is  present 
in  notable  excess.  Local  considerations  must  guide  the  engineer  in 
his  choice  of  the  vuious  Bystema;  but  however  the  water  may  be 
trsated  in  this  stage  of  the  distribution,  it  is  absolutely  necessary  that 
it  should  not  be  exposed  to  the  air  at  all  after  having  been  filtered,  and 
that  it  should  be  either  at  once  passed  into  the  disUibuUng  muns,  or 
be  stored  in  covered  resoroirs  until  wanted  for  use.  In  the  constnic* 
tion  of  the  latter,  the  only  important  observation  to  be  made  is  tiiat 
they  must  be  executed  in  such  a  way  as  to  protect  the  water  against 
the  action  of  light  and  of  the  sun's  rays  j  loou  fadlities  for  the  supply 
of  building  materials  must  regulate  the  precise  detiuls  of  tiie  construc- 
tion itself.  In  some  peculiar  caM  it  is  desiraUe  to  provide,  in  sddi- 
tion  to  the  filters  and  p  ure  water  reservoin,  depositing  basins,  in  which 
the  heavier  materials,  m  mechanical  suspension  in  we  waters  of  the 
natural  aource  of  supply,  may  deposit  themscdves;  but,  again,  this 
detail  admits  of  no  universal  law ;  and  it  ia  even  to  be  observed  tiiat 
the  tendetu^  of  the  London  engineers  is  ratiier  towards  the  suppression 
of  both  depoidtiDg  basins  and  itonage  resenroiis.  They  make  the 
filters  of  sufltcient  area  and  tl>l<*m—  to  complete  rapidly  and  e&ec- 
tually  the  separation  of  tiie  impurities ;  and  Aeij  pump  the  filtered 
vrater  at  once  into  the  distributing  mains.  Where  storeage  reservoirs 
ore  used,  their  dimensions  may  vary  between  the  capacity  required  for 
three  days'  consumption,  when  the  source  of  supply  is  uable  to  occa- 
sional interruptions ;  and  the  oapacily  required  f<a  a  few  hours'  supply 
when  Uie  maohinny  is  only  subject  to  ordinaiy  periods  oi  rest  or  repair. 
In  the  latter  case  it  may  be  necesssiy ,  hovever,  to  make  ttie  machinery 
in  duplicate,  or  at  least  to  keep  a  stock  of  duplicate  parts.  Care  must 
be  taken  to  provide  for  all  such  service  reservoirs,  valve  pits,  overfiow 
inpes,  waste  weirs,  scouring  pits,  and  other  conveniences  for  examina- 
tion, cleansing,  and  repair. 

Unless  in  the  cases  of  gravitation  works,  it  is  neoessaty,  in  all  modem 
domestic  water  supplies,  to  raise  the  water  to  such  heje^ts  as  to  allow 
of  its  distribution  in  the  loftiest  rooms  of  the  houses  irituated  on  the 
highest  ground  in  the  respective  towns,  by  some  description  of  ma-  t 
chinory.    When  the  quantity  to  be  raised  is  small,  and  there  is  a  ' 
watercourse  of  considerable  volume,  and  great  constancy  of  flow,  in 
the  neighbourhood,  it  may  often  be  advisable  to  resort  to  hydraulic  1 
power,  01^  to  use  one  of  the  forms  of  water-wheel  hereafter  described,  j 


But  it  hi^pens  that  water-power  is  exposed  to  frcqurat  interruptioun, 
so  to  speak,  in  its  efficiency ;  and  that  in  summer,  when  the  largest 
quantity  of  water  must  be  raised,  the  power  is  tike  least,  whilst  in 
winter  the  action  of  ihe  wheels  may  be  entirely  suspended  in  conae- 
guenoe  of  floods  or  of  frost.  In  England,  therefore,  where  cool  is 
cheap,  and  the  use  ai  steam-power  is  habitual,  the  latter  is  almost 
always  resorted  to,  and  it  certainly  presents  many  advantages,  on  the 
score  of  certainty  of  action,  ovex  all  other  souroes  of  motive  power. 
In  France,  Qennany,  Switzerland,  and  the  United  States,  however, 
many  watn'-wheela  for  the  supply  irf  towns  are  to  be  found ;  and  even 
withm  a  very  few  years  London  itself  was  dependent  for  a  large  portion 
of  its  water  nvpV  upon  the  water-wheels  of  old  London  Bridge. 
The  towns  of  Toulouse,  Geneva,  Richmond,  Va.,  and  Pliiladdptua, 
may  be  mentioned  as  amongst  the  most  important  of  those  supplied 
witii  water  by  water-power ;  and  in  the  voAa  lately  executed  by  Mr. 
Hawksley,  at  Weymouth,  a  very  ingenious  apphcation  of  the  turbine 
was  made.  The  majority  of  the  English  towns  are  supplied  by  means 
of  steam-engines ;  and  the  machinery  latdy  erected  for  the  supply  of 
London  may  be  cited  as  being  the  most  ext«isive  and  the  most  beauU- 
f  ul  of  any  hitherto  erected.  It  is  usually  oonridered  that  there  are 
advantages  in  tibe  use  of  the  Cornish  pumping-engines  when  the  power 
to  be  exercised  exceeds  25  horses,  and  that  for  lower  powers  direct-, 
acting  engines,  or  fly-vriieel  engines,  are  preferable ;  but  the  remark- 
able results  obtained  by  Messrs.  Simpson  and  Boulton  and  Watt,  show 
that  the  preferenoe  for  huge  Corniah  «apnee  is  at  least  open  to 
question. 

Li  estimating  the  power  to  be  provided,  and  consequently  in  de- 
ciding the  description  of  engine  to  be  employed,  it  is  necessary  to  take 
into  account  the  weight  of  the  water  to  be  raised  at  the  maximum 
rate  of  conaumption ;  the  total  height  to  which  it  has  to  be  raised ;  and 
the  various  causes  of  retardation  of  flow  in  the  pumping  main,  from 
the  friction  upon  the  sides  of  the  pipes,  and  the  bends  or  changes  of 
horisontal  or  vertioal  direction.  It  wiU  be  neoesssry  to  revert  to  the 
geoenl  laws  adfocting  the  flow  of  water  in  pipes;  but  here  it  is  euffl- 
cient  to  observe  that  an  allowance  equivalent  to  an  increase  of  12  feet 
per  mile  in  length  of  main,  to  the  total  weight  to  be  lifted,  is  sufficient 
to  cover  the  effect  of  these  retarding  causes.  As  the  various  rlawes  of 
engines  do  not  work  up  to  their  full  power,  oalculated  theoretically,  it 
is  necessary  to  affect  the  result  of  the  above  meUiod  of  asoertainiog 
the  pumping  power  by  the  ooeffioients  lA  the  respeotiTe  engines;  which 
are,  for  steam-power,  on  the  average,  0-85,  and  for  the  beat  water- 
wheels,  075. 

In  small  pumping  engines  it  ia  found  that  the  most  useful  action  is 
obtained  when  tiie  power  is  exercised  equably  and  oontinuously ;  and 
in  order  to  secure  iiaa  result,  the  main  shaft  is  made  to  carry  three 
cranks  plaosd  at  ang^  of  120'  from  each  other,  upon  which  the  pump 
rods  are  keyed.  In  the  larger  engines  it  seems  that  the  moat  favourable 
conditions  of  moticm  in  the  pumpe  are,  that  they  should  begin  by 
raising  the  load  rapidly,  in  order  to  overcome  its  vis  inertia;  and 
that  when  the  motion  of  the  ascensional  column  has  been  once  esta- 
blished, the  effort  of  the  motive  power  should  gradually  be  diminished. 
These  objects  are  e&cted  in  the  Cornish  engines  by  introducing  steam 
to  the  underside  of  the  cylinders,  throng  large  openings,  ai  hi^  prea- 
surea ;  the  steam  ia  then  cut  off  when  the  inertia  of  the  water  has  been 
overcome,  and  it  is  allowed  to  expand  during  the  TMnsinder  of  the 
stroke,  exerdsing  in  so  expanding  auiflScient  power  to  the  ascen- 

sional movement ;  the  return  stroke  ia  made  by  the  dead  wdj^t  at 
the  plunger  and  of  the  rods.  The  initial  pressure  of  these  engmes  is 
usually  from  21  to  8  atmospheres ;  the  expansion  begins  at  from  ^  to  ^ 
of  the  stroke  of  the  piston ;  and  at  the  end  of  the  stroke  the  pressure 
of  steam  is  not  more  than  between  A  and  ^  of  on  atmosphere ;  engines 
so  worked  bdng  said  to  ]nx>duce  a  aaty  equivalent  to  about  90,000,000 
lbs.  raised  1  foot  hi^  by  tiie  oombustiim  <^  1  cwt.  of  coaL  But  it  ia 
to  be  observed,  that  ia  consequence  of  the  interpoution  the  air-veasel 
upon  the  delivery-pipe  of  a  town  pumping-engin^  the  delivery  is,  in 
fact,  constant ;  and  it  ia  probable  that  the  extraordinary  results  ob- 
tained of  late  by  the  application  of  the  beam  and  fly-wheel  engine,  on 
a  large  scale,  to  pumping  opentions,  may  be  ex^ained  tiie  uwt  Uiat 
as  they  supply  water  to  tiie  air-vessel  m  a  more  oontiauous  manner 
than  the  Ctn-mah  engines  do,  they  allow  the  air-vessel  to  produce  ita 
effect  with  greater  r^ularily.  In  the  large  engines  erected  by  Meesra, 
Simpson  for  the  Chelsea  and  Lambeth  Water-works,  the  steam  vrorks 
at  high  pressure  in  the  first  of  two  cylinders,  and  at  low  pressure  in 
the  second;  there  is  a  beam  and  fly-wheel  to  each  engine;  and  it  is 
said  that  tite  duty  they  perform  aomstimes  Tsadus  120,000,000  Iba. 
raised  one  foot  high  by  the  combustlcm  of  1  cwt.  of  ooaL  Fij-^Aoet 
en^es,  it  may  be  added,  possess  this  great  advantage  over  Comislt 
engines  tot  the  purpose  tk  town  distributions,  namely,  that  they  atft 
capable  of  being  worked  at  more  variable  mtes  of  delivery  than  are 
the  latter ;  and  in  a  town  delivery  the  rate  of  consumption  is  subject 
to  such  singular  irr^ularities,  that  tiaa  susceptibility  of  variation  in 
the  power  may  often  be  a  matter  of  importance.  Ettt  again,  it  must 
be  stated  that  the  best  modem  Cornish  engines  have  been  so  carefally 
and  skilfully  oonstrupted,  that  they  have  even  allowed  the  regulating 
service  reservoirs  to  be  dispmsed  with ;  and  both  the  Kent  and  the 
East  London  Water-works  pump  directly  into  their  supply  mains  by 
night  and  by  day,  busting  entirely  to  the  skill  of  the  engine^iriveis  to 
adapt  the  motive  power  to  the  variable  conditions  of  the  consumpticn 
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ol  their  diatriotB.  These  vftriable  conditiOTa  are  of  much  grentw  im- 
portance than  ia  generally  considered  to  be  the  caae ;  for  it  appean 
fcom  careful  examination  that  about  three-fourtha  of  the  tot^  daily 
consumption  of  » town  takee  place  between  the  hours  of  eight  in  the 
morning  and  eight  in  the  evening ;  and  experienced  engineers  make 
th^  pipea  md  engines  large  and  powerful  enough  to  diachajge  one- 
fourth  of  tiie  total  duly  oonsumption  in  one  hour.  Evidently,  ihm,  it 
must  be  desiiKble  to  employ  the  motive  power  which  ia  able  to  adapt 
itself  to  Buoh  variable  domanda  with  the  greatest  elasticity. 

In  passing  from  the  pumping  station  to  the  regulating  reservoir,  or 
to  the  pohit  of  difltribution,  the  water  usually  flows  through  a  simple 
pipe  of  a  uniform  sectional  area ;  and,  as  far  as  it  ie  poasibla  to  secure 
that  condition,  with  a  uniform,  constant  velocity.  In  its  course,  how- 
«Ter,  the  Wftter  is  letorded  by  a  aeries  of  reaistences,  which  pracbcally 
may  be  resdved  into  those  dependmg  upon  :— 1.  The  friction  on  the 
ndes  of  the  pipes ;  2.  The  existence  of  bends,  or  changea  of  direction ; 
and  3.  The  gurgitation  which  occurs  at  every  interruption  in  the  uni- 
formity of  the  flow.  The  two  former  of  these  interfering  causes  act 
upon  water  flowing  in  open  channels,  and  have  therefore  to  be  tskm 
into  account  in  fixing  tJie  dimenuona  of  those  channels;  but  the  lub 
named  cause  aots  excluaively  upon  water  flowing  in  pipes.  In  the 
following  remarks  upon  the  flow  in  ^pea  it  must,  however,  always  be 
imdentood  that  tlwy  are  supposed  to  run  full  bore,  and  to  have  got 
perfectly  "  in  train,"  to  use  a  technic^  phrase;  that  is  to  say,  it  is 
supposed  that  a  constant  velocity  is  maintained  in  those  portions  of 
the  pipes  wherein  there  are  no  aide  branches. 

Now,  the  friction  on  the  sides  of  the  pipes  depends  principally  upon 
their  diametere,  and  upon  their  lengths,  and  upon  the  pressures  upon 
tiie  rospeotive  orifices  of  supply  and  discharge ;  and  as  the  latter  con- 
ditiims  (the  pressures)  are  in  fact  analogous  to  the  effect  of  a  column  of 
water,  or  "a  head,"  as  it  is  commonly  called,  it  is  customary  to  reason 
upon  the  pressures  in  terms  expreeaing  the  heights  of  such  columns. 
Practically  it  appears  that  the  reaulto  obttOned  by  allowing  for  the 
above  cited  elements  of  the  resistance  produced  by  friction,  require  to 
be  aflbcted  by  a  term  depcnling  upon  the  initial  velocity  of  the  water; 
and  aeonding  to  some  rectnt  investigations  by  M.  Dupuit,  by  another 
tenn  depending  upon  the  material  of  the  pipe.  For  ordinary  purposes 
it  is  often  not  necessary  to  take  these  causes  of  diminished  supply  mto 
account,  and  it  then  sufaces  to  consider  that  the  quantity  of  irater 
flowing  Uirough  a  pipe  of  uniform  diameter,  receiving  its  water  from  a 
reservou-  at  ahigh  level,  and  discharging  it  into  another  reservdr  at  a 
lower  level,  the  pipe  being  ivithout  any  change  of  direction,  may  be 

represented  by  the  formula  Q=c  ^3±H^  ifi ;  in  which  q  =  the 

quantity  sought;  (=\ixG  difierence  of  level  between  the  «^enie 
orifices;  A  =  the  length  of  the  pipe ;  h= the  initial  head;  H'=the  he^ 
over  the  lower  orifice;  D=the  diameter  of  the  jape;  ande=a  coeffi- 
cient ascertained  by  ej^eriment  when  the  vdooity  of  flow,  per  Mcoid, 
ia  as  foUowa :— 


Velocity. 

3  inch. 

4  incb. 

8  inch. 

IS  Incbu. 

30  inches. 

78  inches. 

0= 

is-oe 

17-93 

18-83 

19-50 

19-B* 

M'I9 

And  for  any  velocity  beyond  78  inches  per  second,  c=21-043.  But 
this  formula  can  only  be  applied  when  the  velocity  is  previou^y 
known ;  should  this  not  be  the  caae,  or  should  it  not  be  ascertainable  by 
actual  observation,  it  may  be  calculated  by  a  second  formula  in  which 

nH^ving  K=  ^±^z5^(tiie  previous  notation  bcdng  retained),  t3ien,T,  the 

\  

velocity  =  -  0-1541181  +  ^0-028751  +  82806'8  x  When  it  be- 
comes neceuary  to  take  the  friction  on  the  sides  of  the  pipe  into 
acoounb,  it  ia  ascwtained  by  callmg,  firstly,  the  velocity  due  to  the 
Tertiod  luad,  without  any  allowanoe  for  friction,  v,  or  expresaiog  it  u 

terms  of  the  height  H=— ,  then  H -1~  will  be  the  portion  of  the 

head  destroyed  in  producing  that  velocity,  or  the  loss  of  h^  pro- 
duced by  the  friction.  Secondly,  if  we  call  the  length  of  the  pipe 
X,  the  sectional  area  B,  the  wet  contour  o,  and  the  two  ooefllcients 
it  is  necessary  to  introduoe  lespectiTely,  a  and  &;  the  expression 

(tf  the  reswtance  would  become  a-^  and  we  should  have 

a—  —  =  a—lv^  +  hv).   It  is  then  only  necessary  to  ascertain  the 
2g  8 

value  of  the  coefiftcients  a,  6,  in  order  to  apply  the  formula  fw  general 
use !  but  unfortunately  every  observer  baa  attached  di&reiKb  values  to 
them.  In  this  state  of  uncertainty  it  is  sufficient  to  adopt  the  formula 
and  values  attached  tothe  coeffldents  by  Wasbaoh,  in  his  'Treatise 
on  Mechanics,'  because  the  formula  is  simple,  and  is  known  to  give  safe 
xenilts;  that  ia  to  say,  results  which  are  rather  in  excess  of  those 
ascertained  by  direct  experiment,  but  sufficienUy  accurate  for  practical 
purpose!.   Weiabach  calls  the  loss  of  head  A' ;  and  confining  his  atten- 


tion to  the  length  and  diameter  of  the  pipes,  he  makes  h'=s  (0'01482  + 
L  .  Jij  th.  result  being  io  feet 

The  Motion,  and  the  consequent  loss  of  head,  from  the  exiatenos  of 
bends,  is  found  to  be  in  a  certain  proportion  dependent  upon  the  ratio 
of  the  diameter  of  the  tube  to  the  radius  of  curvature  of  its  axis. 

Navier  says,  that  the  formula  &,  =  ^(0-0089l -f- 0-0186)  2  fm  which 

2j  r  t- 

r  =  tiie  radius  of  the  curvature,  and  a  =  the  development  of  the  arc), 
will  represent  the  loss  of  head  thus  occadoned ;  and  according  to  him 
it  would  wpear  that  A,  is  proportional  to  the  square  of  the  mean 
velocity,  arid  to  the  length  of  tiie  arc ;  that  it  is  a  function  of  the 
radius  of  the  arc,  and  independent  of  the  diameter  of  the  pipes ;  and 
that  A,  decreases  in  proportion  as  r  increases.  In  order  to  apply  the 
above  formula  to  the  cose  of  side  mains  branching  oS  from  a  leading 
main,  it  is  necessary  to  adopt  the  following  ratios  between  the  diameters 
and  tiie  radii: 


Diameter. 

3  to  8  in. 

3  to  4  in. 

6  inches. 

S  laches. 

10  In.  and 
upwards. 

Kadlos  r  . 

1  ft.  6ia. 

1  ft.  8  In. 

3  ft.  B  In. 

3(t.<in. 

«feet. 

The  interference  vrith  the  rate  of  delivery  of  a  pipe  by  the  gurgitation 
produced  by  the  changes  in  the  conditions  of  flow,  may  practically  be 
neglected  in  the  calctdations  for  proportioning  the  detaUs  of  a  town 
distribution;  because  it  is  eqsy  to  eOect  the  pumping  in  the  leading 
main  with  sufficient  regularity  to  avoid  its  serious  occurrence,  and  to 
make  the  distributii^  mains  large  enough  to  destroy  its  iufluenoe. 
Attention  has,  however,  been  called  to  tlUs  interference  on  account  of 
the  lessrai  it  affinds  of  the  danger  of  adhering  too  strictly  to  the 
dimenuona  of  pipes  which  would  appear  to  be  indicated  by  abstract 
theoretical  laws ;  and  of  the  necessity  which  exists  for  providing  for 
irr^fular  disturbing  causes.  There  is  another  danger  to  be  encountered 
in  the  delivery  of  water  through  long  leading  mains,  namely,  the 
danger  ariung  from  the  accumulation  of  air  in  the  benda,  especially 
when  they  are  in  a  vertical  direction,  for  the  air  Uien  has  a  tsndoiCT 
to  accumulate  at  the  summit  of  the  bend,  and  thus  mther  to  diminish 
the  water  way,  or  even  to  stop  the  passage  of  the  water  ^together. 
The  remedy  for  this  evil  consists  in  the  establishment  of  ur-vessels 
upon  tiie  summit  of  the  bends,  through  which  the  air  may  escape ; 
and  any  slight  retardation  of  flow  created  by  the  small  quantity  of  air 
left  in  tiie  watw,  or  by  the  dead- weight  of  the  small  column  to  be  lifted, 
must  be  provided  w  by  increatong  the  imtial  velocity  of  flow.  In 
important  vrorks  it  is  customary  not  only  to  introduce  air-vessels,  but 
also  pressure  re^lators  at  the  summit  of  the  large  bends,  in  order  to 
ensure  equality  of  flow.  Fig.  1.  represents  a  very  simple  air-valve 
whi(^  has  been  successfully  applied. 

Fig.  1. 


The  formula  for  caloohiting  the  discharge  of  pipes  under  certain 
fixed  conditions  of  head  and  diameter,  cease  to  be  appUcable  when 
there  is  a  series  of  branch-mains,  sub-mwns,  and  service-pipee  attached 
to  the  leadin*  main,  such  as  always  occurs  beyond  the  service  resw- 
voirs  or^eflrst  point  of  distribution  in  a  town  supply.  In  fact  the 
dimensions  to  be  given  to  the  distributing  pipes  can  hardlybe  decided 
upon  other  than  upon  empirical  principles,  and  long  erpjuienoe  a 
better  guide  in  theee  matters  than  any  abstract  theory.  The  mettiod 
adopted  by  Mr.  Hawkal<(y  may  perhaps  be  cited  fs  the  one  most 
Ken^y  satisfactory,  and  it  has  been  described  by  himself  by  saymg, 
Qiat  upOTi  the  constant  delivery  system  (m  which  the  pipes  are  always 
under  oharve,  and  no  cisterns  are  used),  he  divides  the  length  of  the 
main  in  a  street  uito  portions  of  about  200  yards  each,  and  he  aMigns 
to  every  such  portion  tiie  quantity  of  vrater  it  would  be  hkdy  to 
requiiB,  in  proportion  to  tiie  population  to  be  supphed  by  it,  on  the 
sujpoaition  that  tiie  total  quantity  is  to  1»  deUvered  wi^  four  horn* 
Hethen  aUowsfor  aloeaof  head  of  4  feet  in  every  200  yards;  and 
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adopts,  in  cakalatine  the  diametera  to  be  g^ven  to  Ihe  ^pes,  the 

fonnuU<I= -i-V—i  in  which  g  =  the  number  of  gallons  to  he 
16  h 

delivered ;  I  =  the  length  of  the  main  in  yards ;  A  >=  the  head  in  feet ; 
and  d,  the  diameter  required,  in  inche&  In  Claudel's  '  Formules  ^ 
I'usage  des  IngiSuieurs,'  there  ia  to  be  found  a  deacriptiun  of  a  more 
elaborate  and  theoretically  correct  method  of  ascertaining  the  diametera 
of  sub-mains ;  but  it  is  so  much  more  complicated  than  the  one  used  by 
Hr.  Hawkslcry,  tivtt  it  will  suffice  for  the  purposes  of  this  Cyelopoidia 
to  refer  the  reader  to  the  woric  in  wliich  it  is  explained. 

In  carrying  into  effect  a  town  diBtributiou  it  la  necessary  to  observe 
numerous  precautions,  in  order  to  protect  the  pipes  from  injury  by 
external  causes.  Thus,  wherever  gas-  and  water-pipes  are  laid  in 
proximity  to  one  another,  the  ^vater-pipes  should,  be  laid  at  a  lower 
level  than  thoee  conveying  gaa.  In  England  it  is  sufficient  to  place 
the  gas-pipes  at  about  two  net  from  the  surface  of  the  pavement  j  but 
in  order  to  protect  the  water-pipes  from  the  eSect  of  frast,  it  is  necea- 
saty  to  place  them  at  least  4  feet  below  the  same  level ;  and  in  the 
latitudes  of  Berlin,  or  of  St.  Petersburg,  it  has  been  found  that 
water-pipes  have  been  frozen  at  even  6  feet  from  the  surface  of  the 
ground.  In  towns  wherein  the  street  traffic  is  exceptionally  heavy  the 
vibratioDB  of  the  ground  may  also  require  that  the  pipes  should  be 
laid  at  a  oonsideiable  depth,  and  indeed  this  detail  may  be  considered 
to  vary  in  idmost  every  case.  It  would  appear  that  when  the  pipes 
are  laid  at  about  4  feet  from  the  surface  m  our  latitudes,  the  tempe- 
rature of  the  water  as  it  leaves  the  pipes  will  be  sensibly  tiie  same,  at 
all  seasons  of  the  year,  with  its  temperature  at  the  mument  of  entry, 
provided  the  motion  be  maintained  in  the  pipes  uniformly ;  and  it 
thence  follows  that  one  of  the  best  precautions  which  can  be  adopted 
against  frost  is  to  maintain  a  constant  circulation  in  Uie  pipes.  The 
dilatation  of  the  pipes  from  an  increase  of  temperature  must  be  taken 
into  account  in  laying  down  any  system  of  town  distribution ;  and  it 
would  appear  from  M.  Girard's  direct  experiments  that  the  average 
rate  of  dilatation  is  equal  to  0-00000300228  of  a  foot  for  every  addi- 
tional degree  of  Fahrenheit's  scale,  when  the  pipes  are  free,  and 
in  tibe  open  air.  In  the  ground  M.  Qirard  found  th^  tiie  temperatures 
of  the  pipes  were  functions  of  the  difference  of  temperatures  of  the 
aurroonding  media;  but  that  they  were  nearer  to  the  temperature 
of  the  ground  tluui  to  that  of  we  water.  The  tendency  of  some 
waters  to  produce  deposits  in  the  pipes  they  traverse  must  also  be 
taken  into  account,  as  it  may  afTeot  the  discharge  in  a  very  serious 
manner ;  in  some  instances,  in  Yorkshire,  the  bores  of  the  leading 
mains  have  been  known  to  have  been  thus  diminished  in  a  few  years 
to  one  half  their  sectional  area  by  the  depoution  of  the  hydrous  oxide 
of  iron ;  in  miuna  supplied  directly  from  chalk  or  limestone  Bprioga 
the  same  efTect  may  be  produced  by  the  deposition  of  the  bicarbonate 
of  lime.  M.  Paycn  states  also  that  the  slightly  alkaline  and  aerattd 
waters  are  those  which  are  the  most  likely  to  produce  a  development 
of  tubercules  of  the  hydrous  oxide  of  iron  in  the  interior  of  pipes 
of  that  metal ;  and  that  the  oxidation  takes  place  more  rapidly  upon 
gray  cast-iron  than  upon  the  whiter  varieties.  It  appears  from  experi- 
ment, and  from  the  results  obtuned  in  practice,  that  by  coating  the 
interior  of  water-pipes  with  a  solution  of  hydraulio  lime,  or  with  lin- 
seed oil  contuning  Utharge,  the  formation  of  the  tubercules  befcoe 
mentioned  will  be  retarded ;  and  in  London  the  precaution  of  thus 
coating  the  pipes  ia  universally  adopted.  The  chloride  of  sodium 
when  present  in  the  water  in  small  quantities,  it  may  be  added, 
facilitates  the  formation  of  the  tuberculeo. 

Until  within  a  few  years  the  distribution  of  water  to  the  private 
consumers  was  effected  by  the  intermittent  system,  or  by  means  of  a 
supply  passed  through  the  street-mains,  at  certain  hours  of  the  day, 
into  cisterns  placed  in  the  houses,  where  it  was  stored  for  domestic 
use  03  might  be  required.  The  cisterns,  in  such  cas^s,  aro  made  with 
float-valves,  such  as  the  common  ball-cock,  ^q.  2,  or  the  lever-valve, 
fy.  3,  which  cloee  tke  delirery-pipee  when  the  water  attains  definite 

Fiif.  s. 


levels :  and,  m  addition  to  these  means  of  stopping  the  supply  when  a 
sufficient  quantity  of  water  has  been  delivered,  the  cisterns  are  pro- 
vided with  an  open  overflow  pipe  connected  witii  the  draiuage  of  the 
houses,  through  which  the  excess  of  water  may  pass,  if  the  machinery 
for  intercepting  the  flow  should  not  .act.   It  is  found,  however,  that. 


in  the  first  plaoe,  there  is  so  much  carelessness  In  the  manner  in  whidt 

the  cisterns  are  fixed  and  maintained  in  order,  that  the  qiudlty  of  the 
water  is  very  Uable  to  be  contaminated  in  private  houses.  The  great 
cisterns  axe,  in  &ct,  too  often  placed  close  to  water-closets  or  sinks ; 
the  service-pipes  to  the  water-closets  often  form  a  direct  communion 

Tig.  S. 


tiott  between  the  pans  of  the  doaets  and  the  water  iu  the  cistemSf  so 
that  the  gases  from  the  one  must  esctqw  through  the  other ;  the 

cisterns  are  too  often  made  of  improper  materials;  they  ore  left 
exposed  far  too  often  to  receive  atmospheric  impuritiea,  dust,  or  soot ; 
and,  incredible  as  it  may  sound,  it  is  very  rarely  indeed  that  cisterns 
are  cleaned  out  from  one  yenr's  end  to  another.  The  bc^t  water  in  the 
world  so  treated  must  be  rendered  more  or  leas  unfit  for  human  con- 
sumption ;  and  it  was  principally  to  avoid  this  evil  that  the  constant- 
deUvery  system  was  introduced,  avowedly  because  that  syatem  allowed 
the  cisterns  to  be  dispensed  with  altogether.  But  it  was  also  assorted 
that  the  coustant-delivery  system  would  effect  an  economy  in  the 
supply  of  water,  because  it  is  found  practically  ttiat  in  the  lower  class 
of  dwellings  the  ball-cocks  are  either  stolen  or  tied  up,  so  that  the 
excess  of  water  was  forcedly  passed  through  the  waste-  or  overflow- 
pipe  during  a  great  portion  of  the  time  the  street  mains  were  under- 
charged. Unfortun^ly  the  ectmomy  has  not  been  attained ;  on  the 
contrary,  whenever  Uie  water  supply  of  a  town  has  remained  in 
the  hands  of  a  mtmioipaJity,  it  is  found  to  be  so  difficult  to  maintain 
the  necessary  control  and  supervision  over  the  distributory  ap^jaratus, 
that  the  waste  upon  the  constant-delivery  system  has  proved  to  be  so 
enormous  that  the  system  has  practically  been  abandoned  in  many 
cases.  It  really  would  appear  that  the  only  means  by  which  the  abuses 
of  the  otherwiM  perfect  method  of  delivery  under  constant  pressure 
could  be  prevented  would  be  by  enforcing  the  sale  of  water  by  meter ; 
and,  indeed,  as  water  is  neany  aa  valuable  as  gas,  there  can  be  no 
reason  for  selling  the  one  by  measure  and  not  the  other,  tias,  in 
London,  costs  it.  Qd.  per  lOOU  cubic  feet;  water,  at  the  rate  of  6d.  per 
1000  gallons,  costs  8«.  I'SSd.  per  1000  cubic  feet.  But  hitherto  no 
water-meter  has  been  devised  hy  means  of  which  the  water  can  be 
measured  without  intercepting  the  pressure ;  so  that  at  present  there 

Sppeara  to  be  an  almost  insuperable  difficulty  in  the  way  of  the  intro- 
uction  of  Uie  constant^elivery  system  in  many  towns  about  to  con- 
struct water-works  de  novo.  In  towns  like  London,  the  difficulties 
which  would  attend  tiie  modificatioua  of  the  eziiiting  domestic  arrange- 
ments of  tiie  water-^pes  would  be  so  grea^  that  it  is  to  be  feared  the 
present  evils  of  the  mteimittent  system  will  continue  to  be  bmn  for 
many  years  still  to  come. 

The  water  supplied  to  houses  is,  generally  speaking,  conducted  from 
the  street-mains  to  the  ciatema,  and  tbence  distributed  where  required 
by  means  of  leaden  pipes,  on  aoeount  of  the  ease  with  which  they  can 
be  bent,  so  as  to  accommodate  themselvee  to  the  construction  of  the 
house.  Some  waters,  however,  especially  those  containing  free  carbonic 
acid  gas  in  suspension,  act  upon  the  lead  with  remarkable  energy ;  and 
instances  of  lead  poisoning  are  by  no  means  uncommon  when  the 
waters  distributed  ore  Kmarkably  soft  When  waters  exposed  to  thia 
danger  must  be  used,  it  is  necessary  to  employ  either  wrought-iron,  or 
tin,  or  composition  service-pipes ;  but  these  waters  are  far  from  b^g 
innocuous,  even  to  these  substitutes  for  the  more  flexible  material,  lead. 
The  only  other  general  remarks  to  be  made  with  respect  to  house- 
distribution  of  water  are :  1,  that  the  apparatus  for  drawing  the  water 
should  be  of  such  a  nature  as  not  to  fnoduoe  a  hydraulic  jar  on  its 
being  opened  or  closed ;  2,  that  the  pip^  should  not  be  placed  so  as  to 
be  e.\posed  to  the  permeation  of  gases,  or  to  the  effects  of  heat  or  of 
frost ;  S,  that  they  should  at  all  times  be  accessible  for  examination  and 
repair.   The  thickness  of  serrioe-pipes  may  be  calculated  upon  the 


the  |«easnrs 


formula  x  =  SI-,  in  whidi  x  =  the  thickness  sought,  p  ■ 

in  lbs.  per  superficial  inch,  r  =  the  radius  or  half  the  internal  diameter 
of  the  pipe  in  inches,  and  <;  =  the  cohesive  strength  of  the  metal  per 
superficial  inch.  Mr.  Hawksley  makes  the  thicknesses  of  his  cast-iron 
pipes  equal  to  013  Vd,  or  about  J  of  the  stiuare  root  of  the  diameter. 
In  practice,  lead-pipes  are  made  equal  to  ^  in  small  pipes,  and  to  ^ 
in  very  large  ones. 

The  quantities  of  water  required  for  the  Tarioos  details  of  domes tio 
distribution  are  as  follows : — 
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A.  batb  requires,  emch  time  it  1>  lued,  tboat     ,      ,  79  galbms. 
A  bone  requires,  pet  day  IGi  „ 

A  two -wheeled  prlrate  ooniBge,  jier  dny  .  ,  .  9 
A  fosr-wheeled         „  „  ...  IT 

Eub  Individoal  in  m  house,        „  ,       ,       .     4  to  S  i, 
A  nter-eloMt,  erery  tima  It  is  used    .      ,      .   .    1  gtUlon. 
A  ynxA  soperfldal  of  gudcn  grooad  ....   O'SS  „ 
A  jud  snperflaial  of  roftdw&y,  erery  timo  it  is  v,-dtcrcd  Q'7,%  „ 

Qenerally  speaking,  the  charge  for  a  bouse  suppi;  is  based  upon  its 
estimated  rentel,  in  England  at  least,  and  it  veiy  rarely  attains  5  per 
cent,  on  that  'valtw.  But  an  «dditi<mal  charge  is  made  whenever  more 
than  one  water-closet  is  in  the  house ;  when  fixed  baths  are  used ;  for 
ooach-houaea  and  stables,  aocording  to  the  number  of  carriages  and 
horses;  sod  for  gardens.  Such  tndee  as  tanners,  fellmongers,  hur- 
'washers,  curriers,  glue-makers,  dyers,  hatters,  brewers,  distillers,  manu- 
feoturers,  inns,  puUie  batha,  and  steam-engines,  are  considered  as  large 
cooaumers,  and  are  usually  supplied  with  water  by  meter.  The  price 
under  the  latterarrangement  is,  in  London,  about  id.  per  1000  gallons. 
The  supply  of  watw  for  the  extinction  of  fires  is,  in  country,  cast 
upon  water  companies ;  and  it  a|^>em  that  in  the  New  Biver  district 
of  London  there  is  at  least  one  fire-plug  in  every  leogtii  of  sub-main 
equal  to  78  yards,  on  ^e  average ;  on  the  great  mains  there  is  a  plug 
to  every  167  yards.  For  the  purpose  of  street-watering,  stand-pipes 
ou^t  to  be  placed  at  distances  of  about  500  yards  apart :  in  our 
climate  it  appears  that  the  streets  require  watenng  between  120  and 
185  daya  la  tiie  courm  of  the  year,  sometimea  even  twioe  in  the  day, 
l%e  quantity  of  water  varies  with  the  nature  of  the  road-aorbce;  and 
where  nicety  of  calculation  is  required,  it  may  be  considered  that  600 
square  yards  of  macadamised  road  will  only  require  one  ton  of  water, 
whereas  400  square  yards  of  paved  rood  will  require  that  quantity. 
It  may  be  added,  that  the  street-plugs  (the  borne  fvnlainex)  iised  m 
Paris  to  cleanao  the  channels  are  usually  placed  at  distAuces  of  about 
140  yatda,  and  that  they  discharge  at  intervals  during  the  day  a  total 
quantity  of  n-ater  equal  to  650  {^ons  each :  more  than  half  the  total 
supply  of  Paris  is  thus  poured  into  tlie  streets. 

It  would  be  idle  to  give  any  statistics  of  the  capital  invested  in 
water-works,  either  in  England  or  elsewhere,  because  new  works  of 
this  description  are  being  constantly  undertaken.  In  London  alone 
the  capital  invested  in  the  various  Water-Works  Companies  cannot  be 
considered  to  be  much  less  than  eight  millions  sterling;  and,  aa  a 
general  rule,  it  would  appear  that  vba  average  cost  of  conducUng  a 
water  supply  to  the  doors  of  the  bouses  in  a  town  varies  between  2^. 
and  3/.  per  head  of  the  population ;  whilst  the  house  distribution  gives 
rise  to  a  further  outlay  varying  from  AL  to  2W.  per  house,  according  to 
its  character  and  to  toe  system  of  distribution  adopted.  In  newly- 
established  works,  the  constant-delivery  system  admits  of  considemble 
economy  in  this  respect.  Of  late  years,  also,  it  may  be  added  that 
more  attention  baa  been  paid  than  was  formerly  the  case  to  the  preesure 
imder  which  water  is  delivered  in  towns ;  and  that,  to  a  great  extent, 
the  distinction  between  high  and  low  aervice  has  ceased  to  exist.  In 
new  works  the  mains  are  always  laid  under  su<^  conditions  of  pressure 
upon  the  water  they  contain  as  to  cause  the  latter  to  flow  in  the  loftiest 
rooms  of  the  loftiest  hbusee  in  the  respeotive  towns. 

In  Robison's  '  Mechanical  Philosopliy,'  in  Flay&ir's  '  Lectures,'  in 
Jamieeon's  '  Heohanica  <A  Fluids/  Weisbadt's '  Medtanics  of  Machinery 
and  Engineoing,'  D'Anbniss<Hi'8  '  Hydrauliqae,*  Qeniey*s  '  Essai  sur 
lee  Moyens  de  oonduire  et  Clever  les  Eaux,'  Darcy,  '  Sur  les  Fontaines 
Publiquee  de  la  ville  de  Dijon,'  Dupuit's  '  Essai  sur  la  conduite  et  la 
disMbution  des  Eaux,'  and  dispersed  throughout  the  various  Blue- 
Books  and  Parliamentary  Evidence  upon  the  subject  of  town  water 
mippliee,  much  information  upon  the  practical  details  of  that  branch  of 
the  municipal  service  is  to  be  found.  Unfortunately,  there  is  no  woik 
in  English,  treating  this  subject  exclusively,  which  can  be  considered 
to  be  of  any  value ;  and  the  reader  cannot  be  too  seriously  warned 
against  accepting,  absolutely,  any  of  the  doctrines  lately  promulgated 
here  "  by  authority."  The  French  writers  upon  bydiwiucs  are  still 
those  who  are  to  be  tiie  most  implicitly  followed  in  matters  of  theray ; 
the  practice  of  the  best  English  engineers  in  matten  of  woiUng  detail 
most  be  consulted,  in  a{Hte  of  the  ofGcial  censure  passed  by  a  class  of 
empirics  who-seem  to  have  objected  to  eminent  engineers  solely  because 
they  were  eminent.  Dwyer's  '  Hydraulic  Engineering,"  Neville's '  Hy- 
draulic Formulte,'  Boworng's  '  Practical  Hydraulics,'  and  Beaitboorvs 
'  Hydraulic  Tables,'  may  also  be  consulted  with  advantage. 

WATEK-WHEELS.  The  machines,  by  means  of  which  the  wei^t, 
or  the  impulse  of  water,  is  converted  into  circular,  vertical,  or  hori- 
zontal mution,  are  known  in  mechanics  by  the  name  of  teater-viheda  ; 
and  as  the  power  thus  employed  is  f  umi^ed  by  nature,  and  requires 
but  little  outlay  to  be  rendered  available,  these  machines  have  at  all 
times  attracted  much  attention  from  the  manufacturing  interests. 
They  are  of  various  descriptions,  according  to  the  conditions  under 
which  the  waters  flow,  or  the  uses  to  irtiicA  the  power  thus  coavoied 
is  to  be  applied;  but  they  are  aU  alike  in  this  respect,  namely,  that 
tho  motion  they  receive  is  always  circular,  whereas  in  the  other 
modifications  of  water-power,  the  motion  is  rectilineal,  and  alternate. 
Water-wheels  are  in  fact  subdivided  into  those  with  floats  or  blades ; 
imd  those  with  buckets.  The  wheels  with  floats  are  divided  into 
the  dafises  whicb  have  either  straight  or  curved  floats;  and  into 
fbou  wOTking  In  bee  water,  in  races,  or  water  teoughs  eitbsr  stnlgjit 


or  curved.  The  bucket-wheels  m»y  be  adapted  to  reoeive  the  watar 
at  the  summit,  or  at  an  intermediate  point  of  their  ho^t;  but 
the  float-wheels  are  exclusively  of  the  Idnd  known  as  the  uwUr^iot- 
vbeeU,  whilst  the  bucket- wheda  are  either  ovenhot-  or  breait-iBhe^ ; 
the  latter  distinctions  depending  upon  the  height  at  which  the  water 
strikes  the  whed,  for  in  the  und«rsW«A«e£i  the  water  acts  bdow  tho 
boruontd  Hoe  passing  through  the  centre  of  the  whed :  io  the  omt- 
thU-whed  it  acts  above  the  said  hoiisontd  Una,  and  on  the  downside 
(to  the  ouirent)  of  the  vertical  line  passing  tiuvugh  the  centre :  and  in 
the  brtatt-viked  the  water  acta  at  a  variable  angle  above  the  horizontal 
line  through  Uie  centre,  but  on  tiie  same  side  as  the  slreun  flows 
naturally.  In  addition  to  these  are  the  horizontal  wheels,  whidi  are 
eit^  set  in  motion  by  an  Isolated  vein  of  water,  or  are  placed  in  a 
<^linder,  or  are  placed  around  a  cylinder  conducting  the  water,  in  the 
mannen  aheady  described  under  TuRBmEs.  Sometimes  a  modifica- 
tion of  the  overshot-whed  is  used,  under  the  name  of  the  backakot- 
vhed,  in  which  tJie  water  is  carried  beyond  the  summit,  and  thence 
returns  to  strike  the  wheel  at  a  point  situated  a  little  below  that  levd, 
on  the  upper  aide  of  the  vartiod  line  paning  throu^  the  centre  of  the 
wheel. 

The  parts  of  a  mter^whed  and  it*  adjuncts  whidi  it  may  be 
desirable  to  daflne,  are  as  follows.  In  the  water  diannd  there  is, 
generally  speaking,  a  laUl-head,  with  tumbling  bay  and  waste  wdr  to 
regulate  the  supply  of  water  to  the  for^bay,  or  the  channel  leacU^  the 
water  directly  upon  the  wheel ;  tiua  fore-bay  has  a  hatch,  or  diuce,  by 
means  of  i^di  tJie  quantity  of  water  falling  upon  the  whed  can  be 
•^guUted  at  will.  The  mill-race  is  the  part  rf^the  channd  immediately 
under  the  whed;  the  taU-bajf  is  the  fart  W  whidi  the  wato-  escapes 
after  it  has  produced  its  effect  The  wheel  oonsida  of  a  lA^,  up<m 
whicb  are  fastened  the  «nu,  bearing  io  thdr  torn  the  peri^try,  to 
which  are  attached  the  ^oali  or  the  bmJeeit ;  sometimes  this  peri[meay 
is  doee  boarded,  or  aoUd,  sometimes  it  has  opemnga  for  the  purpose  of 
ventilating  tiie  buckets ;  the  sides  of  the  buckets  which  keep  the  water 
upon  the  whed  are  oalled  the  Aroud*.  The  motion  is  taken  off  from 
the  whed  dtber  by  gearing  working  upon  the  seffmenta  of  the  whed, 
or  by  first  motion,  or  bevillad  wheels  fixed  upon  toe  aide ;  the  last  are 
generally  known  by  the  name  of  ptt-uAeeb. 

Formerly  tbe  verticd  -whoel,  with  straight  floats  wtnUng  In  a  struct 
mill-race,  was  tho  description  of  undershot-wheel  most  genenUy 
adopted,  but  it  is  now  Beldam  used,  unless  in  cases  where  thtm  is  an 
abundanoe  of  mtw,  and  b  fsU  not  9ueediag  five  leet  (j^.  I.)  In 
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these  wheels,  tbe  water  acts  entirely  by  ita  shock,  and  evidently  this 
must  be  proportionate  to  the  velocity  with  which  it  issues  from  the 
batch,  under  the  pressure  of  tbe  head  in  the  fore-bay.  The  distance 
between  the  hatch  and  tbe  wheel  must  therefore  be  made  as  small  as 
possible,  because  the  water  in  spreading  out  in  the  mill-race  is  exposed 
to  lose  a  portion  of  its  vdocity.  The  fore-bay  should  be  made  witii 
converging  aides,  upon  the  principle  of  ordinary  conicd  ajutages,  wider 
towards  tbe  dam  t^an  to  the  duice ;  and  from  Poncelet's  experiments, 
it  would  appear  that  a  great  increase  of  useful  effect  is  obtained 
making  tbe  hatches  incline,  so  as  to  ofier  an  angle,  towards  the  dam, 
of  45".  Immediately  beyond  the  centre  line  ^  the  wheel,  tbe  race 
must  fall  away,  so  as  to  leave  a  man  uninterrupted  discharge  into  the 
mill  tdl ;  its  width  must  be  regulated  by  tbe  quantity  of  water  to  be 
discharged,  because  it  is  foimd  practically  that  the  depth  of  the  stxeam 
ought  not  to  exceed  10  inches  when  the  course  is  clear;  tbe  depth 
also  should  never  be  less  than  0  inches,  and  in  order  to  lose  as  little 
of  tbe  water  as  posdUe,  the  space  between  the  outer  edge  of  the  whed 
and  tbe  mill  floor,  should  not  be  more  than  ^  w  ]  of  an  inch.  In  the 
most  carefully  constructed  mills  at  the  present  day,  a  great  improve- 
ment in  the  efficiency  of  the  wheels  is  oMained  by  giving  an  inclination 
to  the  floor  of  the  race  from  tbe  hatch,  to  the  levd  of  tiie  lower  edge 
of  tbe  second  float  on  the  upside  of  the  vertical  diameter,  of  about  1 
in  12,  or  1  in  15;  the  bottom  then  curves  away  from  that  point,  con- 
centrically to  the  whed,  until  it  meets  the  vettiod  diamoter  line 
prolonged;  and  H  thm  Idls  vmy  witli  a  sudden  drop  of  4  indies,  and 
every  precaution  is  taken  to  ensure  tbe  rafrfd  withdrawal  of  the  taQ- 
water.  Tbe  width  of  the  race  is  made  somewhat  smaller  than  that  of 
tbe  fioats  until  a  short  distance  before  the  position  of  tbe  whed ;  and 
beyond  the  centre  line  it  widens  out  still  more  than  Uie  width  of  the 
fioats. 

As  the  water,  on  escaping  from  tbe  hatch,  hem  up  against  the  floaty 
the  latter  must  be  made  deeper  than  the  normal  thickness  of  the  fluid 
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vein;  and  generally  speaking  this  U  effected  by  making  the  floats 
about  three  times  the  depth  of  the  water  ia  the  ritoe,  provided  the 
widthdfMB  not  ezoeed  2feeb,  or  2feet  2iDoheB.  The  diatuoe  from  tne 
float  to  another  should  be  rather  less  than  the  depths  of  the  fioats, 
their  number  being  regulated  principally  by  the  purposes  to  which  the 
machinery  is  to  be  applied.  The  diameter  of  the  wheel  is  fixed  in 
most  cases  by  the  number  of  revolutions  it  may  be  required  to  perform 
in  a  ^veu  time,  in  order  to  drive  the  connected  machinery  at  the 
desired  speed,  and  with  the  intervention  of  the  smallest  number  of 
parts ;  and  to  a  certain  extent  it  is  dedrable  to  make  the  wheel  act  as 
a  fly-whed,  to  regulate  the  movement  of  the  machinoiy.  In  Uie  best 
wheela,  the  velocity  of  the  extremity  of  the  floats  is  made  «  =  1*7  V  H, 
in  which*  =  the  velodiy,  and  h  =  the  &11  of  water ;  sad  the  diameter 
S2 

is  made  D  =  —  -J  a,  in.  which  h  =  l^e  number  of  revolaUois  per 
s 

minute ;  and  d  =  the  diameter  sought :  it  is  rarely,  however,  that  the 
diameter  of  underehot-wheels  varies  beyond  the  respective  limits  of  18 
and  26  feet.  The  numbers  of  floats  usually  adopted  are,  for  the  dia- 
meters ^vea,  as  follows :  they  are  multiples  of  four,  because  millwrigfata 
prefer  distributdog  them  equally  upon  Uie  quadrants  of  the  wheel ;  but 
it  is  to  be  undentood  that  the  nambor  may  be  incrwsed  without 
incoavenienoe,  if  auoh  a  courae  were  desired. 


Diameter. 

II  ft.  e  In. 

16  ft.  Sin. 

30  feet. 

U  fMt. 

S6ftot. 

1  No.  offlaau  . 

39 

SS 

36 

40 

44 

It  is  found  theoreticitlly  that  an  undershot  water-wheel,  in  which 
the  water  thus  acts  by  its  shock  upon  floats  working  in  a  straight  mill- 
race,  only  yields  an  effident  power  equal  to  half  toe  dynamical  effort 
exerted  upon  it,  even  under  the  most  fkvouraUe  circum stances.  But  in 

practice,  Smeaton's  experiments  appear  to  show  that  the  useful  results 
rarely  attain  even  that  value ;  and  that  calling  the  wei^t  of  water  p, 
and  the  height  of  the  fall  h,  Uie  real  offect  does  not  exceed  0'26ph. 
The  useful  effect  of  these  wheels  is,  therefore,  very  small ;  but  the 
facili^  tiie^  present  for  variations  iu  the  diameters  of  the  wheels,  and  in 
their  velocities,  readers  them  at  times  advantageous^  when  an  unlimited 
■umdy  of  water  is  at  hand. 

In  the  previous  remarks  it  was  observed,  that  the  useful  effect  of 
the  undershot-wheel  was  improved  by  making  the  race  conoentric  to 
tiie  outer  circumference  of  the  wheeL  The  gain  thus  secured  is  propor- 
tiwate  to  the  are  enclosed ;  and  the  practice  at  the  present  day  is, 
therefore,  to  make  that  arc  as  large  as  the  fall  will  allow  0^.  2),  and 
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usually  it  is  made  equal  to  f  or  |  of  the  availaUo  bXL  A  space  of 
about  half  an  inch  is  left  between  the  cireamf^«nce  of  the  wheel  snd 
the  sur&ce  of  the  enclosing  arc  of  the  race ;  the  width  of  the  stream  is 
mode  such  as  to  allow  it  to  fall  on  the  wheel  with  a  thickness  of  about 
8  inches,  and  the  diameter  and  number  of  the  floats  are  calculated  as 
before.  The  useful  effect  of  these  wheels  is  said  to  range  between 
O'60  and  0'65f  h.  M.  Poncelet  has,  however,  increased  still  more  the 
useful  effect  of  the  undershot-wheels  by  mMnf^  the  flo^  curved,  as 
shown  in/^  8  and  4,and  by  doubling  their  number.   He  oonfines  the 
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water  within  a  close  race,  and  takes  more  than  ordinary  precautions  to 
remove  the  tail-water;  he  makes  thn  depth  of  the  floats  vary  between 


\  and  ^  of  the  vertical  fall  in  the  inverse  proportion  to  tiie  hei^t  of 
the  latlw.   But  with  all  these  improvements,  it  seems  to  be  very 


difficult  to  secure  from  the  best  undershot-wheels  a  greater  useful 
effect  than  is  represented  by  0*60  p  H. 

A  Bpedee  of  undershot-wheel  is  sometimes  used  upon  men,  which 
oonsists  of  a  vertical  float-wheel  worked  by  the  cutrent  of  the  river,  or 
even  occadonally  by  the  tide.  The  diameters  of  these  wheels  are  rarely 
of  considerable  dimeiuuons,  and  the  proportion  of  the  useful  effect  to 
the  power  actually  exerted  is  but  small ;  nevertheless,  t^ese  wheels  are 
extremely  useful  in  new  countries,  and  they  present  one  great  advan- 
tage from  tiie  fact  of  their  not  interfering  in  any  way  with  the  natural 
drainage  conditions  of  a  locality,  as  the  other  clones  of  mills  with 
heads  and  dams  slmost  inevitably  do,  from  their  upholding  ttie  water. 
[Tidal  Wheel.] 

The  vertacol  ovathoi-vAeeU  vritii  buckets,  fy.  5,  are  those  in  which 
Fig.  s. 


the  water  is  carried  over  the  top  of  the  wheel,  afld  then  made  to  strike 
the  buckets  upon  the  side  of  the  mill-tail,  so  that  tiie  descent  of  the 
wheel  ia  caused  by  the  weight  of  the  water  on  the  unbalanced  side  ;  the 
shock  of  the  falling  water  slightiy  to  the  motive  power.   As  id 

ordinary  undersbot-wheela,  tiie  overshot  ones  oonmst  of  wie  axle,  arms, 
rim,  shrouds,  sole,  and  buckets;  whi<^  maybe  of  wood  or  of  iron, 
according  to  the  resources  of  the  locality  where  the  mill  is  to  be 
erected ;  the  advantage  in  the  use  of  iron  consisting  in  the  &cility  with 
which  the  buckets  can  be  worked  to  the  best  theoretical  outline,  snd 
in  its  durability;  the  advantage  of  wood  consisting  in  its  primary 
economy,  and  its  facility  of  repair. 

The  number  of  buckets  on  on  overshot  water-whed  is  determined 
upon  the  following  scale,  which  is  fotmd  practically  to  be  Uie  moBt 
successful,  namely,  the  diameters  being  given,  the  number  becomes — 


Diameter. 

10  rt. 

131t.6iii. 

IS  ft.  6  in. 

10  fL 

36  ft. 

33  ft. 
OS 

40  ft. 

No.  of  bttdteta 

S4 

3S 

44 

08 

78 

IDS 

That  is  to  say,  assuming  the  depth  of  the  shrouds  to  be,  as  it  usually 
is,  12  inches,  and  drawing  a  circle  at  one-third  of  that  depth,  measuring 
from  the  inside,  the  buckets  are  spaced  upon  that  oirole  at  distances 
apart  of  13  incfaes,asnearlyas  may  be.  The  lengdt  between  the  shrouds 
will  be  determined  by  the  quantity  of  vrater  they  have  to  deliver ; 
and  it  is  double  not  only  to  make  the  capacity  ot  the  buckets  suffi- 
cient-to  receive  all  the  water  which  may  pass  into  them  from  the 
hatch,  but  slso  to  make  their  capacity  equal  to  three  times  that 
volume,  or  the  water  would  have  a  tendency  to  splash  over,  and  to 
escape.  Generally  speaking,  the  water  is  carried  over  the  top  of  the 
wheel,  at  a  slight  distance  from  it,  and  ia  made  to  strike  tiie  second  or 
third  bucket  beyond  the  summit,  at  about  2  feet  from  the  vertical 
line  passing  through  the  centre ;  because  it  u  conmdeted  that  the 
shock  thus  obtaineid  increases  the  dynamical  force  ot  the  wnter.  A 
more  important  precaution  still  than  eitiier  of  those  named  above, 
oonsistB  in  the  provision  of  means  ot  escape  for  the  air  contained 
originallyin  the  inieket,  or  carried  down  by  the  falling  water;  and 
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one  of  the  greatest  improvementB  effected  of  late  jean  in  the  oon- 
Btruotion  of  oT««hot  irater-wheelfl  coosisted  in  Ui9  introduction  br 
Mr.  FMrbaim  of  the  ventilaUng  buoketa.  The  diameter  of  the  whed, 
of  ooune,  should  be  made  as  nearly  as  possible  equal  to  tiie  height  of 
the  fall,  and  the  Telocity  of  the  wheel  kept  to  about  the  rate  of  3  feet 
per  noond,  meaaured  on  the  outer  edge.  A  greater  relocit;  would  pro- 
duce a  oentriiugal  force  in  the  water  contained  in  the  buckets,  which 
would  to  some  extent  fliminiah  the  useful  effect  of  the  wheel.  The 
beat  OTershot-wheela,  in  which  the  water  is  conducted  upon  tite  wheel 
oareful^,ruul  the  tail-b^  of  the  chamiel  built  so  as  not  to  intorfere 
with  the  esc^w  of  Hio  water,  yidd  an  eflbctive  result  of  0'75  fh  ;  and 
they  are,  therefore,  constantly  used  when  a  sufScient  fall  can  be 
obtained  for  their  establishment.  In  some  mining  districts  overshot- 
wheeLs  of  as  little  as  8  feet  in  diameter  are  used  ;  but  they  do  not  yield 
even  BO  good  results  as  the  best  breaat-wbeels  in  close  rac^  A  ull  of 
16  feet  seems,  in  £aot,  to  be  about  the  minimum  fall  able  to  produce 
the  full  amount  dynamical  force  an  orenliot-wheel  is  able  to  yield. 
Aa  to  Vbo  iadcAot-meeU,  they  do  not  inTtdve  any  other  principle  than 
tbe  oreishot-wheels ;  nor,  indeed,  can  they  be  considered  to  offor  any 
advantage  over  the  latter,  unless  in  some  peculiar  esses,  wherein  the 
motion  of  the  machinery  may  require  the  revolution  of  the  wheel  to 
take  place  in  one  particultur  direction ;  and  wherein  the  water  is 
required  to  be  brought  upon  the  back  part  of  the  wheel.  Sometimes, 
it  may  also  be  added,  there  may  be  an  advantage  gained  1^  the  tue  of 
the  bockshot-wheel,  if  the  taU-M^  should  be  eipoaed  to  be  flooded,  or 
to  receive  backwater;  because  in  such  a  case  the  revolution  of  the 
wheel  would  lAiJl  be  in  t^e  direction  of  the  natural  ouirent,  and  the 
backwater  would  not  oppose  the  passage  of  the  backets  so  seriously  as 
would  be  the  case  with  a  true  ovenhot-wheel. 

The  irtatt-whedt  are  those  in  which  the  water  strikes  the  wheel  on 
the  upside,  at  a  point  intermediate  between  the  vertical  and  the  lusi- 
Eontal  lines  passing  through  its  centre;  and  they  are  made  with 
buckets  of  analogous  forms  to  those  of  overshot'wheels,  in  order  to 
retain  the  load  on  the  side  receiving  the  water  as  long  as  possible,  and 
having  the  same  provisions  for  relieving  the  air,  and  for  obviating  the 
effects  of  the  centrifugal  force  of  the  water.  In  small  wheels  the 
water  strikes  the  buckets  at  an  ai^fle  of  about  40°  from  the  vertioal 
line;  in  large  onaa the  uigle  may  be  80% although  Knne  [conabuoton 
make  it  as  much  as  52'  tor  wheels  of  20  or  30  feet  in  diameter. 
Evidently,  however,  the  efficiency  of  a  breast-wheel  muat  depend  upon 
the  leng&  of  time  it  can  retun  the  water  on  the  loaded  side,  and  the 
higher  the  point  of  impact,  the  greater  must  be  the  effect ;  in  other 
words,  a  wheel  receiving  the  water  only  a  little  above  tiie  centre  line, 
the  loaded  arc  becomes  so  small  as  to  produce  veiy  trifling  results.  If 
then  the  fall  should  not  exceed  8  feet,  it  would  be  preferable  to  adopt 
an  undenhot'wheel  woiUng  in  a  close  race,  rather  than  a  breast-wheel; 
because  it  would  allow  the  application  of  a  iaxger  flrstonotiim  whed. 
With  a  good  fall,  and  with  weU  proportioned  buckets,  the  useful  effbot 
of  the  breast-wheel  is  often  as  high  as  0'70  fh. 

In  some  parte  of  southern  Europe,  where  skilled  I  labour  is  not 
easUy  obtained,  and  the  woric  required  to  be  performed  is  of 
a  veiy  umple  nature,  a  nunJjer  of  water-mills  exist  in  which  Ute 
wheal,  instead  of  b^ig  placed  vertically,  is  placed  horismtally,  and 
the  mill-stones  for  com  or  oil  grinding  are  keyed  at  once  upon  the 
vertical  shaft  of  the  mill.  Some  of  these  maohinea  have  a  series  of 
blades  so  placed  upon  the  shaft,  and  with  respect  to  the  vein  of  water 
etr^ing  them,  (and  it  is  generally  the  case  that  the  water  is  conducted 
for  this  purpose  in  a  pipe,)  Hiai  the  shock  takes  effect  normally  to  the 
plane  of  the  bhtdes..  The  oom-mills  of  the  Saraoms  were  made  in 
this  manner,  and  the  peasants  of  Qalicia  retain  them  to  the  present 
day;  but  the  efBcient^  of  these  rude  machines  depends  entire^  upoo 
the  hmght  of  the  fall  disposable,  'and  the  useful  result  obtamed  is 
rarely  as  much  as  0-15  PH;  so  tbat  these  mills  are  never  seen  In 
highly  civilised  districts.  On  the  banks  of  tlie  Oaronne,  Tame,  Lot, 
&0.,  numerous  miUa,  such  aa  those  represented  in      6,  are  to  bo  seen. 

Fit.  *• 


The  wheels  are  usually  8  feet  4  inches  in  diameter,and  10  inches  deep 
placed  at  the  bottom  of  a  pylinder  about  7  feet  6  inches  deep,  and 
8  feet  4]  inches  in  diameter.  A  channel  gradually  diminishing  in 
width,  as  shown,  admits  water  at  the  side  of  tiie  cylinder  above  the 
wheel,  and  the  water  escaping  from  iJie  sluice  wi^  violence  acquires, 
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in'its  course  round  the  cylinder,  a  centrifugal  force  which  acts  against 
the  curved  bUdes  not  omy  by  its  impulse,  but  by  its  weif^t  lliere 
are  many  localitiea  where  whMla  of  this  description  would  be  of  value ; 
but  even  ythea  the  wheels  are  made  of  the  best  form,  the  useful  effect 
they^  produce  does  not  exceed  0-25  ph,  and  it  ia  very  rarely  that  they 
attain  more  than  0'16  ph. 

The  reaclwn-whedt  are  those  in  whidi  the  water  is  allowed  to  escape 
through  apertures  upon  a  vertical  shaft,  in  such  a  manner  as  to 
dev^pe  a  force  in  tiie  reverse  direction  of  the  outflow,  which  is  cap- 
able of  being  converted  into  a  movement  of  rotation.  Baricer's  min, 
those  designed  by  de  la  Cour,  and  by  d'Ector,  were  based  Xkpaa  this 
principle ;  but  the  useful  reanlis  tiuy  have  prodoMd  have  not  been 
such  as  to  lead  to  their  pnurtioal  application.  Iluy  am  in  bet  little 
better  than  philosophic^  toys. 

It  may  finally  be  stated  that  in  Uie  present  state  of  tiie  arts  <^  oon< 
struotion,  the  undershot-wheels  with  strai^t  floats  woi^hig  in  a  dose 
race  are  those  which  are  the  most  adapted  to  fitUs  of  between  4  feet, 
and  8  feet  6  indue;  the  Trnderahot-wHeebi  with  ourved  floats  an  the 
most  advantageous  when  the  fall  does  not  exceed  S  feet.  Bucket- 
wheels  are  desirable  when  the  fall  exceeds  10  feet,  and  is  leas  than 
16  feet ;  and  when  the  supply  is  variable,  it  is  preferable  to  use  the 
breast-wheel  rather  than  the  ov^-shot  one :  the  breast-wheels  at  all 
times  suffer  less  from  backwater  than  any  other  form  of  wheel.  Over- 
shot-wheels  are  generally  used  when  the  fall  ranges  between  16  and 
40  feet;  above  the  latter  fall  there  are  decided  advantaf^  m  the  use 
of  the  turbine,  which  oratainly  has  a  remarkable  power  of  adaptation 
to  varying  oonditions.  H.  Foumeyron  executed  one  turbine  mth  a 
head  of  9  inches,  and  aaotho-  with  a  head  of  not  less  than  354  feet 
Mr.  G.  Rennie  states  that  the  coefflcients  of  the  useful  effects  of  the 
various  desoriptions  of  wheds  are  found  in  practice  to  difier  slightly 
from  those;  quoted  above ;  and  that  th^  cannot  with  safety  be 
taken  at  m<ne  than,  in  overshot-wheels,  from  0*60  to  O'SO;  in 
breast-wheels  from  0-45  to  0*60;  and  in  underahot-wheehi  from  0*27 
to  0-80.  • 

(Smeaton,  On  the  Power  of  Mill*;  Banks,  Tnatite  oh  MiU*; 
Buchanan,  Practical  Treatite  on  MiU  Work;  papers  by  Foirbaim, 
Glynn,  fte.;  d'Aubuisson,  TntiU  tCSydravMguei  Morin,  Lefont  de 
Miecmique  Pratiques  Belidor,  Euler,  Navisr,  Bossut,  Coritdis,  Ac; 
Rej^rtoryof  Arte;  l^aMMetionM  <tf  tke  Franl^  IiutitutioH,  ke,,  ka.) 

WATERIKO,  in  Horticulture,  tite  process  of  applying  water  arti- 
flcially  to  planta.  Water  in  a  greater  or  less  quantity  is  necessaiy  to 
the  existence  of  the  whole  vegetable  kingdom :  not  only  do  the  ele- 
ments of  water  enter  into  the  composition  of  the  tissues  of  plants,  but 
by  its  agency  the  various  saline  ingredients,  as  wdl  as  certain  gases 
that  enter  into  the .  oompoaltton  of  vegetable  tdasuea,  are  canied  into 
the  plant  Water  also  exerts  an  influence  on  the  temperature  of  the 
soil  and  of  the  plants  to  which  it  is  applied.  It  is  on  tJisee  aocounti 
that  the  application  of  water  to  plants  is  an  important  process  in  horti- 
culture, more  especially  in  the  hothouse  and  greenhouse.  During 
winter  plants  require  little  moisture,  as  the  processes  of  life  are  at  that 
period  very  inactive,  but  at  the  same  time  a  small  qnantibr  ia  required 
in  order  to  meet  the  demands  of  ^poaching  activity.  B  pluits  sn 
supplied  with  too  much  water  during  winter,  thdr  tissues  bsoome 
distended,  and  the  whole  plant  Is  enfeebled.  The  largest  supply  trf 
water  is  required  when  plants  are  growing  rapidly  and  at  the  season 
when  they  are  putting  forth  their  leaves.  When  plants  have  cusad 
to  grow,  or  when  the  leaves  and  flowers  have  ceased  to  expand,  they 
require  lees  water.  When  however  the  object  in  the  culture  of  planta 
is  to  render  other  their  leaves  or  fruits  as  snooulent  as  possible,  thcv 
should  be  saj^lied  with  abundance  of  water.  TUs  is  done  wfOi 
sjpinaoh,  lettuoe,  and  other  oleraceous  pisnts,  and  by  this  means  thdr  - 
tissues  are  render^  more  tender,  and  their  pecidiar  secretions,  which 
are  often  disagreeable,  are  diluted.  The  same  thing  Lb  done  in  the 
cultivation  of  Ihe  strawberry,  where  the  object  is  to  render  tiie  fruit 
aa  large  as  possible.  In  this  case  however  the  hirge  sise  of  the  fruit  is 
obtained  at  the  expense  of  its  flavour.  Even  pluits  bearing  snooulent 
fruits,  as  the  melon,  &c,  may  be  over-watered,  and  the  flavoor  of  their 
fruit  destroyed.  In  supplying  water  to  tUl  plants  due  ragsid  should 
be  had  to  temperature,  as,  eateris  parUnu,  planta  require  more  water  in 
proportion  as  the  temperature  is  higher. 

Although  the  supply  of  water  artificially  to  plants  cultivated  in 
houses  is  obviously  necessary,  there  is  some  doubt  as  to  whether  it  is 
required  by  plants  growing  m  the  open  ur,  where  they  are  exposed  to 
natural  supplies.  Ftofessor  landley,  in  his  '  Theory  of  HortteuUnre,' 
says,  "  It  is  indeed  doubtful  whether  watering  plante  in  the  open  tar  Is 
not  often  more  productive  of  disadvantage  uian  of  real  service  to 
planta."  At  the  same  time  the  practice  is  at  present  very  general,  and 
there  are  some  advantages  in  it,  independent  of  supplying  pluits  with 
water.  It  ia  fraquentiy  vety  effectual  for  removing  insects  from  the 
leaves  of  plants,  and  also  for  removing  dust  and  dirt  in  exposed  idtna- 
tions.  Mildew  is  also  prevented  in  annuals  by  iU>undant  watering. 
The  fungi  which  produce  or  are  found  on  mildewed  peas,  and  those 
which  destroy  the  spinach  and  onion,  may  be  removed  by  abundant 
watering.  Where  the  leaves  of  plants  are  watered,  this  should  never 
be  done  wUlat  the  son  is  shining  upon  them,  as  this  increases  the 
evaporation.  The  morning  and  evening  are  the  best  times  for  watering 
plants ;  but  where  it  ia  neoeanry  to  do  this  in  the  middle  of  the  day, 
the  roots  alone  should  be  watered.    After  transplanting;  whether  of 
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yoong  or  old  pbnts,  in  poU  or  in  ih*  open  gio— ^  the  wttrtH 

of  the  pUnt  U  almya  reoominmded. 

In  watering  pUnts  WTCBil  initnuMBti  ue  mda  hm  oI,  m  the 
engioe,  the  syringe,  aiKt  the  mtering-pot.  Time  an  iDKie  either  to 
throw  water  thrmi^  tubee  of  wioue  mm  ao  aa  to  apply  the  water  to 
a  particular  point,  or  hy  means  of  a  roae  which  is  appemed  to  the  tube 
to  diatribnte  the  water  over  a  larger  nrface.  The  former  method  ia 
adopted  when  the  roots  of  a  plant  are  to  be  watered,  and  the  latter 
when  it  ia  wiahed  to  wet  the  whole  aurfuie.  Where  a  atream  can  'be 
made  oae  of  ,  an  adbctual  w  of  watering  ]ibiiti  iato  have  »  aloiee  bgr 
whilst  the  water  ol  the  atreaai  be  let  oB  and  off  aa  may  be  thought 
^n^er.  ^ua  ia  the  beat  mode  of  watering  water-cnaaea  and  ower 
planta  requiring  abundant  nKoature.  Where  there  are  water-woika, 
pipes  are  sometimes  laid  for  supplying  ooanpartmeDta  oi  k  eff"*«n 
ikwna  and  plota  of  zra»  may  be  watered  from  th«  mter-bott 

WATEBIKO  OF  LANU  [iBBioaTHW.] 

WATEBUAMj  one  who  rowa  a  boat  on  a  linr  for  iha  oonvennaa 
ol  pawen^era.    The  only  large  body  of  vatermea  in  EnglaDd  are 

thoae  empk^ed  on  the  river  Thanua  at  London.  Before  the  intro- 
iae^iia  ol  coachea  they  were  a  very  essential  clasa  for  the  outveyaoee 
of  peraona  not  only  between  London  and  Southwark,  but  between 
Irftudon  and  Westminater,  and  up  and  down  the  river  to  tiie  various 
Itlaeea  on  each  aide.  The  Thamea  was  then  the  great  highway.  Stairs 
and  waternates  wore  numeroua  on  the  north  bank  from  London  to 
Westminster,  where  there  wn«  muiy  palacw  of  the  nobility,  each 
pakse  having  ita  landing-place,  ita  bargee  and  wherries,  uid  ita  pri- 
Tate  retinue  of  watermen,  or  bargemen,  aa  they  were  then  oonunonly 
called.  Froceauona  on  the  river,  water-toumameot^  boat-racee,  and 
other  aquatic  amusementa  were  frequent.  In  the  ragu  of  Kiebaid  11. 
the  fare  for  a  paasMiger,  with  hia  trues  or  fartbw,  from  London 
to  QrmTaecsid  or  Hilton,  was  2d.  Stow  eomputea  that  than  wen 
as  many  aa  2000  boats  in  his  time,  that  there  were  40,000  water- 
men on  the  rolls  of  the  Watcnueo's  Company,  and  that  th^  oould 
furnish  20,000  men  for  the  fleet.  Ho  doubt  be  included  in  tUe  large 
number  the  private  watenuen  of  the  court  and  the  nobility.  John 
Taylor,  tho  "  water-poet,"  aa  he  styled  himself,  complains  bitterly  of 
tiie  introductiou  <rf  coachea :  "  I  do  not  inv«dgh  ujainst  any  coacbee 
that  bekng  to  penona  ti  wwth  or  quali^,  hot  oaS^  agaiwt  the  eater- 
pillar  Bwarm  ta  hirclinga.  Th^  hvre  undone  mj  poor  Inda  wheracrf 
I  am  a  member."  Since  that  thne  the  merman  m  4ie  nunher  (tf 
bridges  and  the  introduction  of  ataafk-boatehMndnoedtlHwatennea 
to  a  comparatively  small  number. 

An  appreQUcesbip  of  seven  yeara  on  the  Thamaa  oonatitutaa  a  free 
waterman.  The  watermen  and  lightennen  are  an  ineorporatad  eom* 
pany,  founded  in  16S^  and  regulated  part^  hf  tluir  own  liye^wa  and 
partly  by  7  ft  8  Geo.  IV..  c.  7&  WHft  the  awMptioa  of  certain  flat- 
bottomed  fury-boate  and  baiigM  aborc  yiflflr*i*".  ao  pnaon  can  ply  in 
a  boat  for  hire  on  the  Tbanwa  who  ia  not  a  mambar  of  the  Watenun's 
Company. 

The  Trinity  Bouse  haa,  however,  power  to  Bam  o»tiin  Ua^ 
teamen,  beaidaa  pilots,  to  idy  on  the  river. 
WATEHS.  HINEBAL.   [Asutsd  Watch.] 
WAVE.   [Watm  and  TiOEa.] 

WAVES  and  TIDES  posaeMHig  in  many  impeeta  fba  mm*  ahmao- 
ter,  it  has  been  thought  proper  to  atato  fai  one  artiole  the  pheaomana 

and  the  theories  of  botL 

From  the  earliest  timm  the  periodical  riainga  and  fatlinga  of  the 
waters  on  cuoste  or  in  rivers  have  been  noticad ;  and  the  reourrenoea  of 
the  phenomena  dapaod  so  obviously  <»  the  poiitiaBa  af  the  moon  aod 
wn,  that  the  influencea  of  thoae  oaleatial  bodiaa  in  preduebig  tbem 
have  ever  been  aaaigned  aa  their  causa  The  tide  ai^wara  as  a  genn^ 
wave  of  water  which  gradually  ekvatea  itaelf  to  a  certain  height,  then 
aa  gradually  sinks  till  ita  surface  is  about  ae  much  below  the  medium 
level  aa  it  was  before  above  it :  from  that  time  the  wave  again  b^ins 
to  riae ;  and  this  reciprocating  movement  of  the  wateia  oontinuaa  eoa- 
atantly,  with  oertam  variatiana  in  th*  height  (with  m^eofc  to  the  mean 
level),  and  ia  the  timea  of  attMamg  th«  ariaxlma  of  davatioa  and 
depression. 

Urdinary  wavea  are  produced  by  uij  cause  which  disturba  the  equi- 
librium  of  the  pnriiclea  of  a  fluid.  Thua,  a  stone  aufiered  to  &U  into 
water  at  rest  gives  rise  to  a  seriea  of  ooncentrio  circular  wavea  extend- 
ing to  a  gr<iat  distanoe  from  the  plaoe  where  the  stone  &Ua;  and  in  a 
oanal  the  fall  of  a  body  of  water  from  a  level  above  that  ol  the  general 
surface  will  produce  a  series  of  wavea  adnncing  along  the  oanaL 
Waves  are  also  produced  by  suddenly  pressing  a  solid  into  water,  or  by 
auddenly  withdrawing  it  from  thenoe ;  and  a  sin^  wave  may  be  caused 
b^  portly  immersing  a  solid  body  in  water  and  moving  it  quickly,  for  a 
tuue,  in  a  horizont^  direction-  The  inequalities  of  the  pressure  of  the 
air  on  the  surface  of  water,  whether  at  rest  or  in  motion,  when  a  gentle 
wind  ia  blowing,  will  produce  ripplea;  «id  if  the  action  be  connnued 
long,  the  ripples,  at  a  certain  distance  from  the  place  of  thdr  origin, 
become  considerable  waves.  In  the  open  aeas  the  heights  of  the  waves 
dcpoud  on  tlte  force  of  the  wind ;  but  in  conined  situations  both  the 
heights  and  forms  of  the  wavea  are  afleot^l  by  the  reaistance  of  the 
beti.  by  reflections  from  the  shores,  and  other  oircumatanoes.  When 
waves  are  foraied  by  wind  blowing  from  the  land,  each  wave-summit 
peaer\-ea  constantly  the  Nine  height;  hut  tha  heighta  go  on  incraasug 
with  the  distanoa  from  the  shore. 


Wiad-wavee  appear  geoetaUy  to  be  of  a  oydoidal  form :  their  sum- 
mita  havea  genOa  corvatoev while  the  hiiflM  beanaaoMll  propcr> 
tion  to  the  la^tk  in  th*  diraotiwcf  tha  motion;  bah  aa  the  hcndife 
ini»eaass,  the  auBamit  bacamaa  miina«ita»and  sminm  itm  farm  ei  a 
ridge;  and  whan  thia  becomea  tooebajpfor  the  pnaerrattenof  equi- 
libciom.  tha  ton  <^  the  wind  acting  horia<mtaUy  near  the  top  bnaka 
it  into  foam  or  ^ny  [eoL  788  of  the  present  article.  The  nature  of 
thia  tpnj  itself  haa  been  noticed  in  Watibfaua]  Aa  wavea  advance 
towarda  a  abore.  the  water  beooaoii^  leaa  degpy  taa  resistaaea  of  the 
hedof  tha  aea  eauaea  their  kngtha  to  dtaatauah,  aad  ai  tha  same  time 
their  heigjite  to  increase,  ao  that  the  front  ti  the  wa^a  heeomaa  ateep ; 
and  tha  mottcm  (rf  the  upper  par^  towarda  tha  land,  being  men  i^od 
than  that  ol  the  lower  part,  it  follows  tlut  the  aonunit  ia  carried  beyot^ 
the  baae ;  "■^jHP-^  forward,  then  ia  produced  what  ia  called  a  suil 
The  breakhv  <^  wavea  onr  a  ai^  Aoal  depnda  flhieOy  im  a  likn 
eauae. 

The anrfaea of  the  aea oOn  preamto vaty  taa^fteKvhmenmm.  It 
may  hj^^ien.  lor  *""'r'*,  that  while  a  long  nell  TcauAoig  from  aoow 
diataat  storm  is  advuMUig  in  one  direction,  a  breeae  w3l  produce  a 
eeciea  ol  WKvea-moviag  in  the  direction  of  the  wind;  andaaeeond 
breen  s[»inging  up  in  another  direction  will  produce  a  new  series, 
which  will  become  mixed  with  the  former  without  destroying  them  : 
a  third  gale  abn  produce  a  i^ystem  of  waves  intoaecting  the  other 
systema.  When  a  breeao  haa  been  blowing  for  aonto  time  from  a  eer- 
tun  qnerter,  and  aftermida  changea  to  the  of^csito,  two  acsim  of  wavea 
may  be  aeen  moving  ia  contnuy  directk>na;  and  if  the  wavee  are 
nearly  of  equal  lengths,  the  vertical  ordinatea  at  the  crest  of  the  com- 
pound wave  will  be  equal  to  the  sum  or  difierence  of  the  ordinatee  of 
the  simple  waves,  according  aa  tha  create  am  coincident,  or  fall  in  each 
other'a  intarvala.  These  phennnena  are  indicated  in  the  firat  and 
aeeondofamaul^iaiaedflgnia^wiMnatwprmBatethatoiuBdulatiaQ 


and  a'  f  the  second,  the  etrught  line  a.  b  h&ng  the  horiaontal  snr&ce  0:* 
the  water  when  at  rest  Again,  when  there  exists  a  third  syatem  of 
wave«,  caused,  for  example,  by  reflection  from  a  eoaal^  so  aa  to  be 
parallel  to  the  two  former'  ayBtems,  the  ocnnbtnation  of  tiw  three 
avstona  lua  been  observed  to  produce  a  oonpound  wave  of  the  torn 
represented  in  the  third  figure.  (*  Report  M  the  Committee  of  the 
British  Association  on  Waves.') 

The  wind-wavea  of  the  sea  do  not  extend  to  oonridersUe  d^tiia. 
From  the  experiments  made  by  the  oommittee  appointed  by  the  British 
Association  in  1836,  it  was  found  that  with  a  depth  of  water  equal  to 
12  feet,  waves  0  inches  high  and  4  or  5  feet  long  did  not  senriU^  aflM 
tiie  water  at  the  bottom.  Waves  from  SO  to  40  feet  Img,  osetUating 
at  intervale  of  9  or  8  eeoonds,  produced  some  effect,  but  much  less  than 
near  the  surfeco  :  and  it  was  aacertainod  that,  in  waves  produced  by 
tiie  wind  on  Uie  surface  of  a  deep  aea,  the  velocities  were  not  a  direct 
function  of  the  depth.  In  a  storm  the  sea  is  wobably  tranquil  at  the 
depth  of  200  or  SCO  yards.  The  most  saUsfactory  measnremeats, 
those  of  the  late  Rev.  Dr.  Scoresby  ('  Report  rf  British  Asaoaation/ 
1850, '  Journal  of  a  Voyage  to  Austndia '),  give,  for  the  height  of  the 
hi^eat  waves,  43  feet,  from  bottom  of  trough  to  &rest. 

It  must  not  be  imagined  that  when  water  is  sfptated  by  wavee,  its 
whole  mass  baa  the  movement  which  at  first  sight  appem  from  the 
observed  progressive  motion  of  the  undulation;  and,  in  order  to 
account  for  the  formalaon  and  motion  of  iraves,  it  is  sufficient  to  amume 
that  the  particles  of  water,  whm  disturbed,  have  merely  small  oecnlla- 
toiy  motions  in  horiwmtal  and  vertical  directions.  When,  from  any 
cause,  as  the  fall  of  ft  stone  into  it,  the  water  becomes  agitated,  a  series 
of  horizontal  motions  to  and  fro  are  produced ;  and  while  in  a  alentler 
vertiod  column  of  water  these  motions  are  equal  and  in  one  direction, 
the  surface  neither  rises  nor  falla ;  but  if,  in  two  neighbouring  <»)lumns, 
the  particles  advance  to  meet  each  other,  the  Water  becoming  com- 
pressed, the  surface  rises;  if  the  partidea  recede  from  one  another, 
those  above  descending  by  gravity,  the  surface  falls.  These  different 
horizontal  movements  "i«ring  succesmvely  in  the  same  vertical  column, 
and  aimultaaeouBly  in  thoae  which  are  adjacent  to  each  other,  the  sur- 
bee  of  the  water  baoomee  undulated.   In  order,  however,  to  under- 


stand the  teue  movemente  <di  waves,  let  the  straight  line  ak  rqmaeat 
the  siufttoe  of  water  when  nn^tisturbed.  and,  disregarding  the  hori- 
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sontal  oeoillatiotw  by  vhioh  the  water  in  altenifttetjr  ootopt^MBd  umI 
dilated,  let  the  pvrtklM  be  oonouved  to  aBomdand  denendaltenuAelr 
iuTM-tioal  Unei,  that  ia,  ia  linea  paiaUel  t0a'«^''>iriildiiannaaed 
to  be  pMrpandisular  to  ak.  Now,  at  a  givm  iDBtaut  let  Hm  waxbM  of 
Uie  water  have,  in  a  vertical  plane,  tiie  form  a&ei^  fto>t  and  let  the 
foroe  of  ascent  eauae  the  parttclea  in  the  line  <i6m  %a  be  lafind  np  to 
the  line  o^ti'nv  in  a  portion  of  time  repreeented  by  t,  that  tbroe  beoom- 
ing  lees  aa  tt  is  further  from  a  htnisontaUy,  and  cearing  at «.  At  this 
place  ^  foroe  of  deaoent  conunaMdng,  the  paitidea  in  the  line  Mcd* 
fall  nmuhaneonaly  with  the  rise  of  nmolea  in  mbwt,  and  at  the 
end  of  the  aame  time  t,  they  oooui^  the  line  mtfim.  Here  the  fane 
of  ascent  note,  and  the  partdcles  in  ntfp  tit  the  end  of  the  nme  time 
occupy  the  line  i^ff,  and  eo  on.  Thus  at  the  Mid  of  the  time  T  the 
Burfaee  of  the  water  baa  assumed  the  form  oVc'fj',  fto.  After  thia  time 
the  foroe  of  descent  on  Ihe  parUdes  in  the  line  a'tW'  oaueea  thoae  par^ 
tidea  to  fall  vertically,  dunng  a  time  etiual  to  %  into  the  line  «»' ;  at 
n'  that  fcvce  eeaaes,  and  the  foroe  of  aaewt  raiaoe  the  partlolea  in 
mWn'  vertically  into  the  Hm  nVeH^,  and  eo  on;  tiiw,  afc  the  and  (rf 
the  time  2t  from  the  given  instant  the  surface  xA  the  watar  haa  the 
form  aii*al".  An.  In  like  mannor,  at  the  end  ol  the  time  S*  the  forces 
of  descent  and  ascent  will  have  broagfat  tiie  parUdea  into  the  line 
a'"6'e*'(f ,  ftc ;  and  at  the  end  of  the  time  4«  the  partidea  will  be  again 
in  the  tine  aim,  Ac:  wo  that  in  this  time  aveiypaitiele  fA  fluid  haa 
made  one  complete  vilaatioil  votioally,  as  aefOfof^a,  and  within  the 
eame  time  tiie  ton  of  the  wave  hae  ■eBomed  sueoaviTe^  the  positions 
d,^,f',^,\.  rniefaottaontaldiBtMMefromdtoAiBoa&edtheleiigth 
of  a  wave;  letitberepreBentedbyL,aiidM4-azpreBatfaetlme4*  in 

whidi  the  aummU  of  a  warn 

the  velodty  of  the  wave.  On  obeerving  the  characters  of  experimental 
waves  in  troughs  with  glass  sides,  it  is  found  tiMt,  by  the  eomlrinatifme 

tiie  horiztrntd  and  vertical  vitoitioiiB,  the  pattides  of  water  describe 
the  peripheriee  fA  cirdea  or  ellipsea.  In  the  ni^ter  jMuts  of  the  curves, 
near  tiie  tope  of  the  waves,  tne  particleB  move  with  Uieir  greatest 
vdodttra  in  the  direction  in  whidi  the  wave  isadvandi^ ;  in  the  lower 
parts,  DMr  the  bottoms  of  the  waves,  they  are  moriitt  with  tiieir 
KreateatvelodtieBba^waRli;  and  attiie  eztremitieeoftMhorisontal 
diameters,  about  the  level  of  the  watn's  ent&ce  when  ab  rest»  the 
motion  is  almost  wholly  vertiokl. 

The  varying  attnction  of  the  sun  or  moon  on  the  partidee  of  water 
in  the  ocean  is  alone  sufficient  to  produce  the  perturbataons  by  which 
waves  are  fnined;  and  if  it  be  assumed  uiat  the  solid  nudeus 
of  the  eutii  is  covered  entirdy  with  water,  both  nudeus  and  water 
bdng  originally  apberioal,  those  perturbations  will  bring  the  mufkoe  of 
the  water  to  a  spheroidal  form,  we  longer  axis  bein^;  in  the  direction 
(NE  a  line  joining  the  centres  the  earai  and  luminary ;  tiiere  will 
oonsequently  exist,  at  the  same  instant,  two  great  waves  fnioee  summita 
are  at  a  distance  from  one  another  equal  to  half  the  circumference  of 
the  eartti.  But  the  motion  of  the  water  in  the  tide-wave  is  totally 
uidike  that  in  an  ordinary  surface-wave  such  as  th«  wind  producea ; 
and  while  the  latter,  even  in  the  most  violent  storms,  agitates  the  ssa 
to  a  very  trifling  depth,  the  tide-wavn  affbcta  the  wholo  dq>th  of  the 
ocean  equally,  from  the  bottom  to  t^  sorfitce. 

Very  littie  attention  to  the  phenomena  of  the  tides  suffices  to  show 
that,  in  aituations  where  the  recurrences  of  high-water  are  neatly 
regidar,  the  greateet  elevation  of  the  water  takes  place  at  intervale  of 
alwut  12  hours  2S  minutes,  and  the  greatest  depresaoDS  at  the  Uke 
intervals  of  time  frnn  eacu  other;  eidi  greateet  d^readon  takbg 
plaoe  about  6  honis  12  minutes  after  die  instant  t>i  greatest  deration. 
Now  the  interval  between  two  auocesaive  culminations  of  tiie  moon  on 
the  same  aide  of  the  geographical  meridian  of  any  place  varies  from 
about  24  hours  40  minutee  to  25  hours ;  and  thus  the  mtervals  between 
the  times  of  high-tide  have  evidently  a  connecti<m  with  the  diurnal 
revolutiMi  of  the  moon ;  moreover,  the  occurrence  of  hi{^-water  at  any 
{jaoe  is  obswved  to  have  a  dmendenee  on  the  position  of  the  moon 
wiUt  reepeeb  to  the  metidian  of  the  place ;  at  a  lew  porta  it  etnoddes 
with  tiie  time  that  the  moon  is  on  meridian,  but  in  general  it  takes 
place  some  time  before  or  after  tiie  culmination.  The  position  of  the 
moon  at  the  time  is,  however,  subject  to  certain  variations  even  st  the 
same  port ;  and  it  differs  considerably  at  difierent  places.  The  eleva- 
tiona  also  of  the  water  with  respect  to  the  mean  lenl  differ;  in  some 
placesi  during  about  half  the  year,  the  hl^-tide  which  ocours  when 
the  moon  is  above  llie  hnistm  is  greater  than  that  whhdi  ocours  when 
the  moon  is  below,  and  duriiu  the  other  half-year  the  phenomenon  la 
reveteed.  In  every  place,  at  about  the  times  of  new  and  full  moon, 
the  high-tides  attain  their  greatest  elevatiitm ;  and  at  about  the  tamee 
of  the  quadratures,  the  least :  the  former  are  ouled  qwiiy-fidaij  and  the 
latter  neap-tidet. 

Inbaysandharboun,  Uielinie  of  hi^-water  eofauddes  wiQi  Uiat  at 
whidi  the  current  ceases  to  flow,  but  tiiis  is  not  the  case  with  the  sess 
which  communicate  at  both  extremities  with  the  ocean.  For,  if  it  be 
inu^ined  that  a  tide-wave  flows  in  at  one  of  the  extremitiee,  this  wiH 
cause  an  elevation  of  the  waters ;  but  the  waters  which  are  pasnng  off 
at  the  opponte  extremi^  cause,  at  the  soma  time,  a  depression,  or,  at 
leasts  a  diminution  of  that  deration ;  the  surface,  therefore,  must  be 
the  hidiest  when  the  current  flows  with  equal  rapidity  at  both  ex- 
tremitiee, and  not  at  the  nusnent  preceding  the  turn  tA  the  tide. 


When  the  stream  eontuiues  to  flow  up  for  thrae  hoars  after  it  is  high- 
watw,  it  is  said  to  make  tide  and  half-tide ;  if  it  continues  to  Sow 
during  one  hour  and  a  half,  it  is  said  to  make  tide  and  qua>ter4kle, 
■od  so  on.  Nesr  the  shnee  of  tiie  British  Gfaannd,  probabty  in  eoil- 
sequeooe  of  liie  obetruotimis  oauasd  by  the  land,  or  the  disturbaaoes 
at  the  mouUis  of  rivers,  the  progreanve  movement  d  the  tide-wave  h 
mere  retarded  than  in  the  middle ;  and  in  some  plaoes  the  ouneut  bM 
curvilinear  motions,  which  on  the  EWioh  and  En^ish  sides  are  in 
(^MNite  diieetitma.  The  nice  of  Portland  is  a  current  produced 
the  tide-wave,  while  advandog  along  the  shore ;  bdngarrested  by  Um 
promootory  till  it  attains  a  bdght  which  allows  it  to  flow  off  obliqu^ 
with  considerable  vdod^. 

The  rise  of  a  tide-wave  near  the  mouth  of  a  rivw  takes  (daee 
r^ndly  by  the  shoaling  of  the  sea  and  the  ooofinwnent  of  the  wan 
between  the  bonks ;  for  the  motion  of  a  body  of  water  is  oapaUe  of 
raising  the  partidsB  to  the  heists  tiirough  whidi  tht^  must  foil  to 
aoquiie  thdr  actual  velodtiee;  and  if  t&  same  motiw  is  employed 
in  raisdng  a  smaller  quantity  <4  water,  it  ie  evidentiy  capable  of 
raising  it  higher :  tiius,  when  the  eontnot»m  Is  oonsiderable,  as  bi 
the  Bay  of  Fundy,  the  Bristol  Channd,  and  other  places  tihe  devation 
becontee  very  great ;  at  Chepstow  it  amounts  to  DO  feet  When,  at  the 
moutii  of  a  river,  tiie  bed  nas  a  long  ond  gentle  slope  on  each  dde, 
the  waves,  beoomiog  high  and  steep,  fall  over,  and  flow  up  rapidly  with 
a  surf,  constituting  what  is  called  a  bore ;  the  bore-wave  whkh  enters 
the  Severn  is  9  fMt  high,  and  that  which  ooours  in  the  Ajnaaonas  ie 
said  to  be  from  12  to  15  feet  in  hei^t.  [BoRB,  and  coL  784  of  the 
present  article.]  Inflowing  up  a  river  the  summit  of  the  tide-wave 
reaches  the  different  stations  later  as  those  are  farther  from  tiie  mouth ; 
and  in  the  Thames  it  advances  from  Margate  to  London,  a  distance  of 
70  mileB,  in  three  hours.  His  obaarved  also  that  the  current  of  a  river 
runs  upward  during  some  time  after  the  eummit  has  mssed  any  station, 
and  cbwnwards  for  some  t^e  after  the  sutftuie  Of  the  water  is  at  tita 
lowest  i  the  intervale  between  the  times  of  low  and  hi^  water,  more- 
over, gradual^  iliminiRh  as  the  stations  are  farther  up,  whUe  the 
interniB  between  high  and  low  water  increase. 

From  the  observations  made  by  the  committee  of  the  British 
Assodati<m  in  1886,  on  the  tide-waves  of  the  river  Dee  in  Cheshure, 
it  WBB  found  that  the  fiiit  wave  of  flood-tide  advanoad  0'275  miles  in 
intervals  of  time  vaiylng  tnm.  forty-five  minutes-  to  oae  hoiir,  or,  at 
an  average,  at  the  rate  of  8*4  miles  per  hour ;  and  that  the  wave  of 
high-water  advanced  the  same  distance  wiUi  a  vdodty,  by  an  aver- 
age of  the  observaticms,  of  14*6  miles  per  hour.  It  is  said  however  to 
have  been  impossible  to  determine  whether  tiie  wave  which  carried  the 
flood-tide  to  the  lower  station  was  the  same  as  that  which  carried  it 
to  the  hii^ier.  It  is  thought  probable  that  the  wave  iriiioh  passedthe 
lower  station  was  diflused  in  the  spaces  between  oertain  projections 
from  tiu  bank  on  one  iMi  of  the  chsnnd,  and  was  overtaken  by  a  sub- 
sequent wave  from  the  ssa.  The  wave  of  high-water,  being  above 
tiiose  obstrueticms,  flowed  up  more  regulariy,  and  the  observed  hdght 
of  the  wave  api»oaohed  very  nearly  to  that  which  is  due  to  its  ofaswved 
vdod^:  it  bung  understood  tiiattlMvelod^ of  a  wave  ia  that  which 
would  W  pnduead  by  *  bodf  faUu^  im  rest  throng  half  the  hri^ 
of  thewavak 

In  order  that  tin  phenmnena  of  the  tides  at  diflhront  plaoes  may  be 
readily  oompand  together,  durts  have  been  ecmstruetsd,  on  which  are 
drawn  ourve-lines  joining  the  pdnta  at  whidi  high-water  takes  ^aoe  at 
the  same  timea.  Now,  since  the  heights  of  the  wave  and  the  tunes  of 
its  greatest  elavatioii  vary  at  every  [Mkm  fxvok.  d^  to  day,  it  is  neoes- 
SM7  to  flx  OB  ths  height  attained  at  a  paitiealar  time;  uid  on  this 
aooount,  by  general  agreement,  the  time  of  higfa'water  at  every  seaport 
on  the  days  of  full  and  change  of  the  nuwn  is  chosen.  This  is  called 
the  '*  Establishment  of  the  fort and  an  extemm  table  <A  "  B^to- 
bliflhments  "  for  the  ports  of  Great  Britain  and  Ireland  ia  given  in  the 
'  Nautical  Almanac  the  hours  and  minutes  indicating  the  time  from 
amiarettt  noon  on  the  days  of  new  and  full  moon  when  high-water 
takes  piaoe.  Since,  on  the  first  of  these  days,  the  moon  passes  the 
meridian  with  the  sun,  the  time  of  hi^-vater  on  any  otlwr  day  may 
be  found  from  the  table  by  merdy  adding  the  "  EstaUidmunt"  to 
the  time  at  whidi  the  moon  comes  on  the  meridian  on  the  given  day. 
Finding  upon  the  surface  of  the  earth  and  eea  any  number  of  points  at 
which  the  "  Establidiment,"  when  reckoned  according  to  Qreenwidi 
time,  is  the  eame,  a  line  drawn  throu^  all  the  pdnte  will  indicate  the 
eummit  of  a  great  tide-wave  at  that  time :  drawing  a  curve  in  Uke 
manner  tiiivu^i  all  the  pdnts  at  which  the  "E^bliahmenfin 
Oreenwioh  time  is  an  hour  later,  there  is  obtunsd  a  new  position  <^ 
the  summit;  and  it  must  then  be  understood  that  the  wave  has 
travelled,  in  the  sense  above  explained,  from  the  first  line  to  the  next 
in  one  hour.  These  are  called"  Cotidal  lines;"  they  were  first  iodi- 
oated  on  a  chart  of  the  world  by  Mr.  (now  Sir  John  W.)  Lubbock,  in 
tia'PhMoEKq^ucal  Tranwantions '  for  18SI,and  an  extensive  series  of 
sndi  lines  is  traced  on  the  chart  whidi  aooompsnies  Dr.  Wfaswell's 
'Brb«t  towsrds  an  a^tproximatioit  to  a  Haptrf  CSotidal  Lines,' in  the 
'niilflso^iioal  TnuuacUoDB *  for  1888. 

*  In  the  *  Nantloal  Alnunao '  tiiU  infbimattoB  ia  now  givai  in  tablca  of  the 
"  Time  of  mgfa  Water  on  tlie  ITnll  and  Ctutns*  oT  the  Hoon,"  not  onlj  at  ports 
ind  pinoes  in  the  Bzittsh  Islands,  bnt  on  th«  neigbbooriiif  ihorss  of  foreign 
eoaatries.  ' 
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The  defiuitioa  ftbore  ^ren  of  tiia  "  ataMidimant''  is  Mily  tmnni- 
matively  true:  H ii  obserred  b:r  Dr.  Whewell,  in  the ' Emit,' that  it 
would  be  correct  if  the  high-ude  alwa^B  occurred  when  ue  moon's 
hour-oiTcle  makee  equal  an^es  witJi  the  meridian ;  but  in  fact  the  hour 
of  tide  on  any  da;  is  reckoned  from  the  time  that  the  sun  is  on  the 
meridian ;  and  aa  the  moon  changes  her  right  ascension  evei^  da^  by 
about  forty-eight  minutee  (the  obaerred  hour  of  the  tide  bemg  given 
on  the  day  of  new  or  full  moon),  the  mom's  hour  an^e  may  difTw 
according  to  ^e  time  of  the  d^  when  the  conjunction  or  opposition 
takes  place,  coinpared  with  the  time  of  da^  wlum  Hho  hign  tide  is 
observed.  Therefore  an  observation  ot  the  hour  of  the  tide  on  the 
day  of  new  or  full  moon  may  leave  an  uncertainty  of  about  Ih.  8m.  in 
the  time  of  the  "  Establishment/'  unless  accoimt  is  taken  whether  the 
morning  or  afternoon  tide  was  observed,  and  at  what  hour  the  Bjzjgy 
took  place. 

The  sulndned  cut^  wbidi  shows  &9  principal  ootidal  lines  In  the 
Indian  and  Atiantic  oceans,  is  from  Dr.  Whewell's  chart  above  men- 
tioned, and  contains  the  modifications  introduced  in  that  which  is 
given  by  Hr.  Airy,  in  his  Essay  on  '  lldes  and  Waves/  in  the  '  Encyclo- 
pcedia  Metropolitana.' 
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TO  CO  50  40  30  30  10  0  10  2<1  I 
I  In  investigati<»a  rdating  to  the  tides,  itis  required  to  detennine 
the  form  assumed  by  the  surface  of  the  water  when  the  particles  are 
subject  to  the  aetiooa  of  disturbing  forces;  and  for  this  purpose  it  is 
oonvenirat  to  assume  that  if  no  such  forces  esated,  the  earth  would 
contdst  of  a  solid  si^Mrical  nucleus  within  a  body  of  water  whose 
exterior  sur£ace  is  that  of  a  sphere  concentric  with  the  nucleus.  Let 
the  circle  cd  represent  the  nucleus,  and  the  circumference  ab  the  sur- 
face of  the  surrounding  water  in  a  plane  passing  through  the  centre  of 
the  earth,  and  the  sun  or  moon  at  m  :  then,  in  the  theory  indicated  by 
Kewton,  the  attraction  of  the  celestial  body  will  draw  the  particles  of 
water  towards  it  so  that  the  auiboe  ab  will  aasume  the  form  a'6';  at 
the  same  time  the  attraction  ezarolMd  on  the  solid  part  cd  will  cause 
the  Utter  to  take  the  position  <ftF.   Thus  at  the  same  instant  the  sur- 


face of  the  water  at  a'  and  ^  is  farther  removed  from  the  centr«  of  the 
cuth  than  it  would  be  if  there  were  no  perturbation;  while  at  e  and 
/it  is  nsttrer  the  cmtre.  If  tiie  celestial  body  were  constantly  in  the 
|)lane  of  the  equator,  the  summit  of  the  elevated  water  would  also  be 
m  that  plane,  and  ejowtiy  or  nearly  under  the  body.  A  section  of 
spheroid  of  water  passing  through  the  poles  of  the  equator  and  the 
summit  just  mentioned  would  be  an  ellipse,  and  its  periphery  would 
coincide  with  the  direction  of  a  terrestrial  meridian.  By  the  diurnal 
rotation  this  tide-ware,  as  it  may  be  oOled,  would  appear  to  move 
about  the  earth  from  east  to  west  st  the  rate  of  above  1000  miles  per 
hour  at  the  equator  j  and  its  positions  at  the  end  of  every  hour  would 
constitute  a  series  of  ootidal  lines.  Hence,  if  a  small  island  at  the 
terrestrial  equator  were  to  project  above  the  surface  of  the  water,  it 
would  arrive  suooeBsively  at  the  points  a',  c,  b',f,  a',  bo  that  in  the  time 
of  ft  rotation  of  the  eartii  on  its  axis  with  respect  to  the  celestial  bodv 
there  would  occur  at  the  iaiaud  two  states  of  high-water  and  two  of 


low-watsr.  The  arrival  of  the  island  at  the  summit  a',  which  would, 
if  K  were  the  moon,  take  place  at  the  end  of  every  2i  b.  50  m.  nearly, 
is  called  the  diurnal  tide;  and  that  which  takes  place  when  the  island 
arrives  at  tJie  summit  b',  that  ia  12  h.  25  m.  after  the  former,  is  called 
the  semidiurnal  tide.  By  this  theory  there  ought  to  be  soajoely  any 
tides  near  the  poles,  the  water  being  always  drawn  from  them  towards 
the  tropical  r^ons ;  and  ihe  attractions  at  it'  under  the  oeleetial  body 
being  greater  than  the  attractions  at  V,  it  should  follow  that  the 
diurnal  tide  is  greater  than  the  semidiurnal  tide,  neither  of  which  cir- 
oumstanoee,  however,  is  conformable  to  observation. 

If  an  island  having  a  great  extent  from  the  equator  towards  the 
north  and  south  were  to  intercept  the  tide-wave,  the  elevated  water, 
passing  round  the  extremities  of  the  island,  would  on  its  western  side 
form  two  waves,  which  would  advance  towards,  and  meet  one  another 
at  the  eqtiator,  making,  at  different  places  on  the  coast,  hig^-water 
successively  later,  in  the  directions  of  their  motions.  And  it  is  easy  to 
conceive  t^  the  tide-wave  of  a  great  ocean  will  send  branches  into 
any  seas  niiich  it  may  approadi  in  its  movement  about  the  earth :  such 
are  called  derived  tides. 

The  comlnned  actions  of  the  sun  and  moon,  when  those  luminaries 
are  in  conjunction  or  opposition,  that  is,  at  new  or  full  moon,  may  be 
readily  conceived  to  ptpduoe  what  are  called  spring-tides;  and  the 
diminution  of  each  other's  attractions  when  in  quadratures,  to  produce 
the  neap-tides.  It  may  further  be  tmderstood  that,  aa  the  distances  of 
the  sun  and  moon  from  the  earth  vary  by  the  ellipticity  of  the  orbits, 
at  the  times  when  either  of  the  celestial  bodies  is  in  perigee,  its  attrac- 
tive power  being  greater  than  at  other  times,  the  tide-wave  raised  by 
it  wul  attain  a  greater  elevation  than  usual ;  on  the  other  hand,  when 
in  apogee,  the  high-water  elevation  must  be  the  least. 

The  tides  are  greatiy  modified  at  any  station  or  port  by  the  position 
of  the  latter  wit£  respect  to  the  equator,  and  by  the  declination  of  the 
sun  and  moon.  The  two  summits  of  the  great  tide-wave  are,  at  the 
same  instant,  diametrically  opposite  to  one  another ;  and  if  the  latitude 
of  the  station  were  equal  to  tiie  moon's  deolinaticm  on  a  given  day, 
both  moon  and  station  being  for  exami^  natih  of  the  equator,  the 
summit  of  the  wave  would  on  that  day  be  at  tite  station  when  the 
moon  is  in  or  near  the  zenith ;  but  about  twdve  hours  afterwards, 
the  station,  having  described  half  the  circumferenoe  of  a  circle  about 
the  earth's  axis  by  the  diurnal  rotation,  will  be  on  tiie  opposite  of 
the  meridian ;  and  the  summit  of  the  wave,  being  on  the  southern 
side  of  the  equator,  will  be  at  a  distance  from  the  station  equal  to 
twice  the  moon's  declination ;  oonsequentiy  the  height  of  this  tide  will 
be  much  less  than  tiiat  of  the  forma-  tide.  The  contrary  phenomenal 
occurs  when  the  moon  and  the  station  are  on  oppoute  aides  of  the 
equator. 

Among  the  tide-waves  with  which  we  are  best  acquainted  are  those 
of  the  Indian  and  Atlantic  oceans;  and  from  the  known  times  of  high- 
water  at  diffsrent  places,  it  is  ssoertainad  that  the  sunmiit  of  a  wave 
advances  from  the  seas  to  the  south  of  Australia  into  the  Bay  of 
Bengal,  and  towards  the  Persian  Gulf,  causing  ttie  hour  of  hi{^-water 
to  be  successively  later  at  the  ports  from  Ceylon  northwards,  on  both 
sides  of  the  western  peninsula  of  India.  The  summit  of  a  single  wave 
seems  to  extend  from  the  mouth  of  the  Red  Sea,  along  the  eastern 
coast  of  Africa,  to  the  Cape  of  Qood  Hope,  where  it  joins  the  tide-waves 
of  the  Atlantic  Tliese  advancing  northwards,  cause  the  time  of  high- 
water  to  be  sueoessively  later  at  the  different  ports  on  the  western 
coast  of  Africa  and  Europe,  and  on  the  whole  eastern  coast  of  South 
and  North  America ;  so  that  tiie  wave  which  at  a  certain  instant  is  at 
the  Cape,  in  IS  hours  from  that  time  is  at  the  mouth  of  the  English 
Channel  and  on  the  western  coast  of  Ireland.  This  wave,  being  appa- 
rently checked  in  its  progress  by  the  British  Isles,  divideis  itself  into 
two  principal  branches,  of  which  one  flows  up  the  Channel,  and  passing 
through  the  Straits  of  Dover,  is  off  the  mouth  of  the  Thames  in  8 
hours  from  the  time  that  it  was  at  Brest  A  small  branch  advances 
up  St.  George's  Channel ;  but  the  second  principal  branch  of  the  wave 
flowing  round  the  northern  extremity  of  Scotland,  proceeds  slowly 
down  the  North  Sea,  and  meets  the  firat  branch  off  the  mouth  of  the 
Thames  in  20  hours  from  the  time  that  it  was  at  the  entnmoe  of  the 
CfaanseL 

From  Bio  Jan«ro  to  the  Falkland  Islands  a  wave  munmit  seems  to 
advance  directiy  from  east  to  west ;  and  from  the  form  of  the  con- 
tinent of  South  America,  the  liigh  tide  occurs  succesnvely  later  in 
going  southward  from  Cape  Frio,-aa  if  the  wave  came  from  the  north. 
The  wave  from  the  southern  ocean  sets  northward,  from  Tierra  del 
Fuego  and  the  Falkland  Islands  to  the  cosst  of  Patagtmia,  and  at  Port 
St.  Elena  on  that  coast  it  occurs  12  hours  later  than  at  those  ialandsL 
On  the  western  const  of  America  the  tide  trtveia  from  nortii  to  south, 
between  Acapulco  and  the  Straits  of  Magelhaens;  while  from  the 
former  place  it  travels  northwards.  In  the  Pacific  Ocean  the  general 
direction  of  the  tide-wave  is  from  east  to  west ;  but  the  heights  of  the 
tides  are  small,  not  exceeding  2  feet  at  the  i^anda  of  the  ijouth  Sea. 
It  is  observed  however  by  Dr.  Whewell  ('  PhiL  Trans./  1883^,  tiiat  this 
must  not  bo  understood  to  be  the  tide  which  would  be  raised  if  tiie 
wlwie  earth  were  covered  with  water,  on  account  of  the  modifications 
produced  by  the  form  of  the  continent  of  South  America.  The  most 
eastern  part  of  New  South  Wales,  between  25*  and  30°  S.  lat,,  has  tlu 
high-tide  earlier  than  points  whidi  are  situated  towards  the  north  or 
south  of  that  tract 
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Faonliiaitiea  in  tidaa,  ■rinng  tram  the  interferenoB  of  tid«-vaTesi 
Docur  in  nuny  diffa«nt  jdaoea  In  ibo  middle  of  the  TSorih  Sea  there 
is  a  considerable  space  within  which  the  tide  i^oduced  the  tide- 
waves  coming  from  the  north  and  south  takes  places  at  one  tune.  And 
Dr.  Whflwell  states,  on  the  authority  of  the  late  Ct^tain  Hswett,  that 
about  the  Ower  Shoal  there  is  no  senaible  ri^e  of  the  tide  till  3  hours 
after  tiie  time  of  low-water;  but  when  the  ebb  stream  has  nearly 
ceased,  there  is  a  sudden  rise  of  5  or  6  feet;  so  that  nearly  the  whole 
rise  of  the  tide  occurs  in  the  last  three  houts. 

In  1740  the  Acad&mie  dee  Sciences  offered  a  priae  for  the  best 
memoir  on  the  theory  of  tides  :  and  the  paper  by  Daniel  BemoiiUi  on 
the  6ux  and  reflux  of  the  sea  shared  it  with  those  of  Euler  and  ifac- 
laurin.  In  that  paper  it  is  assumed  that  the  water  is  kept  in  equiHbrio 
between  tiie  attrootions  of  its  particles  towuds  the  euth's  centre  of 
gravity  and  the  disturbing  fwoes  exeroisad  hy  the  sun  and  moon ;  and 
thouj^  1^  remits  of  that  thetny  are  found  to  diffto  great^  from  the 
observed  j^ienomena,  the  theory  itself  is  deserving  of  attention,  since 
the  analytical  expressions  which  have  been  obtained  by  it  first  exhi- 
bited the  severaJ  phenomena  distinctly  from  one  another  :  those  ex- 
pressions consequently  became  guides  to  the  observer  or  experimenter 
m  hia  eSbrts  to  ascertain  the  teue  values  of  the  particular  effects  which 
th^  represented. 

The  attraction  ezerdsed  1^  the  solid  nucleos  of  tiie  eartii  on  a 
particle  of  water  at  any  distance  from  its  centre,  b^g  considered  the 
same  as  it  would  be  if  aU  the  matter  of  the  nttdeus  ousted  in  that 

centre,  is  represented  by      z  being  the  moss  of  the  earth  and  r*  the 

square  of  the  distance  of  a  particle  from  the  centre.  But  if  x,  y,  and  z 
are  rectangular  co-ordinates  of  a  particle,  the  centre  of  the  earui  being 
the  origin,  we  have  r'=a?+y'^-i-r;  and  the  partial  differentials  of  the 

flzpressioa  ? —   ,  relatively  to  x,  y,  and  *,  rntrasent  the  eflfocts  of 

that  attraction  upon  a  particle  in  the  directions  of  the  three  axes.  ^  If 
the  attractions  of  the  particlas  of  water  for  each  other  are  taken  into 
consideration,  there  must  be  determined  the  attraction  exercised  upon 
a  particle  by  all  the  water  between  the  spherical  nucleus  and  the  ex- 
terior surface  (supposed  to  be  spheroidal)  of  the  surrounding  fluid,  and 
the  expression  for  this  attraction  must  bo  added  to  that  for  the  solid. 
The  disturbing  force  of  the  ann  or  moon  upon  a  partible  <rf  water  is 

rapreseinted  by  ^  h  being  the  maas  of  the  celsstisl  body  and  b  the 

distance  oi  the  particle  of  water  from  it ;  and  the  part^  differentials 
of  that  expresuon  relatively  to  x,  y,  and  z  give  the  values  of  the  attrac- 
tion la  the  direction  of  the  coordinate  axes :  but  the  disturbing  force 
exercised  by  the  sun  or  moon  on  a  particle  of  water  being  equal  to  the 
difference  between  its  atbaction  on  the  particle  and  its  attraction 
on  the  centre  of  the  earth — ^the  latter,  which  is  repreeented  by 

£j  (d  bdng  supposed  to  be  Ihe  distance  between  the  centres  of  the 

earth  and  celestial  body),  is  subtracted  from  the  attraction  exercised  on 
the  pertide  in  the  direction  of  one  of  the  coordinate  axea,  supposed  to 
be  parallel  to  the  line  joining  those  centres,  in  order  to  have  that 
di^rence.  The  attractii^  forces  of  the  earth  in  the  directions  of  the 
three  axes  being  subtracted  from  the  disturbing  forces  of  the  sun  or 
mooo  in  the  same  directions,  there  remain  t^«e  terms  which  are 
usually  represented  hf  T,  and  i.  And  aince  it  has  been  demon- 
strated by  mathematioianB  that  when  a  body  is  iu  equiliMo  under  the 
action  of  attracting  forces,  the  expression  xd«-t-  Tdy  +  td»  is  an  exact 
differential ;  the  form  of  the  sumce  of  equilibrium  is  determined  by 
making  the  integral  of  the  expression  constant. 

The  resulting  equation  being  found  to  correspond  with  the  general 
equation  to  a  liqpheroid,  a  comparison  fA  like  terms  in  the  two  equations 
gives  the  nines  of  tiie  constants  wbidi  enter  into  the  former.  If  r 
represent  the  mean  distance  of  the  spherddal  surface  <A  the  water  from 
tiie  centre  of  the  earth,  and  +  h  represent  the  distance  of  any  point 
on  that  surface  above  or  belowthe  mean  level;  thena?-h3/*-}-ir'=(r+;A)- 
at  the  surface ;  and  the  determination  of  A  fbr  any  place  gives  at  that 
place  the  h^g^  <Mt  the  water  above,  or  its  depreesioB  bdow  the  mean 
leraL 

Uniting  tiie  effects  of  the  s<^  and  lunar  distorbanoes  simply 
adding  them  together,  dnoe  the  disturbing  forces  are  very  noall  com- 
pared with  the  foroe  of  gravity;  and  introducii^,  in  place  of  the 
rectangular  cocsdinates,  angles  which  depend  on  the  longitude  and 
latitude  of  a  station,  with  the  right  ascension  and  declination  of  the 
sun  and  moon,  the  value  of  the  term  ±  h  may  be  shown  to  consist  of 
three  parts  :  one  of  tiieae  depends  on  the  variation  of  the  declination 
of  the  sun  uid  motn,  and  IndioateB  a  slow  tide  which  goes  through  its 
dianges  in  about  fourteen  di^;  the  seoond  depend  on  the  hour 
angles  both  of  the  sun  and  moon,  and  indicates  two  tides  which  go 
through  their  changes  in  a  soliir  and  a  lunar  day  respectively.  These 
being  combined,  tiiere  is  produced  a  diurnal  tide,  the  highest  state  of 
which  ihould  precede,  at  a  variable  interval,  the  moon's  culmination 
between  the  tunes  of  passing  from  syzygy  to  quadrature,  and  should 
fcdlow  it  between  the  qoadraturea  and  qngjes.  It  has  been  found, 
however,  that  the  observed  acoelerations  and  retardsitiona,  and  also  the 
absolute  elevati<ais  of  the  water,  in  very  few  oases  agree  with  the 
results  of  the  Vbexxj,   [Aoceleration  ahd  BsrABDATioir  or  TmzB.] 


The  third  part  depends  upon  the  doubles  of  the  hour  an^es  just 
mentioned,  and  consequent^  indicates  two  semi-diurnal  tides,  wtaiidi 
being  combined  constitute  one  such  tide,  whose  highest  state  is 
variable.  The  nature  of  the  expression  shows  that  the  semi-diurnal 
tide  should  be  the  greatest  at  the  equator,  and  should  diminish  tall  it 
vanishes  at  the  poles  :  it  denotes  also  tiiat  it  is  greatest  at  new  or  full 
moon,  and  least  at  the  quadratures.  The  theory  moreover  indicates 
that  the  difference  between  two  consecutive  tides  ouf^t  to  be  vety 
considerable  in  Europe ;  whereas  tiiOT  are  known  to  be  nearly  equal 
to  one  another,  Botii  Newton  and  Bernoulli  endeavoured  to  explain 
this  circumstance  by  the  hypothesis  of  a  general  oscillation  of  the  sea, 
in  consequence  of  which  the  highest  tide  gives  to  the  lowest  a  quantity 
equal  to  tho  difference  between  them ;  but  the  reeaarchee  of  La  Place 
have  shown  that,  even  with  such  oscillations,  the  two  tides  could  not 
(according  to  the  theory)  be  equal  unless  tiie  sea  were  everywhere 
equally  deep. 

Euler,  departing  from  the  hypothesis  that  the  sea  is  always  in  equi- 
librio  under  the  action  of  the  sun  and  moon,  endeavoured  to  introduce 
the  subject  of  fluid  oscillations  in  his  theory  of  the'  tides;  but  the 
laws  of  undulation  were  not  then  known,  and  Euler  assumed  that  a 
molecule  of  the  sea  in  motion  endeavours  to  r^ain  the  position  which, 
in  a  state  of  equilibrium,  it  would  occuf^  in  a  vertical  line  with  a 
force  proportional  to  its  v^tical  distance  fnnn  that  position. 

The  theory  adopted  by  La  Place,  in  which  there  are  taken  into  con- 
sideration the  laws  of  the  motion  of  fluid  molecules  when  acted  on  by 
attracting  forces,  was  a  great  im^orovement  on  that  of  the  mathema- 
ticians before  mentioned;  and  it  is  found  to  produce  a  more  near 
agreement  with  the  observed  phenomena.  The  daborate  investigations 
of  La  Place  will  be  found  in  tiie '  M^moires  de  rAcod^miedea  Sciences' 
for  the  years  1776,  1776 ;  and  in  the  first  and  fourth  books  of  the 
'  M^canique  Celeste.'  They  are  also  given,  so  far  as  contained  in  the 
first  book,  in  the  late  Dr.  Thomas  Young's  '  Elementary  lUustrations 
of  Uie  Cekstial  Mechanics  of  Laplace ; '  Lend.,  1821.  As  in  the  former 
theory,  the  solid  nucleus  of  the  earth  is  supposed  to  be  entirely 
covered  witii  water  of  uniform  depth ;  and  the  investigations  com- 
mence with  the  proof  ('M^.  Cd.',  Uv.  i.,  ch.  8)  that  any  portion  of  the 
water,  however  its  place  may  be  changed,  will  always  retain  the  same 
volume.  The  equation  expressing  thia  law  is  called  the  equation  of 
continuity, 

A  very  small  paralleh^ped  of  water  within  that  which  covers  the 
solid  nuowua  of  the  eartii  is  acted  i^Km  by  aocetentive  fon»e  arising  from 
pressures  estimated  in  the  directions  of  three  reotangiUar  coordinate 
axea  whose  origin  is  at  the  centi*e  of  tiie  earth :  the  hrst  is  supposed 
to  be  parallel  to  the  axis  of  rotation,  and  the  others  in  the  plane  of  the 
equator :  one  being  directed  to  tiie  equinoctial  point  and  tiie  other  at 
right  angles  to  that  direction.  The  pressures  are  supposed  to  arise 
from  the  attraction  of  the  earth,  from  the  angular  velooitff  of  its  rota- 
tion, and  from  the  disturbing  forces,  and  to  toad  towards  ttie  origin  of 
the  coordinftecu 

These  pressures,  whioh  are  expressed  by  partial  diflerentaal  coeffi- 
cients reutivdy  to  x,  y,  and  z,  in  the  coordmate  axes,  are  subtracted 
from  the  sccelerative  forces  arising  from  the  attraction  of  t^e  earth, 
and  the  perturbations  exercised  by  the  sun  or  moon,  by  which  the 
molecule  wouldbemade  to  recede  from  that  origin;  and  the  differences 

inthedlreetioniofttheaxeBMrenpranntedby^fL,^^  and  — . 

In  these  equations  of  motion  the  partial  differential  coefficients 
r^resenting  the  pressures  are  transformed  into  others  depending  on 
the  distance  of  the  molecule  from  the  centre  of  the  earth,  and  on  its 
latitude  and  longitude;  while  the  perturbations  of  the  sun  or  moon  m 
the  directions  of  the  coordinate  axes  are  expressed  in  terms  of  the  right 
ascension  and  declination  of  the  diaturl^ng  body,  and  also  of  the 
distances  of  the  latter  from  the  particle  disturbed  and  from  the  centre 
of  the  earth.  The  result  is  that  the  e^tression  for  the  altitude  of  a 
molecule  of  water  above  the  mean  level,  in  consequence  of  the  perturba- 
tion produced  by  the  sun  or  moon,  consiflts  of  uree  parts  ('  Mi^.  C^*, 
lib.  iv.,  c.  1) ;  the  first  does  not  depend  on  the  rotation  of  the  earth, 
and  indicates  a  tide  which  goes  through  its  changes  in  a  long  period ; 
it  may  consequentiy  be  disr^arded.  The  seoond  depends  on  that 
rotation  and  on  the  hour  angle  of  the  disturbing  body :  it  indicates  the 
diurnal  tides,  or  those  which  take  place  when  the  celestial  bodies  are  on 
or  near  the  meridian,  above  the  horizon ;  and  which  follow  one  another 
at  intervals  of  twenty-four  hours  for  the  sun,  and  about  2ik,  60m.  :for 
the  moon.  The  third  d^enda  on  an  angle  equal  to  tiie  double  of  that 
on  whioh  the  second  depaids ;  and  oonsequentiy  it  represents  tiio  semi- 
diurnal tide. 

But  the  subject  of  waves  and  tides  has  been  treated  in  ooatoemitv  to 
tiie  theory  of  undulations  by  Mr.  Aiiy,  the  astronomer  royal,  m  a 
valuable  essay  originally  published  in  the '  Enoyolopeedia  Uetropohtana :' 
the  investigations,  though  admitting  of  general  application,  are  par 
tioularly  adapted  to  the  phenomena  of  tides  in  rivers  and  arms  of  the 
sea;  and  they  are  conducted  by  on  analysis  within  the  reach  of  persons 
acquainted  with  the  ordinary  processes  of  the  diSeraitial  and  integral 
oalnnlus. 

As  in  the  thetny  oi  La  Place,  there  Is  formed  an  "  eqnati<m  of  eea 
tinuity,"  which  is  founded  on  the  equally  of  a  reotattgnlar  pwaUcdo 
piped  <^  water  at  rest,  to  the  oblique  parwelopiped  formed,  when  the 
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ffsfear  is  in  ft  state  of  diBbuiteaoe,  by  tlie  iww  poutku  o<  the  oght 
pMtiolflB  oMutitutiDg  the  engular  pnnte  of  the  bttmat  twrallelopiped. 
But,  M  the  water  is  mippoaed  to  be  in  a  reotangi^  canal,  the 
sunt  of  the  wnlldopiped  in  tfaa  direetioa  of  the  breadth  of  the  canal 
ifl  aoppoeed  to  be  eonatant ;  and  thenfere  is  BottciaBt  to  aanuM 
the  equality  of  the  panOIelograiiui  wUdi  taaa  a  lid*  o£  eaeh  in  the 
direetioa  of  the  kngth  of  the  oansL 

The  oana  bftagof  nnUocm  depth,  the^a^oRtaoB  of  oo^vi^"  la 
e^rcMedl^ 

T--y^  (betweeDOandy) 

when  X  and  y  are  reapeotiTely  tiie  boriaontal  asd  nrtioal  ooordinatee 
of  a  particle  of  fluid,  iod  where  X  and  T  are  nepeetiTely  the  horizontal 
and  vertical  diaplaoementa  of  the  particle  by  tii«  action  of  the  dia- 
turbing  foroea ;  the  equation  expreesee  a  relation  bttwees  those 
oooidiDataa  and  the  disturbaooes  or  dimlaoeoMnta. 

Ad  aquat^  of  the  preMore  experMioed  any  pKrtide  from  we 
foToea  vWieh  act  upon  it  is  next  found  in  the  fcUowing  manner  :— 
IM  p  repreeeot  the  pieMore  In  every  direotioD  on  the  lower  part  of  a 
disturbed  moleoule  of  water  in  consequence  of  Uie  height  or  wei^t  of 
the  filament  of  particlea  above  it :  tiien,  the  Tertkal  coordinate  of  ib-B 
particle  being  y'  or  y+T,  suppose  in  the  element  tU  of  time  the  vertical 
eQanUMtatobeooaMy'-t-V(iiwTwtioalhaghtof  the  filament  above 
the  moleoole  in  tiiai  portion  bahig  inonased  by  tiM  generU  rising  of 
the  wave),  the  pienure  on  Uie  upper  part  of  the  moleoule  will  be 

fpniet  than  ba£ore>  umI  jxay  be  n^esented         -4-  ^  V>  eooM- 

quentiy  the  mblBcule  mi^  be  nipposed  to  be  presaed  dowuwarda  1^  a 

dp 

ln«e  represented  by  ^  9^.   Now,  in  order  to  render  the  expression 

for  the  hydroetatical  pressure  homologous  to  that  which  is  employed 
for  the  force  o£  gravity,  it  must  be  oonsidered  as  aooaWative,  or  aa  a 
motive-power  divided  1^  the  mais;  and  thearefi»«  the  WMMSrative 

pnmre  downvwds  beoomM  ^ ,  which  being  added  to  y,  repnsenting 

the  force     gravis  and  aiqipoaed  to  be  oonstatit,  there  arises  ^  +  9 

for  the  wfaola  Moslantkn  of  the  molecule  downwaida :  kenoe  mm  is 
obt^nad  the  eqimtioB 

TUs  eqnsiljM  bdng  intsgrated  betwBMi  the  limOs  tor  tte  bottom  of 
the  molecule  and  the  top  of  the  wave,  gives  the  bydroatatieal  force  by 
whiidi  a  vertical  filament  of  water  deaoenda,  or  tiiat  by  whidi  it  is 
carried  forward  boriaontally. 

Let  the  deader  oolumn  of  water  above  the  molecule  have  a  hori- 
sontal  IneadUi  equal  to  A  in  the  direction  of  » ;  then  the  horizontal 
pivscnire  in  fron^  by  which  the  column  ie  fraeed  backwards,  will 
exceed  the  pressure  by  which  it  is  carried  forwards  by  a  foroe  ropre- 

rfp  dp 
sented  by  ^  i2&,  or  by  an  aooderati<Hi  r^maented  by  ^ ;  therefore 

dp 

the  horlsontal  acoeletmtion  forwards  is  —  ^ :  if  extraneous  forces,  as 

the  attraction  of  the  sun  or  moon  on  the  molecule,  and  the  dOfoets  of 
frietioD,  be  together  represented  by  F,  when  estimated  in  the  direction 

dp 

of  z,  there  arises  the  expreesion  f—  ^  for  the  whole  aooelaratdoD 
forwards;  then  the  "equation  of  matjon"  beoonm 


whidt  givea  relations  between  the  tenns  x,  t,  x,  jf,  and  t.  nds 
equation  of  equal  preanire"  and  the  "  equation  tst  continuity"  con- 
stitute the  theory  of  the  motion  of  fluids  in  oau^s  of  nniform  breadth. 

The  general  equation  representing  the  dieturhanoe  or  displacement 
of  a  particle  of  water  ia  the  same  oa  that  which  expresses  the  dis- 
turbanoe  of  a  particle  of  light  in  the  undulatory  theory;  and,  in 
order  to  indicate  oacillatory  motion,  both  the  hwisontal  and  vertical 
diaplaoemeota  are  repceaentsd  by  terms  o(»taining  the  sines  or  oodiw 
oLao^es  depending  OD  the  time  I. 
If  itbesHSumedthat 


x=E  COS  (nt—mx)  +  B  an  (nt—mx), 

B  and  a  being  functions  of  y,  the  above  equations  of  continuify  and 
of  equal  preaeure  give,  on  the  snpposttioD  that  gravi^  is  eonataQt,  that 
no  extraneoua  foroes  act,  and  retaining  for  the  preeent  otdj  the  first 

power  of or  of  the  horiiental  diaplaoameni 

From  these  two  equations  are  obtained  the  values  of  x  and  T  in 
terns  of  a  cos  [itt—mx)  and  b  sin  (nt—mx). 


■Dieaa  values  will  not  be  iJtiredU  iwr  is  Incfeassd  or  dimliiiriMd 
ooe,  two,  three,  to.  whole  ciroumftrenoes,  that  ia,  if  x  is  increased  or 
fir   4v  2» 

.<^in*iAptti*         *  ^ '  ^  *^  *  temaina  Hu  eamei  therefore  — 

ii  Uie  Tshie  (rf  tite  inorementa  of  c  wfaidi  ocnrespond  to  pcrfnto  whexo 
tiitf'  puiieles  of  water  are  in  the  Hune  condition  with  lespest  to  dli- 

turbaDce,that  is,  ^  ia  tha  Ungthof  awmve.   Agun,  the  valoea  will 

not  be  altu«d  ii  n^  ia  inoreased  or  dumoiehed  by  wh<de  oircumfereDoeo, 

Ur  4w 

tha*  ia.  If  I  la  Increued  or  diminished  by  — ,  — ,  ftc,  vhfl»  x  ramiios 

the  same;  therefore  —  ia  the  increment  of  time  whidi  oorraqponds  to 
tiiB  pirtklea  of  water  bdng  aaooetslvdy  in  tin  like  state  of  distorb- 
Hkoe,  that  ia,  —  is  the  psriod  of  n  mm,  or  tha  time  betwMU  two 
Buoceedve  foimationi  of  a  wava^iunmit  at  the  same  place.  Therefore 
—  iethe  velocity  of  the  wave ;  and,  from  the  value  found  for  it  by  th» 

theory,  it  toIlowB  that  the  vdooity  d^wnds  on  m  and  on  the  depth  of 
the  water :  tbe  latter  being  constant,  the  velocity  depends  on  the 
length  of  the  ware,  or  it  depends  oo  ^e  time  in  which  a  particle  of 
water  makes  a  complete  vibratiotL  If  the  length  of  a  wave  or  the 
time  of  its  vibration  is  given,  the  velocity  will  vary  with  the  d^t^  of 
thewatv. 

From  a  table  of  the  computed  velocities  of  waves  of  different  lengthe, 
and  wiUk  difl'erent  deptlu  of  water,  it  is  found  that  when  the  longth  of 
the  wave  is  not  {p«ater  than  the  deptii  <A  the  water,  the  velocity  of  the 
wave  ie  proportional  to  the  square  root  of  its  len^i :  also  when  the 
length  is  not  less  than  one  tJiousand  times  the  depth  of  water,  the 
velocity  is  proportional  to  the  square  root  of  the  dq>tn,  sad  ia  the  same 
as  that  which  a  body  would  aoquire  in  hUSag  from  rait  timmgh  ft 
height  equal  to  half  that  depth.  The  greatest  horizontal  and  vsrtloal 
d^daoement  of  a  particle  Ming  computed  for  diflbrent  values  of  the 
length  of  the  wave  and  the  depth  of  the  water,  it  amiears  that  when 
the  latter  is  great,  omnpored  with  the  former,  as  in  ute  open  sea,  the 
motion  of  the  water  far  bdow  the  surfiuw  ie  very  small  oom  pared  with 
the  motion  at  the  suifsoe,  and  at  a  depth  equid  to  theletq^  of  wave 
it  ie  onhr  about  of  tlie  motion  at  the  surboa.  On  the  same  snimo- 
intion,  the  great^  horisontal  moticm  Is  equal  to  the  greatest  votual 
motion.  When  the  length  of  the  wave  is  great  compared  with  the 
d^th  of  the  water,  as  in  tide-waves,  the  Eoriscsital  motion  of  the 
partioles  ie  nearly  the  same  from  the  surface  to  the  bottom,  and  the 
vertiod  moticm  varies  with  the  distance  fnuu  the  bottom.  On  the  same 
supposition,  the  vertical  motion  of  the  aupnior  partidea  ia  much  kas 
than  their  boriaontal  motion. 

The  movement  of  a  particle  <d  water  near  the  surfoce  may  be  deter- 
mined from  the  values  given  by'  the  theory  to  x  and  T  :  if  the  waves 
are  small,  so  that  a.  may  be  considered  aa  equal  to  B,  we  have 
(x*  +  Y*)l=o,  a  conetont;  which,  bein^  the  equation  of  a  circle,  it 
follows  that  the  particles  move  in  the  circumference  of  a  drde  whoee 
radiuH  ia  A ;  but  if  the  lengtii  ot  the  wave  is  great  compared  with  the 
depth  wider,  the  equation  ia  that  of  an  eU^se.  These  Ustdeductiuw 
from  the  theory  are  oonformable  to  what  hu  been  observed  in  experi- 
mental waves,  as  above  mentioned.  It  follows  that,  in  a  long  tide-wave 
flowing  up  a  channel,  the  horizontal  velocity  in  tiie  direction  of  the 
wave's  motion  Is  the  greatest  at  the  sununit  of  the  wave — that  is,  at 
high-water :  at  the  plao<B  of  greatest  depreauon — that  is,  at  low-water 
— the  motion  la  most  rajdd  downwards;  and  at  the  mean  level  the 
water  is  for  a  time  stationary. 

In  investigating  theoretically  the  dunomena  of  vravea  by  whatever 
cause  raroduced,  if  tiie  lengths  of  the  waves  are  very  great  compared 
with  uie  depth  of  the  canal  in  which  they  move,  it  bocomes  neccawiy 

to  retain  the  second  and  even  higher  powers  of      or  of  the  horizontal 

dispkoement,  in  the  equationa  tit  q^tinuity  and  <A  equal  prwura ; 

but  the  vertical  oecillationB  being  then  small,  the  value  trf       m^  ba 

neglected.  Then,  if  the  pertuibating  actims  of  tha  sun  Mid  moon  are 
not  considered,  the  int^ration  of  the  differential  equation  of  equal 
pressure  gives  a  value  of  the  vertical  displacement  at  the  surface,  or 
the  hei^t  of  the  wave  above  the  mean  elevation,  in  terms  which 
oontain i  sin  (»t— s(«)  audio;  ^ (2af—2iM«), it  being  tiie  depth  of 
water  in  the  canal.  Tracing  an  undulating  Une  whose  ordlnatea  are 
tha  values  of  that  vertical  height,  oofTeapoading  to  different  valoea  of 
X,  the  horizontal  diatanoa  from  the  mouth  of  the  eanal,  whit^  is  sup- 
piieed  to  open  to  the  sea;  it  k  found  that,  near  the  opening,  the  front 
and  rear  slopes  of  the  waves  are  of  equal  lengths  and  of  similar  forms ; 
but  as  the  distance  from  the  eea  becomee  greater,  the  frMit  slope  fa 
shorter  and  steepm-,  and  the  rear  alope  longer  and  mc«e  genU&  At  a 
great  distance  the  latter  beoomee  nearly  horizontal  in  the  middle, 
and  at  length  it  divides  into  two  parts,  so  that  the  wave  becomes 
double.  Near  the  sea,  dso,  the  time  occupied  by  the  rise  of  the  wave 
ia  equal  to  the  time  oconpied  by  ita  dsaoeid :  at  a  certadu  dlstaaoa  the 
rise  takes  place  in  less  time  than  tha  deaoent ;  and  at  a  still  greater 
diatance  the  descent,  after  having  been  tapid,  la  oheekAd,  «r«naagad 
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Into  »  Am,  to  wtudi  rboUmt  xqdd  daMeui  looeeedi;  n  ttwk  ibtm 
aeem  to  ba  two  tidas,  or  cAmtkmi  of  tlM  miw,  in  tlw  tqtper  put  of 
the  eanAl,  oomBpondmg  to  one  alsntion  st  (ho  nookh. 

The  ralue  of       or  the  velocity  of  tite  particles  of  water,  is  found 
at 

sIbo  (o  oootain  the  sinee  and  oonnee  of  the  angles  above  mentioned ; 
•nd,  lulvtitutitig  in  these  Uie  greatest  positive  BmA  the  greatest 
negative  values  of  the  elevation,  it  is  found  that  the  velocity  corre- 
qionding  to  the  first  these  values — that  ia,  at  the  top  of  the  wave — 
is  less  than  the  velocity  correoponding  to  the  other ;  but  the  motion, 
in  the  Krst  oase,  ia  up  the  osnut  and  in  the  other  down  it,  and  these 
are  nearly  the  same  as  the  greatest  velocities  of  the  water :  conae- 

rmtly,  tiie  velocity  of  the  Sow  of  the  wave  in  the  canal  is  less  than 
t  of  the  ebb.  The  preceding  coDclusions  relate  to  the  case  in  which 
the  water  was  at  rest  in  tiie  canal  {reviously  to  the  formation  of  the 
wave :  in  the  event  of  the  water  having  a  general  movement  towards 
the  sea,  Uie  time  in  which  the  wave  risea,  or  the  time  from  low-water 
to  Ugh-water,  is  still  lese  than  the  time  of  the  deaoent;  but  the 
difTerence  between  the  two  times  is  greater  than  in  tiie  fonner  oase. 

If  a  section  of  the  bed  of  the  canal,  instead  of  being  rectangular,  has 
the  form  of  an  isosceles  triangle,  tiie  investigations  show  that  the 
velocity  of  the  wave  would  be  eqiul  to  that  of  a  wave  in  a  rectangular 
bed  whose  depth  ia  equal  to  half  the  perpendicular  of  the  triangle.  If 
the  section  were  a  parabola,  the  velocity  would  be  two-thirda  of  tiiat 
which  the  waves  would  have  in  a  rectangular  bed  of  equal  breadth 
and  depth. 

Wh«i  the  water,  still  supposed  to  be  in  a  canal  of  nnifcmn  breadth 
and  depth,  is  disturbed  by  extraneous  forces,  as  the  attraction  of  the 
sun  or  moon,  the  term  v  in  the  equation  of  equal  pressure  lb  conoeived 
to  conust  ot  two,  one  represented  H  sin.  {it—mx)  for  the  horizontal 
intaneitiy  of  moli  force  in  the  dneotion  of      and  the  other  by 

o  COB.  {it—m.x)  for  the  vertical  intenuty ;  and  the  equation  for  ^ 

ar 

"being  then  satisfied  by  the  equation  i=#*  (y)  sin.  mar),  in  which 
^'  (y)  represffiits  the  second  differential  coefficient  of  a  function  of  y, 
there  is  obtiuned  a  value  of  x  at  the  surfoce  of  the  fluid  in  terms  of 
ain.  (it— Bi^,  and  a  value  of  tiia  heiidit  above  the  level  of  atill  water 
In  teams  of  cos.  (tf— »x).  The  wave  thus  indicated  depends  upon  the 
continuance  of  tlie  actioni  of  the  extraneous  ^turbing  forces,  and  is 
desigDated  by  Hr.  Airy  the  forced  tide-wave.  This  wave,  he  observes, 
would  cease  to  exist  if  those  forces  were  to  cease ;  but  other  waves 
resulting  from  the  previous  action  would  still  continue  to  exiatj  and 
tiiese  he  distinguishes  by  the  name  of  free  tide-waves.  If  the  canal  be 
mpposed  to  surround  the  earth  at  the  equator,  the  length  of  the  forced 
tide-wave  is  equal  to  half  tlu  drcrunferenoe  of  that' great  wde;  and 
hoax  tiie  expreanons  for  x  and  T,  it  appears  timt  the  effect  of  the 
vertical  disturbing  forces  on  the  phenomena  of  the  tides  is  insignificant, 
tdmost  the  whole  sensible  effect  being  due  to  the  horizontal  force. 

Taking  into  account  the  effects  of  friction,  which  may  be  considered 
as  a  horizontal  retan^g  force  proportional  to  the  velocity,  and  which 

may  consequently  be  represented  by  —  /  ^ ;  thevnlne  of  x  oratuns 

terms  involving  the  sines  and  ooeince  angles  rafwsMrtea  tjf  it^mx 
and  it  +  qx,  and  the  expression  for  the  vertical  elevation  oontains  the 
sine  ancToosine  of  tt—nx.  The  analytical  txpnmooa  arinng  from  the 
introduction  of  this  additional  perturbation  indicates  the  fact  that 
the  highest  tides  take  jdaoe  later  than  the  times  at  which  the  disturb- 
ing forces  arising  from  the  action  of  the  aun  or  moon  are  the  greatest; 
and  tills  circumstance  gives  to  the  wave  theory  an  important  advantage 
over  those  of  Newtnn  and  Ia  Ilaee;  for  hi  both  thaw  theories  the 
greatest  tides  take  place  when  the  foroe  is  the  greatest. 

In  the  case  of  a  canal  boiuded  at  both  extremities,  the  expressian 
for  X,  the  facoisontal  dtsturbanoe  of  a  particle,  is  found  to  consist  oi 
two  parts,  one  of  which  is  the  horisontal  movement  due  to  the  disturb- 
ing nnves,  and  the  other  a  combination  of  free  tide-wavee,  probably 
eaused  bj  reflexions  <rf  the  foroed  tide-waves  from  the  t^posite  ends  « 
tbe  canal  When  a  canal  so  bounded  is  of  small  extoit,  Uw  horiscotal 
BKititm  of  the  particles  is  found  to  bs  the  greatest  In  the  middle  of  iti 
length,  and  to  dimmish  gradually  to  the  ends,  where  it  vanitites. 
Tliere  is  proved  to  be  no  variation  of  level  in  the  middle  of  the  l«^;th, 
and  the  variation  in  other  parts  is  proportional  to  the  distanoe  from  the 
middle,  the  elevation  at  one  end  taking  place  at  the  same  time  as  the 
depression  at  the  other.  It  results,  uso,  that  the  greatest  hoiizoDtal 
and  vertical  displacements  of  the  particles  t^  risoe  at  the  same  tins ; 
whereas  in  other  oirenmstaneea,  mm  the  drouW  or  elliptiGd  motions 
of  the  particles,  the  greatest  horizontal  diaplaoements  take  plaee  what 
the  vertical  di^lacements  are  zero,  and  rice  versd. 

In  a  deep  gulf  open  to  the  sea  at  one  end  and  doeed  at  the  otiier, 
and  in  which  the  waters  have  a  tidal  fluctuation,  the  tomination  of 
tiie  flow  upwards  takes  place  st  the  mouth  a  oonsidetable  time  after 
hig^-water ;  but  near  this  bottom  of  the  gulf  the  difference  between 
the  times  is  very  small.  When  a  tide-wave  is  propagated  up  a  river, 
the  analysis  shows  th^  the  vertical  elevations  of  the  wave,  and  also  the 
hninntaJ  motirai  of  the  particles  of  water,  diminish  continually  as  the 
vava  advanoea :  also  the  direction  of  tite  tide-currtnt  changes  sooner 
after  the  instant  of  high-water  than  it  would  if  friction  were  not  oon. 


aidered.  When  a  river  runa  on  a  declivity  towards  the  sea,  the  latter 
bung  affet^ed  by  tides,  it  is  shown  that  the  low-water  at  eertaia  pointi 
up  the  river  may  be  higher  than  the  level  of  high-water  on  the  sea. 

The  theoiy,  of  which  a  brief  outline  haa  just  been  stated,  appliM  to 
what  are  called  negative  wavea  by  a  mere  ohange  in  the  sign  of  the 
ooeffiokitts  (tf  the  trigmioinetrioal  factors.  These  waves  are  depressions 
below  the  general  surface  of  the  water,  and,  like  the  others,  they  have 
a  progressive  motion.  Soch  waves,  for  example^  are  those  wluch  are 
fwmed  by  the  paddles  (tf  a  steam-boat. 

All  the  tbeoriea  concur  in  showing  that  the  differenoe  between  the 
diurnal  and  semidiurnal  tides  is  great  in  middle  latitudes,  and  stoall  at 
the  equator  and  poles ;  and  in  tins  req>eot  ihej  are  at  varianoe  with 
the  actual  phenomena.  From  observations  it  u  found  that  this  differ- 
ence is  as  great  at  certain  pkoes  near  the  equator  as  near  the  latitude 
of  either  troiso :  it  haa  alio  been  found  to  be  great  at  Fetn>pauh>wski 
and  in  Norfolk  Sound,  while  in  Eur(^  it  is  snudL  It  nas  besB 
attempted  to  account  for  the  latter  cummtstanoe  1^  anmiitiifig  that 
eaoh  tide-wave  in  this  part  of  the  wwld  is  composed  of  two,  which 
flow  towards  the  same  place  in  opposite  directions  at  intervals  td  about 
twelve  hours.  It  is  supposed  that  the  semidiurnal  waves  of  these 
tides,  being  in  the  same  state  or  phase,  poduoe  together  a  like  effect, 
but  that  ths  diurnal  waves  are  in  opposite  states ;  so  that  the  auperiw 
high  tideof  one  wave  ooincodtng  with  the  inferior  high  tide  of  the  other, 
they  together  produce  a  mean  height  of  water  differing  but  littie  from 
that  of  the  united  semidiurnal  tides.  * 

We  cannot  here  enter  into  the  details  of  the  investigations  relating 
to  the  thaorisB  of  the  oscillationa  of  water,  or  the  ducussion  of  the 
experiments  which  have  been  made  on  waves  in  artiticial  cani^  the 
methods  of  ™fc'"g  observations  on  tides,  and  aoeounts  id  ths  par- 
ticular tides  in  riveiB  and  seas ;  but  the  experimental  researches  at 
Mr.  Scott  Russell  have  made  so  important  an  accession  to  our  know- 
ledge oi  waves,  in  its  relation  to  practical  as  weU  aa  theoretical  sci«ace, 
thai  this  articb  would  be  defective  without  a  summary  of  t^iir  results. 
The  dstuls  <tf  his  experiments  will  be  found  ohkdy  in  the '  Trana- 
aotions  of  the  Boyal  Society  of  Edinburgh,'  voL  xiv.,  and  in  the 
'  Heport  of  the  Seventh  lieeting  of  the  British  Aasooiation  tor  the 
Advancement  of  Science.' 

At  the  time  when  Mr.  Bussell's  hydrodynamioal  researches  were 
commenced,  the  celestial  mechanics  of  the  tides,  as  we  have  seen  in 
the  pnoeding  portion  of  this  article^  had  been  analysed  end  e^dained 
in  a  manner  satisfactory  both  to  astronomsn  and  mitthfifnatifal 
physicists,  but  a  great  variety  of  oonsldMntions  reliding  to  the  pro- 
pagation of  the  tides  along  the  surface  of  the  globe — constituting  Uksir 
terrestrial  mechanism — remained  without  explanation.  Tbo  sohr 
and  lunar  actiaction  having  generated  the  tides,  exeroaae  littie  or  no 
influence  over  the  subeetjuent  propitiation  of  them.  It  is  not  until 
60  or  SO  hours  after  than-  ereatim  that  the  tides  res<^  our  shores, 
having  moved  in  the  interval  in  every  posnble  direetioa,  and  with 
evoy  velodty  frwn  100  down  to  10  miles  sn  honr.  "  This  moving 
elevation  of  fluid,"  in  the  words  of  the  oonunittee  on  waves,  a^^inted 
\y  the  British  Association  in  1S80, "  may  be  conveoiottiy  designatad 
a  vxtve,  and  its  history  will  be  the  history  of  the  tidal  wave  ;  but  to 
confer  upon  it  the  name  of  wave  does  not  imply  that  its  laws  are 
thcM  vhiiDh  beloi^  to  any  other  sunilar  elevation  with  whiiA  we  are 
aeqnnintsd.  It  was  nnoonssiy  to  investigstn  the  nstnrs  of  this  tide- 
wave — ^to  examine  the  hydrodynamioal  mechanism  by  whudi  it 
transferred  from  one  place  to  another — to  determine  the  laws  which 
regulate  its  form  and  its  velocity — to  ascertain  if  any  relations  exkt 
between  the  form  and  dimennons  of  its  bed,  and  its  own  form  and 
rate  of  tiansferenoei  Theee  and  many  similar  points,"  including  also 
the  afieot  of  the  wind  upon  the  tim-wave,  "  weie  still  unknown." 
L^Uee,  Lubbook,  and  Whewell  had  ssvnally  pointed  out  how  mnbh 
was  required  to  be  known,  and  the  last  had  shown  that  a  great  number 
of  flunons  facts  in  fluid  motion  had  been  established  by  tiie  tide 
reeoarches.  some  of  which  had  been  discussed  and  other*  instituted 
and  pursued  by  himself,  of  whioh  he  expressed  a  hope  that  the  theory 
of  hydrodynamics  would  one  day  be  able  to  render  a  reason. 

Such  having  been  the  eonditKm  of  acianee  oa  the  subject  when  ISr. 
Bnesell  began  Us  inquiries,  ths  foUowing  is  a  oondensed  statement, 
but  nesify  m  the  weeds  of  ths  Committee,  erf  the  "  OattnU  Jlemltf* 
be  obtained,  and  whioh  have  eventually  bem  found  to  posness  much 
more  than  the  value  which  had  been  anticipated. 

1.  The  existence  of  a  great  primary  wave  of  fluid,  diflbring  in  its 
origin,  its  phenomena,  and  its  laws,  from  the  undulatory  and  oscillatory 
waves  which  alone  had  been  investigated  imvious  to  ue  researches  of 
Mr.  Buosell,  have  been  confirmed  and  estsMidwd.  This  wave  was  first 
observed  by  him  in  1884. 

2.  Tbe  velooi^  of  this  wave  in  ohamwls  of  \mifcHrm  depth  is  inde* 
pendMit  of  the  breadth  of  the  fluid,  and  equal  to  the  velocity  acquired 
by  a  heavy  body  falling  freely  by  gmvi^  through  a  heij^t  equal  to 
half  the  depth  of  the  fluid,  reckoned  from  the  top  of  the  wave  to  the 
bottom  of  tiM  ohannel. 

8.  The  v«loa4y  ol  this  primavy  nvn  la  not  aSbcted  by  the  veilocity 
of  impulse  with  which  tiw  wave  has  been  originally  generated,  neither 
does  ite  form  or  veloti^  appear  to  be  derived  in  any  way  from  the  form 
(A  the  generating  boc^. 

4.  This  wave  hss  oeea  found  to  diSer  from  everr  other  spedes  of 
wnve  in  the  motion  whioh  Is  given  to  the  individual  parUtdas  of  the 
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fluid  through  whicb  th«  T-ave  is  propagated.  By  the  tnuuit  of  the 
WftTO  the  particles  of  the  fluid  are  raised  from  their  places,  transferred 
forward  in  the  direction  of  the  motion  of  the  wave,  and  permanentJy 
depoBited  at  rest  in  a  new  place  at  a  considerable  diatance  from  their 
original  position.  There  is  no  retrogradation,  no  oaciUatioa;  the 
motion  is  all  in  the  same  direction,  and  the  extent  of  tiie  transfer- 
ence is  equal  throughout  the  whole  depth.  Hence  this  wave  may 
be  deaciiptiTely  designated  tiie  great  primary  ware  of  translation.  The 
motion  of  translatioii  commences  when  the  anterior  surface  of  the 
wave  is  vertically  over  a  given  series  of  particles ;  it  increases  in 
velocity  until  the  crest  of  the  wave  bao  come  to  be  vertically  above  thorn, 
and  from  this  moment  the  motion  of  translation  is  retarded,  and  the 
particlM  are  left  in  a  ciakdition  of  perfect  rest  at  the  instant  when  the 
posterior  surface  of  the  wave  has  terminated  its  transit  through  the 
vertical  ^ane  in  which  they  lie.  This  jAenomenon  has  been  verified 
op  to  the  depth  of  5  feet. 

5.  The  elementary  form  of  the  wave  is  cycloidal;  when  the  height 
of  the  wave  is  small  in  proportion  to  its  length  the  curve  is  the  pro- 
late (peloid,  and  as  the  height  of  the  wave  increases  the  form 
apjnoiudies  that  of  the  common  cydoidj  becoming  more  and  more 
cusped  until  at  last  it  becomes  exactly  that  of  the  common  cycloid, 
with  a  cusped  summit ;  and  if  by  any  means  the  height  be  increased 
b^ond  this,  the  curve  becomes  the  curtate  (peloid,  the  summit 
assumes  a  form  of  unstable  equilibrium,  totters,  and  falling  over  on  one 
side  forma  a  crested  wave  dr  breaking  surge. 

6.  A  wave  ia  poasiUe  in  forms  of  channel  where  the  depth  is  not 
umform  tluouA^ot  the  whide  depth.  It  ^ipears  however  that  where 
ibo  difference  between  the  d^ith  of  the  sides  is  oonddetable,  one  put 
of  the  wave  will  continue  diving  the  whole  period  of  propagation  in 
the  act  of  breaking,  so  as  to  show  that  in  these  circumstances  a  con- 
tinuous wave  is  impossible.  In  other  cases  the  ridge  of  the  wave 
rises  so  much  higher  on  the  shallower  part  of  the  fluid  as  to  produce 
a  given  velodty  without  exceeding  the  limits  of  equilibrium,  and  in 
those  cases  the  wave  becomes  possible,  and  the  velocity  appears  to 
coincide  closely  with  that  which  we  obtain  by  supposing  the  wave 
resolved  into  vertical  dements,  each  having  the  vwocity  due  to  the 
deptii,  and  then  integrating.    It  results  that : — 

In  the  rectangular  channel  the  velocity  is  that  of  gravi^  due  to  half 
the  depth. 

In  the  alofung  or  teiangular  channel  the  velocity  is  that  due  to  one- 
third  of  the  greatest  depu. 

In  a  parabolic  dhannel  the  vdooily  is  that  dne  to  three-eighths  or 
three-tenths  of  tiie  greatest  depth,  mooording  as  the  channel  is  convex 
or  concave. 

The  velocity  of  the  great  primaiy  wave  of  trandation  of  a  fluid  is 
that  due  to  gravity  acting  through  a  height  equal  to  the  depth  of  the 
centre  of  gravity  of  the  trassvwse  section  of  the  channel  below  the 
surfooe  of  the  fluid. 

7.  The  hei^t  of  a' wave  may  be  indefinitdjr  ioereased  by  propaga- 
tion Into  a  channel  which  becomes  namnrar  m  the  form  of  a  wedge, 
the  increased  height  bong  neariy  in  the  inverse  ratio  d  the  square 
root  of  the  breadth. 

8.  If  waves  be  propagated  in  a  channel  whose  depth  diminishes 
uniformly,  the  waves  will  break  when  their  height  above  the  surface  of 
the  level  fluid  beoomes  equal  to  tiw  depth  at  the  bottom  below  the 
surface^ 

9.  The  great  waves  of  tnoshtion  ace  reflected  from  surfaoes  at  right 
angles  to  the  direction  of  their  motion,  withont  suSbring  any  change 
but  that  of  direction. 

10.  The  great  ^maiy  waves  of  translation  cross  each  otho-  without 
change  of  any  kind,  in  the  same  manner  as  the  small  oscillations  pro- 
duced on  the  surface  of  a  pool      a  filling  stone, 

1 1 .  The  waves  of  the  sea  are  nut  of  tiie  first  order ;  they  belong  to 
the  second  or  oscillatory  order  of  waves ;  they  are  partial  dis^Kw- 
tnents  at  the  surface  which  do  not  extend  to  considerable  depths,  and 
are  tiittefore  totally  different  in  character  from  the  great  waves  of 
transIaticHij  in  which  the  motion  of  displacement  of  the  particles  of  the 
fluid  in  the  waves  of  the  sea  is  greatest  at  the  sur&oe  and  diminishes 
rapidly.  There  are  gnierally  on  the  surface  (rf  the  sea  several  co- 
existent  clasees  of  oecillatioin  of  vatying  direetim  sad  magnitude, 
which  by  their  union  give  the  surface  an  appearance  of  irr^ularity 
which  does  not  exist  in  nature, 

12.  When  waves  of  the  sea  approach  a  shore  or  come  into  shallow 
water,  thm  beoome  waves  of  translation,  and  obeying  the  laws  already 
mentioned,  always  break  when  the  depth  of  the  wotw  is  not  greater 
than  their  height  above  the  level. 

13.  Waves  at  the  surface  of  the  sea  do  not  move  with  the  velodly 
due  to  the  whtde  depth  i4  the  fluid;  may  th^  not  move  with  the 
velocity  dne  to  that  port  which  thqr  do  a^tate,  or  to  some  given  part 
of  it  f 

14.  A  droumstanca  frequenUy  observed  when  the  waves  break  on 
fte  diore,  has  been  satisfactorily  accounted  for  by  the  examination  of 
Uie  constitution  of  the  waves  of  the  sea.  It  has  been  frequently  ob- 
served that  a  certain  wave  is  the  largest  of  a  series,  and  that  these  Isi^ 
waves  occur  periodically  at  equal  intervals,  bo  that  sometimes  eveiy 
third  wave,  every  seventh,  or  every  ninth  wave,  is  the  largest.  Now  as 
there  are  almost  always  several  co-existent  series  of  waves,  and  as  one 
of  these  is  a  long,  gentle  "  under  sweU,"  piopae«(ed  to  the  dum  fran 


the  deep  sea  in  the  distance,  while  the  others  are  short  and  mm  super- 
ficial waves,  generated  by  a  temporary  breeze  of  refleotiona  from  tk 
neighbouring  shore ;  so  it  wUl  follow  that  when  the  smaller  waves  are 
Jrd,  or  }th,  or  Jth,  or  in  any  other  given  ratio  to  the  length  of  longer 
ones,  those  waves  in  whibh  the  ridges  of  the  two  series  ore  coincident 
win  be  the  periodiod  large  waves ;  and  if  there  be  three  systoms  ol 
coexistent  waves,  or  any  greater  number,  thdr  etdnddences  will  ^ve 
periodical  large  recurring  waves,  having  maxima  and  minima  vonous 
orders. 

15.  The  tide-wave  appears  to  be  the  only  wave  of  ihe  ocean  which 
bdoi^  to  the  first  order,  and  appears  to  oe  identical  with  the  great 
primary  wave  of  translation ;  its  velocity  diminishes  and  increases  with 
the  depUi  (A  the  fluid,  and  sppean  to  approximate  dosdy  to  the 
velocity  due  to  hall  the  d^ith  <»  the  fluid  m  the  rectangular  diannd, 
and  to  a  certain  mean  depth  which  is  that  of  the  centre  of  gravity  of 
the  section  of  the  channeL  It  is,  however,  difficult  to  detennine  the 
limits  within  which  iho  tide-wave  retains  its  unity ;  where  portions  of 
the  same  channel  differ  much  in  depth  at  pointa  remote  firom  eaoh 
other,  the  tide-waves  appear  to  separate. 

16.  The  tide  appears  to  be  a  compound  wave,  one  dementory  wave 
bringing  the  first  part  of  flood  tide,  another  the  high  water,  and  so  on ; 
these  move  with  different  velocities  according  to  the  depth.  On  ap- 
proaching shallow  shores  the  anterior  tide-waves  move  more  slowly  in 
the  shdlow  water,  while  the  posterior  waves  moving  more  rapidly, 
diminish  the  distance  between  successive  waves.  The  tide-wave  be- 
oomes thus  dislocated,  its  anterior  Burfaoe  rising  more  rapidly  and  its 
posterior  surface  descending  more  dowly  thwi  in  deep  water. 

17.  A  tidal  bore  [BoreJ  is  formed  when  t^e  water  is  so  shallow  at 
low  water  that  the  nist  wavee  of  flood  tide  move  with  a  velocity  k> 
much  less  than  that  due  to  the  succeeding  part  of  the  tidal  wave,  as  to 
be  overtaken  by  the  subsequent  waves ;  or  wherever  the  tide  rises  so 
rapidly,  and  the  vratw  on  tbe  shore  or  in  the  river  is  so  shallow,  that 
the  hdght  of  the  fint  wave  of  the  tide  is  greater  tiiau  the  depth  of 
the  fluid  at  that  place.  Henoe  in  deep  water  vessels  are  safe  from  the 
wavee  of  rivos  whidi  injure  those  on  t^e  shore. 

18.  The  identity  of  tiie  tide-wave  and  the  great  wave  of  trandl^ 
tion,  shows  the  nature  of  certain  variations  in  the  establishment  of 
ports  situated  on  tidal  rivers.  Any  change  in  the  depth  of  the  rivers 
produces  a  corresponding  change  between  the  moon's  trondt  and  the 
high  water  immediatdy  succeeding.  It  appears  from  the  observations 
in  this  rqxnt,  that  the  mean  time  of  hi^  water  has  been  roidered  87 
minutes  earlier  than  formerly,  by  deepening  a  portion  of  about  12 
miles  in  the  channel  of  a  tidal  river,  so  that  a  tide-wave  vriiich 
formerly  travelled  st  the  rate  of  10  miles  on  hour,  now  travds  at  the 
rate  of  nearly  15  miles  an  hour. 

19.  It  also  appears  that  a  large  wave,  or  a  wave  of  high  water  of 
spring  tides,  travels  faster  than  a  wave  of  high  water  of  neap  tides, 
showing  tl»t  there  is  a  variation  on  the  establishment,  or  on  the 
interru  between  the  moon's  trandt  and  the  snooeeding  high  water,  due 
to  the  depth  of  the  fluid  at  high  water,  and  which  liould,  of  course, 
enter  as  an  element  into  the  cdculatiou  of  tide  tables  for  an  inland 
port  on  the  sea  shore.  The  variation  of  the  interval  trill  vary  with  the 
square  root  of  mean  depth  of  the  channd  at  high  water. 

"  These  resultii  give  us  principles,"  the  committee  on  wavee  oondude, 
"lifbr  the  oonstruettoi  of  canals;  3,lar  the  navigation  of  canals;  8, 
for  the  improvement  of  tidal  rivers ;  4,  for  the  navigatiim  of  tidal 
rivm;  5,  for  the  improvement  of  tide  tables."  But  an  eqmlly 
valuable  appUeation,  not  however  foreseen  when  these  results  bad  bera 
obtained  and  examined,  unless  by  Mr.  Russdl  himself,  was  to  the 
improvement  of  navd  architecture.  Of  this,  «  1»iaf  aeoount  has 
already  been  given  in  the  article  Sbif-Bcildiko. 

After  the  publication  of  the  report  by  the  omnmittee  on  waves, 
which  contained  tiie  experimentd  investigation  of  whidi  we  have  now 
givMi  the  prindpal  results,  the  phenomena  of  waves  engaged  the 
attention  of  eminent  mathematicians,  who  ^deavourod  to  deduce 
from  6r8t  principles  the  curious  facts  which  Air.  Scott  Russell  and  his 
associates  nad  observed,  so  as  to  reconcile  theory  with  experiment. 
Among  these  were  the  Astronomer-Royal  (a  summary  of  whose  cm- 
dudons  has  been  given  in  this  artdde),  Mr.  Grem,  and  Piofesaw 
Eelland,  who  also  succeeded  in  obtaining  from  andyds  many  of  tbo 
veiy  singular  experimental  results.  Their  researches  were  publisbecl 
in  the  Transactions  of  the  Cambridge  Philosophicd  Society,  and 
those  of  the  Royd  Sodety  of  Edinburgh ;  and  Profeasor  Kelland  also 
gave  a  view  of  the  actual  state  to  which  the  theory  of  waves  bad 
been  brought  in  the  Report  of  the  tenth  meeting  of  the  British 
Aaeodation, 

The  theory  Of  waves,  r^puded  as  forming  a  port  of  absboofe 
medianios,  as  well  as  in  certain  applications,  has  been  considered  slso 
in  the  articles  Acoustics;  iMTSRrSREncB ;  TiSBaTioir;  and  Uhduu- 
TOBT  Theokt  or  LioHT.  An  excellent  familiar  explanation  of  the 
subject,  eq>ecially  as  regards  the  coinddenoe  and  interference  of 
waves,  will  be  found  in  Professor  I^mdall's  '  Qlocien  of  the  Alps,* 
pp.  280-2S8. 

WAX.  There  are  seventl  varieties  of  tids  substance,  but  the  term 
used  by  itself  means  Bees'  Wax,  under  which  heading  will  be  found 
an  account  of  tiie  manner  in  which  it  is  secreted,  its  chemical  con- 
stitutiMt,  and  the  meant  emplc^ed  in  preparing  it  for  omnoMndal 
puipow , 
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Wax  is  lued  to  a  coniideraUB  taimt  In  tbe  maUng  fii  oantDeSj 
oeratn,  ointmentii,  and  pbMrten.  The  Mt-eaUed  aeaUvg-wax  has  no  wax 
in  ita  oompoaition.  [SEALiNa''WAX.]  Spurious  wax  is  aometimea 
made  and  sold  for  che^  puipoaeB ;  consistiiig  of  yellow  reon,  mutton 
suet,  and  palm  oil,  or  tturmerio  instead  of  palm  oiL  Eteking'Wa  is 
made  of  bees'- wax  and  linaeed  oil ;  or  white  wax,  gum  bensoin,  and 
linseed  <dl ;  a*  white  wax,  Buigun^  ^tch,  and  powdered  asphaltom. 
ModdHng-vax  is  dMoribed  under  WAX-MODILLDia 

VegetiXU  Wax.  Various  ^btnta  ;^b9ld  a  substance  like  wax,  which  is 
ohtafaied,  like  the  vegetable  outter,  by  Imiising  and  boiling  them  in 
water,  when  the  wax,  melting,  floats  to  the  aurfaoe,  and  there  concretes 
on  cooling.  Of  these  the  most  remarkable  instance  is  the  Oeroxylon 
BMdieola,  the  Wax  Palm  (Pofma  de  Cera  of  the  American  Spaniards). 
Hjfnea  Oak,  Candleberry  Myitle.  or  Sweet  Qale,  a  native  of  this 
ooBBby,  Tialda  a  subatauM  rMembUng  hte^-moi  whm  its  eatkins  or 
oones  are  boiled  in  water.  Jfyriea  cerf^ni,  a  native  of  Nnih  Amerifia^ 
yields  a  similar  substance  when  its  benies  are  thus  boiled :  (Andlas  are 
made  of  it  also,  whence  the  plant  is  commonly  called  Tallow-ahrub  or 
Candlebeny-tree.  JU.  qiurHfolia,  a  native  of  the  Cape  of  Good  Hope, 
is  another  speoiea  whidk  yiuds  a  vegetable  wax.  It  grows  alimg  the 
coast,  on  dry  sandy  plains  exposed  to  the  saa^ir,  where  hardly  any 
other  plants  will  -vtaeAakA.  The  wax  invests  th«  benieB  In  the  iarm  A 
a  rou^h  crust,  which  is  separated  means  of  boiling  water.  It  is  (tf  a 
greenish  ooloar,  but  may  be  bleached.  When  made  into  oandles  it 
gives  a  very  fine  Ufj^i.  A  vegetable  wax  is  also  obtained  in  China 
from  lAffiutnm  l^dvm,  which  is  frequentiy  mentioned  as  the  wax- 
tree  in  Dr.  Abel's  and  other  traveb. 

Japan  is  now  known  to  be  the  chief  countiy  whence  vegetable  wax 
is  imported.  Small  pucela  have  been  brouf^t  to  market  for  many 
years  past ;  the  wax  being  at  first  in  the  form  of  small  thin  oval  cakes 
stamped  with  Japanese  characters.  Afterwards  it  oame  over  in  eases 
ooQtaining  ISOlbs.  each.  In  1859  a  catgo  arrived  direct  frcoa  Nagasaki, 
in  Japan,  of  nearly  SOOO  cases.  It  oommsnded  a  ready  sale  at  the 
inioe  of  the  best  Russian  tallow  at  that  time,  (S7ft  per  owL),  but  went 
off  slowly  at  the  required  price  of  70t. 

Dr.  U'Dowan,  in  a  p^wr  read  beftm  the  SodeW  oC  Arts  hi  1860,  on 
the  jaoduotive  uiduBby  of  J^pan,  eud :— "  One  of  flie  most  remaAable 
jnroaaots  is  the  vegetable  wax,  several  cargoes  of  which  have  atready 
arrived  in  this  oountnr  from  Japan.  It  is  said  that  the  first  adven* 
turer  in  this  article  sold  his  cargo  at  100  percent-profit.  TheJapanese, 
having  disoovered  this  wax  to  be  a  valuable  article  of  commerce, 
aeemed,  when  I  was  in  the  country,  to  be  makina  amngements  for 
sahivatiiig  more  largely  tbe  trees  producing  the  Mizies  from  which 
the  wax  IB  expressed;  and,  with  improved  maohinny,  this  article 
eonld,  no  doubt,  be  produced  more  dbandaii%  and  more  cheaply. 
The  product  requires  protracted  bleaching  before  ffe  arrives  at  ^ 
white  state  in  wUch  it  is  sent  to  our  mark^" 

Many  otiier  plants  yield  a  subetanoe  amilar  to  vegetable  wax,  some 
from  we  stem,  out  mostly  from  Mb»  berries.  The  SkuM  nceedanea,  a 
plant  of  the  same  speoiea  as  the  mmogA,  mkht  (it  has  been  anggested) 
be  profitably  coUivated  in  Aiurtnlia  or  at  l£e  Ougn  of  Qood  Hc^.  It 
yields  a  wax  residue,  in  quality  between  bees'-wax  and  vu^ble  tallow, 
softer  and  &tter  than  bees'-wax,  and  easily  kneaded.  It  has  already 
come  into  use  in  KngHftn^  in  th«  candle  manufactura.  If  combined 
with  any  cheap  tallow  at  fa^  ft  makas  ft  mtcture  unfal  tax  many 
purpoBSb 

WAX-HODELLINCl.  Wax  baa  been  in  all  an  important  agent 
in  theart  of  atatuaiy;  and  in  Ihe  Imnative  art  generally,  iHiether  as 
a  fine  art,  or  for  tihe  purpoaee  of  sdenoe.  In  statuaiy  it  is  used  in 
making  the  models  for  the  metal  cast,  but  more  formerly  than  at 
present,  for  now  day  is  fre(^uently  substituted  in  its  place :  it  is, 
however,  still  used  by  silversmiths  in  casting  cups  and  other  OTibidrical 
or  qiherioal  objects,  sspeoially  such  as  are  required  to  be  kept  free 
from  the  maridngs  j<nnta,  to  avoid  injury  to  the  design  or  embossed 
work.  In  fine  art  it  is  tued  in  forming  images,  and  ioonio  portraits, 
small  busts,  and  baasi-rilievi ;  and  it  is  also  very  usefully  and  largely 
applied  in  the  preparation  of  anatomical  modds,  especially  in  patho- 
logy, and  in  the  preparation  of  fruit,  flowers,  and  many  objects  of 
natural  history.  Wax-modelling,  when  applied  as  above  described,  as 
a  fine  art,  is  frequently  tenned  tiie  C!>ropZa«(ic  art  (jnip^  from 
Knpit,  wax,  and  wXaaracti,  the  art  of  fashioning  into  formsX 

Wax  was  formerly  indispensable  in  metal-casting,  Uioogh  when  and 
how  it  was  first  used  is  wholly  unknown.  It  ma^  have  been  used  for 
the  models  of  scJid  casts  even  in  the  earliest  periods,  but  was  almost 
certainly  used  in  hollow  casting,  which  was  a  later  invention,  and  which 
will  preaenUy  be  described ;  though  of  an  art  so  entirely  pcaotioal,  no 
deseripticm  can  oonvOT  mssn  than  a  general  idea. 

Different  writen  oi  different  ages  give  various  directions  for  the  prd- 
paratifln  of  the  wsx  to  be  used.  Vasari,  who  doubtless  menticms  that 
used  in  his  own  time,  recommends  the  adi^ixtnre  a  litUe  tallow, 
turpentine,  and  pitch,  with  the  common  yellow  wax,  but  he  does  not 
specify  any  partioular  quantities.  The  tallow  renders  it  more  soluble 
and  fluid,  the  turpentine  more  adhesive,  and  the  pitch  colours  it,  and 
assists  it  in  hardcoiing  after  the  operation  is  complete :  it  may  also  be 
coloured  with  a  little  red  odirs  in  powder,  which  must  be  mixed  with 
tha  wax  In  its  liquid  stete.  It  may  be  made  any  other  colour  in  the 
same  way.  A  Erench  mixture  ia— to  one  hundred  pounds  of  ydlow 
wax,  ten  pounds  of  turpentine,  ten  of  pitoh,  and  tea  of  hogr-lard, 
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wUoh  probacy  VDtdd  be  rimOar  In  its  properties  to  the  mixture  da- 
senbed  Vasari.  When  the  wax  is  melted,  great  care  must  be  taken 
that  it  does  not  boil,  or  it  cannot  be  repaired  when  cold.  M.  liquet,  in 
his  'Art  du  Mouleur  en  PlAtre/  gives  the  following  compound  for 
founder's  wax— to  four  of  wax,  mix  one  <rf  tallow  and  two  of  Burgundy 
pitch  {pmx  de  Bowgofpu),  which  when  melted  togeUier  are  fluid  and 
manamable.  This  was  probably  the  oompoaition  used  by  J.  B.  Keller 
and  Girardoo  b  preparing  Ha  monUl  lor  CHtwdon's  equestrian  statue 
of  Lom8XIT.,i^iidiwaflaart«ntirek  orinwAoItf^effA  Severalotber 
mixturea  were  and  are  piobaUy  enmloyed  hy  di£»rent  BOolptMs;  the 
above,  however,  were  those  emidoyed  in  IVanoe  and  Italy  in  the  gnat 
ages  of  founding,  when  the  wax  method  was  generally  in  use.  We 
may  now  proceed  to  describe  the  methods  of  ita  application. 

Andrea  VerixKMhio,  a  celelnated  sculptor  of  the  15th  oentory,  is  said 
by  Vasari  to  have  beat  one  of  the  first  amongtiie  modems  to  introduce 
casting  from  moulds  taken  from  life,  or,  in  Vasari'e  words,  to  bring  the 
jwactioe  into  general  use — "che  fu  de'jwimi  che  cominoiaaae  a  metterio 
m  uBo  "  (ed.  1568).  These  casts  he  made  hi  wax  and  hi  plaster;  and 
some  writers  have  spoken  of  him  as  the  inventor  of  mouldmg  from  the 
human  figure,  and  others  even  as  the  inventor  of  casting  in  plaster ; 
neither  «a  which  is  said  nor  could  have  been  intended  to  be  conveyerl 
by  Taiail  Uaay  arts  bare  been  known,  and  occasionally  practised, 
before  they  have  been  applied  to  the  ordinary  uses  to  which  they  were 
well  adapted.  Ilere  is  in  Florence  still  preserved  ia  the  cathedral  a 
cast  tiius  formed  from  the  head  of  Bninelleso^,  which,  as  Bottari  has 
remarked,  must  have  been  taken  when  Verrocchio  was  only  fourteeu 
yearn  of  age.  And  with  reigard  to  casting  in  plaster,  if  metal  casta  were 
mode  long  before  tiie  time  of  Verrocchio,  it  is  more  than  probable  that 
plaster  oaats  were  also  mada  The  first  diatjng^died  Italian  founder 
of  modem  times  was  Andrea  Pisano,  who  modelled  the  gates  of  the 
Baptistery  of  St.  John  at  Florenoe,  which  were  east  by  some  Venetian 
founden  m  18S0.  The  same  sculptor  had  previously  sent  by  Oiotto  a 
present  of  a  hronxB  crudfix  to  Pope  Clement  V.  (1806-1814)  at  Avignon, 
which  must  have  been  about  120  years  before  Verroohio  was  bom. 
This  crucifix  is  represented  as  having  been  of  excellent  workmanship ; 
it  most  have  been  fushioned  eonsequen^y  by  an  artist  or  artists  well 
acquainted  both  with  mould<making  and  With  casting,  and  tiie  idea, 
therefore,  that  either  art  can  have  been  ever  first  praetited  at  so  hite  a 
period  as  Verrocchio  is  quite  untenable.  The  fact  of  bringing  artists 
from  Venice  io  cast  we  gates  of  the  Baptistery  of  St.  J^n  does 
not  BO  muoh  show  that  Florence  was  without  good  metal-founden, 
as  that  Venice  had  obtained  celebrity  for  its  artisUi  of  this  class. 
William  Austen,  a  celebrated  Sudldi  feimdsr,  was  anterior  to  Ver- 
rocchio. [AVSTBR,  Wnxux,  m  Bioa.  Dtv.]  However,  at  whatever 
period  and  by  whatever  process  the  eariy  ItaHans  first  prepared  tiwir 
moulds  for  metal-casting,  they  most  probably  in  all  works  of  cm- 
sequenoe  used  wax  in  we  preparmticm  of  the  model  for  the  casting. 
The  ancient  Greeks  and  Romans  also  most  probably  used  wax  for  the 
same  parpoaes.  There  are  few  antaent  bronzes  of  a  large  size  now 
extant;  the  principal  of  them  is  the  eqaeetrian  itatoe  of  Marcos 
AnreliuB  before  the  C^>itol  at  Rome.  This  monument  is  hollow,  and 
ma  cast  in  two  parts ;  and  probably  the  ancient  method  was  not  very 
different  from  that  described  by  Vasari ;  some  ancient  vroTka  were  cast 
solid.  The  ancients  were  also  in  tiie  habit  of  maiking  plaster  moulds 
of  objects;  in  &ct  the  Greeks  and  Romans  were  more  or  less  familiar 
wii^  almost  every  method  and  contarivanoe  known  to  the  modem 
statuary.   (MiiUer,  'Handbuoh  der  Aroh&blcffie  der  Emist;  U  806,  6.) 

It  is  generally  allowed  that  the  triumph  of  casting  in  modem  times 
was  Girardon's  colossal  statue  of  Louis  XIV.,  cast  by  J.  B.  Keller;  it 
stood  on  the  Place  Venddme  at  Paris  until  1792,  when  it  was  deetrojred 
by  the  IVench  populace.  The  weight  of  tiie  monument  is  said  to  have 
been  MfiOOVoe,,  and  ite  height,  including  the  bronze  pedestal,  21  feet. 
This  enormous  mass  of  metal  was  cast  at  once,  or  m  a  smgle  gOio. 
The  pr^iaration  of  the  model  and  mould  waa  on  the  following  plan : — 
When  the  model  of  the  statue  waa  finished,  a  nfe  mould  dEpuster  and 
biickdost  was  made  from  it  in  many  parts.  [Hodeluho.]  Each  of 
these  partB_  being  marked  and  numbered,  and  removed  from  the  model, 
was  then  oiled,  and  carefully  filled  on  tiie  inner  side  to  a  certain  thick- 
neea,  an  inch  or  two,  with  the  modelling-wax  already  described ;  the 
thickness  depending  upon  the  height  or  position  of  the  part,  tiie  lowest 
parts  being  the  thi^est,  for  the  metal  is  destined  to  fill  exactly  the 
space  occupied  by  the  wax.  When  all  the  parts  of  the  mould  were 
thus  prepared,  ihe  whole  was  again  put  together  in  a  pit,  around  a 
simple  framework  of  iron  bars,  so  as  to  support  it  firmly  in  each  direc- 
tion ;  the  lowest  parts  of  the  mould  bemg  first  placed,  and  the  joints 
of  the  wax  ci  the  vaiionB  ccmtiguous  parts  bemg  filled  in,  and  the 
pieces  carefully  united  tcgether  with  melted  wax  with  a  brush,  as  the 
work  proceeded.  When  the  whole  was  put  together,  it  was  bound  on 
the  exterior  with  strong  bars  of  iron  attached  te  the  extiemitieB  of  the 
bars  of  the  interior  framework.  The  mould  is  now  a  hollow  sheU, 
with  a  thick  coating  of  wax  all  over  the  interior,  tiie  whole  being  kept 
together  by  iron  supporto,  inside  and  outsidft  The  next  s^  is  to  flU 
tiiis  hollow  sheli,  tarong^  an  aperture  left  at  the  top,  wiUi  a  com- 
podtion  of  plaster  and  bridcdnsL  which  is  fire-proot  This  fire- proof 
body  is  termed  in  Engliah  a  MrSj  by  the  French  nejfa»,  hy  the  Oennans 
kent,  and  by  Vasari  the  ai^ma.  Air-vants  must  be  made  in  the  shell 
befine  the  casting  ol  the  oore. 
When  Uie  oors  is  fixed,  the  original  monld  or  ahdl  is  t^en  off,  and 
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a  mx  mc4el  of  tjie  statue  spears  to  eye.  The  sculptor  now  ex- 
amines his  wax  mode],  ani)  improves  it  where  t)iere  ia  occaaion  aD4 
rqmin  or  ma^es  good  all  imperfections.  W'iiea  it  is  perfecUy  ^nished, 
tlw  preparation  for  tlu  founding  oommeoces,  Orer  t)iis  wax  statue  a 
new  fire-proof  mouU  >s  made  {faster,  brit^dust  or  aand,  oow  hair, 
and  faorwa-dung,  and  sometitues  rexy  &ne  athea.  TM^  composition, 
used  at  first  as  a  fine  ^quid  planter,  ia  put  on  in  many  coats  with  a 
brush,  and  care  must  be  ta^en  tfiat  every  particle  of  waz  is  covere4 
with  the  finer  plaster :  each  u  avowed  to  dry  hefore  the  succeBeire 
coat  is  put  on,  and  the  compo^Uon  miay  be  gradu^y  ma4e  of  a  coarser 
mixture.  When  this  new  s}i^  or  mould  is  of  a  sufficieDt  tfiickneBS 
and  is  properly  strengthened  Ity  iron  bars,  a  ooal  fire  must  be  kindled 
round  it  and  be  allowed  to  bum  until  tiie  whole  of  t^e  wax  is  burnt 
ont^  proper  vents  being  made  for  its  escape.  This  bunung  out  of  the 
wax  ia  a  most  te4iou8  and  difficult  procees,  lasting  aometimee  as  much 
as  four  or  even  six  weeks.  (Soltl,  '  Pildende  Kunst  in  AtHQchen,' 
Stiglmayer,  p.  484.)  The  great  difficult  and  long  pnxMsa  of  melting 
out  the  wax  was  the  cause  of  what  is  called  t)i6  ivax  inetbod  going 
comparatively  out  of  use,  but  it  is  only  recently  that  tiie  day  and  sand 
modelling  as  its  substitute  has  been  generally  established.  Until  1824 
Stiglmayer,  oue  of  the  moat  auccessful  of  recent  founders,  used  the 
wax  metiiod ;  from  that  time  t^e  (jay  method.  The  largest  uqgle  cast 
^7  Stiglmayer  di4  not  amount  to  one-talf  of  the  giTen  weight  of 
^is  MtormouB  cast  by  feller :  it  is,  howarer,  now  no  (opger  ooft- 
ndered  denrable  to  cast  a  iqoniunent  in  a  nngla  gello.  [Pboiue; 

SCULFTDRB.] 

lYhen  the  wax  is  at  length  melted  oqt,  the  mould  must  he  strength- 
ened by  brickwork,  ao4  t^ie  whole  pit  must  be  closely  filled  with  sand, 
A  channel  is  now  made  from  the  furnace,  and  is  di^ded  in  its  course 
into  three  small^  channels  or  ducta  which  lead  to  three  openings  in 
the  now  hollow  pould,  which  ia  buried  in  t}ie  earth  a  litt)e  b^ow  t^e 
furnace.  The  vacuum  in  Ifba  mould  caused  by  melting  out  me  wax  ia 
io  be  filled  with  metal ;  i3i9  original  iron  fraQ)e*<^l^f  wbic)i  W^  con- 
structed before  the  casting  of  the  core,  (leepB  both  th^  cope  and  tho 
mould  ia  tpeir  proper  places ;  an4  air-vente  jn  varioua  parta  of  the 
mould  preclude  a)iy  great  probability  of  accident.  When  all  ia  rpady, 
the  furnace  ia  open^  at  a  given  signal,  t^e  )iquid  ^re  runs  in  the 
chanuela  simultaneously  in^  %h.B  mould,  ^d  that  part  of  the  wor^ 
whicli  was  previously  soft  wax  becomes  perennial  fqronce.  The  oa«t  )K 
accompIiBhed  when  the  metal  pouia  out  from  the  vpnta.  Wjiea  cool, 
the  mould  is  broken  away  pieoemea},  and  the  meta}  is  e^^iosed.  The 
core  is  then  removed  from  the  innde  tprongh  an  aperture  piade  on 
purpoee;  the  whole  ia  then  repaired  and  finishe4  by  the  bronee- 
workm.  [Bbohze.]  Johann  Balthaaar  Kellei*,  who  cast  in  thia  method 
the  statue  of  Z4>uis  XIV.,  was  a  Swiss,  and  originally  a  goldsmith. 
He  waa  bom  at  Zurich,  in  1638,  an4  4im  at  Puis,  snperintendent  of 
the  royal  foundty,  in  1720.  There  is  a  print' of  the  statue  Ity  C.  Simo- 
neau  :  it  was  cast  in  1699. 

Yasari  {Introduzione,  L  c)  describes  ^  very  simple  method  for  oasting 
small  figurea  in  bronze.  When  the  mould  {cappa)  is  ma4e,  it  must 
be  reversed  in  water;  melted  wax  is  then  poured  into  it,  that  coming 
in  contact  with  the  cold  wet  surface  of  the  mould  coola  immediately, 
while  the  interior  portion  remains  }iquid ;  the  mould  must  be  again 
tumed  over,  when  the  still  liquid  wax  in  tjie  centre  wiU  immediately 
run.out,  leaving  in  the  mould  a  hoUow  wax  sheU.  The  well  must  now 
be  filled  with  the  proper  plaster,  and  this  constitutea  the  core  of  thp 
object.   The  wax  is  th^  burnt  out,  and  tjie  cast  is  ma4e  as  usual. 

It  remains  to  treat  of  fhat  department  of  wax-modelling  temped 
(kroplaiiic.  Under  this  term  is  comprehended  modelling  and  caatipg 
in  wax,_  though  pot  ia  the  manner  alrea4y  described.  The  aft  o| 
casting  in  wax  from  nature  was,  according  to  Pliny  ('  Hint.  Nat.'  xxxv. 
44),  invented  by  Lysistratus,  of  Sicyon,  the  hrothep  of  Lysippus,  about 
300  B.O.,  who,  he  aays,' first  of  all  men  took  plaster  moulds  from  the 
face  and  mat^  wax  casts  from  thom.  Th^  wax  portiaita  hecftme 
eventually  veiy  common,  aQ4  especially  among  the  Bomaoa.  It  is 
however  very  unlikely  tltat  ti[ie  many  treasured  wax  portraits  we  rea^ 
of  in  ancient  writera  were  made  from  moulds  taken  from  the  ^ce 
itaelf.  Such  would  be  the  mere  resemblance  of  death,  for  they  would 
he  without  eyes  and  otherwise  void  of  expression.  They  were 
probably  cast  from  mouli^s  taken  from  models,  Uiongh  such  tmisks 
may  have  been  use^  ia  the  formation  of  the  models. 

From  :pliny  (iixv.  2),  we  ^eam  that'  the  Bomans  were  in  the  hahit 
of  having  was  images  of  tiiemselves  made,  to  he  handed  down  to  their 

Siaterity.  ]|Iany  writera  notice  and  prwse  the  custom.  Yaleriua 
aximua  (v.  8.  3),  alludes  to  the  advantages  of  the  practice  by  virtue 
of  example.  It  was  indeed  a  privilege  to  which  only  some  were 
entitied.  None  coul4  make  them  hut  those  who  had  themsclveB,  or 
whoae  ancestors  had,  borne  some  cunile  magistracy.  Cicero  speaka  of 
the  right  of  handing  down  your  image  to  posteritv.  The  number  of 
ancestral  images  therefore  became  an  object  of  pnde  am)  an  evidence 
of  ancient  nobiUtv,  and  the  antiquity  of  a  family  was  sometimes 
exprcaaed  by  applying  the  epithet  amoky  to  its  miages,  "fumosa) 
unagmes."  (Cicero  in  '  Verr '  vi.  1 4. ;  in  '  Pisonem,'  1 . :  and  '  Pe  Lee. 
Anar.'  ii.  1.J  're 

/  I  Ko\"'^"*"''*'l?  passage  concerning  these  images  is  in  polybiua 
(vl.  62),  who  as  a  Greek  and  a  stranger  would  be  more  imin«saed  by 
Bo  pecuhar  a  custom  aa  he  describes.  He  says,  "  Ppon  aolemii  festivals, 
these  images  we  uncovered^  an^  adomei^  if^th  the  greatest  care.  And 


when  any  other  person  of  ^e  same  family  dies,  they  are  carried  also  in 
the  funeral  procession,  with  a  body  addeq  to  the  bust,  that  the  repre- 
sentation may  be  just,  even  with  regard  to  size.  They  are  dreaaed 
likewise' in  the  habits  that  belong  to  the  ranks  which  they  aevetall; 
filled  when  they  were  s3iv&  If  they  were  consuls  or  pnetora,  in  a 
gown  bordered  with  purple ;  if  censors,  in  a  purple  robe ;  and  if  they 
triumphed  or  obtained  any  nmilar  honour,  in  a  vest  eml»%idej-ed  with 
gold.  Thus  apparelled  they  are  drawn  along  in  chariota  preceded  by 
the  roda  and  axes,  and  other  enragns  of  their  former  dignity.  And 
when  WOT  arrive  at  the  fonun,  uey  are  all  seated  upon  dours  of 
ivory ;  'and  then  exhil^  the  noblest  object  that  can  be  oEfered  to  a 
youtUul  mind  wanned  witii  the  love  of  virtue  and  of  glory.* 

This  wax-modelling  has  continued  apparentiy  from  the  time  of  the 
Bomans  until  the  present  day.  fn  the  middle  ages  it  was  used  for  the 
images  of  saints  and  votive  images.  The  first  modeller  however  of 
this  class  noticed  in  the  history  of  art  is  Orsino,  the  contemporary  of 
Andrea  del  Verrocchio,  in  the  middle  of  the  16th  oentuiy.  Yasari 
represents  Qrsino  aa  a  Wax- modeller  (ceiaiudo)  <4  repnte  in 

Florence,  and  that  he  attained,  tnrouf^  the  advice  of  Veiroodiio,  the 
highest  excellence  in  hia  art.  Yerrocchio  and  Oraino  made  some 
interesting  figures  together,  of  which  tiiree  of  Lorenzo  de'  Medici  are 
worthy  of  especial  notice :  th^  are  described  by  Vaaari  as  something 
remar^^ble.  The  conspiracy  oi  the  Pazzi  in  147S  waa  the  cause  of  the 
production  of  theee  figures :  they  were  voted  by  hia  ^ends  in  com- 
memoration of  his  escape.  Orauw  made,  under  the  direction  of 
Terroochia^  three  mx  images  of  Lorenzo  of  the  rize  of  life.  The 
frameworic  or  skeletons  of  Hieae  figures  were  made  of  wood  and  cane, 
and  the  heads,  hands,  and  feet  were  cast  in  wax,  of  conaiderable  thici- 
nesa,  hut  hollow ;  they  were  then  furnished  with  hair  aud  glass  eyes, 
and  painted  in  oil-colours  to  the  exact  imitation  of  life;  and  were 
draped  in  dothea  which  had  been  worn  by  Lorenzo ;  to  give  the 
draperies  a  fixed  character  they  were  waxed.  These  figurea  were 
altogether  so  successful,  says  Yasari,  that  they  appeared  to  be  living. 
One  of  them  waa  placed  in  the  church  of  the  Monache  di  Chiarito,  in 
the  Yia  di  San  QaJlo;  another  in  the  Servitant  church  of  the  Annun- 
ciation ;  and  the  third  in  the  church  of  Santa  Maria  degli  Angeli  at 
AssisL  In  thia  Servitant  church  were  many  other  wax  figures  by 
Orsino,  aU  of  which  were  marked  with  an  0,  in  which  va.B  an  B,  anil 
above  it  a  cross ;  but  tbej  have  all  long  unce  pushed.  Tasari  adds 
that  few  works  of  later  wax-moddlers  were  to  be  compared  witii  those 
of  Omno,  and  complains  that  the  art  had  declined.  A  few  years  how- 
ever after  the  deam  of  Yaaarii  Jacopo  Yivio  distinguished  himself  by 
a  mo4el  on  slate,  in  coloured  wax,  of  Hiche^  Angelo's  Last  Judgment 
in  the  Sistine  Chapel.  It  was  engrave4  by  Aihbrosio  Brambilla,  and 
a  particular  description  of  it  waa  publiahedm  Borne  in  '^£90 — '  Diacorso 
Bopra  la  mtrabil  opera  di  IQasso-Bilievo  di  cera  stucoata  con  oolori, 
scolpita  in  pietra  nera,  da  Jacopo  Yino." 

7wo  centuries  after  Yerrocchio,  and  one  after  Yasari,  this  art  waa 
Teiy  usefully  and  with  the  utmost  skill  applied  by  Gaetano  Oiuho 
^lunmo,  bom  at  Syracuae  in  1656,  to  the  preparation  of  anatomical 
models  ant^  pathological  examples.  Zummo  obtained  a  Kuropeau 
celebrity  for  hia  two  groups  of  figurea  representing  the  various  stages 
of  corruption  of  the  human  bo^  cmd  the  efibcte  of  the  plague.  He 
modelled  'also  an  'anatomical  head  at  Paris,  which  is  described  in  the 
Mdmoires  of  the  French  Academy  of  Sciences,  of  ITOl,  the  year  of  his 
death. 

^e  ^st  collection  of  anatomical  preparations  which  was  made  for 
the  purposes  of  science  ia  that  of  the  Inatitute  of  Bologna,  established 
by  Bene4ict  Xf  Y.  It  was  commenced  under  the  direction  of  Ercole 
Lelli,  hut  the  greater  part  of  the  preparationa  were  made  by  Oiovsnni 
Uanzolini  of  Bologna  and  his  wife  Anna  Honuidi  l(anzo1ini.  Manzolim 
died  ai  Bologna  in  1755,  aged  6S.  There  are  some  of  his  models  in 
London  an4  m  many  other  cities  of  Europe.  Anna  ^nzolini  obtained 
atill  greater  celebrity  th^  her  husband  :  she  executed  all  or  the  greater 
part  of  the  obstetric  models  in  the  Stanza  Ostotricia  of  tho  bratitute 
which  were  prepared  under  the  direction  of  pr.  Antonio  Galli.  She 
olao  gave  public  lectures  on  anatomy  in  Bologna,  iHuatniting  her 
diBcourse  by  appropriate  models.  Shedied  in  1774,  ag«d  57.  (Crespi, 
"  Felaina  Fittrice,"  where  there  are  portiaita  of  both  tixe  Maneolini.) 

There  is  a  still  more  extensive  and  remarkable  collection  of  was 
anatomical  models  in  the  Museum  of  Katurol  History  at  Florence  :  it 
waa  established  by  the  Qraud-Duke  ^peopoldo,  and  occupies  fifteen 
chambers.  It  contains  the  works  of  various  artists,  but  the  prinrijpal 
contributOTB  to  its  treasures  were,  Felice  Fontana  and  Clemente  Susmi. 
The  works  of  the  earlier  modellera  in  wax  are  set  apart  in  a  chamber 
by  themselves  :  here  are  some  of  the  modela  of  Zummo,  among  Triiich 
is  one  showing  the  whole  anatomy  of  the  human  head,  sfanilarprohatlj 
to  the  one  made  at  Paris.  ' 

The  Mua^e  Bupuytren  at  Paris  is  celebrated  for  its  morbid  speci- 
mens; it  is  perhaps  t^e  richest  pathological  collection  ilii  the  workh 
It  was  purchased  by  tbe  Univerrity  of  paris,  of  the  heirs  of  M. 
Dupuytren,  the  celebrated  anatomist.  Most  of  the  principal  dties  of 
Kurope  have  now  their  collections,  and  some  of  them  very  fine  one% 
and  good  wax-modellers  are  numeroua. 

In  this  department  o£  modelling  none  but  the  purest  wax  is  used, 
which  ia  the  case  also  in  tiO.  works  where  the  wax  ia  the  final  substance 
of  the  work.  Difi^rent  modellers  use  difilerent  oomposltioiia ;  and 
aome-aUowancs  must  be  made  for  hot  and  oold  weBther,as  Triiat  wotiU 
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be  well  adapted  for  aummer  ireaUier  mi^t  be  too  brittle  for  printer 
use.  Sotne  modellera  use  simply  trax  and  a  anuJl  proportion  oi 
Tenetian  turpentlae ;  others  vax,  resin,  common  turpentine,  and  a 
little  olire-oil ;  the  wax  being  at  least  two-thirds  of  the  whole  com|>o< 
Eition.  tt  ia  seldom  if  ever  used  pure,  aa  in  all  objects  to  be  modelled 
whi  e  or  some  colour  must  predominate :  for  instance  in  modelling  the 
brain,  white  in  powder  must  be  mixed  in  the  composition,  and  the 
aame  tespect  moat  be  had  wiUi  regard  to  tiu  predominant  colour  of 
every  object  to  be  modelled. 

No  strict  rules  cau  he  given  fof  the  firoceaB  of  modelling,  aa  each 
modeller  will  soon  ocqiure  methods  of  his  own,  and  generally  speaking 
artists  of  this  class  object  to  disclose  their  peculiar  processes,  ImaginiDg 
it  to  be  detrimental  to  their  interests.  However,  we  may  speak  of 
eeneral  principles.  Nearly  all  wax  models  are  cast  from  moulds,  and 
toe  casts  only  in  some  caeee  require  Uu  assistance  of  modelling :  these 
moulds  are  generally  taken  from  the  objects  theouelvea,  Mther  in 
plaster  of  Faiis  or  in  a  compoution  of  bees'-wax,  Burgundy  pitch,  and 
Venice  turpentine,  with  a  very  small  quantity  of  olive-oil  The 
advantage  of  this  latter  composition  is,  toat  even  when  cold,  if  pro- 
perly mixed,  the  mould  is  elastic  or  flexible ;  and  if  made  thin,  when 
cut  on  the  edges  con  be  peeled  off  iho  cast  In  pieces  without  any 
danger  to  the  cast :  in  toUng  moulds  In  jrfaster  of  f  otis,  tlie  object 
moulded  must  eometlmeB  be  destroyed  to  render  the  mould  avulable. 
Gelatine  is  now  sometimes  em[uoyed  for  making  elastic  moul^. 
Round  objects  must  be  moulded  in  two  or  more  parts.  Sometimes 
when  the  object  is  cast  in  the  mould,  tbe.mould  must  be  destroyed 
before  the  cast  can  be  removed,  and  in  destroying  the  mould  there  is 
danger  of  destroying  the  cast  also ;  the  elasiic  mould  Uieref ore  has 
great  advantages  In  auch  cases  orer  tiie  plaster  niould.  When  only  one 
view  of  an  object  Is  presented,  and  it  Is  only  slightly  convex,  the 
plaster  mould  is  quite  sufficient,  except  tlie  object  itself,  as  the  brain, 
presents  a  very  uneven  and  delicate  surface.  ■•  When  the  cast  is  io  be 
taken  from  the  J>laster  mould,  the  mould  must  be  moist  with  water, 
but  not  absolutely  wet,  or  the  water  would  injure  the  very  delicate 
Bur&ce,  which  occurs  in  some  patiiological  cases :  thfe  mould  may  be 
moistened  hv  allowing  it  to  stand  with  the  InteriOT  or  £aca  uppermpBt 
in  a  dlah  of  water,  when  it  will  soon  absorb  suffident  moisture  for 
the  purpose.  The  mould  must  not  be  oiled  when  any  delicate  work  is 
to  be  done,  as  the  oil  will  dissolve  the  surface  of  the  wax,  and  thus 
perhaps  counteract  the  principal  aim  of  ihe  cast.  The  wax  compo^- 
tion  mould  must  be  sh'ghtly  touched  with  a  soft  ludr-teol  with  ou,  to 
enable  it  to  peel  away  siterwards  without  the  slightest  danger  tt>  the 
cast :  being  of  a  perfcotity  smooth  BUi&ce^  the  small  quantity  of  (dl  it 
retains  is  iumutterial 

When  tne  cast  is  mad^  and  what  the^  call  badeed  vp  (that  is, 
strengthened  with  a  coarser  composition  within),  tlie  process  of  paini- 
iag  commences ;  but  all  effects  cannot  be  j^ven  by  mere  colour,  some 
morbid  deposits  and  effects  require  to  be  expressed  by  adding  wax  of 
the  proper  colour  with  a  hair'pencil  or  ottier  tool  The  colouring  is 
dona  from  tiie  natural  object  represented,  with  fine  hur-^epcils  and 
{lowder  colours  moistened  with  tmpentine  aind  tempered  with  a  little 
wax;  simple  water  is  also  sometimes  used, as  the  colouring  Vehicle. 
When  the  colouring  is  finished,  the  whole  is  covered  with  mastic 
varnish.  In  cases  where  the  morbid  eSecte  or  evidences  of  disease 
are  of  a  distinct  substance  from  the  healthy  teiture,  aifiorent  coloured 
wax  should  be  used  in  casting  the  healthy  and  diseased  portions,  and 
the  parts  may  be  corrected  hy  modelling;  The  same  process  must  be 
employed  in  modelling  fruit  and  other  objects  oi  naturd  history,  as 
in  preparing  anatomical  models  :  but  fruit,  which  is  gieneraHy  in  lull 
or  hign  rehef,  will  require  piece-moulds,  ttiat  is,  to  be  moulded  in 
serenJ  pieces,  which  is  done  half  or  part  at  a  time.  Flowers  are  not 
all  cast ;  they  are  ^pared  from  leaves  of  coloured  wax  made  expressly 
for  the  purpose.  These  leaves  are  cut  the  required  sfaa^ ;  tiiey  then, 
with  the  necessary  colour  and  a  hair-poidl,  receive  their  local  tinte ; 
and  are  finally  joined  and  fashioned  into  the  required  Aower.  Insects 
are  modelled  b^  combining  the  two  processes.  In  moulding  objects 
with  hair  or  delicate  nusedparts,  a  little  oil  must  be  carefully  put  over 
the  parts,  unless  they  are  wet  Dry  firm  objects  ma^  be  moulded 
without  oil  i  the  plaster  niust  be  removed  as  booh  as  it  is  set. 

It  remains  yet  io  speak  of  the  mode  of  makiug  images.  These  like- 
wise are  made  m  various  wayp ;  but  the  essentiu  process  is  casting.  A 
head  may  be  umply  cast,  and,  when  the  hair  and  eyes  have  been  added 
to  it,  the  local  tinte  be  given  with  turpentine  and  colour.  This 
method  however  uses  a  considerable  quantity  of  wax,  and  various 
devices  have  been  had  recourse  to  to  save  wax.  One  mode  is  to  cast 
the  pure  wax  thin,  and  to  back  up  or  fill  in  to  a  conuderable  thicknees 
with  a  coarse  ooinposition  of  bees  -wax,  resin,  and  cow-hair  or  tow ;  in 
casting  images  the  mould  m^  be  oiled.  Ordinary  heads  howev^  may 
be  made  in  this  manner : — Let  a  thin  Vtock  head  be  &shioned  In  a 
mould  or  otherwise,  of  coarse  paper  pulp  and  size ;  when  diy  it  must 
be  coloured  alt  over  with  flesh-tint,  the  local  colours  being  put  on,  a 
higher  degree  than  is  natural,  as  also  the  colours  of  the  cheeks,  lips, 
and  eyebrows ;  the  whole  majr  then  be  covered  with  wax,  which  must  be 
poured  over  it  two  or  three  tunes,  until  the  surfiue  is  well  covered ;  ita 
regularitjf  may  be  secured  by  retarding  the  cooling  of  the  wax  and 
assisting  it  to  run,  by  means  in  a  hot  iron  or  burner  (caQed  eautmum 
by  the  anoioits),  w{ilch  must  he  held  near  it  nnUl  the  whole  oas  a 
imiform  surface.   The  colour  arifpnally  pointed  on  tibe  paper  block 


will  show  thronfrit  the  wax,  and  the  head  will  require  but  ttie  liair, 
the  eyes,  and  a  Uv  local  touches  to  finish  it.  Uosks  may  be  also 
dipped  In  wax,  or  the  wax  may  be  put  on  with  a  hair-tool,  if  the  "wik 
be  kejtt  warm ;  or  a  wax  cast  may  be  backed  up  or  strengthened  with 
strong  paper  pulfi.  There  are  however  other  methods  of  modelline 
wax  ^ures,  but  no  method  can  be  properly  explained  by  a  verbal  de- 
scription ;  such  mecluinical  processes  must  be  .witness^  to  be  under- 
stood :  for  this  reason  this  article  has  been  limited  to  mere  generaJ 
principles,  which  Is  at  muoh  aa  the  general  reader  can  require  or 
tmderstand. 

Sculptors  are  in  the  ttahit  oi  inaking  wax  models  of  small  objects 
in  the  round,  or  for  bassi-riUevl  to  be  cast  in  metal,  in  the  same  manner 
and  with  the  same  tools  that  common  clay  models  are  zuade  of  :  tlie 
same  wax  is  used  as  is  required  for  casts.  *[MoDBLLrKQ.]  Medals  and 
smaU  bronzes  are  generalqr  modelled  in  wax.  ImpressionB  from  seals, 
engraved  gems,  and  cameoa  are  taken  with  wax.  The  wax,  which  is 
prepared  with  a  little  powdered  sugar-oandy,  turpentine,  and  lamp- 
black, after  being  melted,  is  preserved  in  small  cakes.  These  cakee 
when  wanted  are  softened  by  repeated  pressure  of  tite  fingers,  and  are 
then  compressed  into  or  upon  the  seals  or  cameos,  previously  w^tedi 
from  which  the  impressions  may  be  required. 

WAX,  SEALING.  [SEujNa-WAxri 

.WAT,  Chimm  (from  the  French  Chtmin^,  is  a  term  used  to  doiote 
eiti^er  a  right.  In  onepersonormore,of  passing  over  the  land  of  another, 
or  the  spaae  over  which  such  right  is  exercis^le.  In  the  former  sense 
a  way  ia  an  incorporeal  right  of  the  class  called  Easbuents. 

There  are  five  kind»  of  way ; — 1.  A  foot-way,  for  persons  passing 
on  foot  only  i  2.  A  horse-way,  for  persons  passing  on  horseback,  buT 
including  a  foot- way ;  3.,  A  drift-way,  for  driving  cattle;  4.  A  carriage- 
way, for  leading  or  driving  carts  and  other  carriages,  always  including 
a  foot-  and  horse-way,  and  usually,  but  not  necessarily,  innimling  ^ 
drift-way ;  5.  A  water-way  for  ships  and  boafe.  [Rivbb.] 

All  these  may  be  either  private,  or  public  ways.  Private  wa^  are 
enjoyed  by  particular  persons  or  classes ;  public  ways  are  open  to  all 
persons;  hence  such  a  way  is  said  to  be  ccmmmU  $lrata,  or  altavia 
re^ — in  tiie  language  <a  pleading^  a  oommon  and  public  queen's 
high- way. 

I.  "the  proper  origin  of  a  private  right  of  way  is,  a  grant  from  the 
owner  of  the  soiL  ,  , 

Such  a  gaxA  may  be  made  to  a  j>arty,  or  to  Eiim  and  his  heirs  in 

ru ;  that  is,  without  respect  to  foy  land  or  house  of  which  he  may 
the  owner  or  occupier :  or  to  the  gnuatee,,  his  heirs,  and  assigns, 
ta'ng  owners  of  such  a  house  or  dose ;  in  whidi  case  the  right  granted 
frin  be.  appvrtmaiU  to  tiie  house  .or  close  to  whicli  t£e  grant  is 
annexed,  and  the  right  will  pass  with  the  house  or  close. 

The  grant  of  a  way  may  be  either  express  or  implied;  and  in  the 
case  of  an  egress  gnmt,  the  grantor  may  impose  such  reetriotions 
upon  his  grant  as  he  thinks  proper.  It  a  man  at  tiie  ti;ne  when  he 
conveys  [art  of  his  land  to  another,  has  no  access  to  the  land  con- 
veyed, eumt  over  the  land  which  he  reMcrea,  the  grant  of  a  ri^t  of 

Ey  over  the  land  reserved  is  implied.  If  a  man  conveys  part  of  hi* 
.d,  and  1^  no  access  to  the  part  reserved,  except  over  the  land 
conveywl,  a  right  of  vray  over  the  land  conveyed  is  impliedly 
reserved.  The  way  so  impuedly  granted  or  reserved  is  called  a  "  way 
of  necessity." 

Where  no  deed  can  be  produced  whereby  a  way  ia  expressly  or  im- 
pliedly created,  the  party  who  dahna  the  way  may^  in  the  case  tA  a 
long-ccmtinaed  user  en  tlw  rig^t  without  evidence  of  conmencement 
or  interruption  within  the  period  of  legal  memoiy,  plead  that  it  has 
been  inmiemorially  enjoyed  by  him  and  hia  ancestfOrs  in  the  .case  of  a 
way  in  gross,  or  by  him  and  ul  those  whose  estate  he  has,  in  the  house 
or  close  to  which  the  w^  is  annexed*  in  the  case  tA  a  my  appendant 
(tiiat  is,  immemorially  appurtenant).  , 

Untal  utdy  also,  a  lost  nant  would  be  presumed  in  ordinary  oa^e^ 
after  an  unintemipted  and  unexplained  user  of  twenty  years.  The 
rule  of  law  as  to  {vesoription  for  ways  ia  settled  by  2  ft  8  WiU-  IV. 

C.  71,  8.  2.  {PRXSCEIFTIOS.J 

A  grant  ox  a  right  of  way  made  by  a  person  who  ha^  only  a  limited 
estate  in  the  landpver  whidt  the  way  passes,  is  eSectjual  9nly  during 
the  continuance  of  the  este^  of  the  gtvitor.  If  .a  claim  to  a  right  of 
way  is  set  up  in  respect  of  the  twenty  ^ars'  or  the  f  or^  years*  aofoy- 
ment  mentioned  in  the  statute,  if  it  appear  that  the  hod,  over  whioi 
the  right  is  claimed  has,  during  the  whole  or  part  of  the  twenty  or 
forty  years,  been  in  the  occupation  of  a  party  who  had  a  limited  eatato 
in  such  land,  not  only  is  no  right  of  way  acquired  against  the  rever- 
uoner,  but  no  right  whatever  is  gained  by  the  user. 

The  por^  to  whom  a  private  road  is  allotted  under  the  general 
enolpsureact,hasas(ai;«Avy  right  of  way.  , 

If  the  party  entitled  to  a  way  becomes  the  owner  of  the  land  over 
which  it  passes,  the  right  of  way  is  extinguished  if  the  party  has  the 
same  extent  of  interest  in  the  limd  and  in  the  way.  But  if  the  one  be 
held  for  an  estate  difierent  in  extent  of  duration,  from  the  other,  the 
right  is  only  iumended  during  the  union  of  tiie  two  interests.  Even 
where  a  right  otvay  is  extinguished  by  unity  of  poaseesion,  it  will,  in 
some  cases,  revive  upon  a  semanoe  of  that  uni^,  as  by  portitira 
among  parceners,  Aa  A  private  right  oE  way  may  also  be  extioguished 
by  a  deed  of  release  executed  fc^  the  par^  who  is  entitled  to  such 
way;  and  audi  a  release  nuqr  be  presumed  from  a  non-user  for 
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tweofy  yean  or  from  a  dedantion  nude  b;  the  puiy  that  he  has  do 
iuch  ri^t. 

A  way  of  necesrit;  is  limited  Ijj  the  neoeflei^  oat  of  which  it  has 
ariaen.  If  the  partj  to  whom  aaoE  a  ynj  ia  implied^  granted,  or  by 
whom  tt  iaimphed^  raeerred,  becomes  entitled  to  aome  other  acoeoe  to 
hia  land,  equuly  direct,  the  way  of  neceadfy  ia  ^cme. 

The  porticulu-  rights  of  the  grantee  of  a  pnrate  way  conUaufl  to 
exist  notwithstanding  the  owner  of  tiie  land  may  hare  dedicated  it  to 
the  public  as  a  high-way.  The  grantee  cannot  throw  the  burden  of 
repairing  the  way  upon  Uie  gnntor,  unlees  by  the  terms  of  the  grant, 
endeneeo  by  the  deed  or  by  user,  the  grantor  haa  engaged  to«nahle  the 
gnmtee  to  uae  tlie  way. 

If  the  occnpter  of  the  land  over  which  a  private  way  paaaes,  or 
any  other  peraon,  obstruct  the  way,  the  par^  entttied  to  the  way  may 
remove  the  obsbiiction,  and  he  may  also  bring  an  action  (on  the  case, 
or,  in  some  cases,  an  action  of  covenant  against  the  obetructor. 
On  the  other  band,  if  the  occupier  <d  the  luid  resisting  tlie  claim 
of  a  right  of  wwr,  bring  an  action  of  traapaM  against  the  poaon 
exercising  Uie  allied  right,  tii«  defnidftnt  may  plead  in  juitiftoatirai 
a  title  founded  upon  prescription,  grant,  reservation,  or  statute. 

IL  Between  pnvate  ways  and  public  ways  stand  what  may  be  called 
quasi  public  wavs,  which  partake  of  the  qualities  of  both,  but  differ  in 
some  respects  from  each.  By  some  writers  these  are  classed  among 
private,  by  others,  among  pubUo  ways ;  tliOT  seem  more  properly  to 
constitute  a  distinct  interioediate  claaa.  Such  are  ways  which  the 
inhabitants  of  a  town,  Ac,  have  immemoiiall^  used  frcnn  their  town, 
Ac,  to  a  church  or  market  A  right  of  this  deacriptitm  cannot,  in 
modem  times,  be  created.  It  cannot  be  the  subject  of  a  grant,  inas- 
much aa  inhabitants,  as  such,  are  not  at  this  day  capable  of  taking  any 
interest  by  gnnt ;  nor  can  i^  like  a  public  way,  be  created  by  dedica- 
tion, as  a  dedication  of  a  way  can  only  be  to  the  puUie  at  lai^ge.  Sadi 
a  rig^t  therefore  can  exist  onlyaa  the  oonsequenoe  of  an  ancient 
custom. 

III.  A  highway  is  created  where  the  owner  of  the  soil  has,  by 
express  words  or  by  some  act  done  or  forborne,  declared  his  inten- 
tion that  the  public  shall  have  the  use  (rf  a  way  over  such  soiL  'Hie 
dedication  of  a  way  to  the  pnUic  may  be  \ij  writing  or  by  words ;  so 
that  it  may  be  inferred  from  the  acts  of  the  purfy,  as  tiie  throwing 
down  of  fences,  or  from  mere  tacit  acquiescence  where  the  acquiescing 
party  ia  in  poseeesion  of  the  land,  and  therefore  has  the  means,  if  dis- 
posed BO  to  do,  of  preventing  the  use  of  the  wqr.  In  all  cases,  how- 
ever, it  is  necessary  that  the  party  dedicating  should  have  a  sufficient 
interest  in  the  huad  to  warrant  such  dedication.  If  he  has  a  less 
estate  than  a  im&mflo,  his  dedication  will  mA  bind  the  reversioner. 
But  it  would  also  ameax  that  the  owner  of  sach  a  limited  estate  could 
not  even  detUoate  a  highway  to  the  public  for  the  limited  period  of 
his  interest  in  the  aoil,  and  that  his  attempted  dedication,  however 
distinctly  and  formally  made,  would  amount  to  nothing  more  than  a 
lioence  revocable  at  pleasure. 

When  thm  is  no  express  dedication,  the  presumption  of  an  inten* 
tiott  to  dedicate,  arising  out  of  the  oooduot  of  the  pairb[,  may  be 
rebutted;  as  by  showing  that  when  the  public  were  first  admitted  a 
bar  or  a  chain  was  oooasionaUy  placed  across  the  road ,  whereby  passen- 
gers might,  at  times,  be  excluded ;  althongh  it  should  also  appear 
that  tiie  bar,  Ac,  had  long  heeu  omitted  to  be  used,  or  that  it  had 
been  suffered  to  fall  into  decay,  or  bad  been  actually  broken  down, 
and  that  no  attempt  had  afterwards  been  made  to  restwe  it. 

A  highway  is  frequently  created  statute,  principally  under  ia- 
cloBure  acts. 

Whatever  may  have  been  the  origin  oi  a  Ufl^w^,  It  oemiot,  at  oom- 
mon  taw,  be  deetroyed  or  aheredT^eept  after  an  inquisition  taken 
upon  a  writ  of  ad  owd  damnum. 

By  the  common  law  the  burden  of  maintaining  highways  is  thrown 
upon  the  occupiers  of  lands  and  tenements  within  the  parish,  or  rather 
within  the  township  in  which  the  way  ia  situated.  But  particular 
persons  may  be  bound  to  repair  a  highway.  This  special  liability  may 
exist  by  reason  of  enclosure  (mtionc  coarOationii},  against  parties  who 
have  enclosed  the  aides,  or  one  side  of  the  road,  and  have  thereby 
lessened  the  facilities  for  breaking  out  into  the  adjoining  Isada  where 
necessary ;  or  bj  reason  of  the  posseesion  of  lands  {ratione  tmune 
terra  moe),  which  have  by  some  meana  become  chargeable  witii  tiie 
burden.  In  the  case  of  a  corporation  aggregate,  a  UmU^  to  repair 
may  ^so  be  established  \ty  prescription  imfy,  or  andent  usage,  without 
endoeure  or  tenure. 

Any  obstruction  or  other  nuisance  in  a  hij^way  may  be  abated  or 
removed  by  any  person  who  chooses  to  undertake  the  taak.  The 
wrong-doer  may  also  be  proceeded  against  by  indiotmnit  as  for  a 
misdemeanor ;  bat  he  is  not  liable  to  an  action,  as  he  is  in  the  case  of 
nuisance  to  a  private  or  to  «  quasi-publio  way,  exoi^  in  reqiect  of 
special  damage. 

The  r^nlation  of  highwaya  has  freqoMitly  been  made  the  suUsot  of 
l^[ialative  interference.  The  ganaral  statute  now  in  force  is  the  6th 
and  6th  WilL  IV.  0.  50. 

In  .the  case  of  a  wi^  over  water,  dther  nivate,  quasi-public,  or 
public,  if  the  course  of  the  water  alter  by  sudden  or  gradual  diange, 
the  way  is  continued  over  the  new  course.  Bvery  uavl^n^  river, 
arm  of  the  sea,  or  creek,  is  a  highway  for  sUlpa  and  boats.  TRrT*B.] 
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WAYS,  ROMAIC'.  Our  old  chroniclets  and  writers  gjve  this  name 
to  four  principal  onraent  highw^s  which  they  suppose  to  have  been 
either  originally  formed  by  the  Romans  in  Britain  during  their  oooo- 
pation  of  the  country,  or  at  least  to  have  been  oomi^eted  wd  perfected 
by  that  peo^  npon  lines  of  road  for  the  greater  part  already  traced 
and  used  tiie  former  inhabitants.  The  names  however  by  which 
the  four  highways  are  distinguished  appear  to  be  Saxon  in  torm, 
although  they  m^  be  Roman  or  British  in  etymology :  Watling-etreet, 
Ikenidxl-street,  Ermtne-street,  and  the  Foase-way.  The  Saxons  no 
doubt  adopted  the  Roman  highways,  but  probably  gave  than  new,  or 
altered  their  existing  names.  Watling^treet  ia  held  to  have  extended 
from  Dover  to  Chester ;  or,  according  to  anotbar  hypotlieds,  to  C^wstef 
le-etreet,  in  Durham,  passing  through  CuitOTbury,  London,  and  Veru- 
1am,  from  which  last-mentioned  town  it  had  also  the  name  of  Werlaem- 
street.  Its  remains,  or  supposed  remains,  are  still  known  in  various 
^Bces  by  the  names  of  High  Dyke,  Hig^  Ridge,  Ridge  Way,  and 
For^-Foot  Way.  There  has  indeed  bem  ma^  ooutroversr  as  to 
whether  WatUng-street  did  actually  pass  throu^  London ;  but  the 
received  opinion  is,  that  it  passed  along  the  line  of  what  is  still  called 
Watling-street  in  the  City,  meeting  the  other  three  great  roads  or 
branches  from  them  at  the  central  milliarium  in  Cannon-street,  pointed 
out  by  the  site  of  London  Stone,  and  crossing  the  river  at  Dowgate  to 
what  is  still  called  Stoney-street  on  Uie  Surrey  side.  The  northward 
course  of  Watling-street,  after  leaving  Lcmdon  or  its  nei^bourhood, 
is  supposed  to  have  been  over  Hempstead  HeaUi,  to  Edgeware,  and 
henoe,  through  Terulam  (or  St.  Alban's),  and  Dunstalde  in  Bedford- 
shire, to  Stoney  Stratford  in  Buckinriiamahire,  whence  it  skirted 
Leicesterahire  on  tiie  west  to  Bosworui,  and  tlunce  proceeded  in  a 
north-western  direction  to  Chester.  Ikoiield  va  loheniU-street  is  said 
to  have  been  so  called  from  its  oommenoing  on  the  eastern  side  of  the 
island  in  the  country  of  the  loeni,  mentioned  by  Tacitus,  and  aupposed 
to  be  the  same  with  the  Simeni  of  Ptolenueus,  who  ^pear  to  have 
occupied  Norfolk,  Suffolk,  and  Cambridge,  On  the  supposition  bow- 
ever  of  London  Stone  having  been  the  central  milliarium  where  all  the 
great  roads  of  the  country  met,  a  branch  of  the  Ikenield  must  hare 
extended  to  this  point ;  it  u  aupposed  to  have  passed  throudi  Aldg^, 
and  to  have  bem  otherwise  known  by  the  name  of  tiie  Vicinal  Way. 
The  course  of  the  Ikenield  to  the  westirard  is  extiemely  obscure  :  it 
appears  to  have  crossed  Watling-street  at  Dunstable,  and  thence  ex- 
tended first  Bouth-l^'west  to  Dorchester,  and  thence  westward  through 
Devonshire  and  ComwalL  Ermine  or  Hennin-street,  again,  ia  con- 
jectured by  some  to  have  extended  from  St  David's,  at  the  south- 
western extremity  of  Wales,  to  Southampton;  by  others,  to  have 
stretched  more  direcUy  across  the  country  to  Loudon,  which  it  may 
have  entered  by  what  is  now  called  Holbom.  From  London  ib  pro- 
ceeded northwud  1^  Qodmancheater  to  Lincoln,  and  thence  to  Winter- 
ton  on  the  Humber,  where  was  a  ferrr :  beyond  the  Humbcr,  roads 
proceeded  northwards  to  Whitby,  and  north-by-west  to  York;  and 
thence  to  the  border,  and  later  into  Scotland.  Finally,  tiie  Fosse  is 
sui^oeed  to  have  taken  its  course  from  south-west  to  north-east,  begin- 
nin^  near  Totnes.in  Devonshire,  and  pinmng  thronrii  Bath,  Cirencester, 
Chif^nng  Nnttm,  Coventry,  Leicester,  and  Newark,  to  Lincoln,  where 
it  umted  with  Ennine-Btreet,  The  courses  of  these  and  the  other  lead- 
ing RoDuui  roads  through  the  seveial  counties  will  generally  be  found 
described  Inore  particularly  under  the  several  counties  in  the  Qeoo. 
Div.  The  whole  subject  of  these  supposed  Roman  highways  is  how- 
Gftx  obscure  and  unoetermined.  Yet  it  is  certain  that  the  entire  bee 
of  the  country  was,  dnring  Hie  Boman  oceupation,  covwed  with  a  net- 
work  of  roads,  and  these  four  would  seem  to  have  been  the  main  linee, 
whUe  others  branched  from  them  at  various  points,  so  aa  to  connect 
every  important  military  station  witii  London  and  other  principal 
towns,  and  with  each  other.  Qeuerally  the  main  or  militsjy  roads 
were  marked  by  directness  of  course ;  in  many  cases  they  are  almost 
coincident  with  or  parallel  to  the  present  roads.  The  trudi  or  cum 
roads  iyim  vtetnate),  tiie  i»ivate  roads  («he  j>nvate),  and  the  Im-roads 
{devia),  were  of  course  less  elaborate  in  ocnistraoticni  and  less  £reot  in 
course.  Itineraries  of  the  chief  Roman  roads  in  Britain  have  oome 
down  to  us ;  that  called  of  Antoninus  ia  probably  of  the  1th  century, 
that  of  Richard  of  Cirencester  of  the  century  (of  which  however 
there  are  doubts  as  to  the  genuineness),  and  a  leas  complete  one  owi- 
piled  in  Ravenna  in  the  7th  century :  each  is  bdieved  to  have  been  com- 
piled from  more  ancient  materials.  The  four  great  roads,  with  one  or 
two  more,  such  as  Akeman-ttreet,  extending  westward  from  Loodcai  to 
Bath,  may  have  been,  as  oonunonW  supposed,  the  old  British  highways; 
but  there  can  be  little  doubt  that  they  were  re-formed  and  recon- 
structed  by  the  Romans.  Vitruvius  has  left  a  full  account  of  the 
Roman  system  of  making  paved  ways  [Roads],  and  these  EngUsh 
roads,  thourii  less  elaborate  m  construction  than  those  diveiving  from 
Rone  itaeli,  seem,  from  the  appeoranoe  presented  by  thnr  fonndS' 
titms  wherever  the^  have  bsen  dug  up,  to  have  bem  fmrned  on  the 
same  substantial  principle.  Where  they  remain,  tliey  are  still  often 
in 'good  order,  altiiougn  they  were  doubtless  sdopted  by  the  Pst^w, 
and  continued  to  be  used  for  a  long  period  subsequently. 

WAYWODE,  or  WOYEVODA,  is  a  Slavonian  appelUtioa,  derived 
fromvoyna,  "war,''andt>od(<,  "tolead;"  and  otmsequentiy  it  has  the 
same  etymology  aa  the  Latin  i>Kr,  the  Saxon  Anby,  and  tiie  modem 
Oermaniferztgr. 

^nUs  nsme  was  originally  given  to  nSlitary  oommanden  in  diSbrent 
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SUvooian  ooanttioa.  In  Folind  wch  mtotiiMto  er  provinoe  had  ita 
woyovoda,  wLom  du^  was  to  oomnutnd  in  time  oi  w  the  pospolite, 
or  arri^  baa  of  Iub  provinoo.  The  woyerodM  had  in  time  of 
peace  a  certain  administratdTe  aaUunity,  and  composed  the  fint 
daae  of  Uie  aenatoiB.  By  a  ratlwr  improper  oomparuon  witit  the 
Comitee  Falatii  ol  the  empire>  Huj  van  tnndated  in  Latin  by 
"  udatine." 

In  the  earliest  times  of  Bnaeiin  hirtoiT  the  appeUa1i«i  of  woyeroda 
IB  given  to  high  mUitaiy  offioen.  In  Hasoovy  there  were  military 
uid  civil  woyevodes :  the  first  were  mmplr  generals,  and  Peter  the 
Great  aboliahed  thia  ancient  SlaTOoian  ^^leUawni  and  introduced  that 
of  general  The  oivil  woyerodee  were  divided  into  proTindal  and 
town  woyevodea,  and  they  were  govemors  of  proTincw  and  towna : 
and  thia  afwellation  vaa  changed  coly  under  the  leign  of  Catherine  II. 
into  that  of  gm-emora,  oonmiiuidflm,  Ac. 

Tb»  appeUatim  of  waywode  was  aenimed  lor  Kone  time  by  the 
rulers  of  Holdavia  and  Wallachia,  who  subetdtuted  for  it  afterwards 
the  Greek  titie  of  denota,  and  finally  ,  ite  Slavcauan  tnuulation,  hos- 
podar.  The  prinoee  <tt  TnuBylvania  had  likewise  Bometimea  the  title 
of  waiwode,  which  was  aliio  given  to  aome  minor  Trnkish  oiBoera. 

W  ia  here  pronounced  as  tiie  Engliah  T. 

WEALTH  ii  tiia  meana  of  obtMuing  the  products  of  labour.  An 
indiridnal  is  rich  or  poor  aooording  to  the  quantity  of  the  neoeanriea 
and  luxuries  of  life  which  h«  can  purchase ;  and  a  nation  is  rich  or 
poor,  in  the  aggregate,  according  to  its  means  of  enjoying  such  advan- 
tages.  Labour  ia  the  source  of  wealth,  and  every  addition  to  ita 
productiveneaa  tends  to  increaae  wealth,  by  lowering  the  coet  of  com- 
moditifls,  and  rendering  them  more  easy  to  be  obtained.  Political 
ooouomy  treats  mainly  of  tilt  meana  <a  pranotinx  the  increase  of 
national, wealth,  and  of  remoring  obatructions  to  its  development ;  and 
it  is  the  purpose  of  this  article  very  briefly  to  enumerate  and  explain 
,  some  of  the  chief  prindplee  of  that  sdenoe  which  bear  directly  upon 
the  production  of  wealtii.  The  fii«t  object  is  to  encourage  indurtiy. 
Thia  ia  beet  done  by  leaving  it  free  to  obtain  an  adequate  reward,  by 
protecting  all  persons  in  the  enjoymentof  such  reward,  and  in  reducing 
the  amount  or  value  of  it  as  littu  aa  poeaible.  These  enoouragMnents 
can  only  be  effectually  given  in  a  free  state,  and  under  a  oivilised 
Rovemment,  where  property  ia  secure,  and  labour  free  from  reetmnt. 
Aueourity  of  person  or  property,  arUtnry  and  opivesaive  taxes,  mono- 
lilies,  restrictions  upon  the  free  exercise  of  skill  and  enterprise,  are  all 
mipedimenta  to  the  increaae  of  wealth :  they  diacounige  industry  by 
diminishing  the  inducement  to  exert  it>  and  they  restiain  its  pro- 
ductive powers  when  exerted  by  thwarting  the  natuial  inteUigenoe  and 
activity  of  man  in  the  pursuit  of  Us  own  interests. 

Whatever  mves  the  best  direction  to  industiy,  and  bdlitates  its 
operatitms,  is  CavouraUe  to  tiie  increase  of  wealth.  Thus  tiie  separar 
tion  of  men  into  different  employments  is  hig^  useful,  as  it  perfects 
ttudr  skill  and  ingenuity  in  thdr  respective  arte,  and  causes  a  general 
economy  of  time.  StiU  m<»«  useful  ia  capital,  witiiout  which  division 
of  labour  cannot  be  extaudvely  practised.  It  puts  labour  in  motion ; 
eondnnes  the  work  of  many  handa ;  gives  means  and  power  to  inven- 
tion ;  creates  mechanical  aids  to  human  labour,  and  finolb  distributes 
by  degrees  what  it  has  aausted  in  produdn^  It  is  capital  that  incites 
and  utilises  improvemtrnts  in  machiueiy.  Without  capital,  the  in- 
ventor could  not  afford  to  give  his  time  nor  produce  the  improvement 
he  had  made.  These  imivovementi  idwaya  occasioQ  the  emplOTmen* 
of  a  more  skilled,  and,  thmlora,  a  befctw  paid  labour.  And  if  thqy 
material^  reduce  the  cost  of  the  article  produced,  and  it  is  one  in 
large  demand,  they  necessarily  tend  to  tiia  increaae  of  tiie  number  of 
labourers,  however  much  their  first  introdootitm  may  threaten  the 
oontrary.  Facilities  to  the  ready  and  effective  apidication  of  capital 
obviou^y  add  to  ita  utility;  aa  credit,  for  example,  which  lends  to  one 
mau  the  cartel  of  another  when  he  can  employ  it  more  profitably 
and  the  vatloosdesotuttioDB  of  money  (the  repFesentatives  of  capibu) 
which  facilitate  and  cheapen  the  exchange  of  labour  and  its  products 
between  man  and  man.  The  higher  the  general  rate  of  [oofits  in  a 
country  may  be,  the  more  rapidly  ia  capital  likely  to  be  accumulated ; 
because  the  majwity  of  men  are  usually  desirous  of  accumulating,  and 
the  means  of  doing  so  are  evidently  increased  by  high  profits.  If  a 
profit  of  five  per  oent.  upon  a  man'a  capital  engaged  in  buamess  enabled 
him  to  live  in  oomfort,  and  to  continue  his  Business  witiiout  any 
diminution  of  his  oajutal ;  a  profit  of  ten  per  cent,  would  enable  him, 
at  the  same  time,  to  add  to  it  five  per  cent  annually,  to  be  employed  in 
furtiier  production  and  accumulation.  It  is  clear  that  there  can  be  no 
increase  of  capital  in  any  country  ia  which  the  rate  of  profits  does  not 
leave  a  surplus  beyond  the  neoeasaiy  expenses  of  living.  In  such  a  case 
capital  would  be  stotionary,  while  the  population  to  be  supported  by  it 
would  be  on  the  increase. 

The  advantages  of  division  of  labciir  have  been  already  noticed. 
The  enriching  properties  of  oommnce  are  of  a  similar  character.  By 
distinct  employments  labour  is  made  morf  productive;  by  commerce, 
the  natural  products  and  the  peculiar  arts  of  different  countries  are 
ezchaoged  with  mutual  benefit  and  economy  of  labour  to  all.  In 
£Vance  and  Spain  the  grape,  grown  in  the  open  air,  provides  delicious 
wine :  in  England,  to  make  such  wine  (if  it  could  be  made  at  all),  the 
grape  must  be  grown  in  hothouses.  In  England  ootton  goods  can  be 
mannfaotured  m<gedie^^  than  in  any  couirtiy  in  the  world.  If  France 
and  Spain  would  boy  them,  tiwy  would  save  annually  whatever  escese 
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of  price  th^y  pay  toe  dmilar  ffoods  made  by  themselves;  while  the 
capital  and  labour  now  apidied  to  such  mauufaoturea  could  be  added 
to  their  means  of  production.  To  understand  the  effects  of  free  oom- 
mercial  intercourse,  it  ia  only  necessary  to  keep  in  view  its  wJogy  to 
the  common  dealings  of  life.  No  man  thinks  of  miiVipg  anywing 
himself  if  he  can  buy  it  far  lees  than  it  would  cost  him  to  make  it  He 
c<mtinueB  wcvkiiu;  at  his  own  employment,  and  buys  the  article  he 
wants.  If  he  did  otherwise,  he  would  lose  hia  own  profitable  time  and 
labour,  and  the  article  made  by  himsdf  would  take  still  more  out  of 
his  pocket  than  if  ha  had  bought  it;  while  its  quality  would  most 
probably  be  inferior,  byreascm  of  Ui  own  want  of  skill  and  jmictioe  In 
that  particular  work,  The  same  principle  applies  to  nations.  Com- 
merce extends  to  all  countries  the  happy  resuJte  of  ^viaim  of  labour, 
instead  of  confining  them  to  particular  oommunities. 

The  last  droumstanoe  directly  favonnble  to  the  inimue  of  wealth, 
which  need  be  noticed,  is  a  cheap  and  expeditions  communication,  both 
in  the  interior  of  a  oounby  and  with  all  parts  of  the  world^  for  the 
transit  of  merchandise  and  for  the  carnage  of  passengers.  Every 
deduction  &om  the  oost  of  an  article  ia  an  addition  to  the  natioud 
vrealth,  and  the  expense  of  transit  forms  no  inconsiderable  part  of  the 
ultimate  charge  upon  the  consumer.  A  saving  time  also  is  an  addi- 
tion to  the  labour  and  raoduntive  eneri^  m  a  oountiy.  The  extea- 
ordmary resources  added  to  labour  l^bdlities  of  travelling  bythe 
i^ways  in  Great  Brit^  is  felt  every  one.  TIm  importanoe  of 
cheap  and  rapid  modes  of  commercial  mteroourse,  in  other  ptdnts  f>f 
view,  need  not  be  pointed  out. 

In  conclusion,  the  advancement  of  general  knowledge  and  intelli- 
geoce  must-be  noticed  as  an  agent  in  the  production  of  wealth.  It  ia 
•tiie  mind  and  ihe  disdained  vriU  of  man  which  render  all  the  oiroam- 
stances  of  the  worid  available  for  Us  benefit;  and  in  viewing  •duoatioa 
diiefly  as  a  social  Uesaing,  we  should  never  bnget  to  oige  Its  merits  as 
a  producer  of  wealth,  upon  those  who  would  regard  its  other  reoom- 
mendations  with  less  favour. 

WEANING,  the  act  of  separating  a  diild  from  the  partiddng  of  ita 
mother's  milk  as  food.  A  few  houra  after  the  birth  of  a  duld,  the 
breast  of  the  mother  secretes  milk  for  its  nourishment.  The  milk 
that  is  secreted  at  first  differs  In  some  of  its  propettieB  from  the  milk 
subeequentiy  secreted,  and  has  been  adWt  cologtnm.  Healthy  milk 
under  the  mio'oscope  is  found  to  contain  globuIsB  of  various  uses, 
which  are  peifeotiy  spherical  in  form,  swimming  in  a  fluid  in  which 
are  suspended  no  other  particles;  whilst  tiie  globules  of  colostrum  are 
irregular  and  disproportioned,  aome  of  them  being  vny  large  and 
othws  ver;^  amalL  There  are  also  in  oolosfcrum  parUcdfls  of  a  ydUowiih 
colour,  which  are  veiy  minute,  and  lAuisk  oonrist  of  fatty  matter  and 
a  peculiar  mucus.  The  milk  retains  these  characters  for  sevoal  days, 
and  it  has  been  supposed  at  this  period  to  pcssess  a  purgative  pro- 
perty, which  excites  the  intestines  of  the  young  infant  to  throw  off 
the  accumulated  meconium.  AVhen  the  mower  is  healthy,  the  secre- 
tion of  milk  goes  on  abundantiy  till  the  ninth  or  tenth  month,  at 
which  time  the  inbntis  generally  able  to  take  some  other  kind  of  food* 
and  the  proceBS  of  weaiwig  may  commence  at  this  poiod.  It  how- 
ever oft^  happens,  from  ill  health  or  otiter  causes,  that  the  mother  ia 
not  able  from  the  first  to  suckle  her  child.  In  thU  case  the  child  must 
be  either  transferred  to  another  nurse  or  fed  artificially.  The  former, 
where  possible,  should  always  be  {Keferred.  In  tiie  choice  of  a  nurse 
care  should  be  taken  that  the  infant  ia  transferred  to  one  whose  age, 
sise,  and  temperament  reaomble  its  own  mother.  There  should  also 
be  an  absenoe  of  actual  diiaaBO  or  a  tendeiu^  to  hereditaiy  disease,  and 
of  all  habits  likely  to  interfere  with  a  due  secretion  of  healthy  milk. 
Where  children  are  artificially  fed  or  reared  from  birth  by  Uie  hand, 
tiro  greatest  care  and  attention  are  required.  The  first  reqtdsite  la 
that  the  child  should  have  a  food  as  nearly  resembling  its  natural  food 
as  possible.  For  this  purpose  the  milk  of  various  ftnimftl«  has  been 
employed.  That  U  the  oow,  as  being  most  easily  obtuned,  is  most 
frequenUy  used;  but  it  would  ^>pear  that  the  milk  of  the  ass  most 
nearly  resembles  human  milk,  and  on  that  account,  where  it  can  be 
obtained,  is  to  be  preferred.  The  following  is  the  latest  analysis  by 
Dr.  Playfair,  of  tiie  milk  oi  woman,  the  cow,  and  the  asa,  and  mi^ 
serve  aa  a  guide  in  the  {avparation  of  the  food  of  children : — 

Woman.  Oow.  Asa. 

Csirin  1*S  4-0  1-9 

Batter  4*4  4*6  1-S 

Bngar  S-7  S'S  6*S 

Ashes  0-9  04 

Water  BB'O  8S-0  90-9 

The  milk  of  the  cow  contains  a  much  larger  quantity  of  the  cos^, 
or  nitrogeniaed  principle  than  that  of  woman  or  the  ass,  and  requires 
dilution  previous  to  its  being  administered  to  new-bom  children.  At 
first  two-thirds  pure  fresh  water  and  <me  of  cows'  milk,  with  a  small 
quantity  of  sugar,  may  be  employed.  As  the  child  grows  older,  the 
quantity  of  water  should  be  giaduuly  decreased  till  it  takee  milk  alone, 
^is  food  should  be  administered  to  the  child  at  a  temperature  of 
about  98**,  the  heat  at  which  the  milk  is  supplied  from  the  mother. 
When  cluldrra  are  thus  fed,  a  spoon  should  not  be  used,  but  some 
means  should  be  had  recourse  to  for  administering  the  milk  slowly,  as 
the  sucking-botUe,  artificial  nutple,  fto.  In  feeding  a  child  artifioiaUy, 
M  in  mokluig,  the  first  dgn  of  iwU^iVWM  miy  be  regarded  as  a  sign 
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that  tliA  child  has  had  enougli.  On  no  account  should  children  tra  fed 
again  immediately  after  vomitiiig,  a  practice  that  ia  often  eztremdy 

As  a  child  inereaaoc  in  iax»  and  atrengthj  it  require!  other  food  in 
ailditirai  to  milk,  and  at  last  oeasea  to  require  supplies  from  its  mother. 
Althon^  this  la  a  perfectly  naiurtd  process,  It  is  often,  from  want  of 
bMU,  or  rathw  want  of  knowledge  of  natural  laws,  a  source  of  poipful 
disease  to  the  mother,  and  Bometimea  even  loea  of  life  fo  the  child. 
As  a  general  rule,  It  may  be  stated  that  a  child  should  iiever  be 
BnddMuy  weaned,  and  that  the  more  gtadnal  the  .sefwaUon  between 
mother  and  ctilld  the  better  will  it  be  for  boQi.  The  time  for  wcauing 
must  depend  in  name  measure  both  on  the  development  and  bealth  of 
the  child  and  tiie  state  and  health  of  the  mother.  Vfitk  regard  to  the 
child,  one  of  the  first  indications  that  weaning  may  be  commenced  is 
the  appeanuice  of  teeth.  This  is  indicative  of  preparation  for  otlier 
kind  of  food,  and  generally  occurs  in  healthy  children  about  the  sixth 
or  seventh  month;  and  it  la  at  this  t>eriod  that  a  gradual  abstraction 
of  the  breast  may  Gommelic&  If  thia  be  d<me,  it  is  seldom  that  a 
child  will  require  suckling  beyond  the  first  year ;  although,  wbere  no 
in  consequences  result  to  the  mother,  ther«  Is  no  objection  to  the  child 
continuing  at  the  breast  till  it  is  eighteen  months  or  two  years  old. 
Where  children  are  backward  in  the  development  of  their  teeth,  and 
present  other  sigpa  of  want  of  strength  and  delicacy  <^  conatitntion,  it 
is  frequently  advisable  that  they  should  remain  a  lengthened  period  at 
the  breast.  It  is  always  neeeasaiy  to  take  Into  cotuideratioii  me  health 
of  the  mother  during  suckling,  as  children  may  suffer  much  more 
severely  from  on  imperfectly  secreted  or  diseased  st&te  of  the  milk  than 
they  would  from  immediate  weaninff,  and  under  these  circumatatices 
of  courae  the  least  evil  is  lo  be  preferred. 

In  order  that  the  weaniiie  should  be  gradual,  the  obild  sliould  be 
induced  at  the  fifth  or  sixm  month  to  rake  some  light  food  odco  or 
twice  a  6sr,  and  its  sujqtly  from  the  brrast  should  be  proportionately 
diminished.  If  such  a  plan  is  pursued,  the  quantify  of  food  adminis- 
tered by  hand  being  increased  whilst  the  suppl^  ftom  the  nurse  is 
decreased,  it  will  be  generally  found  that  little  difficulty  will  bo 
experienced  in  entirely  weaning  the  child  at  ten  or  twelve  months  old. 
Alter  a  child  has  been  weaned  its  food  ousbt  principEdly  to  coiisist  of 
liquid  or  semifluid  substances.  Asses*  um  cows'  milk  alond,  or  boiled 
with  bread,  Hilckened  with  barley  or  bkked  flour,  may  bo  given  for  the 
first  few  months.  To  these  may  be  added,  for  the  sake  of  variety,  rice, 
tapioca,  sago,  and  arrow-root,  which  may  be  made  up  with  mdt  or 
water,  or  both ;  and  when  watei-  alone  is  used,  sugar  should  be  added. 
Where  children  cannot  take  milk,  light  broths  should  be  administered. 
As  solid  food  forthefirstyear  a!t^  weaning,  thereis  nothing  better  than 
bread  and  butter :  bat  In  all  cases  in  the  3let  children  A  due  ngard 
should  be  had  to  the  relation  between  ozotised  and  non-azotised 
aliments.  If  the  former  are  given  in  too  great  quantity,  congestion 
and  infiammation  are  frequenUy  the  result;  whilst  if  the  latter  prevail 
in  the  diet,  the  child  gets  fat  and  loses  strength,  and  becomes  subject 
to  diseases  of  debility.  Keititer  the  one  kind  nor  the  other  should  be 
withheld,  and  it  is  omy  by  their  judicious  oombinati<m  tlut  the  fatal 
afiecfa  of  im^oper  diet  can  be  avoided. 

(Qardieu,  Putimnaire  da  Scienea  S^iealaj  Combe,  0»  i&e 
Management  of  Infaneg;  Maunsdl  and  Bransod,  On  lAs  JoUuua  of 
Children.)  ^ 

WEAK.  [Weir.] 

WEARINO.  [Veemko.] 

WEATHEB  is  a  term  used  to  denote  the  state  of  Che  eartb  and  of 
lite  atmosphere  witii  respect  to  beat  or  coldness,  dlTnos  or  huinidify, 
wind,  rain,  ftc. 

In  some  countries  the  variations  of  the  atmospherical  phenomena 
oocnr  in  an  order  which  is  nearly  constant ;  and  in  those  regions,  pre- 
dictions concerning  the  weather  for  several  days,  and  even  for  months 
to  come,  may  be  made  with  almost  a  certainty  that  they  will  be 
verified  by  the  eveht.  On  the  opposite  sides  of  the  diain  of  the 
Ghauts,  which  extends  along  the  western  peninsula  o£  India  nearly 
from  north  to  south,  the  f^enomena  during  each  half  ol  the  year  are 
constantly  and  exactly  reversed :  thus,  along  the  Ual&bar  coast  there  is 
a  dear  sky  from  September  to  the  following  April,  and  on  the  coast  of 
Coromandel  the  fair  season  continues  from  April  to  September;  while 
during  each  following  six  months,  in  the  two  r^ona,  it  rains  almost 
inoessantiy.  Alternations  of  foir  weather  and  raia  also  take  place 
reguhu-ly  in  the  interior  of  Africa;  and,  according  to  HumboUtb,  it 
rains  constoatiy  during  five  or  six  months  in  every  year  from  the  coast 
of  Guiana  to  the  Andes.  But  in  insular  situations  generally,  and  in 
Europe  and  North  America  particularly,  the  winds,  varying  in  direction 
and  mtensity  according  to  no  constant  known  law  ap^cable  to  the 
purpose,  itdnf^e  togetiier  at  intervals  of  time  apporenuy  irregular,  the 
masses  of  air  whidi  abound  with  vapour  raised  from  the  ocean,  and 
thus  cause  clouds  to  cover  the  horizon,  and  showers  of  rtln,  hail,  or 
snow  to  descend.  The  wind  which  is  m<nt  preval^t  at  any  one  place, 
generally  when  it  be«liiH  to  blow  aflbrds  an  indication  of  the  kihd  of 
weather  which  may  be  expected;  but,  frequentiy,  no  circumstance 
ocws^wbieh  a  change  from  a  clear  to  a  cloudy  siy,  or  the  contrary, 
canbe  predicted  even  a  few  hours  before  it*  occurrence. 

The  periodieal  changes  ol  tlie  mood's  phases  otteb  coinciding  with 
(Aanges  in  the  phenomena  of  the  atmosphere.  It  was  very  natural  that 
iha  latter  slumld,  by  maoy  persons^  be  thoug^ie  to  have  some  d^endeOce 


on  the  former  [tUiii,  col.  929] ;  an  opinion  apparently  stren^ened  by 
tbe  known  faot  that  the  tides  of  the  ocean  and  atmosphere  are  produced 
tiie  atttactlons  which  the  moon  and  sun  exercise  on  the  narticles  id. 
inter  and  air.  It  Is  certua,  howevef,  that  the  influences  of  the  mo<m 
in  changing  the  state  of  tlie  atmosphere  are  of  short  duration,  and  take 
place  gradually  according  fo  constant  laws :  they  are  consequentiy 
quite  incompetent  to  the  production  of  those  sudden  and  irregular 
chon^  to  which  the  atmospbere  is  subject.  There  ore  not,  however, 
wantmg  men  who  have  formed  tables  in  which  the  probable  state  oc 
the  weather  is  stated  In  connection  with  the  hour  of  the  d»  or  nigfat 
at  which  the  new  and  full  moons  take  place;  and  that  which  seems  to 
possess  most  the  confidence  of  persons  to  whom,  an  anticipatiim  of  nun 
or  fail-  weather  is  of  importance,  is  one  which  i>r.  Samuel  Clarke  pro- 
fessed to  have  formed  from  a  long  series  of  observations.  It  is  sufficient 
here  to  mention  that  in  this  taUe  rain  is  predicted  when  the  new  or 
full  moon  takes  place  between  noon  and  2  P.U.,  or  between  4  and  6  A.1C.  j 
and  fair  weather  is  aunouneed  whMi  eitiier  takes  place  between  4  and 
6f.u.,  or  between  10 F.H.  and  SA.it.  An  opinion  has  prevailed  that 
seasons  of  a  like  character  return  in  like  order  after  each  revolution  ol 
the  moon's  nodes;  that  Is,  at  the  end  of  every  18  or  10  years,  at  which 
times  the  earth  and  moon  ore  nearly  in  like  situations  with  respect  to 
the  nodes ;  but  though  seasons  diBtmguished  by  more  or  less  than  the 
usual  quantities  of  rain  have  been  observed  to  returii  at  certain  in- 
tervals, there  appears  to  be  no  ground  for  connecti^  tiiem  with  that 
astronomical  penod.  The  existence  of  a  "  Cycle  of  mghteen  Tears  in 
the  Seasons  of  Britain,"  has  been  maint^ed  by  Btr.  Luke  Howard,  in 
his  work  having  that  titie ;  but  the  validity  trf  the  evidence  adduced 
has  been  subsequently  denied  by  the  Uev.  L.  Jenyns,  in  a  volume  on 
Meteorology. 

The  only  indicatiobs  of  run  or  fair  weatjier  upon  which  anyrelionee 
may  l>e  placed  are  those  which  have  been  noticed  by  the  late  Sir 
Uumphrey  Davy,  in  his  'Salmonla;'  and  as  his  explanatiou  are 
founded  on  physical  conditions,  a  brief  statement  of  them  may  with 
proprlely  be  introduced  in  this  place. 

One  01  the  speakera  in  the  Dialogue  inquiring  why  the  clouds  in  the 
west  being  red,  with  a  tingt^  of  purple,  should  portend  fair  weather,  is 
answered  that  the  air,  when  di^,  refracts  more  of  tiie  red  and  heat- 
making  rays  thad  when  tmrfst;  and  as  dry  afr  is  not  porfecUy  trans- 
parent, those  rays  are  reflected  ih  the  horizon.  It  is  added  that  a 
coppery  or  yellow  sunset  foretells  tain ;  but  that,  as  an  indication  of 
approa^iing  wet  weather,  hothing  is  tttore  certain  than  a  halo  round 
the  moon,  smce  it  Is  produced  by  precipitated  water :  the  larger  iha 
circle  is,  the  hearef  are  the  douds;  eoUaSquently  the  more  rrady  to 
descend  in  rain. 

In  explaining  why  a  nunbo^  id  the  morning  betoketut^,  and  one 
id  the  evenihg  fair  weather.  It  Is  stated  that  Vm  bow  can  onW  be  seen 
when  the  clouds  depositing  tiiA  rain  are  opposite  to  the  sun ;  thus  in  the 
morning  the  bow  is  in  the  west,  and  in  the  evening  in  the  east :  and  as 
the  rains  ih  this  countnr  are  usually  brought  by  westerly  winds,  a  bow 
in  the  west  indicates  tnat  the  rain  is  coming  towards  the  spectator; 
whereas  a  bow  in  the  east  indicates  that  the  tain  is  passing  away  ftom 
bitp- 

The  ihdications  of  fine  treather  from  swallows  flying  hi^  is  ex- 
plained by  stating  that  the  insects  on  which  these  biros  feed  delist  to 
my  in  a  warm  stratum  of  air ;  but  worm  air,  being  lighter  than  that 
which  is  moist,  occupies  a  higher  part  of  the  atmos[£ere,  and,  there- 
fore the  birds  then  find  their  prev  In  the  upper  r^ons.  On  the 
contrary,  when  the  warm  air  is  near  the  surface  of  the  earth,  the  insects 
and  birds  are  there  also ;  abd  then,  as  the  oold  air  from  above  desomda 
itito  it,  a  deposition  of  water  takes  place.  The  ofiinion  that  eea-blrda 
come  to  land  in  order  to  avoid  an  approaching  storm  is  stated  to  be 
erroneous;  and  the  cause  assigned  Is  that,  as  ute  fish  upon  which  the 
birds  prey  go  deep  into  the  water  during  storms,  the  birds  come  to 
land  merely  on  account  of  thd  greater  certainty  of  finding  food  there 
than  out  at  sea. 

It  may  be  observed  here,  that  the  kind  of  doud  which  Is  designated 
drrostratns  [Clouds],  in  which,  when  tiie  partides  of  water  conipoaiog 
it  are  in  a  state  of  approximate  coalescence  ihto  drops,  the  halo  is 
formed,  is  almost  always  followed  by  a  depression  of  temperature  in 
the  atmosphere,  and  by  wind  ot  rain.  For  indications  of  the  weather, 
which  are  afforded  by  the  oscillations  of  a  mercurial  column,  see 
BasoHBTSit :  and  for  those  which  precede  cydonet^  or  revolving 
atonns,  see  Ukat  subject  in  the  article  Wind. 

The  observations  of  Prindpal  Forbes  (stated  in  the  article  Tafodb, 
Opalesceht)  hive  shown  that  the  red  colour  of  the  clouds  is  referrible 
to  a  difierent  cause  from  that  to  which  it  is  ascribed  by  Davy,  in  the 
dtations  above,  But  the  red  evening  and  gray  morning  biive  been 
regarded  as  the  surest  and  most  consistent  sigiui  of  fine  weather.  They 
would  naturally  be  observed  from  tiie  earliest  periods,  and  accordingly 
theyappear  to  bathe  most  ancient  of  prognostics,  having  been  recorded 
in  the  verses  of  thd  Greek*  poet  Aratus,  who  was  contemporary  with 
Euclid ;  ih  the  Xew  Testament  (Hatt  xvL  2,  3} :  and  in  one  of  our 
most  familiar  proverbs.  The  purple  tinge  alluued  to,  according  to. 
Principal  Forbes,  probably  arises  from  a  mixture  of  the  reflected  blue 
of  the  pure  aky,  which  is  always  present  when  purple  ia  seen,  with  the 
yelldw-orange  of  the  opalescent  vapour. 

"The  modified  hues  of  the  sky,  and  of  the  sun  and  moon  near  the 
horizon^  have,  for  so  many  ages  add  in  so  many  countries,  been  regarded 
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u  the  aurest  indicationa  of  stmospheric  changes,  that  yra  cannot  doubt 
that  it  is  to  the  variety  of  conditiDns  in  which  vapour  exists  in  the  air, 
more  or  lesB  nearly  condensed,  that  these  phenomena  are  du&  Hum- 
boldt describes  the  colour  and  form  of  tho  suq'b  disc  at  setting  in 
trc^cfll  n^ona,  as  the  most  ia&dlible  pronioBtio,  and  dsewhere 
ascribes  these  variations '  to  a  particular  Ktatis  ^  the  veiricular  vtepoar' 
Since  the  red  steam  [opalescent  vapour]  occurs  only  during  the  critical 
stage  of  its  partial  condensation  (and  perhaps  oonveisely  during  evapo- 
ration), it  IS  evident  that  It  must  Sorfespond  to  a  critioa^  state  o{ 
diBused  vapour  in  the  atmosphere.  ....  Every  aocarate  obs^or  o^ 
nature  in  a^ine  countries  will  confirm  me  la  stating  that  $ne  weather 
1b  almost  invariably  aocompabied  bj  this  ft^rnation  of  dew  on  exposed 
Biirbces,  and  by  the  progressive  depresri<ni  of  th«  moutor  sta^ta,  imtil 
at  length  visible  fogs  are  formed  in  the  bottom  of  the  valleys,  am?  espe- 
cially over  water.  (For  the  reason  why  oyer  vtater,  see  Davy  [MisTj), 
This  is  the  surest  sign  of  a  following  fine  day  in  mountainous  regions. 
....  pie  inflamed  appearance  of  the  morning  sky,  considered  indi- 
cative of  foul  weather,  is,  I  have  no  ttoubt,  oi\'ing  to  such  an  excesa  of 
humidity  being  present  that  clouds  are  actually  being  formed  by  con- 
densation in  the  upper  regions,  coatrary  to  the  direct  tendency  of  ttie 
rising  sun  to  diaapate  them,  which  must  therefore  be  otmndered  as 
indicating  a  speedy  precipitation  of  rsdn."  PPbU.  Va^,'  Hries  i, 
vol,  XT.,  pp.  34-87.) 

Principal  Forbes  expresaes  a  strong  doubt  as  fo  ^e  fotmation  of 
any  "  veaibular  *  vapour  in  the  process  of  the  condensation  of  atmo- 
spheric vapoqr ;  oq  'which  it  tmj  be  remartted  that  the  exiatence  of 
Bucii  vapour  (that  is.  In  fact,  of  vesicles  of  water  prodifced  by  t^e  con- 
densation of  v^ipour)  imder  any  circumstances  is  altogeUier  bypo^ 
thetical,  OS  noticed  in  considering  thd  nature  of  the  spray  of  Water- 
falls. According  to  observation,  when  vapours  become  liquids,  Aiinute 
globules  geometncally  solid  are  {orme4 :  tbe  globufea  of  dew  are  such. 

Principal  Forbes,  also,  as  we  have  Bsen,  is  pf  opinion  that  the 
opalescent  vapour  occurs  "  perhaps  convendy  4>uii>8  evaporatioii,"  as 
well  as  condensation.  This  we  are  able  |o  confiim  from  our  own 
observations,  mode  long  before  he  had  enabled  us  to  understand  them. 
It  may  be  proved  by  a  ready  experiment  If  a  plate  or  a  saucer  be 
plunged  into  nearly  boiling  water  and  withdrawn,  it  will  be  covered 
with  a  film  of  water,  which  the  heat  acquired  by  the  porcelain  will 
immediately  convert  into  vapour,  rendering  the  plate  dry.  If,  on 
withdrawing  it  from'  tfte  water.  It  be  immedSte^  bud  up  to  the  lif^t^ 
a  pink  blus^  as  it  wvn,  will  be  seen,  momentmly,  befwe  the  steun- 
■  cloud  resulting  from  entire  condmuation.  Diuing  evi^x)ration  in 
nature  the  same  phenomenon  must  of  course  take  place :  it  may 
readily  be  observed  on  Derwentwater,  looking  northward,  on  a  summer 
morning,  when  Skiddaw  and  the  adjacent  mOuntaisB  may  be  seen 
through  a  tranaparait  miat,  having  a  pale  pink  or  rosSMioloured  hue ; 
the  evfporatiag  water  )>elow  constantly  sup^plyin^  opalescent  vapour,  the 
appearance  Is  persistent  so  long  as  the  son  is  actmg  and  the  atmoapherio 
cinruntstances  are  unaltered,  notwithstanding  the  perpetual  reeolution 
of  the  opalescent  into  inyislble  vigour  above.  This  connects  the  sub- 
ject with  Uie  colours  of  the  sky  and  the  progtaostics  of  the  weather 
derivable  from  them.  A  part  of  this  subject,  also,  is  conaidered  in  the 
article  just  referred  to.  In  the  article  on  Opalsscbkt  Vapour  itself 
we  have  ezpresMd  oar  diannt  from  principal  Forbes  as  to  the  procesB 
by  whioh  tne  colours  of  the  morning  sky  are  produced,  deeming  it  to 
be  merely  the  reverse  of  that  oocuiring  in  the  evening.  We  think  it 
might  be  shown  "  that  the  slowly  pn^^resuve  transition  of  vast  masses 
of  air  througb  the  temperature  of  the  dew-point "  muat  occur  at  sunrise 
as  well  as  at  sunset ;  of  this,  the  "  beautiful  rosy  tint,  shooting  far  up 
into  the  heavens,"  described  as  preceding  the  dawn,  when  observea 
from  Mont  Slanc,  is  one  of  many  examples  that  might  be  mentioned 
in  evidence,  according  entirely  with  the  facts  already  noticed,  which 
the  distingidshed  physicist  whoee  yiewa  we  have  been  considerii^  first 
reccgnised  to  their  due  importance.    [Cliiutb;  Meteoboloot.J 

WEAyiNG.  If  we  take  the  term  vKaving  in  ita  broadest  sense, 
applied  to  the  process  of  combiniiig  longitudinal  threada  intM>  a  super- 
fiouJ  fabric,  it  will  hava  relation  to  tbe  whole  series  of  textile  manu- 
factures; qot  only  those  which  are  prepared  in  the  loom,  but  likewise 
net-work,  lace- work,  and  houery.  We  shall  endeavour  therefore  in  the 
present  article  to  complete  the  detai{a  of  manu&cturing  many  textile 
fabrics  which  have  been  partially  described  in  former  amcles. 

MiMtory  qf  W&tving. — From  many  paaaages  in  tbe  Bible,  and  from 
the  general  character  of  drees,  it  is  apparent  tbat  woven  fabrics  were 
known  in  very  eariy  times.  In  all  probabilily  weaving  was  practise^ 
b^iffe  spinning ;  that  is,  the  combination  of  reeds,  stripe  of  leather,  or 
rude  fiwea  into  a  maierial  for  dress,  by  a  process  analogous  to  that  of 
weaving,  preceded  the  ^actice  of  apmning  yaih  from  a  congeries  of 
elementary  fibres.  Sir  J.  Q.  Wilkinson  (' (fannera  and  Customs  of 
tiie  Ancient  £gyptiana')  obsrares, — "The  {Egyptians,  from  a  most 
remote  era,  were  celebnted  for  th«r  manufacture  of  linen  and  other 
cio&a ;  and  tha  inY)duce  of  tiieir  looms  was  expor^d  to,  and  eagerly 
purchased  "br,  foreign  nations.  linen       embrcddered  work, 

the  yam  and  woollen  stu^,  of  ^he  upper  and  lower  counby,  are  fre- 
quently mentioned,  and  were  highly  esteemed."  The  same  authority 
states  that  the  looms,  found  depicted  on  the  tombs  at  Thebes^  are  of 
an  exceedingly  rude  construction;  but  he  does  not  think  that  this 
drcumatance  militates  against  the  production  of  fine  &brica,  nnoe  it  is 
known  at  the  preseiit  day  that  the  Hindu  lo'oduces  exquisite  muslins  on 


his  rude  loom.  In  a  spedmen  of  mummy-clotfi,  examined  by  Mr.  Thomp- 
son of  Clitheroe,  the  texture  was  c}ose  and  firm,  yet  elastic ;  tjie  yam 
of  both  warp  and  weft  was  remarkably  even  and  well  spun;  the  weft 
was  single,  while  the  wmi-yam  consisted  of  two  fine  threada  doul^; 
and  it  was  observable,  in  Ipat  as  well  ae  in  other  spedmens^  that  the 
numb^  of  threads  to  an  ipofi  in  the  warp  uniformly  exceeded  thai  in 
the  weft,  a  diEference  not  commonly  observable  in  European  fabrics. 
Mr.  Thompson  examined  ancient  Egyptian  cloths  brought  to  England 
by  Salt  and  Belsoni,  and  found  tha^  the  selvages  were  well  made,  that 
sbiped  goods  similar  to  modem  ginf^ms  were  often  mode  by  the 
Egyptians,  and  that  indigo  was  used  as  one  of  Ute  dyes.  Wilkinson 
gives  copies  from  some  of  the  jnotures  at  Thebes,  Beni  Hassan,  and 
Eilei^yas,  representing  weavers  at  their  loonu;  in  we  instanoe  the 
loom  appears  to  be  homsontol,  whi}e  in  another  ft  ia  vtaiical,  with  the 
wen  driven  upwards ;  and  from  reprogontations  of  five  dii&rent  sorts 
of  sputtles,  it  would  appear  that  th^  were  generally  about  faalf  a  yud 
in  length- 

Y eavmg  ^meors  to  have  been  carried  on  as  a  distinct  bade  in  the 
larger  towns  olOreeee;  but  every  considerable  private  establialunent 
had  also  a  loom  at  irtiioh  Hba  fei^es'of  the  family  were  employed; 
the  weaving  b^ng  carried  on  chie^y  by  female  slaves,  while  the  super- 
inten4ence  rested  with  the  mis^iress  and  her  daughten.  In  wge 
houses  a  particular  room  was  set  ^lart  for  this  occupation. 

Plato  mentions  one  of  tfie  moat  ^portant  di^erencea  between  the 
warp  an4  the  weft,  nanu|^,  tb^  the  threada  of  the  former  are  strong 
and  ^rm  in  oon sequence  of  being  piore  twisted  in  spinning;  i^ilst 
those  of  the  latter  are  coinparativ^  soft  and  yielding ;  a  comparison 
which  is  strictly  applicable  at  tjie  prraent  day.  The  Oreeka  evidBntly 
understoed  much  of  what  is  now  |enned  "mounting  a  loom,"  Uiat  is, 
arranging  strings  in  such  fanner  oa  to  separate  the  warp-thread  into 
two  or  more  groups,  betweeij  wbi(^  the  weft  may  be  introduced  :  the 
leash  (ft/ros)  being  one  such  s^riifg,  and  a  woven  pattern  being  termed 
SituTot  (from  which  the  word  dtmitg  miesn  to  be  derived),  rplfuroi, 
or  nA^ror,  aooordinff  as  it  oontelned  two,  three,  or  more  groups 
of  strings,  or,  aa  we  should  now  say,  leaves  of  heddlea.  After  the 
weft  was  thrown,  it  was  driven  up  close,  either  by  a  kind  of  bat, 
called  a  spatba,  or  by  a  kind  of  comb ;  both  of  which  appear  to  be 
combine4  in  the  batten,  or  lay,  of  the  modem  loom.  The  checks  pro- 
duced b^  having  different  coloured  warp  threads,  and  stripes,  fomed 
of  mulb-cploured  wefts,  were  known  to  tiie  Qreeks  and  Romans ;  aa 
were  likewise '  numerous  Unds  of  fancy  weaving  derived  fromtiiese 
two  combined.  Among  the  Bomans,  as  among  the  Qreeks,  weaving 
was  a  female  employment,  and,  as  with  them,  it  was  carried  on  in  moat 
tewns  and  in  many  large  private  establishments.  Weaying,fas  practised 
among  the  ancients,  may  be  illustrated  by  the  proceedings  of  the 
weavers  amon^  existent  imperfectly  civilised  nations.  The  Hindu 
weaver  takes  his  station  under  the  treea,  where  he  stretches  his  warp- 
tiireod  between  two  bamboo  roUera,  which  are  fastened  to  the  turf  b^ 
wooden  pioa.  He  digs  a  hole  in  the  earth  large  enough  to  contain  his 
legs  ythm  in  a  sitting  posture ;  and  then,  suspending  to  a  branch  of  a 
tree  the  cords  which  are  intended  te  cause  the  raising  and  depressing 
of  tiie  warp-threads,  he  fixes  underneath  two  loops  for  his  toes,  1^ 
which  he  produces  a  substitato  for  treadles.  His  ahuttie  acts  also  as 
a  batten,  or  lay,  and  completes  his  simple  arrangements. 

Yfe  shall  now  proceed  to  describe  the  weaving  processes,  claaaiJ^ying 
them  under  the  names  of  Plain-weaving,  Pattem^oearnvg,  DouUe- 
mavinff,  prm-vreaving,  Chah\-vieaving,  Pile-weaving,  and  Powtr-weavi'^, 
— giving  cross  references  to  former  artides,  in  which  some  di  these 
subjects  have  l)een  treated. 

Plain-wavrng. — By  this  term  we  mean  the  weaving  of  all  varieties 
of  textile  manufacture,  in  whioh  the  weft-threads  interlace  uniformly 
among  tiie  warp-threads  without  producing  twills,  checks,  stripes, 
sprigs,  or  any  variety  of  figures.  (Mice,  Irish  linen,  and  plain  silk  are 
good  representatives  of  tMs  kind  of  weaving.  If  we  examine  any  of 
thes^  we  s^iall  find  tliat  the  cross  threads  pass  alternately  over  and 
under  the  long  breads,  no  one  thread  passing  over  or  under  two  other 
threads  at  once,  bi  the  language  of  weavers,  the  long  threads  are 
called  warp,  (vwt,  ccnne,  or  orgattzine ;  while  the  cross  threads  are 
called  w^f,  looof,  tkoot,  at  tram.  Twist  is  ihe  genual  term  appHed  to 
the  kind  of  vara  nsed  for  cotton  waip  :  orgfuiKine  to  that  for  ailk  warp ; 
and  some  of  the  other  terms  have  in  like  manner  only  partial  applion- 
tion :  if  therefore  we  speak  simply  of  warp  and  w^,  we  shall  avoid 
ambif^ty,  and  be  'suffidenily  correct  f<n>  the  object  in  view.  The 
warp  is  slwi^ys  affixed  to  fhe  loom  or  weaving-machine ;  while  the  weft 
is  contained  in  the  shuttle,  a  small  boat-like  instrument. 

The  first  operation  conaiBtB  in  laying  the  requisite  number  of  threads 
together  (o  form  the  width  of  the  doth  :  this  is  called  varying.  Sup- 
posing there  to  be  1000  threads  in  the  width  of  a  piece  of  cloUi ;  then 
the  yam,  wound  on  the  bobbins  as  it  leaves  the  hand  of  the  spnner, 
must  be  so  unwound  and  laid  out  as  to  form  1000  lengths,  constitutiiiK 
when  laid  parallel  the  warp  of  the  in1«nae4  cloth.  The  andent  method 
was  to  ^w  out  the  warp  from  *the  bobbins  at  full  lengUi  in  an  open 
field;  and  this  is  stiU  practised  in  India  and  China  :  but  the  climate  of 
Europe  is  too  unceiwn  for  such  a  method,  and  hence  the  toarpwo- 
yranve  was  devised.  This  ui  a  large  wooden  frame  fixed  upvertioalfy 
against  a  wall,  the  upright  sides  being  pierced  with  boles  to  reoeivB 
wooden  ^ni,  ^rtiich  wojeot  sufficient^  to  receive  the  due  or  group  of 
yams.  The  warpa>,  naving  placed  the  bobbins  of  yam  in  eo  adjaosnfe 
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frame,  ties  the  enda  of  all  the  threads  together,  and  attaches  them  to 
one  of  the  pina ;  then  gathering  all  the  Uireade  in  bia  hand  into  one 
clue,  and  permitting  them  to  slip  through  the  fingers,  be  walks  to  the 
other  end  of  the  frame,  where  he  posBea  the  jjarna  over  the  fixed  pin.  He 
walks  from  end  to  end  of  the  frame,  attaching  the  clue  of  yarna  to  the  pins 
each  time,  until  be  has  unwound  from  the  bobbins  enough  yam  to  form 
the  warp.  But  this  method,  although  still  followed  in  some  places,  baa 
yielded  to  the  use  of  the  warpijig-miil,  a  much  more  convenient  piece 
of  apparatus.    The  bobbins  are  placed  in  a  frame  i  {fg.  1).  The 


warper,  sitting  at  A.,  rotates  the  Tertical  reel  or  cylinder  B,  by  means 
'of  the  wheel  c  and  the  rope  D.  The  yams  from  all  the  bobbins, 
collected  together  in  a  group  at  r,  there  pass  through  a  sliding  piece, 
which  through  the  intervention  of  the  cord  o  and  the  revolving  shaft 
B,  rises  and  falls.  By  this  arrangement  it  is  ea^  to  see  that  when  the 
handle  is  turned  by  the  warper,  the  clue  becomes  wound  sjurally  on 
the  reel  The  diuneter  of  iixe  reel  is  so  regulated,  that  when  the 
spiral  equals  the  intended  length  of  the  warp,  the  clue  of  yams  is 
twisted  round  pins  at  1 1,  and  then  by  a  reverse  motion  of  the  handle 
is  wound  spirally  down  again;  and  so  on  up  and  down  alternately 
tmtil  the  grouped  clues  of  yams  constitute  a  sufficient  number  tor  the 
width  of  the  warp^  Certain  minor  adjustments  are  at  ihe  same  time 
made,  to  facilitate  the  subsequent  operations  of  the  weaver.  The 
more  modem  warping-machines  we  aball  have  to  mention  when  we 
come  to  power-weaving. 

When  the  warp  is  completed  on  the  warping-mill,  the  warper  takes 
it  off  and  winds  it  on  a  stick  into  a  ball,  preparatoi^  to  the  process  of 
beaming,  or  winding  it  on  the  beam  of  the  loom.  The  threads,  in  this 
latter  process,  are  wound  as  evenly  as  possible  on  the  beam ;  a  sepa- 
rator, ravel,  or  comb  being  used  to  lay  them  parallel,  and  to  spr^d 
them  out  to  about  the  intended  widu  of  the  cloth.  Arrangements 
are  then  made  for  drainng,  or  attaching  the  waip-threada  individually 


Fig.  3. 


to  certain  mechanism  of  the  loom.   This  we  may  illustrate 
repreaenting  the  common  loom  in  its  simplest  state.   The  yam-lwam 


is  at  A.,  capable  of  revolving  oQ  its  axis,  and  of  allowing  its  threads  to 
be  drawn  out  in  a  borizonw  layer  B.  At  o  are  two  leaves  of  heddlei 
or  bealds,  each  leaf  consisting  of  a  number  of  strings  ruiged  vertically 
attached  at  bottom  to  two  treadles  H  H,  and  at  top  to  a  cross-bar  F. 
At  about  the  middle  of  every  heddle  or  string  is  a  loop  or  eye,  through 
which  the  vrarp-yams  are  drawn,  one  through  each  eye;  and  the 
passing  of  the  yams  through  th^  loops  conatitutee  the  process  of 
drawing.  Half  of  the  warp-yams,  that  is,  every  alternate  yam,  pass 
through  the  loops  in  one  leaf  of  heddles,  and  the  other  half  through 
the  other  leaf;  and  as  the  two  leaves  are  bo  connected  by  pulleys 
that  one  rises  when  the  other  sinks,  the  warp  becomes  divided  into 
two  portions,  one  above  the  other,  near  the  anterior  end  of  the  loom. 
The  weaver  sits  at  q,  drives  the  shuttle  by  means  of  the  handle  i,  and 
drives  up  every  successive  weftrthread  by  the  batten,  lay,  or  lathe  E, 
suspended  from  r.  However  complicated  the  loom,  the  principle  of 
action  is  nearly  as  here  deaciibed. 

There  are  three  movements  attending  every  thread  of  weft  which 
the  weaver  throws  across  the  warp.  In  the  first  place  he  presses  down 
one  of  the  two  treadles,  by  which  one  of  the  two  halves  of  the  warp  is 
depressed,  thereby  forming  a  kind  of  opening  called  the  ihed.  Into 
this  shed,  at  the  second  movement,  be  throws  the  shuttle  containing 
the  weft-thread,  with  sufficient  force  to  drive  it  across  the  whole  web. 
Then,  at  the  third  movement,  he  grasps  the  batten,  which  is  a  kind  of 
frame  carrying  at  its  lower  edge  a  comb-like  piece  having  as  many 
teeth  as  there  are  threads  in  the  warp  ;  and  with  this  he  drives  up  the 
thread  of  weft  clo»e  to  those  previouely  thrown.  One  thread  of  weft 
is  thus  completed,  and  the  weaver  proceeds  to  throw  another  in  a 
similar  way,  but  in  a  reverse  order,  that  is,  by  depressing  the  left 
treadle  insttad  of  the  right,  and  by  throwing  the  shuttle  from  left  to 
right,  instead  of  from  right  to  left  In  the  commonest  mode  of  weav- 
ing the  shuttle  is  thrown  by  both  hands  alternately;  but  about  a 
century  ago  John  Kay  invented  the  jty-tkuttU,  in  which  a  string  and 
handle  are  bo  placed  that  the  weaver  can  work  the  shuttle  both  ways 
with  one  band.   The  fly-shuttle  is  illustrated  in  Check;  while  fy.  3 
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will  show  more  clearly  the  mode  in  which  the  weft  is  wound  round 
the  spindle  or  pirn  of  the  shuttle,  and  the  arrangement  for  driving  the 
shuttle  into  the  open  shed  of  the  web.  The  spimile  of  the  shuttle  con- 
tains enough  weft  for  several  shoots  or  throws ;  the  weft  unwinding  as 
the  shuttle  travels  along,  and  forming  the  selvage  of  the  doth  when 
the  shuttle  returns  in  the  opposite  direction. 

In  cotton  and  some  other  fabrics,  the  warp-yams  must  be  dreued  as 
the  weaver  proceeds,  that  is,  rubbed  over  with  some  kind  of  vegetable 
mucilage,  such  as  paste  or  size,  for  the  purpose  of  giving  them  tenacity, 
of  diminishing  friction  by  smoothing  down  the  little  hairy  fiUments  of 
the  yam,  and  of  imparting  a  mnoothnesa  or  gloea.  In  hand-weaving, 
the  weaver  suspends  his  operations  from  time  to  time,  in  order  to  apply 
dressing  to  bis  vrarp.  Ho  first  applies  a  kind  of  comb  to  the  warp,  to 
clear  away  knots  and  burrs ;  then  Uya  on  the  paste  with  a  brush ;  and 
lastly  dries  the  paste  by  a  current  of  air  excited  by  a  large  fan.  The 
more  modem  and  complete  drating-maekine  we  shall  have  to  notice  in 
connection  with  power-weaving. 

In  weaving  plain  silks,  calicoes,  and  other  webs  of  moderate  width, 
there  an  two  leaves  of  heddles  and  two  treadles,  for  dividing  the  warp 
into  two  parcels.  In  weaving  broader  webs,  such  as  floor-cloth  canvaa, 
the  heddles  and  treadles  are  equally  simple,  but  more  power  and  dex- 
terity are  necessary  in  throwing  tie  shuttle,  since  the  width  of  the  web 
is  sometimes  as  much  as  eight  yards.  In  weaving  very  narrow  webs, 
such  as  ribbons,  galloons,  &c.,  there  would  be  a  waste  of  power  and  of 
time  if  only  one  shuttle  were  thrown  across  a  distance  of  two  or  three 
inches  at  each  movement ;  and  there  has  consequently  been  devised  a 
kind  of  loom  called  the  engine-loom,  in  which  several  shuttleB  work 
several  webs  at  one  time  in  each  machine  :  this  has  been  expliuned  in 
Ribbon.  Various  details  concerning  plain  woven  goods  will  be  found 
imderCoTTOH;  LiNEn;  Mdblim  ;  Silk;  Woollen, 

Pattem-weaxnng. — The  number  of  woven  weba  which  can  come  under 
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the  dedgnatioD  of  ^dun-weanng  ia  mooh  Btoaller  than  Uiafc  of  those 
now  to  be  oonudered.  Whenever  the  mn  and  weft  are  of  the  nine 
colour,  and  intersect  each  other  in  r^uur  order,  so  as  to  produce  a 
uniform  sur&ce  totally  divested  of  pattern,  we  may  deem  that  plmn- 
manng;  but  every  day's  experienoe  shows  that  pattern,  some  kind 
or  ottiw,  is  a  more  prevailing  ohanoteistie  of  woran  bbtios. 

In  the  first  place  we  may  take  the  oase  in  vhioh  all  tlie  threads  of  the 
warp  are  of  one  colour,  and  all  thoee  of  the  weft  another  colour :  this  pro- 
duces the  peculiar  effect  called  sAot  patterns,  but  involves  do  new  arraDge- 
ments  aa  to  weaving.  Next  oome  the  two  vaiietieii  known  reroectively 
as  tlripet  and  lAedcM.  A  stripe  is  a  pattern  in  which  parallel  unee  run 
either  along  or  across  the  waipj  while  a  check  is  ao  altcarnation  of 
nctangleB  nke  a  eheas-board,  atf  more  jwoperiy,  like  the  varied  of 
Sectoh  plaid.  The  prodoot^  of  a  stripe  depends  rither  upon  the 
warper  or  the  weaver;  the  produetion  of  a  check  d«>ends  upon  both. 
If  the  rtripes  are  of  diflbrent  colours,  and  extend  lengthwise  of  the 
cloUi,  then  the  warper  so  disposes  the  threads  of  his  warp  that  the  two 
oolours  shall  succeed  each  other  at  r^ular  iutervalB ;  but  if  the  stripes 
are  of  the  same  colour,  but  of  difTerent  quality  aa  to  fineness^  then  the 
warper  nses  two  qoalitias  of  warp  in  altenute  aucoeaion.  If  the 
ati^es  aztflod  aoroM  the  doth,  tiie  warper  sxranges  his  tlireads  aa  fbr 
^i^-we»ving;  but  the  weaver  uses  two  or  more  shuttles,  canying 
two  or  more  ooloured  wefts,  and  throws  the  shuttles  at  regular  intervals 
in  Bucoesnon.  If  a  ohedc  is  to  be  produced,  the  warper  first  produces 
his  altematioD  of  colours  in  the  warp,  and  the  weaver  then  throws  in 
wefta  of  different  ooloun  usiiw  two  or  more  ahuttles,  so  that  the 
interiadng  of  t^  long  atripea  vita  the  onsMtripea  nndnoM 
the  pattsni  of  lAIoh  aspmds  aa  the  oonqMrattre  wuth  ot  the  various 
stripes.  The  manner  oi  onog  the  combined  shuttles  is  described  under 
Check. 

The  next  to  be  notioed  if  the  production  of  the  twill,  a  very  ezten- 
uvely  adapted  vaiie^  of  woven  work,  since  it  comprises  satin,  bomba- 
ceen,  kerseymere,  and  amoerous  other  kinds.  In  the  twill,  the  weft- 
threads  do  not  pass  over  and  under  the  warp-threads  in  regular  «uc- 
oesaion,  but  pais  over  one  and  under  two,  over  one  and  under  three,  or 
over  ooa  and  under  four,  six,  fta,  aconding  to  Ute  kind  of  twilL  The 
efiect  of  this  is  to  [ovduoe  a  kind  of  diagonal  ribbed  appearancc^on  cme 
ude  of  the  cloth,  and  a  smooth  and  ^ossy  appeatance  on  the  other, 
aoeording  as  the  one  thread  is  croesed  above  or  bebw  by  the  weft 
J^.  4  will  aasst  ouz  comprehension  of  this  point.  If  we  suppose  the 
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round  dots  to  be  sections  of  saooeasive  WHp-threada,  and  the  white 
double  line  to  be  one  thread  <^  weft,  we  ahall  see  that  the  weft  passes 
over  four,  under  one,  over  four ;  then  under  four,  over  one,  under 
four ;  and  if  the  speoimen  were  contanued,  we  should  see  that  these 
cycles  of  changes  succeed  eadi  other  in  regular  order.  This  arrange- 
ment f  undghes  the  tmU  tor  some  particular  varietiee  of  cloth ;  and  the 
weaver  has  &us  a  kind  of  numerical  formula  for  diaper,  dimity,  dor- 
noek,  ^"oifjir,  bombaseen,  satin,  kerseymere,  Ao. ;  each  one  having  a 
certain  order  of  suooesrion  in  which  the  weft  arosses  the  warp.  [Boh- 
Bum;  Damask;  DtAns.] 

Now  in  order  to  allow  tiie  weft  to  peas  under  four  at  more  threads 
at  onoe,  some  mechanism  must  be  devised  for  elevating  all  those  four  at 
one  movement,  or  keeping  them  stationary  while  every  fourth  thread 
is  depressed.  If  the  weft  always  passed  under  the  same  four  threads, 
no  cloth  would  be  ^oduoed,  for  no  reticulation  would  be  made ;  but 
the  groups  of  four  passed  under  1^  one  weft^hoot  are  not  the  same  as 
those  crossed  at  the  next  following  shoot.  Hence  more  than  two  leaves 
of  heddlea  are  required,  and  more  than  two  tosadlea  to  work  them. 
There  must,  in  such  a  oase  as  we  have  above  supposed,  be  five  leaves 
of  heddles,  to  each  of  which  every  fifth  warp-thread  is  attached ;  and 
to  eadi  of  these  leaves  a  treadle  isw^nt^oiated;  so  that  when  one 
treadle  is  prewed  down,  one-fifth  of  tae  watp-threads  becomes  drawn 
out  of  the  horiaontal  plane ;  whaa  another  treadle  is  deprcisod,  another 
fifth  ia  affected;  and  so  on.  The  weaver,  by  the  management  of  his 
treadles,  hu  the  power  of  raising  or  depreniDg  four-fifths  of  his  warp- 
threads,  in  groups  of  four  each,  leaving  every  fifth  thread  stationary ; 
and  in  this  state  of  things  he  thntws  his  8hutU&  By  various  combinar 
tioiB  among  his  five  tresdles,  he  can  produce  many  varieties  of  move- 
ment, whidi  give  rise  to  ditferant  kinds  of  twilL' 

Whan,  instead  of,  or  in  addition  to,  a  twiU,  the  weaver  faaa  to  pro- 
dnoa  sprigs,  flowera,  spots,  or  any  kind  of  figure,  a  great  ineroaee  of 
conqdexi^  occurs.  The  weft  may  pass  over  four  and  under  one  at 
one  part  the  width  of  thp  cloth ;  over  two  and  under  two  at  another ; 
over  one  and  under  four  at  another — aoonding  to  the  part  of  the  figure 
which  hiqipen  to  occur  at  atw  partionlar  part  <d  the  width  of  the 
cloth.  Hence  the  order  in  which  the  warp-threods  must  be  dcmressed 
or  elevated  varies  oontinuaUy,  and  the  number  of  leaves  of  heddles 
would  beoome  so  numerous  that  the  loom  oould  not  hold  them,  nw 
could  the  feet  of  the  weaver  move  the  reqnirite  treadles.  This  diffi- 
culty gave  rise  to  the  invention  of  the  drme-tecn,  In  which  strings  are 
so  arranged  that  a  boy  can  draw  down  the  requisite  warp-threads 
prepacatoiy  to  the  movement  of  the  shuttle.  The  witrp-titreads  pass 
fbrm{^  eyes  or  kMps  in  vertical  sbdngi,  eadi  thtei4  hav&ig  one  atrng ; 
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and  these  strings  are  so  grouped  that  the  attendant  boy,  by  pulling  a 
handle,  draws  up  all  thoee  warp-tiireads  which  are  neowsarily  elevated 
for  one  particular  shoot  of  weft ;  and  when  a  different  order  of  suc- 
cessioQ  is  required,  he  pulls  another  handle.  Hence  it  foUowa  that  tiie 
arrangement  of  the  strings  snd  handles  must  be  precoioarted  with 
e^ecul  reference  to  one  parUoolar  pattern;  and  this  b  called  eenfii^  lite 
loMM.  The  oording  would  acnnetimes  take  one  man  three  (wftoiir  months, 
Mtd  would  then  only  serve  for  one  particular  pattern.  Early  in  the  pre- 
sent century  two  inventions  were  made  with  the  view  of  rendering  tiie 
diaw-loom  more  autontatic.  One  of  these,  called  the  draw-bo^,  not 
only  superseded  the  necessity  of  employing  a  boy  to  pull  the  halves, 
bt^  removed,  "bj  the  unerring  certamty  of  its  operation,  all  possible 
obaooe  ol  nustake  in  poUiiuc  tue  wnaig  naudl&  ^raia  ma  a  very  iiwe- 
nimiB  arrangement  ox  meraaidim  by  which  a  treadle,  worked  hyuie 
foot  of  the  weaver,  gave  a  vibratory  motion  to  a  eurved  lever  which 
drew  down  some  of  the  warp-threads  and  elevated  otheie ;  and  the 
skill  consisted  ia  so  causing  the  lever  to  travel  ^ong  a  raok  or  toothed 
bar  as  to  act  upon  different  warp-threoda  in  succession.  The  draw-boy 
has  been  very  much  employed;  while  another  invention,  equally  ime- 
nioua  perhna^  haa,  from  various  caueea,  bilad  to  gome  into  nea.  ^is 
latter  was  the  mUomatU  earpel^oom  of  Hr.  Duncan.  Here  the  wiip- 
threads,  instead  of  being  elevated  and  d^reesed  by  the  handles  as  In  a 
diaw-loom,  or  1^  the  reciprocating  lever  as  in  the  draw-boy,  wwe 
moved  by  fans  inserted  in  a  rotating  barrel,  the  pins  being  ^w>ed  in 
an  order  <A  auooeaaion  according  to  the  pattern  to  be  produced,  just  aa 
those  on  the  barret  of  a  street^rgan  or  a  musical-box  are  disposed 
aoooidEK  to  the  tune  to  be  pl^ed.  But  the  draw-loran,  tlft  draw-bcqr* 
and  the  Danel-loom  have  been  alike  edipsed  1^  the  exquisite  uipaiatus 
of  H.  Jaoquard,  which  is  very  properly  named  after  the  mventor. 
[Jaoquard  Appabatcs.]  ' 

Double  Weaving. — In  aU  the  fiibrics  hitherto  noticed,  there  ia  but 
one  layer  of  threads,  formed  by  the  intersection  of  the  weft  among  the 
woip,  both  weft  and  warp  being  individually  ain^e.  But  there  has 
long  been  practised  the  weaving  of  a  kind  of  double  doth,  composed 
of  two  webs,  each  oonsisting  of  separate  warp  and  weft,  but  both  sets 
interwoven  at  intervals.  The  junction  of  the  two  webs  ia  formed  by 
pasaang  eadi  of  them  occadcNQaU^  through  the  other,  so  that  eaca 
particular  part  of  both  is  sometimes  above  and  sometimes  below. 
Kidderminster  or  Scotch  carpeting  is  one  of  the  tew  kinds  of  doublo- 
fabric  now  woven  in  this  country ;  and  it  will  therefore  be  sufficient 
fw  us  to  refer  fw  detsils  to  the  article  Ca&pr  Uakiifaothb& 

Orott  TFeovtiv.  This  term  may  oonveoientiy  be  applied  to  thoee 
varieties  of  woven  &brio  in  which  the  warp-threads,  instead  of  lying 
o(mstantly  paralld,  aa  in  all  the  cases  hitherto  notioed,  cross  over  or 
twist  around  one  another,  thus  forming  a  plexus  or  interlacing  inde- 
pendent of  that  produced  by  the  weft.  Qauxe  ami  hMn»  net  are 
perhaps  the  most  remarkable  examples  of  this  kind  of  fabric.  [Qaxtzs  ; 

LaoI  MAHUl-AOrnEB.] 

Ohain  Weamng. — This  is  a  term  usefully  aj^iUed  to  a  mode  of 
uang  threads  in  which  a  series  of  loops  is  formed  by  a  continuous 
thread,  each  loop  or  link  beii%  so  oonneoted  with  othraa  as  to  form  a 
kind  of  chain;  and  this  chain  work  may  either  be  worked  upon  a 
ground  woven  at  the  loom,  or  may  constitute  the  woven  material  iteell 
Sam^^  work,  £srim  mrh,  seiwd  i»»«(u»  wxrlt,  Umboming;  mbroiders, 
temettry,  pillow  laee,  and  hotiay,  are  all  exaimplfla,  mora  or  ksa  varied, 
of  this  diain-weaving.  [Ehbboxdsbt;  Hosbbt  HAKUTAoniBa; 
Laos  Makutactubb;  Tapxstbt.] 

PUe  Wtavittg. — If  we  examine  a  piece  of  nik  vdvet,  or  any  kind  of 
fustian,  such  as  vdveteen,  moleskin,  or  doeskin,  or  a  Turkey  or  Wilton 
carpet,  we  shall  find  that  in  any  or  all  of  these  fabrics  the  warp  and  weft 
tlu«ads  are  almost  eonoealad  by  a  kind  of  down,  n^,  or  pile,  which 
imparts  a  peculiarly  soft  and  smooth  texture  to  them.  It  may  seem 
atnnge  to  dass  tc^dher  such  very  different  materials  as  silk  velvet, 
fustian,  and  Turkey  carpeting ;  but  the  classification  is  strictiy  correct, 
because  all  of  them  owe  their  diaracteiistic  beauty  to  the  downy  sur- 
face which  they  preamtk  Fustians  are  in  fact  a  kind  of  cotton  vdvot, 
as  Turkey  csrpstmg  is  a  woollen  vdvet.  The  weaving  of  theee  pile- 
fabrics,  so  far  as  regards  the  decussation  of  the  warp  and  weft  thraada 
}3j  means  of  the  shuttie,  resembles  that  of  plain  fitwics,  or  of  pattern- 
fabrics,  according  to  the  nature  of  the  design.  But  there  is,  besules 
the  warp  and  weft  properly  so  called,  another  kind  of  waip,  whose 
threads  are  left  standing  in  loops  above  the  geneiol  surfaoe  till  cut,  and 
the  cutting  of  which  constitutes  the  pile,  ui  some  kinds  of  fustians 
the  ^e  is  out  so  aa  to  give  a  smooth  vdvet  surfaoe ;  while  in  other 
kinds  it  is  cut  hito  paroUd  cords,  forming  corduroy  and  such  like 
fabrios.  The  cutting  used  formei^  to  be  done  by  peouliariy  ah^ped 
knives  hdd  in  ^e  hand ;  but  some  very  ing^ious  machines  have  been 
contrived  for  efiboting  it  more  quid:fy  and  wmeAj.  For  the  iqpplica- 
tion  of  this  peouUar  mantifMitazB  to  difteent  fahrloiy  see  CoBrar; 
Fustian;  Vklvbt. 

Power- TCeaeuv-— In  all  the  kinds  ot  weaving  hitherto  notioed, 
whether  of  plain  goods,  figured  goods,  double  doth,  bobbin-net,  stodt- 
ings,  or  vdvet  fabrics,  we  have  uniform^  spoken  of  the  weaving- 
machine  as  being  worked  hand,  or  rawer  by  band  and  foot,  for 
the  treadle  is  andmost  hivanable  component  of  such  a  machine.  We 
have  however  now  Iniefiy  to  notice  the  important  stepa  by  which  the 
steam-engine  has  been  brou^t  to  bear  on  ttiia  department  ot  industiy. 

In  tt|e '  Pbiloaopliiod  TraoeaotiiHis*  lor  If  78f  *  loom,  invented  hf 
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H.  da  GennMyiadMoribedu***  new  engine  to  m^ke  linen  doUi  trtt^- 
out  >id  of  an  aitificer,"  b]r  Applying  water-power  as  tlie  moving 
force.  The  pdvantages  are  thus  enumerated  :  "  1,  ^at  one  mffl  alone 
will  set  ten  or  twelve  of  these  looms  at  woric ;  S,  the  cloth  may  be 
made  of  what  breadth  you  please,  or  at  least  much  broader  than  any 
which  baa  been  hitherto  made ;  S,  there  will  be  fewer  hnots  in  the 
dotii,  since  the  threadawill  not  break  so  fast  as  in  other  looms,  because 
the  diutUe  that  bredcs  the  greater  part  can  uerer  touch  them.  In 
dioit,  the  yrark  will  be  caniea  on  quicker  and  at  len  e^^ense,  since, 
instrad  trf  several  woifanen,  whit^  are  reqnired  in  making  up  of  very- 
large  do&B,  one  boy  will  serve  to  tie  the  threads  of  several  looms  as 
fest  as  they  bre^,  and  to  order  the  quiUa  in  the  ^utt1&"  TiaB  de- 
■criptiop  rpmaifcu^y  well  ezpreases  the  excellenoes  of  the  power-loom 
of  we  present  day ;  but  we  have  no  evidence  that  De  Qemies'  machine 
ever  came  into  use.  At  various  times  durinc  the  last  century  M. 
Dolignon,  Yaucaneoi),  Ur.  Austin,  and  tb.  MiUer  oontrived  looms 
Ttdch  were  to  be  woiked  by  a  i»inch,  by  water-power,  or  bj  some  con- 
trivance more  expeditious  uian  the  common  hand-weavin?.  The  first 
power-loom  for  weaving  cotton  fabrics  was  put  up  fir  Sir.  Austin  in 
the  foctoiT  of  Mr.  Monteith,  near  Glasgow,  m  1798 ;  but  before  tha^ 
time  another  piac^ine  had  been  invented,  whose  history  Is  curious  and 
interesting. 

Tha  Rev.  Dr.  Cartfrright,  brotiier  of  tiie  late  Kajor  C^rtwrigfat, 
happened,  in  1784,  to  be  in  conversation  with  some  gentlemen,  con- 
eerniog  Aitwright^s  ejnnning  machinery.  It  was  observed  that,  so 
soon  ss  Aricwrighf  s  patent  expired,  so  many  miUs  would  be  erected, 
and  so  mudi  cotton  spun,  that  hands  would  not  be  found  to  weave  it. 
Cartwrigfat  remariced  that  Arkwrij^t  must,  in  that  case,  invent  weaving 
madiinoty;  and  the  idea»  tbua  auggorted  by  himself,  seems  to  have 
taken liold  of  his  mind;  for  he  soon  afto^waids  endeavoured  to  fonn  a 
machine  whidi  should  imitate  tiie  three  movements  in  weaving.  He 
succeeded  so  far  as  to  produc«  a  machine,  which  he  patented  in  1785 ; 
and  another,  for  whicb  a  patent  was  obtained  Is  1787.  He  tried  to 
establish  a  power-loom  weaving  factory  at  Doncaster,  but  failed : 
Heesrs.  Qrim^w  also  endeavoured  to  set  Cartwright'a  machines  at 
work  at  Mancfaeater,  but  similarly  failed  from  varionB  causes;  and, 
after  many  years  of  labour,  maiw  patents,  and  an  expenditure  cf 
40,0001.,  Dr.  Cartwrigfat  was  compelled,  in  1808,  to  aA  for  a  grant 
from  Parliament  as  a  return  for  his  losses  and  exertions.  Pwhameut 
awarded  him  10,0002.  One  cause  which  thus  delayed  the  adoption  of 
power-looms  was  the  npceasity  for  stopping  the  macliine  frequently,  in 
order  to  threes  tiie  warp  as  it  unrolled  from  the  b«un,  vdudi  operation 
required  a  man  to  be  employed  for  e&eh  loom,  so  that  thnv  was  no 
saving  of  expense,  tn  tfte  year  1802,  Mr,  Radoliffb,  a  cotton  manu- 
factnrer  of  ^tookpor^  aided  by  a  -workman,  Thomas  Johnson,  made 


many  contrivanoea  wfth  ft  view  to  remedy  this  bcenveidenee,  and  at 
length  produced  the  admirsUe  drating-machine  of  modem  faotorie^ 
by  whi(A  the  warp  ia  dressed  before  it  goes  into  the  loom.  At  a  sub- 
9equent  period  Mr.  HorrocAa  and  Mr.  Hanland,  both  of  Stockport, 
made  other  improvements,  which  brought  the  steam-engine  fairiy  into 
use  for  weaving  operations,  and  thus  power-looms  became  estabudied. 
Still  more  recently,  Ur.  Roberts,  of  the  firm  <A  Sharp  and  Bobwts,  at 
Manchester,  brought  tha  power-loom  to  «  state  of  nigh  perCeofeioii; 
and  every  year  adds  more  and  more  to  the  number  tA  sueh  loomB 
employed  in  manufacturing  districts. 

The  application  of  tiie  power-Lxtm  renders  necessary  the  employ- 
ment  of  other  machines  likewise,  to  effect  those  preparatory  operationB 
which,  in  hand-loom  weaving,  are  effected  by  very  simple  means.  II 
we  take  a  [nece  of  calico  as  the  representative  of  pla&  fabrics  generally, 
the  mode  of  procMdiag  in  power-loom  &etoriea  may  be  shortly  aketolied 
as  ftdlows : — 

The  -warping-frarM,  Instead  of  behig  em|doyed  on  the  same  prindple 
08  the  warping-min  sketched  in  a  former  is  so  arranged  ae  to  be 
worked  by  steam-power.  Several  bohbins,  arranged  with  their  axes 
parallel  and  horizont^,  in  a  compartment  at  one  gdA  of  the  frame, 
yield  the  yarn  which  is  to  be  collected  into  a  warp.  The  yams,  pro- 
ceeding  from  the  bobbins,  pass  under  some  rcAen  and  over  otiiers, 
nntU  ul  are  brought  into  a  pandlel  layer,  a  comb  of  fine  wins  being 
employed  to  separate  the  yams  equidistantiy.  lie  yams  are  then 
collected  and  coiled  on  a  cylindrical  beam,  which  is  removed  from  the 
icarping-Jranu.  and  transferred  to  the  drening-machine.  This  latter  is 
a  large  piece  of  medianism,  by  which  the  contents  of  eight  rollers  from 
the  warping-frame  are  collected  on  one  roller  or  beun,  irtucAk  ia  to 
farm  the  warp-beam  of  the  loom ;  utd  intheEr  paasage  the  yam-thmds 
are  coated  with  the  paste  or  mudlage-dresBing,  and  dried.  Four  of 
the  rollers  are  placed  at  one  end  of  the  madiine,  and  four  at  the  other ; 
and  the  yams,  proceeding  from  thence,  pass  between  rollers,  of  which 
the  lowermost  dips  into  the  paste,  and  becomes  thus  coated  with  it ; 
tiiey  then  pass  under  and  over  brushes,  which  the  paste  is  nibbed 
into  the  fibres ;  tiien  over  a  steam-heated  copper  box,  by  which  th^ 
are  dried ;  and,  lastly,  are  wound  on  tiie  warp-beam. 

The  preparation  m  the  warp  in  the  loom,  comprinng  what  are  celled 
the  drawing  and  mmavting,  is  more  simple  for  the  power-loom  than  for 
the  hand-loom,  but  is  stiU  somewhat  intricate.  When,  however,  this 
is  effected,  steam-power  does  all  the  rest :  it  forms  the  died  or  divisioD 
of  the  warp  into  two  parts ;  it  throws  the  shuttie ;  it  drives  up  the 
weft  with  the  batten ;  it  unwinds  the  warp  from  the  warp- roller ;  and 
winds  the  woven  aoatedal  on  the  eLoCh-rdler.  Vnt  at  these  opeiatitme 
majr  be  illuifafated  by  j!$r.  6,  in  wUoh  some  of  the  machaniam  ia 
omitted  to  render  the  reeb  more  clear.   The  waip,  un|rindin£  fiom  the 


bewn  A,  and  bending  wund  the  wdler  B,  paawi  ihrou«^  the  two  leavee 
of  heddlea  c  0,  by  which  the  shad  ia  foraied  for  receiving  the  shuttie  at 
D ;  and  after  the  actum  of  the  htMm  (not  here  shown)  the  finished 
cloth  E  results. 

Ti^  pressiDg,  finishing,  dreeaiog,  *o.,  which  tiie  woven  goods  leDeive, 
whether  woven  by  the  power-loom  « the  hand-loom,  dqiend,  of  oonne, 
on  the  nature  of  the  fabric.  One  of  the  moat  important  of  these  pro- 
cesses, by  which  the  pUin  goods  bectnne  diversified  with  omameait, 
11  described  under  Cauoo  I^mranto. 

AVeaving,  like  all  other  puia  trf  tastile  manufacture,  has  been 
marked  by  the  introduction  of  many  new  forma  of  appantus  within 
the  last  few  years.  We  will  Iwiefly  mention  the  names  of  »  few,  as 
eapiples  of  the  whole.  UesBra.  Tatton  and  Hodf^iaaon  have  a  new 
amaU-ware  loom,  for  weaving  aU  kinds  of  narrow  wcA,«uoh  as  ribbons, 
pUooM,ohinU.laoe,bad.laoe,iBarpet.binding,  tapes,  Mr.SomarviUe 
baa  mtroduced  a  new  form  of  steam-power  loom  for  twill,  diaper,  and 


worsted  goods,  espeoially  intended  for  varying  the  eflbcts  in  the  same 
web  by  varyingthe  shed-action.  Mr.  Macfariane,  of  Comrie,  introduced 
an  arransement  in  18£8  for  enabling  a  loom  to  sup^y  ite  own  shuttle 
wit^  fradi  waip  when  ezhaosted  or  broken,  and  also  to  stop  itself  when 
any  definite  number  of  warp-threads  have  become  broken.  Mr.  Ingram, 
of  BTadf<»rd,  patented  in  1860  mechanism  for  obtaining  eontinuoaa 
aotion  in  looms;  that  is,  a  method  of  supplying  the  loom  with  weft 
without  Bbxiping  it  to  change  tiie  bobbin  or  cop ;  or  of  giving  an  addi- 
tional suRily  of  weft  while  the  loom  is  in  aotion,  and  whether  the  weft 
be  all  used  up  or  only  hnkea.  Mr.  Schwabe  has  invented  an  ingenious 
way  of  waarinE  Jbmme^  dreaaas.  To  effect  this  there  is  an  additional 
watp-beam  laid  beside  the  usual  one :  the  warp  from  this  beam  ii 
brought  into  use  in  producing  tiie  body  of  tiie  di^;  but  when  a 
frhige,  cording,  Ac,  is  wanted  for  a  flounce,  a  portion  of  the  otiier  waiT> 
is  Inwight  forward  by  itself;  or  dae  this  second  warp  mi^  only  be  need 
in  the  flounoe,  and  out  off  at  regular  intervals 
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CoBoanung  thd  applioation  of  the  arts  of  desigD  ioTrmTiogtProfeawr 
Willis,  in  a  report  on  the  Paiis  Ezliibition  of  1855,  gives  an  intaraatiiig 
account  of  the  duties  of  a  Frdooh  functionary  called  the  '  Profeeseur  de 
la  Thforia  des  PV»bricatieiiB ' ; — "  Thin  ii  a  claas  of  ioBtruction  which 
appean  to  be  peculiar  to  Lyona,  and  to  the  wast  of  which  our  defi- 
cicQcy  in  that  respect  may  greatly  be  attributed.  Their  buainett  ia 
not  to  teach  artiBtic  drawii^  aa  a  branch  of  fine  art,  but  to  teach  the 
connection  of  design  with  the  machinery  which  must  be  employed  to 
realise  it ;  to  expltdn  the  entire  conslTUCtioQ  and  management  of  the 
looms,  the  mode  of  mounting  and  adjuetiag  them,  the  diBerent  tiasues 
or  texturea  of  which  they  are  capable ;  tiie  application  of  these  to  the 
respective  parte  of  a  gived  dedgnj  either  as  grounda  or  aa  meana  of 
bringing  out  details  with  the  greatest  effect,  and  at  Uie  same  time  with 
the  necessary  econon^ — Beeing  that  oontraat  and  variety  of  t«xturee  in 
the  different  details  of  a  woven  picture  occupy  the  place  of  the  painter's 
AandKwfif  in  works  of  fine  art.  A  design  may  tuanlfestly  be  exceedingly 
beautiful  in  itself  aa  a  work  of  art^  but  wholly  inapplicable  to  weaving. 
No  artist,  therefore,  can  be  q^u&lified  to  make  a  weaver's  design  whidi 
shall  combine  in  iteelf  t^e  beaitty  of  art,  ap{dioabIe  to  prodnee  eflBMAive 
results  when  translated  from  oil-paint  or  water-oolours  into  lilk  or 
worsted,  unless  he  be  fEuniliar  with  the  medhaniatn  of  the  looms  in 
their  ii^biite  variety,  with  their  practical  adjustment,  and  with  the 
diaraoteristio  sorfaoe-afieota  d  the  difierent  tiaauea.  Every  deaigoer, 
in  diort,  ahould  be  able  to  put  his  own  des^^  into  the  loom.  Aooord- 
ingly,  artiste,  i^r  having  studied  in  the  School  of  Design  at  Lyons, 
put  themselves  in  the  next  place  tmder  the  instruction  of  one  of  these 
so-called  Profesaors  of  the  Theory  of  Fabrica,  for  aix  months  or  more, 
to  learn  the  application  of  the  design  to  the  machine.  This  is  the 
system  which  haa  enabled  the  mautittotaran  ol  that  alty  ko  pndtioe 
the  magnificent  and  beautiful  apeoimena  whu^  were  dii^lajea  in  the 
galleriea  of  the  fVench  Exhibition." 

Btmdl£$  Electric  Zoom. — There  is  one  modem  inventiob  in  treaviiy; 
of  so  remai^ble  a  character  as  to  deserve  special  notioe.  The  theory  is 
sound,  although  there  may  not  at  prraent  be  obtained  a  maatoay  over  the 
mechuiioal  details  for  carrying  it  out.  M.  Bonelli's  Electric  Loom  has 
been  deacoibed  by  Dr.  Faraday  at  the  Royal  Institution,  and  by  Mr. 
Le  Neve  Foster  at  iAm  Society  of  Aits.  The  following  is  a  alight  out- 
line <A  ita  origin  and  natures  In  1844  the  Society  oi  Arts  piise  was 
^ven  to  Ur.  {tiding  for  certain  improvements  in  uie  Jacquud  Appa- 
ratus ;  he  employed  an  index-machine,  something  like  Puncau's  barrel 
described  in  an  earlier  paragraph,  with  shifting  pegi  for  changing  the 
pattranB,  the  p^  acting  in  oormection  with  wires  in  the  apparatus. 
In  later  yeais  other  improrementa  were  iatroduoed,  many  of  which 
have  been  noticed  in  Jaoqcabd  Af  fahatus.  This  subject  attracted 
tike  attwtion  of  M.  BoneUi,  aa  Italian  Civil  Eugineor,  and  Director 
Generaj  of  the  Sardinian  tele^pba.  He  emplo^  a  lutg  period  of 
time  in  developing  the  theory  and  details  of  an  electric  ai^Ktratua  which 
might  diapense  with  the  cards  neceaaary  in  the  Jaoqu^  looms  for 
weaving  figured  goods ;  and  brouf^t  his  machine  to  Pngimfi  in  18£9. 
Bon^n  a^ianias  will  suit  aiqrexiBtii^  looms.  It  consists  prirunpally 
of  an  endma  hand  of  p^teroovered  with  tinfoil  The  d«eign  or  patten 
ia  painted  on  the  tinfc^  with  a  brush  and  blac^  vaiuiah.  IHtB  band 
pessai  under  a  series  of  tiiin  metal  teeth,  all  in  oonnection  with  a 
galvanic  battery.  Whenever  the  foil  touches  a  tooth  a  ourrwt  peases 
through  %  and  thenoe  through  o<»ls  of  wire  surrounding  small  l»zs  of 
soft  inm,  making  thuu  temporary  nu^eln;  but  whenever  tiw  vamiah 
tooohefe  ft  tood^  no  tuab  mcrent  ia  Reduced.  Nomeroua  amall  rods 
are  placed  oppodte  the  ends  of  the  amall  bar  magnets;  th<y  paoa 
hcrisont^ly  to  aOl  fro,  through  a  plate  in  front  of  a  moveaUe  frame. 
When  any  of  the  bars  are  actively  ma^etic,  they  t«tain  or  attract  the 
rode  when  in  contact  with  them.  When  the  frame  ia  awung  or  moved 
so  as  to  bring  the  rods  in  contact  with  the  bars,  some  ace  drawn  a 
littie  diatanoe  throu{^  the  holes  in  tiie  plate,  while  the  others  are  not 
WO  aflbcfeed :  aoaording  as  the  particular  bars  are  at  tiiat  nuHnent  in  a 
nagnetio  state  or  not.  The  rods  are  like  [ostons,  for  each  exactly  fits 
<aie  hfHib  without  tightness ;  and  thus  it  hi^peos  that,  when  the  frame 
recedes,  some  of  the  holes  are  open,  while  ot^Lora  are  filled  witt  the 
rods.  The  plate  acta  the  part  of  a  Jacquard  card ;  each  movement  cf 
the  frame  opens  a  distinct  aetiee  <A  holei^  and  thus  changes  the 
^tem.  A  treadle  moves  the  frame,  at  eodi  throw  of  the  shuttle. 
Winn  tiw  daaiga  is  to  be  In  aereral  oolouiv,  it  is  in  like  winer 
painted  on  tlie  tittfoil ;  but  each  sepamte  colour,  by  removing  a  vecy 
thih  strip  <^  f oU  at  the  margin,  is  insulated  from  He  nco^bouridg 
colour.  All  tite  pieces  of  fcnl  thus  insulated,  each  reu«Benting  one 
colour  or  shade,  are  cormeoted  by  small  sti^  cf  tinfou,  which  pierce 
throu^  the  p^>er  and  are  fastened  at  the  bade,  whence  they  are  con- 
ducted te  another  atc^  of  tinfoil  which  nms  along  the  edge  <d  the 
band:  there  being  as  many  audi  strips  of  tinfoil  se  there  are  ocdounu 
Thus  eadi  spedal  oobrar  of  the  desi^,  in  aU  its  patta,  ia  oomMcted  by 
A  conductor  witik  its  own  separate  atrip  of  tiafoil.  By  bringing  the 
wire  from  the  galvanic  battery  sucoesnvely  into  oorrt^ct  with  the 
eeveral  sfarips,  a  onrrent  of  electricity  may  be  made  to  pass  in  aucoeanon 
through  the  aeveral  paita  of  the  destgn  rcjireaentmg  the  aereral 
odoora.  Thus,  niiiming  four  cdloun ;  there  would  be  four  strqis  of 
ihifoil  nmning  the  Imgth  of  the  band,  inatdated  one  from  another, 
audi  in  oomumm  with  iSm  own  peenUsr  eoloar  onfy.  At  any  given 
nnnent,  Hiin  t^rtas  of  metd  mtiiK  on  the  darign  would  touoh  it  in  a 
Unt  wliMiifiM  n  pami  orar  ttu       of  til*  dasip^  woidd  i«n  ttumigh 


all  or  any  one  of  the  odours;  but  the  cumnt  would  past  only 
through  uiose  plates  which  rest  on  the  one  colour  represented  by  the 
strip  connected  at  that  moment  with  the  pole  of  the  batterT,  The 
shifting  of  the  band  does  not  in  this  case  t^e  place  with  every 
throw  of  the  shuttie,  but  after  an  interval  depending  on  the  number 
of  colours. 

Such  ia  Bonelli's  electric  loom.  The  inventor  states,  that  two  cells 
of  a  small  Bunsen'a  battery  will  suffice,  oonsiuning  one  pennyworth  of 
chemicals  per  day.  The  coat  of  the  wh<de  i^ftaruua  is  ^ut  202.  An 
elaborate  dama-sk  design  will  sometimes  require,  on  the  Jacquard 
system  4000  t^rds  and  400  wires,  which  would  cost  24J.,  and  five 
weeks  of  a  man's  labour  to  set  up.  On  the  Bonelli  system,  we  are  told, 
the  expense  would  be  Gl.,  and  the  time  one  week.  A  Jaoquard  design 
has  been  known  to  take  20,000  cards,  costing  160^.,  and  an  amotmt  of 
labour  eqnal  to  one  wh<^  year  of  one  tnan'a  time ;  the  flguree  on  the 
Bonelb  mtem  would  be  9<U.  and  one  month.  i9evend  adnntagee  ate 
claimed  for  the  system : — 1.  The  great  frdHty  witiL  vriuoh,  in  a  very 
short  time,  and  with  preoialon,  reduotloiu  of  the  dedgn  may  be 
obtained  ob  the  fabric  by  means  of  the  varying  vdooit^  with  which  the 
dadgn  may  be  paaSHl  under-  the  teeth.  3.  That  without  damaging  the 
mounting  of  the  loom  or  the  design,  fobrica  thiimer  or  thicker  may  be 
produced  by  diadgtng  the  number  of  the  weft,  and  w^^king  a  oor- 
respondinf^  change  in  the  movement  of  the  design.  S.  The  loom  and 
ita  mounting  tmnaltitng  unchanged,  the  design  may  be  changed  In  a 
few  minutes  by  the  aubstitution  of  another  metallised  papet  haTing  a 
diffiarent  pattern.  4.  The  power  of  getting  rid  of  any  part  of  the 
deaign,  if  -  xequired,  and  of  modii^jring  The  nUdlt;  oi  tiuie  daims 
remaina  for  the  future  to  show. 

WER  rWiATiso.] 

WEDQE,  in  Hechanioa,  is  a  prism  wood  or  metal  whose  base  ia  a 
tiiangle :  it  is  «nployed  to  remove  two  objeeta  frotn  one  another 
laterally,  or  to  rend  asimder  the  parts  of  a  body :  an  edge  which  is 
parallel  to  the  geometrical  axis  of  the  ptism  bdng  mtxoduced  between 
the  objects,  or  parti  <A  tiie  bo4y,  ana  tlu  whole  wedge  being  then 
driven  forwiwd  a  percussive  foroe,  as  the  stroke  of  a  hammer.  Tlw 
nature  eS  perauarive  fnee,  and  of  the  r«uMaae«  which  a  yidding 
material  oi^xiees  to  the  motion  of  the  wedge  being,  however,  imper- 
fectly known,  it  is  usual  to  ^insider  Uie  motive-power  attd  the 
i«alstaaee  as  dmide  pmsUrM,  or  weights,  in  eetimatii^  the  aaaSSHam 
of  equilibrium  when  a  wedge  is  wnptoyed  aa  a  inadtlne. 

Let  ABO  lepresoat  the  aeotiDn  of  a  wedge  perpendhnilariT  to  the 
mathematkalaxiaj  and  for  simididty,  auppoee  this  taction  to  be  an 


isoeodea  triangle.  The  plana  paaring  though  ab,  petpendMuUr  to 
ABO  and  to  the  pepw,  is  oaUed  the  head  or  back  ot  the  wedge :  the 
plaD«a  pwing  through  ao  and  bc  perpandioukr  to  the  paper  are 
oJledt^eddes;  ftKt  ttdrltoe  of  Baotioa,  paawng  through  c,  is  called 
Aeedge. 

The  motive-power  is  applied  to  the  head  of  the  wedge ;  and  may  be 
sunKwad  to  act  in  tb»  direolion  ho  perpcDAonkrly  to  that  ^ane,  and 
paning  through  o  in  the  edge.  Let  the  material  which  ia  to  be  rent 
aaunder  be  in  contact  with  the  sides  of  the  wedge  in  lines  paaaing 
tiirou^  a  and  h  perpendicularly  to  the  paper;  and  let  the  two  parte 
jisld  m  if  Vb^  wbn  otpdsle  of  turBing  about  aome  point  e  in  the 
diTeotioncdKO,iffodueedif  neoeaaary:  then  it  ia  evident  that  tiieefibct 
of  the  wedge  wm  be  the  same  aa  if  a  section  of  the  latter,  petpeodicularly 
to  the  axis,  were  abc  Imagine  wi,  W  to  be  drawn  perpendicularly  to 
ac  and  he  ;  then  thoee  linea  will  meet  at  a  certain  point,  aa  (f,  in  the 
line  HO  ■  Imagine  dso  the  panlldogtam  oiftD  of  taxam  to  be  oim- 
struoted;  then<to  tx  2<2h  will  repreeent  the  motive  foroe,  and  da  or 
dft  tiw  ananre  iriMt  thrt  loree  enrtsat  a  or  »  pmeDdknlaity  to 
aeaadic  Let  P  TWreamt  the  mdave  foroe,  and  B  the  preaaure  at 
•  or  fr;  then,  in  a  atate  oi  etuUibrium, the  latter  wSl  xepiesaDt  the 
teaotioii  of  the  material  bt  the  diieotion  ad  or  ndwcnm 
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But  the  triangje  tad  i»  nmilw  to  esa;  tiurefoca 
ds  :  da  :  I  eai :  ae, 

and  ooiuequently  F  :  b  : :  2aH(— oi)  :  ac 

The  podtion  of  the  pdnt  e  where  the  Mpantioa  the  nuterUl  u 
■appOMd  to  tal»  plaOB  wies  for  diS^rent  ma.Uai»3M,  and  can  only  be 
estimated,  ac  foima  from  experiment :  'if  it  wen  nppoaed  to  ocdimde 
with  0,  wfl  should  have 

F  :  B  : :  2as  :aoj 

or  by  similar  tnanglea  060,  abo, 

p :  R  : :  AB  :  AO. 

If  tiw  foroe  of  the  wedge  at  the  pointl  a  or  6  www  to  be  ertimatad 
in  the  direction  Ha  or  n&  ;  aa  when  it  it  required,  nM^eoting  MotioD, 
to  find  the  force  with  whidi  a  nTen  proaiiif  e  p  hi  the  directaon  mo, 
on  the  head  ct  the  wedge,  woukt  make  a  body  at  a  or  elide  iu  a 
directaon  peipeadieular  to  Ho ;  then,  b'  repreaenting  that  force,  and  e 
odneiding  with  c,  or  od  being  now  perptndicnlar  to  AO,  we  ahould 
bare 

p  :  b'  :  :  2d»  :ifa,  or  aa  2aiT  to  no,  or  aa  ab  to  bo. 

The  point  e  itUl  oc^nciding  with  o,  ki  9  reproaent  the  ang^  aoi,  or 
hall  tiw  ani^  of  the  wedge :  Uien  ' 


OH  AB 

—  am  un  9m  or  ^~ 


Snn  f; 


ao     —  •»  —  AO 
abb       AB  :  BO  : :  2  ain  9  :  eoB  9 ; 

it  foUowa,  radius  being  uni^,  that 

r  :  B  : :  2  HQ    :  1,  or  p=2b  tin  9; 
alio  P  :  b'  : :  a  un    :«M  f,  or  pa2B'tan  9; 

where  B  and  b' reiveaent  the  preeaurea  perpendicular  to  ao  and  to  bo 
renteotively. 

U  it  were  required  to  find  an  equation  for  tiie  motion  of  a  wedge 
when  acted  upon  by  a  foroe  of  perounionf  a  proaeM  ooR«^aaiding  to 
that  which  followa  must  be  empu^ired. 

Let,  as  before,  abo  be  a  section  of  the  wedge,  which  may  be  sup- 
poaed  of  iron :  let  it  be  introduced  between  the  parts  <A  a  body  which 
can  yield  only  in  a  lateral  directum ;  and  let  it  be  drivoi  by  a  mass  of 
iron  falliog  upon  it  from  a  p<»nt  at  some  giroi  hei^t  abore.  Both 
the  wedge  and  the  hammer,  or  falling  body,  most  be  undentood  to  be 
elaatio;  and  it  will  be  convenient  to  represent  the  latter  by  a 
parallelopjped  of  iron  whose  base  la  equal  to  the  reotangolar  head  of 
the  wedge  :  let  the  height  of  such  solid  be  reneseated  by  r,  and  let 
the  apaoe  throus^  whidi  it  is  supposed  to  bll  be  represented  by  A  ; 
then,  by  ^naniica,  2£rA  will  be  equsl  to  the  aquare  of  the  velocity  of 
impact  £[1  like  manner,  let  the  friction  of  the  wedge,  eattmated  m  a 
direction  parallel  to  om,  be  reiroented  by  the  weight  of  a  parallelo- 
piped  of  iron  whose  base  is  the  rectangular  head  of  the  wedge;  and 
let  the  height  of  such  parallelopiped  be  represented  by  q. 

When  the  eoUison  takes  place,  both  the  bJling  body  and  the  wedge 
will  be  compressed  in  the  direction  of  their  length.  I^et  the  linwr 
oontnction  of  p  be  represented  byp,  and  that  of  the  wedge,  supposed 
at  {oeaent  immoveable  by  o  (both  p  and  g  coinciding  in  dmwtion  with 
M  0).  Then  if  a  r^reeent  the  modulua  of  dastidty  (or  the  hd{^t  of  a 
vertical  column  of  iron,  having  a  base  equal  to  the  head  of  the  wedge, 
whose  weight  would,  by  the  oompresBion  it  oausea,  reduce  the  height 
p  (V  Q  of  Oie  anppoaed  mnasaa  of  irtai  to  Bero)  and  the  foroM  of  com- 
proedon  be  ■wianed  prt^ortlonal  to  the  oMtiaatiniB  whidi  they 
9  S9 

produce,  we  shall  have  ~  and     for  the  forcea  by  which  the  falling 

body  and  the  wedge  are  reopeotlvely  oomtaeised  in  ooneoquence 
the  collision;  or  the  forces  by  which  they  tend  to  recover  their 
origioal  state :  let  tiiese  be  represented  by  tap  and  nq  respeotiTely ; 
or,  in  terms  of  the  force  of  gravity,  by  wjp  and  Njiigr.    Then  will 
represent  the  motive  force  by  which  the  movement  of  the  falliog  body 

ia  redrted  after  the  iii^aot»  or  -  ^  will  lepreMnt  the  retardative 
force  against  that  body. 
But  from  the  eqiuUty  erf  action  and  reMtion  we  haveny)— Njr; 

wbenoep*       audp  +  {,  or  the  lam      tiie  oomproMione, is  eqoal 

-=i-«ad=ffi 

M+»  P 


to  let  thia  be  reiraented  by  «;  then  %■ 


and  integrating,  t  repreesntbg  tiw  velod^at  the  inatant  of  impact 

at  which  time  1= 0> 

*^"'^-(«  +  «)p*^- 

But  whoi  the  wedge  begins  to  move,  the  friction  ia  equal  to  the 
force  by  which  the  Uling  body  is  eompreesed ;  theraftve,  making  « 

eoualto  (»iio)weiiaTei— lAkih  bong  nhetitatod 
in  the  above  equation,  we  have 


(«  +  »)p' 


Now,  hr  dynamieB,  aooabnt^  or  retardatiTe  foroe  ia 
dv 

represented  by  v  ^ ,  «  here  being  the  velocity  of  the  falling  body  at 

any  time  t  between  the  inataot  of  impact  and  that  at  wUdi  iti  motion 
is  extinguished  fey  the  reaiataooe:  therefore 

tJg  aiiifff 


Now  the  wedge  being  uniform^  reristed  by  frietion,  while  moving 
in  onueqaflnce  of  tiw  impact^  the  tetardative  force  /,  eaprcwed  in 

times  of  gniTity,  will  be  — — y  w  j^peaenting  the  weight  of  the 
y  +  w 

wedge  in  terms  homologous  to  r.    Therefore  unce,  by  <^namica, 
y\  If  we  rq»resent  the  apace  throuf^  whieh  the  wedge  moves  m 

the  direction  ho  by  z,  we  have,  on  substituting  for  «*  and  /  their 
values,  and  for  v*  putting  its  equivalent  ^A,  whwe  A  Ia  the  faeipit  due 
to  the'vfllocity  t. 

The  values  of  »  and  »,  that  is,  of  ^  and  ^,  may  be  found,  ainoe  n, 

the  modulus  for  iron,  ia  known  to  be  about  10,000,000  feet;  an  I 
eoneequoitiy  the  relation  betweni  t  and  q  can  be  datennined  in 
numbin. 

WEDNESDAY.  [Wbek.] 

WEBD3.  Every  plant  which  grows  in  a  field  other  than  that  <& 
which  the  aeed  has  bem  sown  %  the  husbendman  is  a  weed,  and, 
inasmuch  as  it  interferes  vrith  the  intended  crop,  ehould  be  carefully 
eradicated.  One  of  the  principal  uses  of  summer  fallows  ia  to  destroy 
the  weeds,  which  come  up  in  spring,  and  whieh  would  shed  their  seeds 
in  summer,  if  they  were  not  desbx^ed  before  the  seeds  ripen.  When 
roots  are  sown  in  drills,  and  carefully  hoed,  th^  produce  the  same 
cleansing  efibct,  and  supersede  the  fallow ;  but  in  heavy  loama  whi^ 
have  been  neglected  and  overrun  witli  weeds,  a  clean  fallow  is  some 
tlmee  indispensable  before  any  improved  method  can  be  adopted. 
When  a  farmer  enters  on  lands  which  are  in  a  foul  stato,  it  ia  the 
oheapeat  W17,  in  the  end,  to  lactifioe  a  on^,  and  thwoo^dy  ptirBB  his 
fields  froD  weeds,  especially  those  which  have  vivacious  roots,  and  can- 
not be  extirpated  by  simple  ploughing.  The  mode  of  doing  this  must 
depend  on  the  nature  and  duration  of  the  weeds,  whether  th«r  roota 
are  perennial  or  die  off  after  the  plant  has  bimie  aeed.  Annual 
weeds  are  meet  readily  extirpated  vtj  repeated  hairowingB,  by  which 
the  seeds  are  brou^t  vrithin  the  influence  of  the  atmoephe^,  and  when 
they  have  fairly  vegetated  may  be  buried  or  rooted  ou^  and  by  ex- 
poamg  their  roots  to  the  influence  of  a  hot  sun  they  are  eflectually 
deetroyed.  The  seeds  of  annual  weeds  are  chiefly  broi^t  on  the  land 
in  the  manure  which  ia  made  in  the  yards,  where  the  cittJe  fed  on  hay 
or  straw  awallow  the  seeds,  whldi  pass  through  them  undigesteo. 
They  are  also  largely  sown  1^  tiu  iumar  faimBBU  in  fool  aeed  iriiidi 
he  buys  of  the  seednnan.  ' 

One  of  the  great  advantages  of  itnw,  <A  artifidal  manures,  and  of 
OMnpoits  made  vritii  human  excrementa  mixed  vrith  earths  and  minenl 
■ubatanoes,  is  that  they  introduce  no  weeds  into  the  soiL  It  is  re- 
ported that  in  China,  miere  tiie  dung  of  cattle  is  little  used,  in  com- 
parison vritii  human  excrements,  no  weeds  are  to  be  found  in  the 
ndda;  and  if  more  attention  were  paid  to  the  preservation  of  thia 
highly-enriching  manure,  and  ita  proper  i^licBtion  to  the  aril,  much 
expense  vrould  be  saved  which  is  now  unavoidably  incurred  in  destroying 
weedsL  FcetUng  sheep  on  roots  and  com,  while  tlwy  are  folded  on  the 
land,  ia  anotJier  mode  of  manuring  a  field  without  introdaoing  weeds, 
especially  if  no  hay  is  given  them,  except  dovor-h^  of  the  aeooiid  crop, 
which  is  generally  most  free  from  the  seeds  of  vreeds. 

Ferem^  weeds,  such  aa  various  thiatiea,  docks,  Ac,  are  Toy  difficult 
to  eradioato,  aa\he  roots  strike  de«p  in  the  ground,  and  throw 
fresh  shoots  every  year.   Hw  most  effisotoal  mode  of  destroying  them 
is  to  di»w  than  whenever  the  item  ia  grown  antfieiently  to  pve  a  good 
hdd  of  tiie  crown  of  the  root 

Bemdee  the  common  cou^  gn*,  3Wt>c«»  repeiu,  which  is  the 
peat  farmers  on  light  soils,  thov  are  a  varied  of  plants  which  qiread 
both  1^  tiie  roots  and  by  creeping  along  the  surface.  Of  this  kind  are 
the  dianrent  sorts  of  {mfc&ea,  aa  they  are  provineially  oalled,  whidi 
grow  in  wet  soils.  The  only  mode  of  extirpating  these  last  ia  draining 
and  careful  tillage.  The  most  eflectual  means  of  destroying  oommon 
couch  ia  by  the  foit  If,  after  the  ground  has  been  once  (Aou^ied,  it 
be  f(Mrfced  up  carefully  in  diy  weather,  and  the  tufta  of  ooudi  with 
their  roota  be  exposed  to  the  hot  sun,  thqr  my  be  raked  off  and 
burnt. 

There  are  many  other  weeds,  both  in  arable  and  paatare  laud,  whWi 
indleato  slovenly  enltuH^  and  iriiidi  diamMar  on  carrfol  enlttvataon; 
audi  are  briars,  furse,  broom,  and  rushes ;  the  hwt  being  b  mil-known 
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sign  of  Bupenbundftut  moisture,  and  only  to  be  deato)^  by  under- 
dniniiig.  The  whole  proeeiB  tn  eultiTfttion  ia  s  oontinual  sbrugg^ 
between  the'&nner  aiul  the  weeds  n&taral  to  the  loil  he  oultivstee. 
The  Moner  he  subdues  them  entaroly,  the  leas  will  be  his  subvequcat 

tnwUe:  and  the  pesfeetion  (rf •grisoltan ii  to  ^odnoe  onp"  ^ 
yegotables  u  are  oaefnl  and  |xx^tohle,  and  are  suited  to  the  eoil  whloh 
is  onltivated,  while  aU  othen  are  excluded  which.  m%ht  mterfera  with 
the  crops  to  be  tailed.   The  almoet  univenal  adoption  of  the  sritem 

of  drilluig  and  hoeing  the  crope,  tends  greatly  to  the  deatrucuon  of 
uaekm  planta  on  arable  land;  much  yet  may  be  done  by  way  of 
impiroving  the  produce  of  meadows  and  pastures  by  the  destruction  of 
all  noodoas  and  useless  plants,  and  the  introductioa  of  thoee  which  are 
nntritious  and  improre  the  borba^  whether  depastured  or  made  into 
hay ;  and  nothing  is  so  likdy  to  do  so  aa  a  good  system  of  aMernate 
husbandry,  where  the  best  gnssee  are  cultivated  as  carefully  as  the 
plants  wmch  are  immediately  apfdied  to  the  food  of  man. 

AfiTwitl  Mid  biennial  weeds  are  easily  got  rid  of  in  comparison  wiUi 
those  whidi  have  perennial  roots,  and  some  of  which  increase  the 
batar  the  mwe  the  root*  are  divided.  It  may  be  proper  to  obsam 
that  too  little  attentfam  is  pud  to  the  weeds  in  oar  npland  maadowi 
and  pastures,  many  of  which  are  detrimental  when  they  are  eaten  for 
want  of  better  food.  Of  thia  kind  are  butter-oups,  whioh,  where  the 
cows  are  forced  by  hunger  to  eat  them,  may  be  vety  injurious  to  t^eir 
healtii  and  to  the  production  of  good  nulk.  Aa  these  planta  have 
strong  perennial  roots,  they  take  poaseaeioD  of  xvik  nuust  soils  to  the 
exoluaioQ  of  good  grasses.  When  not  very  abundant  the  plants  may 
be  weeded  out  by  means  of  a  sharp  spud  or  hoe,  and  the  expanse  wlfi 
be  well  repaid  in  the  qualitjy  of  the  hay  or  pasture. 

WEEIK.  This  well-known  period  of  seven  days,  now  univcnally 
adopted  over  the  Christian  and  Mohammedan  world,  appears  to  be  of 
Hebrew  or  Chaldseaa  oriffu.  It  has  been  oommonly  regarded  as  a 
memorial  ot  Oit  oreation  m  the  world,  according  to  the  Mosaic  account, 
inthakspMeof  time;  bat  it  is  bendea  the  most  obvious  and  c<HaTe- 
nient  division  of  the  lunar  or  natural  month ;  and  it  is  also  more 
nearly  than  any  other  short  term  would  be,  an  aliquot  part  ot  the 
solar  year  of  863  days ;  so  that  its  commodiousness  in  these  two  wi^ 
would  seem  to  have  been  auffloient  to  recommend  its  adoption. 

Dion  Cassius  attributes  the  invention  of  the  week  to  the  Egnrtiana, 
from  whom  he  seems  to  say  it  was  borrowed  in  later  times  by  tiie 
greeks  and  other  nations  {'  Hist  Bwn.,'  mtviL  18, 19,  and  the  note  in 
Baimar'a  editi(m).  It  ia  certain  that  the  mA  was  unknown  to  the 
Greeks  of  the  "("W"*'  ages,  and  also  to  the  Romans,  till  it  was  gradu- 
albradopted,  along  with  Chriatianily,  under  the  later  empravnu 

The  curious  passage  we  have  referred  to  in  Dion  Cassius  is  the  source 
of  all  that  is  known  as  to  the  origin  of  the  names  that  have  been  given 
to  the  days  of  the  week.  The  Ptolemaic  amngament  of  the  heavenly 
bodiee,  according  to  their  distances  from  the  earth,  is  in  this  order : — 
Saturn,  Jupitw,  Han,  the  Sun,  Venus,  Mercury,  the  Moon  (Saturn 
being  liie  most  distant) ;  and  it  waa  a  principle  of  the  ancient  astrology 
that  these  planets  predded  in  Uiis  succession  over  the  hours  of  the  day. 
Upon  this  notion,  if  the  first  hour  be  assigned  to  Saturn,  it  will  be  fouiul 
that  the  25th  (or  first  hour  of  the  second  day)  will  &U  to  the  Sun ;  th» 
4Mh  (or  first  of  the  thurd  day)  to  the  Moon ;  the  78rd  (or  first  of  the 
foartikdqr)tollan;  tiie  97th  (or first  of  Uie  fifth  day)  to  Mercuiy; 
the  ISlat  (or  first  of  the  sixth  daj)  to  Jupiter ;  and  the  115th  (or  flnt 
of  the  seventh  day)  to  Venus.  J)ia  Satmni  (Uie  dw  of  Saturn),  J^ia 
SeUt  (the  day  ot  the  Sun),  &0.,  are  aooordingly  the  Latin  designations 
that  have  been  given  to  tjie  days  of  the  wee* ;  and  from  tibwse  have 
beta  fonned  the  modem  names  used  in  difTwmt  countries  either  by 
literal  tmislation  (in  the  Italian,  Spanish,  Frewdi,  and  other  languages 
of  the  Latin  stock),  or  (in  the  Teutonic  tongues)  hj  the  anbstitution* 
in  anne  eases,  for  the  olassical  ^  ot  the  corresponding  ddty  of 
northern  paganism.  Thus,  the  Aeitj  of  the  Old  Suons  most  resem- 
bling Mars,  beiiig  held  to  be  Tiw,  or  Tiu,  the  day  of  Mars  was  sailed 
bj  them,  after  UMdr  emmr^on  to  Christiasityi  Tiwes  daeg,  whence 
our  Tnesdsy  (/ad  probably  also  the  modem  GenDn  SisDstag) ;  for  s 
limilaT  resson  tite  day  Merouiy  reodved  the  name  of  Wodnea  dasg 
fthst  Is,  Woden's  day),  whence  our  Wednesday  (and  the  old  German 
Odinstsg,  for  which  Mittwoche, "  Uid-week,"  is  now  used) ;  the  day  of 
Jupiter,  Thunres  daeg,  at  Thor's  d^  (wheooe  our  Thuis^,  and  the 
modem  German  Donnerstag) ;  and  the  oi  V<nai^  Vtiga  daeg,  or 
Aigs's  day  (whence  our  Friday). 

loon  Cmhoi^  lu)weTer,  lumw  states  tiiat  ilw  idanetary  tiieaiy  fam 
which  tiw  deaondnatioiiB  of  the  dm  the  week  have  thns  hem 
derived  is  itoelf  fouitded  upcm  the  doctrine  of  muidoal  intervals.  A 
hif^ily  ooiiouB  exposition  of  this  idea  has  been  g^ven  by  the  Abbd 
Rensaier,  in  a  Meodr  on  the  Moaio  of  the  Ancinits,  printed  in  the 
'  Mtooires  de  Tt^roaz,'  fbr  Novembsr  and  Deoember,  1770,  and 
August,  1771. 

Itisarematlaldefitotthat  tiie  week  ai  savsn  dm  fs  not  miW  a 
recognised  qpaoe  of  time  In  t2ie  ancient  BrahminleBl  astronomy,  but 
that  the  days  (beginning  with  Soucravaram,  "the  day  of  Venus,"  or 
our  FMd^)  are  named  in  sacceadon  after  the  same  planets  or  heavenly 
bodies  aa  among  the  Greeks  and  Latins.  Upon  this  subject  see  BaillVs 
'  Astronomie  lodionne  et  Oricotale,"  and  various  papers  by  Mr.  Coie- 
bnx^  and  others  in  the  '  Asatio  Beeearchea.'  Tlie  subject  of  the 
lwetisslsodiseuasedbrBdJsn,'DasAlteIndien,'iL  2U. 

ffKHHffKT.n  or  WEHBE  (in  Utin  "  Werigeldum,"  and  in  some 


cases  "  ConqKwitio "),  was  a  kind  of  fine  for  manslaughter,  wounds, 
Ac,  in  use  unong  the  ancient  Teutoi^Lc  nations,  by  paying  which  the 
offender,  if  a  freunan,  got  rid  of  every  further  obligation  or  punish- 
ment The  serf  or  unfree  had  no  ri^^t  to  wehrgeld ;  bat  by  a  law  of 
the  emperor  Henry  IL  (10S2)  the  Itmi  of  the  wm  had  a  olahu  against 
the  sla^.  The  punishment  ol  death  was  almost  unknown  among  tiM 
Teut<nuc  nations,  and  was  never  Infiieted  for  dimes  aeainst  individuals, 
but  only  for  crimes  and  misdemeanours  by  which  the  community  as 
Buoh  was  injured.  Taoitui  ('Germania,'  18)  says  that  traitors  and 
deserters  were  hanged  on  trees,  and  that  cowards  and  such  aa  were  of 
infamous  lives  (coi^wv  iitfama)  were  smothered  in  msrshes ;  hurdles 
were  thrown  over  them,  by  whioh  their  bodies  were  kept  down. 
Several  bodies  of  Germans  who  were  boried  in  tint  way,  with  the 
hurdles  still  over  them,  have  been  found  in  the  great  marshes  of 
Northern  Germany.  It  ia  very  likely  that  deatii  inflicted  for  sudi 
crimes  was  leas  a  punishment  than  a  means  of  getting  rid  of  persons 
the  n^t  of  whom  was  a  diagraoe  to  the  community,  and  for  whom 
there  were  no  prisons.  Crimes  committed  one  i^vidual  ^[ainst 
another  were  oonatdered  not  dixeotly  to  concern  the  oommnnitiy.  The 
wounded  man,  or  the  rdationa  of  him  who  had  been  slain,  pursued 
the  culprit  till  they  found  him  ready  to  satisfy  their  vengeance 

S'ving  Uiem  a  certain  number  of  cattle  and  arms.  (Tacitiu,  ii.,  21.) 
the  parties  belonged  to  difEhrent  communities,  the  oonaequenoe  was 
a  feud  tMtwean  them  and  their  adherents,  no  community  having  the 
aU^testauthori^  over  another;  but  if  the  parties  belonged  to  the  same 
communis,  the  matter  was  soMi  settled.  Tka  plaintiff  called  the 
offender  before  the  community,  and  if  the  defendant  was  found  guilty, 
he  was  sentenced  to  pay  a  certain  fine,  the  wehrgeld  or  wehre.  If  the 
defeodaat  would  not  or  could  not  pay,  his  relations  were  bound  to  pay 
for  1dm;  the  father  paid  for  his  childnoi,  the  master  for  bis  serfs,  and 
he  who  received  a  stranger  in  his  house  was  liable  for  the  misconduct 
of  his  guest  ThofJaintiff  was  not  obliged  to  summon  the  offender 
before  the  meetiitt:  he  could  pursue  hii  oausewith  his  sword,  and 
thus  compel  the  defender  to  pay  the  wehrgeld,  which  was  always  pro- 
portionate to  the  offence.  U  the  cause  was  brought  before  the 
oommuni^,  the  plaintiff  only  received  part  of  the  wehi^eld ;  the  com- 
munity, or  the  king,  when  there  was  any,  received  the  othw  part 
(Tadtus,  ti>.,  12.)  The  part  paid  to  the  community  must  be  considered 
as  a  fine  for  the  breach  of  peeoe,  and  the  oonsequence  of  the  reciprocal 
obligation  of  the  memben  ni  tite  ootnmunity  to  maintain  order.  If 
the  wehrgeld  were  not  paid,  the  rif^t  of  takm^  personal  reven^  was 
resumed.  Laws  therefore  were  paswd  enabling  the  oommonm  to 
enforce  a  wehrgeld  even  when  toe  defaoltar  was  unable  or  refused 
to  pay. 

We  lean  from  the  written  laws  of  the  Teutonic  nations  that  the 
was  for  various  crimes  and  misdemeanours,  such  aa  murder, 
>,  inflietitm  of  wounds,  and  grievous  bodily  harm,  roUiery, 
theft,  inceodisrisni,  plagiaty,  rmpt,  sodmny,  Torbal  and  real  injuries, 
and  several  others,  such  as  the  violation  <d  a  grave  ('  Lex  Saliea,'  tit. 
xviL),  by  whioh  is  understood  not  only  the  injury  dcoie  to  the  tomb, 
such  ss  taking  the  tombstone  from  one  grave  and  putting  itj  on 
another,  but  also  stealing  a  deed  body,  or  its  clothes  and  ornaments. 
The  general  Latin  name  for  the  fine  paid  for  such  crimes  is  "  com- 
poaitio wehrgeld  designating  merely  tho  fine  for  a  crime  committed 
■gainst  the  persm  of  a  freeman.  The  amount  of  tiw  fine  was  in  pro- 
porticm  to  the  nature  of  the  crime,  to  the  loss  of  property  or  damager 
resulting  from  it,  and  it  varied  accordinjc  to  the  rank  of  the  injured 
parson  as  well  aa  of  tiie  otbnder.  In  case  of  theft  or  damage,  the  fine 
did  not  exclude  either  the  restitution  of  the  stolen  object  or  cf  the 
damaged  thing,  it  possible.  In  England  the  laws  relating  to  wehrgeld 
received  many  modifioationa  from  Alfred  downward. 

The  wehrgeld  was  not  the  same  amooe  the  different  Teutonic  tribes, 
as  may  be  seen  by  a  comparison  of  th«r  laws.  The  laws  of  the  Anglo- 
Saxons  deserve  particular  attention.  Mr.  Kemble  calculates  that  in 
Kent  the  wehrg^  of  the  noUe  was  880  sUUinn,  and  of  tiw  freeman 
(or  eenrl)  180  ■tiillingit.  in  STorthambeiland  It  seems  to  have  been 
somewhat  higher.  In  Weasex  that  of  the  freeman  was  200  shilling 
and  the  noble  1200.  The  d«gy  were  rated  high—  an  archbishop  wiui 
a  prince,  a  bishop  with  an  ealderman. 
(Eicbhom,  De¥taAe3laat$  vndJReuMt  OttdiichU;  Kemble,  Baiumt 

WKIGHING-MACHINE  is  any  contrivance  by  whkh  the  weight 
f>f  an  object  may  be  asoertsined.  Under  Balaxci  the  prind^es  of 
the  madunes  1^  which  materials  of  comparatively  small  magnitude  are 
weighed  are  explained.  The  scales  with  equal  arms  and  equipoised 
wdghts  require  no  further  duddation ;  but  a  short  notice  may  be 
g^ven  of  scone  others.  The  ttedgard  is  a  kind  of  balance  or  wei^^ing- 
machine,  consisting  of  a  lever  of  unequal  arms.  The  most  common 
kind  of  stee^ard,  iriiich  is  often  called  the  Soman  balance,  la  a  lever 
<d  tiw  first  ordsr,  snd  is  nsed  by  saqtending  the  article  to  be  wdghed 
from  the  end  of  tiw  riiorter  arm,  and  shding  a  drtennlnste  wdgbt 
along  the  longw  arm,  to  a  greater  or  less  diataaoe  from  the  fulorum, 
until  the  instrument  remains  in  equilibrium  in  an  hoHocntal  position ; 
the  weight  ot  the  substance  attached  to  the  short  arm  of  the  lever 
being  indicated  }sj  observing  the  position  of  the  moveaUe  balaaoe- 
waig&t  wiUk  remeot  to  a  graduated  acale  maiked  upon  the  Itmg  arm  <rf 
the  steelyard.  In  the  oommon  steebard  a  hook  ix  hodn  are  mualhr 
suspended  frcm  the  riwrt  arm,  to  hold  tiw  artide  the  wd^  ^  whiiA 
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11  to  bs  awertamad;  but wnwitimH  ft aadoftlate  or  dish  Buqpflnded  ^ 
eboiu  il  added.  The  moveabie  wrig^t  is  ootmnonly  attached  to  a  ring, 
the  fidrm  of  whiob  enables  it  to  rest  In  notches  out  on  the  upper  ed^e 
of  ^  steelyard,  corresponding  with  the  graduations  eograred  on  its 
side.  A  ring  or  book  la  also  attached  to  the  fulcrum,  so  that  the 
instrument  may  be  conveniently  bung  upon  a  fixed  support,  or  if  small, 
held  in  tbe  baud ;  and  a  verUoal  index  or  pointer,  similar  to  that 
attached  to  tbe  beam  c£  common  kmImb,  is  BomeUiofla  added..  The 
fulonim,  and  the  axis  frrau  vhudi  Qib  wcjght  Ib  suspended,  ehould, 
when  much  nicety  is  required,  be  provided  with  knif^  edges  or  beaf- 
iaga  resembling  tiiose  used  i^  other  lever-batanoes.  Many  steelyards 
are  supplied  with  a  second  fulcrum ;  the  two  being  placed  at  difiereut 
distances  from  the  pomt  to  which  the  hook  or  soile  is  attached,  and 
having  their  reqteotlTc  polntenaodaaspeDdios-books  on  opposite  udes 
of  the  lerar,  or  mther,  when  held  in  w  position  for  use,  one  above 
and  tiie  oUier  below  it,  as  diown  in  the  foUoiriiig  cut  of  an  ancient 
Roman  atetolyard.  In  using  a  steelyard  of  this  kind,  c^>aUe  of  weir- 
ing from  ode  to  sixty  pounds,  the  fulcrum  which  is  nearest  to  the 
middle  is  used  if  the  article  be  under  fifteen  poupds;  while  if  it 
exceed  lhat  weighty  the  instrumeqfc  must  be  inverted,  and  suqwnded 
from  the  fulcrum  which  divides  the  lever  most  unequiu^. 

Sevend  ingeUioua  bent-lever  hatonows  have  been  oontrived,  some  of 
wluoh.  from  the  oircumMtanoe  of  the  lerers  being  of  imequal  aro^, 
reaemble  the  steelyard  in  prinaple;  and  various  modifications  of  the 
steelyard  have  been  inv«ited  for  deUcate  scientific  purpoeee,  or  for 
adapting  it  to  the  purpose  of  weighing  very .  heavy  bodies.  Of  the 
latter  class  is  that  which  is  employed  usually  at  the  toll-gates  on 
roads  for  the  purpose  of  dfltenninlng  the  wei^ts  of  laden  carriages. 
In  order  to  twerent  the  roads  from  being  too  much  cut  the  burdens 
allowed  to  be  eonveyed  along  them  by  carts  or  waggons  are  made  to 
depend  ao  the  breadth  of  the  wheels ;  and  a  fine  is  imposed  for  any 
excees  abofre  the  regulated  quUitity. 

The  usual  weif^ing-machine  may  be  deeoribed,  in  a  general  wi^,  as 
a  platform  sank  on  a  leTel  with  the  road,  and  made  to  rest  at  four 
points  on  a  dOuUe  lever  of  the  second,  kind.  The  extremities  of  the 
anns  of  these  levers  nst  uptm  ft  third  lerbr.  which  be  the  first 
(vseeoodldnd;  and  tiiia  itat  larer  magr  eitiarierve ai  a  lAeelyard,  or 


2  feet  deep,  the  sides  and  bottom  beiiw  lined  with  brickwork  or  iron ; 
and  let  1[  K  B  <  represent  a  lougitudii^  section  of  the  pit  perpeniitcu- 
larl^  to  the  ground :  abed,  o^Z'e'a'  are  two  trapezoidal  framea  of  iron, 
actmg  as  leram;  and  each  of  the  mde  bars,  as  ac  or  bd^  the 


AbdMt  Boaan  itce^an^  totnd  at  Fonpeil,  with  port  of  tbe  bMia  and 
iaaeriflian  do  a  larger  Kale. 

may  be  connected  with  one  am  of  ao  ordfantT  tMhaws.  «  with  the 
extiemity  of  a  stedyard. 

^,"1^^ P*'^^'°°^' 1^  A  B  0 1>  ^  ^  pha  of  a  iwlmwtt^ 
■DflklB  the  gnrndd,  frcn  6  to  IS  fsrt  loi«  0  feat  bmd,  and  ab^ 


vertical  positioh,  the  form  ivUeh  la  tvpres^ted  by  dc,  a'tf  in  tile  sec- 
tion. M  each  extnemity  a,  1,  a',  b',  in  the  plan,  the  ftuues  have  a 
conical  steel  point,  wbli^  appears  at  a,  a'  in  Ute  aectioti ;  this  restfl  in 
a  heUlqiherical  cavity  itlaae  in  a  die  or  e^inder  of  the  tame  metal, 
whlbh  Is  either  Attached  to  t)it  iron-work  fbnoiii^  the  sides  of  the  pit, 
or  ie  supported  on  a  block  of  atone  sunk  in  the  ground  at  each  of  the 
four  interior  angles :  and  under  the  diorter  side,  cd  or  tfg,  of  eadi 
frame  there  is  A  iire<i^;e-like  prism  of  tempered  steel,  having  ita  edge 
parallel  to  tiiat  aide.  The  ends  of  these  prisms  Aj^fiear  at  v  and  tf  in 
the  eection. 

The  bar  ?Q  ia  an  iron  lereT,  wfaidi  ih  tbe  above  dlagnitt  is  of  Ule 
second  kbid,  having  at  P  a  pin,  mn,  like  that  of  a  faAlance,  turning  in 
two  steel  rings  on  a  pillAr  of  stohe  smik  in  ^e  ground,  or  of  i>on 
resting  on  the  bottom  of  the  box ;  a  sted  pin,  pq,  formed  also  like  that 
of  a  baktice,  with  its  bdeo  upnards,  passes  through  the  bar  pq;  and 
upon  this  rest  the  edgea  of  the  prismB  at  ed  and  as  shown  In  the 
section. 

The  platfoml  Bupportiiig  the  eaniage  whbdt  is  to  be  wrighed,  and 
Which  it  repreeented  at  mh  tn  the  sectjon,  has  below  It  four  iron  feet, 
dF  which  two  appear  at  x  ahd  t  ;  and  the  uhder  aurhces  ot  theae  ftet 
are  formed  With  uenuspherical  cavities  which  rest  on  the  potnti  of  four 
cotiici^  stMl  pins  at  t,  v,  f,  u',  on  the  two  lever-frames ;  eonaoquealiy 
the  weight  on  the  platftmn  pressing  at  Uiese  four  poibls,  the  priBms  at 
ed,  c'd!',  are  forced  down  upon  the  pin  pqi  and  this  last  then  presses 
down  the  extremitj^  q  of  the  lever  PQ.  This  lever  itself  may  be  made 
to  act  aa  a  steelyam ;  or,  by  a  rod  or  chain,  the  extremity  may  be 
connected  with  one  arm  of  a  balance  or  steelyard  above  the  tttadiide ; 
In  either  case  the  weight  of  the  carriage  may  be  ascertained. 

It  Lb  evident,  from  the  nature  of  the  lever,  the  preesbre  of  the  plat- 
form itself  being  balanced  by  a  constant  weight  at  q,  that  if  w  reprflMBt 

the  weight  of  the  carriage,  v.tl.—  will  expreea  the  prasore  at 

ae  pq 

or  the  weight  by  which  that  of  the  carriage  is  determined ;  and  this  is 
ind^>endent  of  the  power  obtained  hy  a  steelyard  which  may  be  con- 

cectedwithq.  If  1.' =  i- and^  =  i,  a  w«ight  equal  to  10  pounds 

ae    14      pq  16 
at  q'  will  balanoe  a  wei^t  equal  to  1  ton  upon  the  platform. 

The  S^ng  Balance  is  a  machine  in  which  the  elaslicit^  of  a  q>ring 
of  tempered  ated  is  employed  as  a  means  of  measuring  weight  or  force, 
nie  name  is  most  oommonly  api^ied  to  machines  for  tbe  fomw  pur- 
pose; those  em^oyed  to  asoertaiu  the  muacular  strength  ai  tbm  and 
animals,  the  amount  of  power  required  to  move  a  eaniage  oraboait, 
or  any  other  force  apfwed  In  the  form  of  a  pull,  btung  called  dynar 
monwten.  [Dtvamokkteb.] 

One  of  the  aimplest  kinds  of  qving-balanoe  is  Uiat  which,  when 
employed  ps  a  weii^bing-mochine,  is  known  as  the  spring  or  pooket 
Meelyard.  It  oooaiBts  of  a  helical  qning  formed  by  bcoding  a  steel 
whe  ^inlly  xonnd  a  tgdindiioal  mandril  or  axis,  so  h  to  form  an 
extensive  seriea  of  convolutions.  This  spring  is  placed  in  the  uderior 
of  a  tube  of  braas  or  iron,  dosed  at  both  ends :  one  end  of  the  qtring 
abutting  against  the  [date  whkh  oloeee  tiw  lower  end  of  the  tube.  A 
rod,  having  a  hook  or  loop  at  its  lower  exfzemity,  to  hold  the  article 
to  be  weired,  passes  through  a  hole  in  tbe  bottom  of  the  taibe, 
sad  up  tin  uistde  of  the  spring.  At  the  ■awMt  end  of  this  rod 
is  a  small  plate,  wliich  slidas  up  and  down  like  a  piston  in  the 
tube,  and  rests  upoA  tbe  nppir  or  free  end  of  the  qptins;  thsnl^ 
oausfaig  it  to  ooBapae  vrinn.  a  heavy  body  is  attadied  to  Um  hook  at 
(be  bottom  of  tiie  didinffTod.  ThemaflUmbwvportBdbyBMMof 
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ftliaolcarringattaahed  to  the  uppor  pud  o{  the  ta)»;  miUbt  «xtalit 
ot  the  motion  of  tbe  s^ing,  and  oooaMuently  veight  of  tiM  body 
nqMnded  from  it,  are  ituUdfti^d  bj  Uu  dcigrm  to  vhjob  tha  rod  is 
drwm  out  of  the  tube.  For  tiiia  porpoae  »  graduated  scale  is  «agnT«d 
npcna  tiio  rod ;  the  dirinons  indicating  thp  extent  of  oompreesion  pro- 
duoed  in  tbe  spiing  by  the  si^Ucstion  of  knows  wei^ta.  3e¥flral 
Bpiing-balances  on  ttus  same  principle  are  made  for  varioas  purposes. 

town  as  Saltar's  boiinoa  has  a  brass  ^at^  aWaehisd  to  thp  tubp 
or  (^linder,  vitfain  i^iiob  tlw  spring  is  epaosad,  snd  a  Twtioal  slit 
lAmmgh  the  plate  and  tubs.  A  scale  is  engrayed  on  tbe  bpe  of  the 
braaa  plate,  and  the  weight  is  indicated  by  a  pointer  which  moves  up 
and  (£nrn  with  the  spriag,  with  whiojt  it  is  connected  through  the 
vartLoal  sl^  in  tha  tube,  tfartin's  "ini^  weigbing-piachine "  acts 
Dpon  the  same  [ainctple,  but  has  a  oiroular  dial-j^ate  and  »  reTolyisg 
imiiiliii  III  indini, fwnimhlins  tha  b»adot  atdook.  Ontbeaxisof  ths 
mdax,  but  St  titia  back  of  tbs  dial-fdato,  is  a  tootbad  inajon,  irbioh  ia 
tamed  hj  a  straight  nek  atUohed  to  the  yartiieal  rod,  which  rises  and 
laS^  with  tbo  firing.  The  index  nnnaiaa  ifi  a  vertipal  position  when 
baianoe  is  qnloadedi  and  deriatea  mora  or  lass  txom  it  when  a 
veigiit  ifl  attatiied  to  the  book.  One  advantage  of  this  ooostruction 
is  that  tlu  point  of  ths  ipdes  tnwsrsM  a  much  greater  space  than  tho 
;Miaali,«o  tiiai  »  aaaaU  movement  o(  tlu  iq^ing  baoomes  raadiljr 


Spriog-baUaoes  vith  Mical  swings  are  iH^ied  to  aannl  useful 
purposes  beaidea  t)ufc  qf  afMertainipg  ^le  weight  of  bodies.  A  tpnog 
of  ibis  cbaraet«r  is  sompJgnjpH  used  tp  hold  down  thp  lever  of  the 
aafety-valve  in  a  steami^igine  boiler,  tbe  movement  of  the  index 
also  iiifiwing  the  praaaun  of  the  etaap}.  SucJi  an  ai^wratus  is 
useful  in  a  locomoixra  aq^ine,  tiu  tf'A'"!^  moticai  of  which  might 
dersoga  a  t*1to  loaded  witli  mf>ysab]e  wei^its.  A  heliical  spriug- 
balanoe  foniw  also  a  good  oabIe-Bto[q>er.  When  af^diad  to  the  measure- 
ment of  muscuW  foroe,  tbe  tractive  power  of  a  locomotiviB  carriage, 
Jbc,  iDoe  end  of  tiia  cylinder  in  which  the  spring  is  enclosed  ia  made 
luft  to  an  immoveable  object,  a)«d  the  power  to  be  measured  is  applied 
to  the  aliding-rod.  If  used  to  aaoertain  ttu  force  neoeesary  to  dmw  a 
oaniagB,  tfie  apriog  is  plaoed  batwam  the  carriage  to  be  drawn  and  the 
power  employed  to  dnw  it.  In  using  a  spring-dynammneter  im  this 
purpose,  eepooial^  when  the  canisge  ia  moved  by  animal  power,  some 
inoonTeuissoe  is  ocoaeionad  the  vibration  of  the  index  widi  every 
trifling  variation  in  the  force  apjdied,  to  remedy  wUch  Hr.  9.  R- 
Fahner  contrived  an  i^patatus  in  which  the  quick  vibration  of  the 
i^iriog  is  ohec^ed  means  of  a  piston  moving  in  a  cylinder  filled  irith 
od.  A  -my  nanow  apsoe  is  alhnred  for  the  oil  to  pass  betaraen  tiie 
«dge  of  the  piston  «ad  the  eylin^,  so  that  a  oont^laralde  naistanoa  is 
.ifpfomi  to  the  motioD  of  we  piston  and  the  wrings,  ani  the  index 
consequently  represettts  the  mean  amomd  of  ioraa  ai^liad  withmit 
being  affected  by  sudden  variations. 

The  iogeuDiu  method  adopted  by  3Cr.  Martin  for  transmitting  the 
atofciQU  ol  a  £prijjg  to  an  index  moving  upon  a  oii^ular  dial'^tlste,  ia 
ap^ieahle  to  ming-balanoee  of  other  than  the  heUflal  oonitruotijon.  It 
waa  UBsd  21.  Huiin,  a  E^rench  gmtleman,  vho  was  rairarded  by  the 
Sooisty  of  Arts,  in  1780,  for  an  i^iparatus  for  showing  at  oae  view  the 
weight  of  an  object  aooording  to  several  diSbrent  scales  or  systems  of 
wei^ts.  ^ie  machine  whioh  is  described  and  figured  in  the  ninth 
volume  of  the  Society's  '  TransactiouB,'  oonsiBtB  of  a  dial-plate,  on 
which  an  marked  several  ooncaotrio  ciroleii,  divided  aocording  to  the 
systems  <tf  weights  used  in  different  oountrira,  and  an  index  moved  b^y 
a  rack  and  jniuon,  as  before  daseribed.  TiM  sptiag,  instead  of  bdsig 
of  a  helioal  form,  is  aemioircular ;  its  apper  extremity  bung  fixmjy 
aittaohed  to  the  back  of  the  dial-plate  by  means  of  screws,  while  ite 
lower  end  is  attached  to  the  hook  whitdi  carries  the  weight,  and  the 
sliding-iack  by  which  the  index  is  moved.  Marriott'e  patent  weighing- 
maohine  is  similar  to  that  of  U.  Haoiu,  but  tita  apriog  is  a  perfect 
ell^pms,  with  it*  longer  axis  laid  horizontally.  The  atem  to  wbiob  the 
ring  fiw  holding  the  apparatus  ia  attached  ia  fastened  by  a  nut  and 
Bcrew  to  the  middle  of  tha  upper  side  of  the  spring ;  and  the  rack, 
with  the  hook  which  holds  the  article  to  be  weighed,  to  the  correepond- 
ing  point  on  the  lower  side  of  the  s^ing.  The  spring,  rack,  and 
pimob  are  enclosed  in  a  drcular  hvt  at  the  back  of  the  dial-plate,  the 
perii^b»ry  of  which  serves  as  a  at<^  to  [srevent  the  spring  from  being 
pveistrained.  A  similar  S{i2»ratus,  contrived  1^  IL  Begniw,  has  been 
used  as  a  ^namometer,  as  wall  as  a  »gMffring-infK^ji*fti 

A  scale-plate  or  dish  may  be  added  when  neceasary  to  any  of  the 
wring  weighing-machines  which  have  been  described.  On  account  of 
the  abaenoa  of  weights,  and  the  great  simplicity  of  their  application, 
(|>riDg-'baknoss  are  useful  in  coses  where  extreme  accuraOT  ia  not 
required,  espennally  whan  a  portable  woighing-maohine  is  desirable- 
Maohiaes  for  asontsining  the  wei^t  of  theliaman  boik are  often 
made  on  this  ^inciple,  a  kind  of  ohair  Totiag  su^aodea  frun  the 
spring. 

WEIGHT.  There  is  notiiing  to  say  on  the  feeling  of  weight  after 
what  has  been  said  in  Pbzbsqbs  ;  nor  is  it  posmble  to  give  any  idea 
whioh  will  be  half  so  good  as  that  which  presents  itself  in  raiMog  a 
heavy  body  fnan  tha  ground.  Tbs  measure  of  w«ght  is  weight  itself 
[fiAUifosJ,  and  two  weights  are  equal  which  oounterpdse  each  other 
when  {daoed  at  the  ends  of  equal  arma  of  a  self-poisinK  lever. 

The  wflii^  of  a  body;  tiut  is,  of  a  givoi  bu^  cfknown  sujbstsnoe, 
is  nfsnmd  to  that  of  wator  by  what  is  oalled  tbe  Bncino  Outztt  oj 


the  ■nbstanoe,'^  It  is  wiidL  for  eiaode,  that  th«  qweUe  gnnlta'  of 
ivory  is  1826,  whtti  that  of  water  ii  IQOO.   This  mmna  that  any  bulk 

of  ivory  is  jaon  weighty  than  the  same  balk  of  water  in  the  proportias 
of  1826  to  1000.  When  the  specifio  gravitgr  of  water  is  called  1,  that 
of  ivory  is  l'S26.  Siooe  a  thoussod  ounces  avdrdupois  of  water  are 
ttsfu-ly  a  oubio  foot,  a  more  popular  notion  of  the  meaning  of  sppcifio 
gravity  may  be  given,  in  this  wiv  To  say  that  the  specifio gnvi^ol  a 
substanoe  is  1-8S6,  that  of  vator  being  l,ia  to  iw  that »  onbie  foot 
it  wd^  1*826  X 1000,  or  1826  ounces  nearly.  Aore  ooiTeetly,  bom 
1000  times  the  speciflo  grsvit;^  (water  being  1),  subtoust  three  times 
that  specific  gravity,  and  add  ita  78rd  part :  the  last  step  may  be  left 
out  for  common  purposes  ^Thus,  the  spisoiflo  gravity  being  4*817, 
4-817  X  1000  ~  4-817  x  8  is  4802-549,  the  number  ^  ouncea  i^  a 
cubic  foot. 

But  it  is  to  be  remembered,  when  weight  is  to  be  veiy  accurately 
taken,  that  everybody  is  buoyed  up  to  a  certain  extent  by  the  air ;  ana 
the  wdght  of  a  body  in  air  is  less  than  it  would  be  in  a  vacuum  by 
the  weight  of  its  own  bulk  of  air.  "Nov  the  air  varie?  in  weight  [AiBj 
in  a  manner  which  may  be  ascertained  nearly  by  the  indicationa  of  the 
barometer.  Properly  speaking,  it  varies  in  a  manner  depeudipg  upon 
the  euperinoumbent  pressure,  the  temperature,  and  the  quantity  of 
moisture  contained  in  it>  A  hundred  cinilc  inohcactfdiyafr;  when  the 
barometer  is  at  80  inohes  and  Fklirenhait's  thermometu-  at  60°,  weigh 
81'0I2  grains.  In  measuring  standards  of  weight,  therefore,  close 
attention  must  be  paid  to  the  state  of  the  sir  at  the  time  of  weighing 
and  to  the  substwioe  weighed.  If  an  irop  weight  balance  a  wooden 
one  in  a  given  state  of  the  atmosphere,  for  that  very  reason  there  can- 
not be  stnot  equilibrium  in  any  other  state  of  the  atmondure ;  wood 
being  at  least  seven  times  as  biuk^  as  iron,  the  eStet  produosd  on  the 
weight  of  the  wood  by  the  slteiation  of  the  state  <^  Uie  air  Is  at  least 
seven  times  as  much  as  that  produced  on  the  iron. 

WEIGHT  OP  THE  AIR.  [AjR.] 

WEIGHT  OF  THE  EABTH.    [Easts,  Mkah  Dknsitt  of  thb.] 

WEIGHT  OP  OBSERVATIONS.  This  artjole  is  only  for  the 
reference  of  the  mathemati(»l  student ;  in  Meah  will  be  found  as 
mnoh  of  it  as  an  arithmetician  can  use  1^  rul^. 

This  term  was  first  api^ed  in  Uie  maqner  stated  in  the  article  Meut. 
An  obasrvsr  decided  the  relative  merit  of  his  observations  by  his 
unasaiated  recollection  of  the  itojiresBion  madp  by  the«n  upon  bis  mind 
at  the  time,  and  affixed  wightt  to  them ;  ^bat  is,  supposiDg  a^,  Ac., 
to  be  the  n  xssnlts  of  observation,  he  attached  numb^  Cj.  e„  pro- 
portional to  their  presumed  goodness,  and  used  2ca-^2c  instead  of 
Sa-7-»,  for  the  aversge.  Instead  of  0.,  e,,  Ao.,  any  numbws  wopor- 
tioiultothm  n>Y  obviously  be  used:  and  in  applying  the  nigbar 
btanches  of  the  theory  of  probalulitiM,  it  was  found  that  a,  certun 
mode  of  obtaining  c„  c„  i^c,  while  it  gave  the  above  mode  of 
theae  numbers  ia  the  formation  of  an  average,  made  them  sj^dicable 
to  odier  important  uses.  We  here  give  a  tketoh  ot  Ou  mauJns  of  *hift 
method  in  its  simE^nb  parts. 

1.  When  a  number  ot  discordant  obswvations,  mads  und^  circum- 
stances in  ifhi<^.poaitiv0  and  migRtive  errors  are  equally  likely,  do  not 
differ  much  from  wsh  other,  and  when  it  is  esceedingly  uiwkely  that 
the  truth  can  differ  much  from  the  observations,  it  may  be  preaumed 
that  the  chances  of  the  error  of  any  one  of  those  observations 
lying  between  x  and  z  +dz,  and  between  a  tfid  h,  are  severally  of 
the  mrms 


r-"'tia!  and 


^/-:/:« 


where  c  is  a  ocnstaot  dependent  on  the  goodness  of  the  oiHerraUons, 
and  r<=3-14158 . . .,  «=2-71828. . . .,  as uanaL  Evenif  thisbwof  enor 
do  not  exist,  it  is  foimd  that  the  treatment  of  a  aauidavbie  mmber  ^ 
obscrvatwnt,  whatever*  may  be  the  law,  ia  reducible  to  the  same  mice 
as  those  derived  from  tins  law,  whioh  is  now  universally  assumed 
by  those  observers  who  af^  the  theory  td  probaUhties  to  *h^r 
results. 

2.  The  GODstaiit  e  is  caUed  the  of  the  obasnrations,  and 

depends  upon  the  various  oiroumstonow  vdtich  determine  their  good- 
nesB  or  badueas.  Tbo  greater  it  is  the  better  the  olasa  ol  obnrva* 
tions  to  which  it  applies.  It  is  sf^iroximately  found,  ior  a  given-  cloas 
of  obeervatiixis,  as  fdluws Subtract  each  of  the  observations  &om 
their  mean,  and  let ^  Jcc,  be  the  results ;  then  c=«.^S3  A  The 
sum  of  theaquarea  <tt  the  depagtowia  Aom  tiw  avengs  maybe  found 
by  diminfaihing  the  anm  of  the  ■quaxos  of  the  otsenolMMs^  « timea 
the  Bquare  of  the  mean;  aod  bddn  doing  .this  any  onraenisntqnantifer 
may  b^  struck  (^froa  all  tba  otiMrvatiais,  psoridad  it  be  abo  stroMt 
off  from  the  mesn. 

S.  The  pTolmbU  eror  is  Hbti,  within  which,  taken  positively  and 
amatively,  there  is  an  enn  ohaooe  an  <d)servati(n  shall  lie.  Thua  if 
thvvbe  aneTenobaaee(abdngthetraereBnlt)for  the  rssidfc  of  an 
obMrvataon  lying  between  a— «  and  A + «,  Hnm  a  is  the  probable  error 
of  an  obearvation.  To  find  the  frafaaUe  enor,  divide  '476936  'hy  the 
square  zoot  of  tlie  weight. 

*  ^lat  la,  provided  this  law  he  mh  as  oanpum  mbh  ou  admit,  h  repre- 
■eoUnff  what  utuallT  takes  pUee  la  hunua  obMrvatloiu.  It  wonld  not  tfp^Jt 
te  sismpK  to  a  eeae  In  wUeh  Oe  largar  flie  anor  the  nuM*  UkS^  waa  It  to 
luqipsn. 
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4.  The  wei^t  of  the  avenge  of  obeerrAtioiu  ia  the  sum  of  the 
weights  of  the  oomponent  obtemtioiM.  II «  obMmtioni,  A,,  ko., 
be  mad^  all  of  the  Bune  vdgjit  e,  tin  aTenge  Ii  SA-i-«,  toe  wd^i 
of  the  aTerase  is  ne,  and  Ha  probable  error  ia  '4769S6-{-  V("c)-  But  if 
the  mijgjiti  oe  difTereot,  say  «,,  e„  Ae.,  then  2tf  A-^3e  is  the  avenge, 
3e  is  its  weight,  and  '47(i9S6-^v'(^e)  its  probable  oror.  In  ^e 
former  case  the  probable,  error  of  tiie  average  may  be  directly  found 
from  the  sum  of  the  Mjuaroa  of  the  reputed  enors,*  by  the  formula 

■67448  V(SO-i-"> 

6.  CtsiarUparibiu,^  probable  nror  of  an  aTenige  vriQl  not  be  In- 
versely as  the  number  of  obaervaliona,  fajut  as  the  square  root  of  that 
number.  If  p  be  Uie  [vobable  error  of  an  observation,  and  p  that  of 
the  aversge  of  »  sudi  observations,  then  p=  -y/n.t.  An  observer  who 
takes  such  a  mode  as  gives  the  {oxibable  error  of  an  observation  twice 
as  great  aa  it  need  be,  must  not  hope  to  indemnify  himself  for  his 
careiesaneBs  by  making  twice  as  many  observations  aa  would  otherwise 
be  necessary,  but  must  make  Jbur  timet  aa  many. 

8.  If  p  be  the  probabla  tarar  of  an  obBantion,an  average,  or  other 
remit,  the  followmg  talde  will  be  suffiuent  to  oonneot  ths  probabk 
erics  with  otber  errors,  for  any  rong^  purpose  ol  estimation . — 
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1*» 

10 

•IT 

S-90 

4i 

•84 

1^98 

39 

•00 

1'94 

8 

•SI 

3-05 

99 

■06 
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•I 

•S9 

I'll 

40 

■OS 

1-34 

« 

•J7 

M7 

SO 

•04 

s-so 

•J6 

fit 

100 

•OS 

S-W 

7 

•S8 

S-37 

1000 

•091 

4-90 

This  table  is  to  be  interjnvted  as  follows  : — If  p  be  the  probable 
error  above  mentioDed,it  isl|tol,or8to2,  against  the  errw  tuning 
out  less  than  '79  x  j>,  ukd  it  is  1^  to  1  for  the  error  tuning  out  less 
thanl-2Sxp.   ItisStol  against  the  error 


  leas  than  "ilxp, 

and  6  to  1  for  tta  being  lev  tfian       xp.   It  is  1000  to  1  against  t£e 

error  being  less  than -002  xp,  and  1000  to  1  for  the  error  being  less 
than  4-90  x  p. 

WEIGHTS  AND  UEA8URES.  The  subject  of  weights  and 
measures  is  one  the  actual  state  of  which  is  prosperous  in  toe  inverse 
ratio  of  the  number  of  books  or  tiie  length  of  artibus  whidi  are  writtm 
upon  it.  nwre  is  nothing  in  it  i^iioh  mig^  not,  if  the  meet  natural 
and  nnqde  nrstem  were  adopted,  bo  desoribed  in  a  vety  few  pages. 
We  are  q>eakmg  of  course  only  with  retsrenoe  to  a  r™tfM*  time ;  lor, 
let  that  time  arrive  when  it  may,  the  faivtoij  of  the  pait  moit  be  a 
confused  and  repulsive  subject. 

'  In  the  article  Wexobt,  sc.,  Stahdabd  or,  we  shall  give  some  idea  of 
the  recent  history  of  the  attempts  which  liave  been  made  in  England 
to  secure  a  permanwit  measure  of  length.  These  hare  only  auooeeded, 
at  least  until  very  recently,  somewhiK  fartiier  than  to  toe  extent  of 
making  it  posdble  to  restore  to  the  merchant  a  system  sufficiently 
near  to  that  which  now  exists,  if  the  latter  should  be  lost ;  but  they 
have  all  confeasedly  iaiied  in  perpetuating  sufBcient  ezactmeas  for 
■denlific  pnrposee.  The  same  may  be  said  of  the  French  endeavour  to 
create  a  reoovenble  stuidard  by  the  measurement  of  the  earth. 
[TBiaoKOKETUOAL  ScBVBT.]  So  that  in  fact  we  are  now  oome  back 
again  to  the  dd  notion,  that  the  true  way  to  maintain  a  measnra  is  to 
construct  aocurate  oopies  out  of  durable  material,  and  to  pressrve  those 
oomes  with  care. 

The  measures  of  time  (of  which  we  n>eak  more  parUouIarly  in  Tsab, 
TiUK,  pBBiODB  or  RBTOLunoN)  are  the  only  usual  ones  in  which  i 
natural  standard  exists ;  to  which  we  may  add,  that  in  the  kindred 
operation  of  counting  there  is  something  of  the  same  kind.  The 
phmomeDa  of  the  dauy  revolution  of  the  eartii,  ud  tiw  ten  fli^gm  on 
the  two  hands,  have  secured  to  the  whole  human  race,  above  the  degree 
of  tiie  lowest  savages,  one  mode  of  awiiEnirg  periods  of  duration  and 
large  ooUeotitois  of  number.  But  even  in  these  two  subjects  details 
have  differed  eonudenbly  in  different  times  and  countries ;  and  much 
more  has  this  happened  with  respect  to  measures  in  which  the  choioe 
of  a  standard  is^  purely  arbitrary,  aa  in  the  ease  of  length,  surface, 
capacity,  and  weight.  The  angle  is  another  magnitude  which  has  a 
natural  measure  [Abolb]  ;  and,  as  this  has  nevwbeen  out  of  the  hands 
of  geometers,  a  greater  imiformity  has  prevailed  in  the  measurement 
tA  annUar  magnitude  than  of  any  other  whatsoever.  The  measures  of 
IsngtR  obviously  regulate  thoae  of  surfiwe  and  capacity.  There  is  no 
otlur  way  tA  dining  an  am  or  a  soliditjr,  except  by  desoiildng,  for 
the  area,  lengths,  and  for  the  scdidity,  sumoea,  by  which  the  area  or 
solid  may  be  bounded  in  a  given  manner.  Measures  of  wei{[ht  may  be 
obtained  by  defining,  as  standards,  given  bulks  of  given  substances ; 
and  as  water  is  the  most  common  and  most  easi^  purified  of  all 
subetaoces,  it  has  beat  choeen  by  ocanmon  ocmsait  as  the  referee  for 

•  The  departarci  than  the  average  aton  OMitlaaed:  the  average  being 
taken  tot  the  truth,  then  departures  arc  Uken  for  the  cnors. 


such  standards,  A  measure  of  Iragth  then  is  sll  that  is  wanted  in  the 
first  inatanoe;  and  maafcnatacna,  ancient  aad  modem,  have  bam  in  the 
halat  of  refemng  dl  the  resoltiDg  meaauros  to  those  of  length  alona. 

Kevertheless,  tliere  is  no  small  difficulty  in  obtuning  a  comparison  of 
a  measure  of  weight  deduced  from  lengtii  with  one  already  existing,  in 
such  a  manner  as  to  perpetuate  the  Uter,  ii  the  utmost  accuracy  be 
required.  (Eater, '  Construction  and  Adjustment,'  &c., '  Phil.  Trans.,' 
1826.)  8o  that  the  oommisnoners  who  last  reported  on  the  subject 
advise  that  the  ataadaid  of  wnght  shall  no  laager  be  deduoad  from 
that  of  length,  but  shall  be  rimply  a  pieoe  of  metal  or  othtr  durable 
substance. 

It  ia  not  our  object  in  this  article  to  consider  weiglitB  and  measures 
in  a  scientific  point  of  view,  but  simply  to  give  some  historical  aooount 
of  the  measures  actually  in  use,  and  some  tables  of  the  principal  ones, 
anient  and  modem.  There  is  no  aub^ect  whose  histoiy  is  more  dia- 
tincUy  divided  into  three  periods,  ancoen^  middle,  and  modem,  than 
that  of  weights  and  measures.  !%»  ■ndaub  period,  ending  witii  the 
decline  of  the  Bfnnsn  em^re,  during  which  the  classical  Btandarda 
were  preserved  and  employed ;  the  mradle  period,  daring  Triiich,  while 
tlie  names  and  relatums  of  the  classical  measures  wm  jn-eeerved  among 
the  learned,  the  standards  were  loet,  and  the  various  difierenoea  of 
national  measures  bmo  to  exist  among  the  people;  the  modem  period, 
whieh  hardly  begins  bslna  tlw  17di  ocutory,  m  which  the  disOTepaa- 
des  of  natitmal  msaaons  were  noted,  and  uie  vttempts  at  a  system 
founded  upm  natural  philosophy  began  to  be  made. 

The  origin  of  measures  of  length  is  unquestionably  to  be  found  in 
the  parts  of  the  human  body ;  both  their  usual  lengths,  roughly 
mwslung,  and  their  names,  establish  this  beyond  a  doubt  The  foot, 
the  di^t,  the  pahn,  the  span,  the  oubit,  &o.,arein  all  languages  derived 
from  uie  aame  source ;  nor,  in  the  popular  view  at  meaanrament,  do 
they  materially  diffin-  in  lei4;th  :  the  yorti  is  but  a  variety  of  ttte  mid 
rod,  and  has  no  intriuric  mmfaig  |t  is  also  unquestionaMe  that  in 
former  times,  whan  authentio  measures  were  not  so  eerily  to  be 
obtained,  the  hands,  arms,  and  feet  were  much  more  frequentiy  uaed 
than  they  are  at  present,  when  every  woriunan,  however  humble,  is  in 
possession  of  a  measure.  George  Agrioola,  prcaentiy  named,  says  that 
in  his  time  (tiie  beginning  of  the  16th  century)  the  I^eooh  wtakmen 
commonly  measured  a  foot  by  joining  the  extremities  id  the  thumbs 
clenching  the  fingers,  and  keepm^  the  thumba  as  widdy  extended  as 
they  oomd :  "  viugo  pedem  metiuntnr  opifloea  manibus  in  pugaoa 
o(mta*otis  et  pcnreotis  poUidbus  altrineaousque  obversis : "  nor  is  this  a 
bad  measure  of  a  French  foot.  At  what  period  the  slightiy  variable 
measures  derived  £tom  the  living  man  were  first  exchanged  for  a  fixed 
and  lo|^  average  or  other  oonvsBtiuial  valne,  whrthar  among  fhe 
Qraeks  or  Romana,  ia  unknown.  All  that  oan  be  said  ii,  that  none  of 
the  earlier  writers  enter  otherwiaethan  iuoidentaUy  npon  the  question, 
and  that  the  fixedand  legal  measures  were  of  eeriy  date.  Mostauthon 
give  some  litUe  information  u^n  the  subject;  even  the  poets  are 
frequentiy  cited  for  their  sllusions,  fixing  the  end  of  the  ancient 
period  about  the  middle  of  the  6th  century  (simply  because  the  'tdiain 
of  writers  iriio  are  cited  on  anoisilt  weights  and  measures  ends  there), 
and  omUtiiqc  names  as  well  known  as  Homer  or  Virgil,  He^chius  or 
Suidas,  Pliny  or  Vitravius,  there  is  direct  information  on  the  subject 
in  tiie  woiw  or  frsgments  of  Cato,  Cdsua,  Columella,  Dioscoridee, 
Galen,  Hero,  Julius  Fnmtinus,  Julius  Pollux,  Martianus  Capella, 
Hodestinus,  Oribarius,  Palladius,  Pftnlns,  Pomponius,  Priscian  (who 
wrote  expressly  on  the  subject),  Froclus,  Rhemniue  Fannius  (who 
wrote  a  ^em  tai  the  subject,  ofteo  attributed  to  Friaoiaa),  Soiiboiiina, 
Boetiu^Teetus  Pompeius,  Ulpianus,  Volusins  Ibaoianus,  uid  Yano. 

It  may  be  convenient  to  end  the  middle  period  and  commence  the 
modem  with  the  work  of  Lucas  Pstus  (1578),  as  being  the  earliest  of 
the  writers  who  are  frequently  dted  for  success  in  their  attempts  to 
restore  the  almost  ftttgo^eu  values  of  t^e  Boman  measures.  But  this 
middle  period  mi^  be  divided  into  that  which  preceded  and  fdlowed 
the  invention  of  printing.  All  that  took  plaoe  in  the  former  part  of  it 
is  a  Uank;  we  know  but  the  result,  namely,  the  (probably  gradual) 
introduction  of  measures  difibring  from  those  of  Rome  in  magnitude 
though  retaining  the  same  names.  Nevertheless  thewritm,  as  we 
have  seen  in  HiLi,  retained,  beodes  a  uniformity  of  expresai<Hi,  an 
intended  uniformity  of  meaning :  if  they  had  not  tiie  Roman  foot  and 
mile,  tb^  thought  th^  had.  Whoi  the  German  mile  was  introduced, 
wUcb  was  about  fom-  Roman  miles,  the  latter  were  called  Italian 
milea.  An  abnndaaoe  of  passagee  might  be  cited  from  writen  of 
diflTerent  countries  about  the  beginning  of  the  16th  century,  whan 
books  began  to  be  plentiful,  all  ocanciding  in  requiring  the  f<jlowing 
explanation,  namely,  that  the  learned  had  among  themselves,  or 
believed  they  had,  a  system  of  measures  in  terms  of  which  th^  o<mi- 
munioiAed  with  each  other,  not  reoogoising  nor  in  any  wi^  alluding  to 
the  common  'or  vernacular  meaaaxM.  Ii  ia  our  ai^poaitiai  thai  this 
system  began  in  ignoranoe  that  the  national  meaaures  raal^  did  difbr 
from  one  another  at  all,  and  was  eontinued  under  the  impremion  diat 
a  common  system  was  desirable,  attaioabUi,  an^  hj  keeping  to  ths 
Roman  measures,  attained. 

As  tluB  point  in  the  history  of  measures  is  not  alluded  to  by  any 
metrdo^st,  and  as  some  of  its  consequences  are  remarkable,  it  wiU  be 
deainble  to  state  some  proofe  of  our  aaanrtiwi.  So  br  as  we  can  find, 
it  vaa  hard^  thought  neceesory,  even  after  tiie  16th  oentuiy  had  oom- 
mmoed,  ana  certainly  not  boSore,  to  mention  the  aeale  of  nMasaras ; 
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the  Roman  ayabem  Troa  taken'  for  granted.  Koger  Bacon,  whea  speak- 
ing of  a  foot  or  a  mile,  compares  atAtementa  of  Ptolemy,  Pliny,  and 
writers  of  his  own  time,  without  a  word  of  suspiuon  that  there  could 
bo  any  difTerence  between  the  eereral  measures ;  though  ifia  own  state- 
ments from  modem  travellers  [Mile]  prove  that  they  had  a  mile 
very  difiEbrent  in  lengtii  from  that  of  the  Romans.  In  the  Qeograph;^ 
of  Lauren tinus  Corvinus  (Basel,  1496),  all  that  ha  aaya  on  meoaures  is 
in  six  words,  explaining  the  dngle  addition  whioh  had  been  made  to 
the  Roman  system  :  "  Itolorum  quatuor  uniciim  miUare  nostrum  mon- 
Burant."  Lebrixa  or  Antonius  Hebriasensis  (' Cosmographise  Intro- 
ductio/  Paris,  1583),  lays  it  down  that  his  own  foot  and  lus  own  pace 
ore  those  of  the  Romans,  he  being  a  man  of  moderate  stature ;  and 
having  once  arrived  at  a  oondu^on  reapectinK  the  Roman  pace,  he 
takes  it  for  granted  he  has  the  proper  foot  of  nis  own  time :  he  adds 
that  he  has  mode  some  verifications  on  itinerary  distances.  This  idea 
of  the  actual  use  of  the  human  members  was  a  very  common  one : 
George  Agricola,  whose  work,  'Do  Ponderibua  et  Menauria,'  was  much 
in  use,  and  several  times  reprinted  (Paris,  1638 ;  Venice,  1S85 ;  Basel, 
1550,  and  perhapa  oftener).  would  almost  seem  to  hint>  in  addition  to 
what  we  hare  already  dted,  that  the  actual  measures  of  his  day,  as 
used  am<mg  mardiAntB,  were  taken  from  the  body:  the  measures  of 
length,  he  says,  are  "membra  humani  corporis,  perticse,  anindines, 
funiculi."  This  can  hardly  mean  that  measuree,  such  as  the  foot,  the 
cubit,  &c.,  were  only  originaUy  derived  from  the  human  body ;  for 
such  an  explanation  would  require  us  to  say  that  the  arando  and  the 
faniaUut  were  names  of  measures,  which  was  certainly  +  not  the  oase. 
The  w(wd  potica  is  ambigaous;  it  is  both  a  pole  and  the  measure 
derived  from  tiiat  pole :  had  it  not  been  from  the  double  meaning 
of  that  word,  we  should  have  been  quite  positive  of  what  we  now  tiiink 
by  Ear  most  probaUe,  namely,  that  Agrioola  means  to  say  that  people 
in  his  time  measured  by  the  parts  of  the  body,  poles,  reeds  or  canes, 
and  strings.  This  work  of  Agricola,  though  intended  to  be  on  the 
weights  utd  measures  of  hia  own  time,  is  in  reality  wholly  occupied  by 
discusnonB  on  the  Qrecft  and  Roman  measures.  He  fa  the  fhvt,  he 
Bays,  who  in  modem  times  recovered  the  distinction  between  the  Qre^ 
and  Roman  measures,  which  had  been  entirely  lost,  or  at  least  never 
mentioned,  by  his  immediate  predecessors.  It  was  not  uncommon  to 
illusbate  tiie  table  of  measures  by  drawings  of  the  human  body,  with 
descriptions  of  the  foot,  pahn,  Ac,  as  in  l£e '  Coamographia*  of  Peter 
Apian,  reprinted  several  times  in  the  first  half  of  tiie  16th  century. 
Ko  other  reference  to  a  stan^urd  of  length  ia  givenj  and  Uie  table  and 
drawings  are  made  in  audi  a  manner,  that  notiiing  but  oar  habit  of 
using  other  modes  of  measurement  would  make  any  one  doubt  for  a 
moment  that  actual  reference  to  the  human  body  is  intended.  The 
complete  table  of  the  16th  century  is  as  follows :— the  breadth  (not  the 
length,  OS  is  particularly  stated)  of  four  barleycoma  makea  a  digit,  or 
finger-breadth ;  four  digits  make  a  pahn  (measured  acrosa  the  middle 
joints  of  the  tbagen) ;  four  palms  are  one  foot ;  &  foot  and  a  half  is  a 
cubit;  ten  palms,  or  two  feet  and  a  half,  are  a  step  (greasus) ;  two 
stepa,  or  five  feet,  are  a  pace  (pasBus) ;  ten  feet  are  a  perch ;  a  hundred 
and  twenty-flve  paces  are  on  Italic  stadium ;  eight  stadia,  or  a  thou- 
sand paces,  are  an  Italic  mile;  four  Italia  miles  are  a  German  mile ; 
and  five  Italic  miles  are  a  Swiss  mile.  It  vrill  appear  most  probable 
from  the  preceding  statement,  that  the  foot  was  considerably  less  even 
thantheanciBntBonunfoot(^ll'6Bn^iahincheB.  The  avenge  human 
foot  certainty  has  not  that  length ;  the  average  foot  of  an  adult  EAglish- 
man  is  10*26  inches.  The  table  just  mentioned,  derived,  as  we  shall 
see,  from  the  Romans  in  most  of  its  ports,  is  founded  upon  a  notion 
which  is  very  near  the  truth  in  a  well-proportioned  mtm,  namely,  that 
the  breadth  of  the  palm  is  the  24tii  part  of  the  height;  the  length  of 
the  foot,  the  rixth  ;  and  the  length  of  the  cubit,  or  from  the  elbow  to 
the  ends  of  the  extended  fingon,  tiie  fourth. 

It  was  the  practice  of  the  16th  century,  in  vriiich  books  were  written 
for  all  Europe,  and  not  for  that  part  of  it  alone  in  which  tiie  writer 
lived,  to  set  down  on  the  page  printed  lines  representing  the  length  of 
a  foot,  or  palm,  according  to  what  the  page  would  admit  The  term 
frequentiy  used  was  "  figuratio  : "  thus  a  long  line  niendbg  down  the 
page,  marked  "  figuratio  pedis,"  means  that  the  length  of  this  line  at 
ths  time  it  was  printed  is  that  of  which  the  author  speaks.  No 
'  instance  was  mtxt  produced  in  which  such  a  line  was  merely  a  repre- 
sentation, put  down  for  the  purpose  of  showing  mibdlvlBimu,  or  in 
which  it  was  treated  hy  any  suooeeding  wriiw  aa  other  than  an 
absolute  facsimile. 

The  figured  foot,  or  paper-foot  aa  we  may  oall  it,  requires  to  be 
lengthen^],  as  an  allowance  for  the  shrinking  of  the  paper.  Ths 
surest  cose  in  which  we  con  accurately  ascertain  in  what  proportion 
this  shrinking  has  taken  place,  is  in  the  plate  of  Dr.  Bernard  s  work  on 
Endish  vdj^ta  and  measures,  in  whidi  a  line  whioh  is  described  as 
7  Eoie^Iah  iiKhea  has  shrunk  to  6  inches  and  |{tha,  or  in  the  proportion 

*  BematkaUa  as  Mng  pnibaUy  the  last  work  la  vhleh  America  U  not 

mentioned. 

t  We  do  not  fbrget  the  eatma,  tnit  tUia  was  only  an  Iwlatod  Italian  measure, 
not  likely  to  be  named  aa  a  teoluUoBl  term  1^  Agrleola,  wrlttnff  In  Fibbos,  and 
putting  all  meuuies  under  four  heads. 

X  We  have  ftmnd  oiu,  in  the  work  of  Neander  (1S35),  in  which  the  ratios  of 
the  measures  are  repreaented  hf  arUtrarjr  llnei.  Bat  as  If  to  show  what  wu 
intended,  the  worda  next  foltowln^  the  llgnred  measures  are  "Haetenus 
pmeontl  somas  nomina  meninninim,"  te. 
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of  42  to  41.  Other  instances  ^ve  smaller*  amounts  of  shrinking :  In 
two  different  copies  of  one  work  we  find  the  difference  between  two 
impreaaions  of  the  same  foot  agreeing  within  j^th  of  an  inch  in  about 
ten  inchea.  It  is  very  unlikely  that,  if  the  ahriuking  had  been  percep- 
tible, two  cojaes  should  have  dirunk  so  equally.  We  adopt  thu  ratio 
of  42  to  41,  and  the  more  readily,  beoanae  the  larger  ulowance  wa 
make  the  more  is  our  final  conclusion  weakened  :  tbii;  final  oonoluaion 
being,  that  the  geometers  of  the  16th  century  used  a  mudti  shorter  foot 
than  the  Roman. 

That  the  mathematicians  just  named  did  use  a  set  of  measures 
among  themselves,  in  order  to  avoid  the  diversities  of  popular  measures, 
is  established  1^  the  expraas  assertion  of  Clavius,  who  died  in  1612, 
aged  75,  and  is  therefore  a  contemp<aaiy  authority.  He  says,  in  hia 
commentary  on  Sacrobosco,  "Bnummndai  sunt  mensnrge  quibua 
mathematici,  maxim^  geometi-ee,  utuntur,  Uathematici  enim,  ne  oon- 
f usio  oriretur  ob  diversitatem  mensurarum  in  voriis  rhombus  (quielibet 
namque  regio  proprias  habet  propemodum  mensoraa)  utiliter  excogi- 
tAnmt  quasdam  mensuras,  qum  cartes  ao  rata)  apud  otnnes  nationea 
haberaitur."  He  then  ^ves  the  same  table  as  that  above.  On  looking 
at  some  of  the  earlier  writers  of  the  16th  century,  we  find  a  foot  whic£ 
is  figured  as  ten  English  inohes  in  length,  after  the  nh»i'«Hfig  of  the 
paper  ia  allowed  for.  First,  Femel^f  who  measured  a  degree  of  tiie 
earth,  speaks  of  the  foot  which  he  used  in  two  distinct  works,  the 
'  Honaloaphterium '  (Paris,  1526)  and  the  '  Cosmotheoria '  (Paris,  1628), 
in  which  last  the  degree  is  described.  In  the  first  work  he  gives  his 
foot,  or  "  figuratio  pedis  gsometrici,"  which  he  says  is  to  be  chosen 
with  great  care,  on  account  of  the  great  diversity  of  measures.  This 
paper-foot  is  now  within  a  sixtieth  of  an  inch  of  nine  inches  and  two* 
thuds  (Englial;),  which,  increased  in  the  proportion  of  41  to  42,  is  nine 
inches  and  nine-tenths.  In  the  second  work,  he  says,  that  five  of  his 
own  paces,  or  those  of  ordinary  men,  make  six  geometrical  paces. 
Now  the  pace  of  an  <»dinaiy  man,  or  two  step^  is  almost  exactiy  five 
En^iah  feet,  which  is  the  double  of  the  r^^ulation  step  of  the  army 
in  England.  Paucton  (p.  187),  from  actual  experiment,  gives  what 
amoimta  to  59  inches  and  7-tenths  English.  At  sixty  inches  per  paoe, 
Femel'a  foot  is  then  iea  inches  (English)  exactiy ;  at  60-7  inchea  it  ia 
9'95  inches.  The  two  descriptions  agree  so  well,  that  Femel'a  foot 
may  be  considered  as  very  well  determined;  nevertheless,  Hoard, 
Cassini,  Montuola,  Lahuide,  and  Delambre  have  all  taken  it  for  granted 
that  by  a  foot  Ferael  could  have  meant  nothing  but  t^e  Parisian  foot 
(12'8  English  inches),  and  have  theref<H«  considered  him  as  having  (by 
accident,  they  suppose),  measured  his  degree  with  very  great  correct- 
ness,  whereas,  in  &ct,  he  is  fiftera  miles  wrong:  Budseua  (followed  hy 
Gloreanus  and  others)  had,  a  few  years  before  (1615),  In  his  treatise, 
'  De  Asse,'  the  earlie^  work  on  Roman  measures,  ko.,  declared  that  the 
Roman  foot  was  the  same  as  the  Parisian ;  and  Ficani^  &c.  seem  to 
have  taken  it  for  granted  that  Femel  followed  Budteus.  They  might 
have  learnt  from  Lucaa  Ftetus  that  this  foot  of  Budnus  was  "  repro- 
bated by  all  as  having  nothing  in  common  with  the  Roman  foot," 
The  treatise  of  Stoffler,  '  Eluoidatio  Fabricse  Ususque  Astrolabii ' 
(Oppenheim,  1524),  contains  his  configuration  of  the  digit,  palm,  and 
foot,  separately,  the  foot  being  also  divided  into  palms.  These  agree 
exceedingly  well  with  one  anoUier,  and  the  foot  on  the  paper  is  pre- 
cisely nine  inohes  and  three-quarters  (En^ish).  Ttua  increased  in  the 
ratio  of  41  to  42,  gives  9'98  inches.  The  author  speaks  of  the  digit, 
Ac.  as  being  the  celebrated  measures  whioh  are  used  by  all  or  moet> 
and  gives  no  hint  whatever  of  his  having  made  a  measure  for  himself. 
It  may  here  be  noted  that  the  English  writers  of  the  period  make  little 
mentwn  of  this  bodc-i^Btem,  and,  when  tixej  do  motion  it,  sometimes 
confound  it  with  the  common  and  popular  tjabem.  Thns  Blun^Uvil, 
in  his  '  Exercises,'  tella  us  that  the  German  foot,  oocording  to  StSfito', 
LB  two  inches  and  a  half  less  than  ours ;  alluding,  no  doubt,  to  tiw  foot 
we  have  just  cited. 

Since  the  '  Peimy  Cyolopeedia '  appeared,  we  have  examined  several 
other  figured  feet ;  for  some  of  which  see  De  Morgan, '  Arithmetical 
Books,'  pp.  8,  9.  The  results  accord  very  well  with  those  givoi  above ; 
and  the  mean  of  the  whole  ^vea  a  foot  of  9'86  inohea.  But  Ferael  and 
StSffler  are  the  beat  authorities,  because  they  are  the  beat  names,  have 
given  the  whole  foot,  and  have  taken  the  greatest  pains  witit  the  suhw 
divisions.  The  mean  of  their  results,  before  allowanoe  for  ehrinking, 
is  97  inchea  :  that  of  the  barley,  presentiy  mentioned,  ia  9'8  inches. 
The  allowance  for  shrinking  is,  as  above  given,  perhaps  too  great ;  and 
9'8  inches  ia,  it  may  be,  as  good  an  estimate  as  can  be  given  of  this 
once  well-known  meaaure. 

There  ia  little  idianoe  to  be  placed  on  the  barl^  atondard ;  nerer- 
theleaa,  this  addition  to  theBomaa  qrstomof  meaaurea  must  have  besit 
made  by  some  irbxt  had  tried  it :  we  can  hardly  suppose  that  writen 

*  We  h&TO  takes  the  one  vhlch  la  most  ^alnat  na ;  In  the '  Fathwar  to 
Knowledge,'  (ISDB;  not  the  work  of  Beoorde  under  that  name,  but  a  trans- 
latioo  from  the  Datoh,  of  which  we  can  find  no  mention  in  hlbliographera)  a 
line  td  wlx  Engllih  inohes,  figured  In  the  tnuialator's  preface,  has  ahmnk  oolj 
hr  one  part  oat  of  alxtj.  With  reference  to  our  hreqaent  sntoeqaent  citations 
flram  this  '  Pathvaj,' ve  may  observe  that  Jeake,  whose  ample  and  laborlooa 
aooonnta  of  wrighta  and  measnrea  (In  his  '  AayiffraaiXayta,  or  ArlthmeUek, 
Burreigtied  and  Bevieired,'  London,  16H,  bntflnldwdin  1674)  makes  him  a 
verj  respectable  witnaea.  oooaiders  it  aa  a  fivst-rsta  autbority. 

+  See  a  dlwnasion  on  this  ease  Invarlons  anmbeis  of  the  *PUloiophiml 
UacaaiBe'  for  1841  and  1843. 
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would  in  all  caatB  earsfullf  state  that  four  gnuDB  of  barley  plooed  aids 
by  side  give  their  fimt  and  lowest  meaaure,  unleaa  they  were  at  leaat 
repeating  a  weU-established  tradition,  founded  upon  an  aotual  mode  of 
mmauremeut.  Acoording  to  thit  mode,  64  graina,  placed  eide  hy  aide, 
ought  to  give  their  foot :  ve  believe  it  will  be  found  very  difficult  to 
m^e  any  barley  of  our  day  give  more  than  10  inohea.  On  trying  the 
firat  grains  we  obtained,  ws  found  tbat,  by  piclung  out  the  largest 
grains,  83  of  them  juat  gave  more,  and  32  lew,  than  five  inches  ;  but 
that,  taking  the  grains  as  they  come,  3S  gave  only  five  incbes.  Not 
wishing  however  to  trust  to  one  trial,  we  prooured  the  Lu^est  apeoi- 
mena  of  barley  which  could  be  got  from  two  different  and  diirtant  parts 
of  Kngland,  and  from  these  apecinienB,  already  selected  aa  choice 
nmptefl,  we  pioked  out  the  largest  graina.  In  a  firat  sample,  33  grains 
placed  side  by  aide  gave  five  inches ;  in  a  aecond,  33  graina  gave  five 
inches  and  ime-tenth ;  in  a  third,  83  grains  gave  also  S  inches  and  one- 
tenth.  And  yet  tbeae  samples  diflered  apparently  in  bulk ;  but  on 
examination  we  found  that  the  lenglkt  of  the  graina  differed  materially, 
their  breadths  vssy  little,  flo  that  the  andent  Knglish  eianuiard 
wliioh  depended,  or  wm  said  to  have  depended,  upon  the  lengths  of 
barley-ooma  placed  end  to  end,  was  not  founded  upon  so  sure  a  method 
aa  that  above  described,  which  depended  upon  the  breadths.  The  foot 
of  64  barley-ooma  derived  from  the  average  of  the  preceding  (rejecting 
that  from  the  smaller  grains  of  the  London  sample)  is  9  inohea  and 
nght-tentha  of  an  inoh,  mther  smaller  than  might  be  supposed  from 
the  oth«  methods  of  judging,  which,  however,  it  must  be  remembered, 
have  been  pushed  to  thnr  utmost 

We  feel  persuaded  from  all  that  preoedes,  not  only  tliat  «t  the 
beglnniiig  of  the  16th  osntury  there  was  no  disUnetion  made  between 
the  measures  of  thn  learned  and  the  Roman  measures,  but  that  the 
Koman  foot,  the  foimdation  of  all,  was  taken  to  be  ocmsiderably  shorter 
than  the  truth,  having  been  probably  recovered  from  the  human  body. 
Long  lifter  the  introduction  of  sounder  notions,  we  see  traces  of  the 
sains  BMi  of  tiling.  For  instance,  in  the  second  edition  of  the  mathe- 
matioal  Lexicon  of  Vitalis  (161)0),  the  fint  edition  (1668)  being  silent 
on  the  matter,  an  article  on  measures  is  introduced  in  which  the  only 
authoritiea  alluded  to  hn  the  '  Dies  Ueniales '  of  Alexander  ab  Alex* 
andro,  in  which  there  is  nothing  but  description  of  ancient  measures, 
and  the  work  of  Ueorge  Agrioola  already  cited.  The  Roman  foot  was 
iMorcred  with  tolerable  ease  aa  soon  as  it  was  looked  for.  Leonard  di 
Portia,  an  Itslian  lawyer,  gave  its  length  from  the  Cc^otian  foot  hwe- 
slter  notiosd;  and  Lucas  Peetua,  another  htwyer,  wrote  elaborately  on 
the  anoient  weights  and  meosuresin  1578.  Thosewbo  would  see  more 
of  &ia  subject  ia  the  I6th  century  must  search  for  the  writings  of 
Aldatus,  Alcasar,  Geo.  Agricola,  Budieus,  Budelius,  Capellus,  Mon- 
tanus,  Mariana,  Lebrixa  (NebrissenBis),  Neander,  Pasi,  Psetus,  Fortius, 
Tillalpandus,  Ac 

As  soon  SB  the  middle  period  is  past,  the  iustory  of  weights  and 
measorea  down  to  our  own  time  oeotes  io  be  Buropeaa,  and,  with  the 
exception  of  those  of  EogUnd  and  Fruoe,  we  need  not,  in  so  diort  s 
sketch  as  the  present,  give  any  very  dose  aooount  of  the  various 
national  measures. 

In  England,  it  seems  as  if  the  standards  were  tolerably  well  settled 
sad  widwy  difiRised  at  so  early  a  period  that  the  writers  oi  this  country 
took  eom^watively  little  notice  of  the  system  whiob  tiie  continental 
uathematioians  used  for  their  own  oommmitoations.  That  the  ear  of 
barley  and  of  wheat  were  actually  used  In  detenoining  the  standards, 
seems*  to  admit  of  no  douW^  The  statute  51  Henry  III.  (a-D.  1266) 
enacts,  "that  an  English  penny,'!'  called  the  sterling,  round,  without 
^P^D?>  should  weigh  82  grains  of  wheat,  well  dried  and  gathered  out 
of  the  middle  of  the  ear;  and  twenty  pence  to  make  on  ounce,  twelve 
ounoes  a  pound,  eight  pounds  a  galton  of  wine,  and  eight  gallons  of 
wine  a  bushel  of  London,  which  is  the  eighth  part  of  a  quarter." 
Again,  17  Edward  II.  (a.d.  1324)  provides  that  three  barley-ooms, 
round  and  dry,  make  an  inoh,  12  inches  a  foot,  fto.  And  the  interpreta- 
tion of  the  older  scientific  writers  on  measures  is  agreeable  to  the 
oommon  meaning  of  the  words.  "  Look  to  the  first  groundo,"  says 
Ougfatred,  "and  principle  of  our  English  meaaurlng,  from  Barley- 
comes."  But  it  is  so  dflSouIt  to  know  how  much  of  tiie  sharp  end  of 
a  bar%*cora  must  be  cut  or  worn  vwof  before  it  becomes  what  was 
called  "round,"  that  this  mode  of  measuring  by  the  Ungtht  of  barley- 
corns is  very  indefinite.  Standards  were  made  at  early  periods  and 
OTforced  by  various  statutes;  one  of  the  eorlieat  is  one  of  Edward  I. 
of  unoertsin  date,  which  directs  that  a  standard  of  busbelB,  gallons, 
and  ells,  shall  be  kept  in  eveiy  town,  agreeing  with  the  king's  measure. 
With  regard  to  the  measure  of  length,  this  oountry  has  bsm  fortunate, 
and  its  standards  have,  for  eommarciol  purposes,  fully  deserved  the 
name.  But  the  measure  of  capacity  [OoLLOV]  remwied  various  in 
spite  of  all  acts  of  Parliament  In  the  year  1660  there  were  three 
distinct  modes  of  determining  a  wine  gallon  :  1,  From  general  opinion, 
which  gave  281  cubic  hiches,  and  with  which,  in  fact,  tiie  gallona  in 
oommoQ  use  agreed,  as  was  proved  by  the  measurements  of  Oughtred, 
Qunter,  Briggs,  and  others.  2,  The  customary  standard  at  tho 
Quildhftll,  which,  though  not  a  legal  standard,  was  considered  as  euch, 
even  by  the  law-officers  of  the  crown,  and  which,  though  in  reality 
only  224  cubic  inches,  was  always  taken  to  be  281  inches.   3,  The  real 

•  -We  do  not  beUcTs  the  story  of  Henry  X.  wdsriBff  that  ths  yaidshonld  be 
«l  the  leagth  ef  Us  ana. 
t  A  ritrer  penny. 


legal  standard,  preserved  at  the  Treaauiy,- containing  282  cubic  inches. 
Oughtred  says  that  the  difference  between  the  ale  and  wine  radlons  is, 
"  tltat  because  of  the  frothing  of  the  ale  or  beer,  tlxe  quanti^  beoometii 
lease,  and  therefore  such  liquors  as  did  not  so  yield  froth,  as  wine,  c^le, 
and  the  like,  should  in  reason  have  a  lesser  measure."  The  Report  of 
one  of  the  Committees  states  that  the  wine  gallon  had  been  gradually 
shrinking  in  edacity,  until  it  was  arrested  at  231  cubic  inches  by  a 
fiscal  *  definition,  lliat  tiiis  value  was  laid  down  by  the  statute  of  6 
Anne,  cap.  27|  is  certain ;  and  the  origin  of  this  definition  (which  is 
inserted  into  a  statute  having  nothing  to  do  with  weights  and  measures) 
seems  to  have  been  as  follows  : — A  littie  after  1700,  an  infOTmatim 
was  tried  in  the  Exchequer  against  one  Barker,  for  having  imported 
more  of  Alicant  wine  than  he  bad  paid  duty  for.  On  the  port  of  the 
orown  it  was  contended  that  the  sealed  gallon  at  Quildtuul  (said  to 
contain  231  oubio  inches)  was  the  standard.  But  the  defendants 
appealed  to  the  law  which  required  that  a  standard  gallon  diould  bo 
kept  at  the  Treasivy,  proved  that  there  was  such  a  gallon  at  the 
Treasury  contuning  282  cubic  inohea,  and  established,  by  the  evidence 
of  the  oldest  persons  in  the  trade,  that  the  butts  and  tu^;sheads  which 
came  from  Spain  bad  always  contained  the  proper  number  of  the  real 
rtandard  galloijs.  A  juror  was  withdrawn,  and  the  law-officers  of  the 
crown  took  no  further  proceedings  except  procuring  the  above  act 
A  better  instance  of  confusion  could  liaidlv  be  imagined  :  the  legal 
gallon  had  gradually  been  diminished  more  than  SO  cubic  inches ;  tho 
merchants  in  one  particular  trade  continued  to  import  and  to  pay  duty 
by  the  real  galioo,  and  were  finally  called  to  account  by  the  attomey- 
general,  who,  in  common  with  the  rest  of  the  world,  bad  forgotten 
what  ^  real  gallon  was,  snd  sued  for  penalties  upon  appeal  to  what 
was  no  more  a  legal  standard  than  the  measure  in  a  private  shop. 

There  is  B(nnetliing  curious  about  the  history  of  the  experiment 
[Qallom]  mentioned  by  Ward,  who  was  an  eye-witnesa,  and  wrote  jiist 
after  the  statute  of  Anne,  when  bis  account  could  do  no  harm.  The 
gallon  was  found  to  be  224  ( WollosbKi  ofterwuds  found  it  to  be  224*4) 
oubio  inches,  thsft  is,  the  sealed  gsUtm  at  Ouildhall :  but,  "for  several 
reasons,  it  was  at  that  time  thought  otmvenient  to  continue  the  former 
supposed  content  of  2^1  cubic  inches."  Tiiis  means,  as  explained  by 
the  Committee  of  1758,  that  the  Lords  of  the  Treasury  direct  aa 
authority  to  be  drawn  for  gauging  aa  cording  to  the  Quildnall  gallon ; 
the  merchants  immediately  petition  to  be  allowed  to  sell  as  they  were 
gauged ;  tiie  coaunissionera  of  customs  do  not  follow  the  order  (which 
however  it  does  not  sppear  was  ever  signed) ;  and  when  the  Lords  of 
tiie  Treasury  take  the  attconey-gmsnU's  opinion  upcoi  it,  they  are 
recommended  to  make  no  obange :  "  For  if  the  usage  of  gauging  is 
departed  from,  he  knows  not  where  we  shall -be,  because  resort  camwt 
be  had  to  the  Bxohequer  for  a  standard  to  which  slmosb  all  the 
statutes  refer;  for  there  is  none  there  but  what  ths  kmg  will  be  vastlj 
a  loser  by."  ■ 

Tlie  old  division  of  the  gallon  into  that  of  wins  measure,  ale  and 
beer  measure,  and  diy  t  measure,  was  not  <»ily  unknown  to  the  law, 
but  even  to  the  writers  on  arithmetic,  till  the  beginuiug  of  the  17th 
century.  Xor  when  Briggs,  Ou^tred,  fee  measured  Uia  gallons,  did 
they  divide  them  into  more  than  two  lunds — for  ale  and  wine. 
Oughtred,  who  measured  pecks,  bushels,  fta,  and  thenoe  found  272^ 
cubic  inohea  for  the  deduced  gallon,  imagines  this  to  be  the  ale  gallon. 
It  was  undoubtedly  the  old  Manchester  gallon,  before  its  content  wm 
a  littie  reduced  by  the  statute  of  16U7 ;  this  gallon  still  continued  in 
use  in  Ireland  ;up  to  the  introduction  of  the  impraial  mwurea;  and 
even  in  England,  as  late  as  1727,  Arbuthnot  takes  it  for  the  existing 
dry  measure.  Perhaps  we  have  the  first  time  in  wliich,  and  the  first 
person  by  whom,  the  distinction  of  the  com  and  ale  gallon  was  made, 
in  the  following  citation  ^m  Wybeid  ('  Taotometria,'  16S0,  p.  266) : 
— "  Now  OS  to  Mr.  Oughtred's  ale  gaUDn  of  272^  indbes,  the  said  llLrt 
Reynolds  "  (John  Reynolds,  a  clwk  in  the  Mint,  often  referred  to  by 
Wyberd  as  a  mathematician  and  experimenter) "  Indeed  allowetii  of 
such  a  Qallon  measure,  but  not  for  any  liquid  thing,  but  for  drie 
things,  as  Come,  Coals,  Salt,  and  other  dry  things  measurable  by  this 
kind  of  Measure,  and  so  calleth  it  the  drie  Uollon  measure  :  and  there- 
upon he  wil  have  to  be  3  severall  Gallons  (or  other  like  Measures),  one 
fur  U'msi  (wbioh  also  serveth  for  oile^  staung-watera,  and  the  like), 
another  fw  Ale  and  Beer,  and  a  tlurd  for  Obnte,  Goaki,  and  the  likeb" 
Wyberd,  rejecting  the  distinction  of  the  dry  and  ale  gall<ms,  made  bis 
wins  and  oIb  gallons  to  he  224  sod  266  cubic  Inches,  by  a  series  of 
carefully  conducted  experiments ;  it  ia  singular  that  a  good  experi- 
menter, with  occssa  to  existing  standarda,  and  as  good  an  experimenter 

*  We  were  WTong,  we  bellovr,  la  ttating  in  Oaixon  that  the  nWm«  fnllon 
was  determliiedbjBlatatesof  1880  nnd  1897  :  theae  related  to  the  other  gallons. 
Bnt  there  la  alatpilar  aonfualon  In  the  Reports  of  tho  CammUtM,  whloh  nothing 
bat  a  new  scorch  Into  th«  aetuat  statutes  wUl  remove. 

t  We  do  not  mean  that  there  was  no  dUtlnetion  between  liquid  snd  dry 
mcnsurc,  but  that  there  wasnodistinctionbetvccD  tho  gallons  of  those  measures; 
Thus  Hellis,  In  the  arithmatle  appended  to  his  treati  SB  on  book-keeping  (ItSS), 
very  distinctly  separates  tbe  liquid  and  dry  mcaamea,  bat  uses  only  one  gallon, 
namely  that  of  which  the  pint  is  one  poond.  It  ^  worth  while  to  add 
that  the  mile  of  ITGO  yards  is  maotUmed  by  this  writer  fiwr  years  betes  It 
became  the  atatutt  mile. 

The  pfsfaes  to  the  <  Pathway  of  Znowledgs,*  ahsady  cited,  makes  no  dtatla^ 
tion  between  tbe  ale  and  wine  gallon )  It  aaja  that  the  wlw>  gaUoa  is  tbe  same 
aa  thatof  ale,  aadeonlalns  eight  ponnda  of  wLu;  It  also  mskes  tbe  com  gallon 
contain  eight  pomida  irf  wbeat. 
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to  suggest  Bomsthing  like  the  actual  trutii,  should  not  have  been  able 
to  find  out  tho  mere  exiatenoe  of  the  largest  or  ale  gnllou,  and  it  ahows 
the  extreme  oonf  usion  in  which  tiie  subject  was  then  enveloped. 

There  has  been  in  vaiious  quarters  a  disposition  to  suppose  that  the 
varioties  tA  gallons  arose  from  the  Tarieties  of  pounds,  sinoe  the  misinsl 
definition  of  the  gallon  depended  upon  the  pound.  Tbla  m  think 
ezeesdin^  likely :  we  do  not  imagine  tiiat  it  yraB  done  of  set  pur- 
pose, but  only  hf  ocnifounding  one  species  of  pound  with  the  other,  in 
the  way  of  common  mistake.  There  Is  omoug  most  antiquarluiB  a 
perverse  unwillingness  to  admit  human  frailty  among  the  explanations 
of  the  phenomena  of  former  times,  which  has  caused  many  an  hour  to 
be  thrown  away  in  tiying  to  recwiale  the  Qraek  mnsical  scales  [Tetba- 
obord},  and  many  more  In  findfaig  out  for  the  mda  forefathers  of  all 
kinds  of  nations  on  accurate  and  seu-oonststent  system  of  weights  and 
measures.  Though  even  in  our  day,  a  learned  body,*  legislating  for 
educated  men,  after  declaring  in  one  paragraph  that  none  but  troy 
weight  is  to  b^  used,  has  intioduced  averdupois  weight  in  the  yerj 
next  paragraph, — we  never  permit  ourselres  to  suppose  that  such  a 
thing  oould  hare  token  place  in  the  idgn  <tf  Heniy  Ylll.  or  Elisabeth. 
Now  it  certainly  does  happen  that  there  is  a  oloss  relation  not  only 
between  the  old  gallons  and  the  wetghta,  but  eren  between  iba  different 
Teiw<nia  of  the  old  gallons  and  the  weights.  There  was  a  gallon  of  282 
cubic  Inches,  in  the  Exchequer  as  a  standard ;  there  was  one  of  273^ 
inches,  in  common  use ;  there  was  one  of  2S1  inches,  in  common  use ; 
and  there  was  one  of  224  inches,  in  the  OuildhaU.  Now  262  and  232 
are,  as  near  as  integers  will  show  it,  in  the  proportion  of  the  pound 
avwdupois  to  the  pound  troy,  and  272}  and  221  are  as  nearly  in  the 
Mune  proportion.  It  is  unlikely  that  this  should  have  been  occideatal. 

Common  usage,  in  the  ISth  century,  made  more  distinctions  of 
measures  than  have  lasted.  The  editor  of  the  '  Pathway  of  Knowledge' 
gives  four  sorts  of  pounds  aa  in  use  :  the  Tower  pound  (already  men- 
tioned in  Trot),  the  troy  and  *'  haberdepoys,"  the  subtill,  and  the 
fi^lei  The  word  tiAtiU  was  not  the  one  mentioned  in  Tait^  at  least 
one  would  suppoBO  so ;  let  the  reader  try  to  imderstand  it  himself : — 
"The  poundes  subtill,  so  tearmed  for  that  in  in  small  quantitie  it  may 
bee  made  ratable  to  represent  anye  other  greater  Wiught  whatsoever,  as 
foure  penny  waight  troy,  or  less  to  anawere  in  due  proportion  unto  the 
whole  pound  Troye,  with  all  his  ports,  every  parte  BCDsiblo  and  aeve- 
rally  to  be  handled.  This  wai{^t  is  private,  to  asaaye  Maisters  and 
such  as  can  make  triall  of  minerals,  and  not  knowne  to  man^  other, 
neither  is  there  any  use  thereof,  in  ordinarie  accompts.**  This  seems 
to  mean  that  any  small  piece,  audi  as  an  aasayer  would  cut  off  for  trial, 
was  made  to  represont  a  pound,  and  the  fineness  expressed  in  ouncea 
of  that  small  pound  would  of  course  represent  that  of  tho  actual  pound. 
The  pound  foyle  was  leaa  than  tho  pound  troy  by  ita  fifth  part,  and  was 
used  for  gold  foil  and  for  wire,  and  for  pearls.  In  the  two  former  coses 
it  obviously  means  that  the  workman  paid  himseU  for  labour  and  loss 
by  selling  tour-flf ths  of  a  pound  of  who  or  foil  at  the  price  of  a  pound  of 
bullion.  And  matiy  varieties  of  measure  arise  in  this  way,  namely, 
by  varying,  nut  thence  of  a  given  amount,  but  the  amount  of  a  given 
name  at  a  given  price.  A  wholesale  bookseller  now  says  that  he  sells 
25  a*  24,  meaning  that  he  who  buys  two  dozen  shall  have  one  more ; 
but  in  the  16th  centuiy ,  had  this  usage  existed,  it  would  have  been  put 
down  that  two  dozen  of  books  are  twenty-five. 

It  is  needless  to  give  an  account  of  the  old  ettmdards  of  weight 
mentioned  by  the  committee  of  1758,  as  many  of  them  are  lost;  a 
much  greater  agreement  was  found  to  exist  between  those  mode  at 
various  times  than  was  observed  in  regard  to  the  standards  of  capacity. 
The  origin  and  history  of  the  different  weights  is  alluded  to  in  Ater- 
nupois  and  Trot  ;  of  the  standards  of  length  in  WaoBTa  ahd 
Meabobis,  StajtdaBD,  in  which  last  artide  will  be  found  an  account 
of  the  transition  to  the  now  established  imperial  meataret.  The  day  Is 
probably  distant  when  the  English  pubHc  shall  enjoy  the  advantages  of 
a  uniform  decimal  system  of  weights  and  measures — the  only  one  which 
is  sure  of  stability.  An  opinion  la  gaining  ground  that  the  best  method 
of  ultimately  attaining  tins  end  is  by  beginning  with  the  coinage,  and 
this  was  recommended  by  the  commissioners  who  reported  on  the  sub- 
ject [WsioHTS  AND  lUABUBis,  Stamubd.]  Kothln^,  ss  ft  fortu- 
nately happens,  can  be  easier  than  this  change :  the  mtroduotion  of 
coins  of  two  ahillinga  each,  in  place  of  the  half-crown,  might  be  followed 
by  that  of  cobs  of  twopence-halfpenny  each,  without  requiring  any  alter- 
ation in  the  habits  or  calculationa  of  any  one.  It  ia  the  advantage  of  this 
proposition  that  the  two  new  coins  might  be  leomt  aa  porta  of  the  old 
system,  before  the  subsequent  alteration  of  the  copper  is  made.  As  soon 
as  these  coins  are  well  established,  an  alteraticm  of  four  per  cent,  in  the 
copper  coinage,  or  the  enactment  that  tuxlvepewx-halfpmny  sh^l  pass 
lor  the  silver  shilling,isthe  whole  step  requisite  to  com|Mete  the  process; 
and  the  pound  will  then  consist  of  ten  tWMfttSinjircohis  (under  their  pro- 
per name),  the  two-shilling  coin  of  ten  twopmce-haJ^fpenny  coine(alao  under 
their  proper  name),  and  the  two^nce-halfpenny  of  ten  farthings  as  at 
present  Aa  bood  aa  this  change  is  made,  and  the  convenience  of  its 
arithmetio  found  by  experieooe,  it  will  not  be  long  before  there  is  a 
demand  for  the  extension  of  the  prinapla  to  waists  and  measures. 
And  it  would  be  well  if  those  who  endeavour  to  l^g  about  a  reform 

*  We  aUode  to  the  College  of  Phyitcius,  In  the  matter  of  the  fluid  spothe- 
caries'  meunre,  preienUr  mentioned.  The  nlstaks  was  STiissillinlj  natural, 
almost  huvUaUv,  but  It  shows  what  extreme  sare  Is  asOMsacj. 


in  this  matter  would  remember  tiiat  change  of  coinage  la  the  only 
change  which  a  government  can  immediately  command— that  for  one 
oalouhition  which  is  made  upon  goods,  hundreds  are  made  upon  money 
—and  tha^  if  the  small  alteration  which  is  required  to  make  the 
ooinaBe  *  puraly  de<dnua  oamiot  be  attained,  there  is  little  chance  of 
the  more  extsnaiTe  dumges  which  the  weightB  and  tneasures  will 
require. 

We  now  describe  the  English  weights  and  measures  as  they  stood  on 
the  last  day  of  the  year  18:^6,  immediately  before  the  iQbt>duction  by 
Jaw  of  the  imperial  measures,  with  some  remarks  on  their  statea  at 
different  times.  Aa  It  Is  not  to  such  an  article  as  the  present  that  the 
young  arithmetidan  will  refer.  It  wfU  not  be  necessary  to  give  more 
than  a  condensed  set  of  tables.  For  the  modem  continental  measures 
which  follow,  we  have  to  acknowledge  great  osaistatice  from  Dr.  Kelly's 
'  Cambist,'  the  standard  work  on  the  subject 

Tny  Weight. — ^This  wei^t  is  sud  to  have  always  been  the  standard 
weight  of  the  country ;  on  this  assertion  we  have  some  doubts ;  but 
this  is  not  the  place  to  miter  on  them  at  lettgtb.  The  pound  ia  12 
ouncea ;  the  ounce  is  '20  pennyweights ;  tiie  pennyweight  ia  24  grains. 
The  pound  is  6760  grains.  There  is  but  one  grain  in  use,  whether  troy 
or  averdupois,  and  a  cubic  inch  of  pure  water  la  262'468  grains  (baro- 
meter 80  inches,  thermometer  62"  Fahr.).  A  cubic  foot  of  water  is 
7S'7S74  pounds  troy.  Wheat  and  bread  were  once  measured  by  this 
weight,  but  latterly  only  gold  and  silver.  It  is  usual  to  say  that  pre- 
dous  stones  are  also  measured  by  troy  weight;  but,  as  may  be 
supposed,  the  measure  of  these  Is  the  grain.  The  diamond  ia  meoaiued 
by  carats  of  161  (  to  the  ounce  troy ;  so  that  the  carat  ia  31  graina,  veiy 
nearly.  In  pearu,  the  old  foil  measure  already  noticed  still  axists ;  for 
the  pearl  grain  is  one-flfth  less  than  the  troy  grain.  In  the  17th 
century  the  goldamitha  divided  the  ounce  troy  into  24  carats  of  fonr 
grains  each  for  gold  and  silver :  so  that  the  pound  troy  contained  1162 
gold-carat  grains.  They  also  divided  the  oimce  into  160  cants  of  iour 
grains  each,  for  diamonds :  k  the  pound  troy  eontuned  7200  diamoud- 
oarat  gnuns.  Bat  now  the  Cabat  has  only  the  sense  noted  under  that 
word,  for  gold  and  silver ;  and  ia  altered  as  above  for  diamonds. 

According  to  the  old  statutes,  the  pound  troy  ia  7680  grains ;  toe 
82  gndns  are  to  make  a  pennyweight,  20  pennyweights  an  ounce,  12 
ounces  a  pound.  It  ia  not  known  when  or  why  the  petmywedght  was 
fintt  made  24  grains.  In  some  old  books  a  gmn  is  20  mites,  a  mite 
24  droites,  a  droite  20  peroites,  and  a  percdto  24  blanks.  This  division 
of  the  ^rain  into  280,400  parts  must  of  course  have  been  book-learning : 
it  Is  said  to  have  been  confined  to  the  noneyert. 

In  Swallow's  Almanac  for  1073,  we  find  the  troy  weight  gi^n  as  for 
"  pearls,  predous  stones,  gold,  diver,  bread,  and  all  manner  of  com  and 
grain ;  and  this  weight  the  apothecaries  ought  to  use." 

ApiAheearial  Wei^it. — In  diapmting  medicines,  the  pound  troy  (Does 
tlist  weight  ever  occur  In  prescriptions  f)  is  divided  into  12  ounces,  the 
ounce  into  8  drsms,  the  dram  into  3  scruples;  consequently  each 
scruple  la  20  graina.  But  In  buying  and  sellmg  medicines  wholnale, 
averdupois  weight  is  and  always  hu  been  used.  The  '  Pathway,'  bo 
often  cited  (1596),  saya,  "all  physicall  drugges"  were  weighed  by  aver- 
dupois, and  Jeake  (1074)  says  that  "many  "  (only  many)  of  the  "  physical 
doses  "  ore  weighed  by  what  we  now  call  apothecaries'  weight  The 
fact  seems  to  be  that  m  the  first  instance  the  more  predous  drugs,  as 
musk,  were  weighed  by  troy  weight.  In  tiie  same  manner  aa  the  more 
predous  metals ;  and  uiat  the  common  medicines  were  dispensad  1^' 
fractions  of  what  was  thMi  the  conmion  potmd,  as  W6  shall  see  undor 
the  next  head. 

neatun, — In  1836,  in  the  new  edition  of  the 
'  Pharmacopoeia,'  the  Colle^  of  Fhysiciaos  prescribed  tiie  use  of  the 
following  moasore ; — 00  minima  moke  a  flmd  dram ;  8  fiuld  drams  a 
fluid  ounce ;  80  fluid  ounces  a  pint.  For  water  this  Is  actual  weight 
OS  well  as  measure,  since  the  imperial  pint  ^  la  20  ounces  averdupois  of 
water :  but  for  otiier  liquids  the  fluid  ounce  §  must  merely  be  con- 
sidered aa  a  name  given  to  the  20th  part  of  a  pint.  The  m|nln)  at 
water  is  aa  nearly  aa  posaible  the  natural  drop ;  but  not  of  othcff  mdy 
stances,  the  drops  of  which  vaiy  with  their  several  tenadties. 

According  to  Dr.  Toung  (inio  has  reduced  thraa  from  V^),  the 
apotheoarier  grains  used  in  dlfibrent  countries  are  aa  followa :— '1000 
English  grains  make  1125  Austrian,  966  Bernese,  981  Fltsoch,  860 
Oenoese,  968  Qntnan,  978  Haqoverian,  989  Dutdi,  860  Ne^olitui, 

*  ^Ve  leave  theae  remarks  ss  the;  stood  In  the  *  Penny  CfelopMOIa,'  wlthaat 
utf  alliuion  to  reeent  dlsoiwlona. 

t  Cooker,  triagstc,  fte.,  My  that  a  penajweigbt  Is  SS  retl  grains,  and  S 
«r^floiat  gniat. 

X  The  old  pint  was  more  neatly  a  poond,  and  aonu  vt  onz  readers  will 
remember  the  old  s^lng, — 

"A  pint's  a  pound 
All  thi!  world  roand." 

The  seeond  line  of  this  iras  eertolnlj  not  true,  end  the  first  only  approzlmalelj. 
But  nader  tho  Imperial  sjvtem  the  followliis,  wbkb  la  UteraUj  trn^  may  be 
substitute — 

*'  A  pint  of  pure  water 
Valgfas  a  poond  and  a  qoaiter." 

{  It  Is  not  noted  In  the  <  Pharnucopcela '  that  the  fltUd  ounce,  when  It  Is  bb 
onnoe.  Is  an  ounco  arerdnpols :  a  preceding  oentenoe  in  that  work  implies  that 
medical  men  an  never  to  ass  aDjrtUBg  bat  iny  weight. 
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821  Piodmontew,  864  Fortuguwe,  900  Roman^  82S  Spanish,  965 
Swedish,  809  Venetian. 

The  recent  alterations  in  the  goTemment  of  the  medical  profeesion 
have  produced  propoealB  to  alter  the  method  of  weighing  medicines. 
A  committee  of  the  General  Council  of  Medical  Education  boa  ^ven  a 
recommendation  to  the  following  effect.  The  pound  averdupois  is  to 
have  its  ounce  divided  into  drachma,  acruples,  and  grainK,aa  in  the 
present  inj  onno&  To  effect  this,  a  new  grain  ia  invented,  bdng 
-91145  of  the  present  grain  :  and  tiie  pound  ia  to  be  7680  graiui,  aa  ta 
sld.  What  purpose  wis  change  can  answer,  or,  supposing  a  purpose, 
now  it  can  bring  benefit  enough  to  counterboknce  the  alteration  of  the 
grain  in  which  all  doses  are  now  remembered,  and  all  prescriptions 
written,  we  cannot  imagine. 

Averdupoit  weight. — The  pound  is  16  ounces,  and  the  ounce  16 
drams :  tJie  modem  pound  is  7000  grains  (the  same  as  the  troy  gruns); 
whence  the  dram  is  27  grains  and  ll-S2nds  of  a  grain.  The  hundred- 
weight is  112  pounds,  and  the  ton  20  hundredweight.  The  cubic  foot 
of  water  is  62*3210606  pounds  averdiipoia.  The  stone  *  is  the  8th  part 
of  the  hundredweight,  or  14  pounds.  The  ton  of  shipping  is  not  a 
weight,  but  a  measure,  42  cubic  feet,  holding  24  hundredweight  of  sea- 
water.  In  the  oldest  mentions  whicii  are  made  of  he^erdvpois  or  aver- 
dupms,  the  word  is  not  applied  to  weight,  but  to  goods  weighed.  A 
charter  of  Edward  I.  spnaks,  "  de  averis  ponderis,  et  de  ^is  rebus 
•ubtilibus ; "  and  no  mention  is  mode  of  averdupois  K«ufht  before  the 
time  of  Henry  VIII.  Wingate  (quoting  Gerard  Malynes,  whose '  Lex 
Mercatoria'  was  publidied  in  1636)  says  that  it  serves  to  weigh  "  all 
kind  of  grocery  ware,  as  also  butter,  cheese,  flesh,  t^ow,  wax,  and 
ereiy  other  ttung  wlddi  beareth  the  name  of  gai-bel,  and  whereof 
issneth  a  refuse  or  waste."  To  irhich  the  alnumac  of  1678,  already 
quoted,  adds,  "and  therefore  112  lbs.  averd.  is  called  a  hundred- 
weight." 

f  he  old  merchants'  pound,  which  was  15  ounces  [Trot],  may  have 
been  the  ori^^  of  the  modern  averdupois  pound.  Fleta  says  every- 
thing was  weiglied  it  except  gold,  silver,  and  drugs ;  but  it  is  to  be 
remembered  xiaA  Hub  does  not  mean  that  gold  and  surer  were  weighed 
\y  troy  weight ;  for  it  is  well  known  that,  until  a  change  vras  made  "by 
Henry  VIII.  in  1527,  gold  and  silver  were  weighed  by  the  Tower 
pound  of  11^  ounces.  The  modem  averdupois  pound  is  14  ounces, 
12  pennyweigbts,  all  bub  8  gnuns  troy.  The  standards  of  Elizabetli 
agree  tolerably  well  with  thu;  but  it  is  to  be  noticed  that,  unless  we 
ao^wae  two  averdupoiB  pounds,  one  anoient  and  one  modem,  there  is 
much  maou  to  doubt  whether  the  averdupois  pound  was  uniform. 
Dr.  Eelljr  b^,  "  The  old  commercial  weight  of  England,  which  ie  still 
retained  in  Scotland,  is  about  one-twelfth  heavier  thiw  averdupois,  the 
pound  being  7600  grains  troy  ....  this  has  been  long  the  weight  in 
England  by  which  the  assize  t  of  bread  is  fixed,"  Our  suspicion  is 
this,  that  the  old  commercial  pound,  probably  differing  in  different 
plaMS,  though  sniipoeed  to  bs  uniform,  nadual^  gained  the  name  of 
averdupois  ;  and  that  the  standards  depoated  in  me  Exchequer  in  the 
time  of  Elisabeth,  which  oertninly  do  not  agree  with  the  arithmetical 
writers  of  the  same  date,  were  probably  derived  either  from  this  old 
merchants'  |iound  of  15  ounces  troy,  or  from  a  selection  out  of  the 
vM^ing  specimens  of  a  pound  derived  from  it.  In  the  'Pathway*  the 
"  pound  hoberdupois  is  parted  into  16  ounces,  every  ounce  8  dragmes, 
even  dragme  8  acniplea,  every  scruple  20  graina; "  giving  7680  gra^ 
to  the  pound.  This  ia  the  probable  tn^gln  of  the  old  pound  which 
Dr.  Kelly  mentions,  and  it  happens  to  contain  precisely  the  same 
number  of  ^plains  as  the  old  statute  pound  before  32  gruns  took  the 
place  of  24  in  the  pennyweight.  And  this  shows  the  origin  of  apothe- 
caries' wei^t ;  mMlicioea  were  dispensed  by  this  old  submvision  of  the 
pound,  and  omtinued  to  be  so  after  the  pound  <^  Elizabeth's  standard 
had  supplanted  the  old  one.  It  was  then  natural  that  this  ounce, 
dzachm,  and  scrunle,  which  were  no  aliquot  parts  of  the  new  averdupois 
pound,  but  which  were  aliquot  parts  of  the  pound  iroy,  should  be 
referred  by  arithmeticians  to  the  latter.  S  8ir  Jonas  Moore,  who  had 
been  surveyor-general  of  the  Ordnance,  and  could  hardly  have  failed  to 
be  correctly  informed,  gives  the  same  pound  and  subdivisions.  Moore's 
'Arithmetic '  was  first  publiahed  in  1650.  Jeake,  as  late  as  1674,  gives 
the  same  divinon  and  tne  same  pound  of  7680  Kraim ;  and  Hum.  as 
late  as  1716,  does  the  same  in  tiie  third  edition  of  the 'Lexicon  Techni- 
cum.'  Jeake  gives  several  citations  tending  to  show  that  there  was  no 
universal  agreement  about  ibe  pound  averdupois.  Dalton  (the  lawyer) 
and  Malynes,  he  says,  agree  in  making  66  1^  averd.  equal  to  67^  Ibe. 
troy  (or  6942)  graine  to  the  pound  averd),  but  both  afterwards  put 
68  for  671  (whidk  gives  699^  gnuna).  Others,  he  continues,  affirm 
the  pound  averdupois  to  be  14  ounces  IS  pennyweights  troy  (ffviag 

•  There  were  a  great  many  diflbrent  stone  weights ;  evwy  ens  tat  ttat  of 
li  ponnds  Is  now  illegal, 

IAiMdblied  In  ISIS. 
This  eireumstaace  and  Dtliers  Itad  to  the  onipUoit  that  the  poond  of 
wltieh  we  bow  speak  (beiiiK  that  wUsb  was  called  averdnpoto  In  the  Ifltb 
oentnry)  waa  in  reality  the  old  rtandard.  In  irso  Mr.  KeyanrdHm  pvbUahed 
a  pamphlet,  uieniQK  tbat  the  eommon  averdapoia  poond  wis  the  aaetent 
staodatd,  on  other  groutids. 

§  The  wrltera  of  books  ndght  Invent  a  poimd  for  tUa  mennire,  beeanse 
medicines  are  not  dlapenied  by  pooads,  Just  aa  tbey  ml^t  eoin  bllUoni,  tril- 
li«u,,fte.  [MmiBBATioii],  thots  annbara  Mng  never  used.  Bnt  the  druggtots 
ranUBiied  to  tay  and  sell  wholesale  by  averd^oii  vdght. 


7008  gruns).  The  older  writers  hardly  mention  averdupois  weight : 
Recorde  not  at  all ;  Mellis  slightly,  not  subdividing  the  ounce.  Hart- 
well,  an  editor  of  Recorde  (1648),  mentions  this  pound  of  16  ounces 
and  7680  grains,  divided  aa  above,  and  says  it  is  used  by  apothecariea. 
Oughtred,  mentioning  Ghetaldi'a .  poimd  of  6912  grains,  compares  it 
only  with  the  English  troy  pound,  without  mention  of  any  other.  All 
this  shows  that,  at  the  beginning  of  the  17th  century,  there  was  a 
complete  want  of  i^reement  as  to  what  constituted  averdupcna  weight, 
whi^  continued  in  some  degree  till  the  end.  Nevertheless  in  the 
middle  of  the  century,  Wyberd,  who  measured  for  himself,  and  his 
friend  Reynolds  (before  mentioned),  assert  that  the  averdupois  pound 
is  to  the  troy  as  17  to  14  (which  gives  6994|  grains,  agreeing  with 
Dalton  and  Malynes),  though  they  say  that  the  then  common  notion 
was  that  the  ratio  was  73  to  60  (which  gives  7008  grains).  Moxon 
(1679)  gives  aa  much  as  7680  grains.  Ward  says  that,  by  a  very  nice 
experiment,  he  found  69994  grains.  Arbuthuot,  apparently  meaning 
to  cite  Greaves,  but  we  cannot  find  the  place,  gives  the  ratio  175  to 
144,  or  68901  grains.  Down  to  tie  statute  of  Goo.  IV.,  the  averdupois 
pound  varied  a  little,  according  to  the  notion  of  the  writer :  Dilworth 
makes  it  69994  grains ;  Dr.  Robert  Smith,  7000  gn^;  B<»uiycastle, 
6999Jj  grains.  And  even  since  that  act  came  into  operation,  which 
declaj^  "  that  seven  thousand  such  grains  shall  be,  and  they  are 
hereby  declared  to  be,  a  pound  avoirdupois,"  an  editor  of  the  last-named 
vrriter  will  not  obey  the  statute,  but  adds  the  123rd  part  of  a  grain. 

Long  meatare. — Three  barleycorns  make  an  inch,  12  inches  a  foot, 
3  feet  a  yard,  54  yards  a  pole,  perch,*  or  gad,  40  poles  a  furlong,  8 
furlongs  (1760  j^rds)  a  mile.  Also  2{  inches  are  a  nail,  3  quarters  of 
a  yard  a  flemish  ell,  5  quarters  an  English  ell,  6  quarters  a  fVoich 
ell  A  pace  is  2  steps,  or  5  feet ;  a  fathom  is  6  feet.  The  chaih  ia  22 
yards,  or  100  links  :  10  chains  make  a  furlong,  and  80  chains  a  mile^ 
The  borleycom  is  now  disused,  and  the  inch  is  sometimes  divided  into 
12  lines  (as  in  France),  but  oftener  into  tenths  or  dghths.  On  our 
older  itineraiy  measures,  see  Leaque  and  Mile.  The  yard  ia  fre- 
quently callecT  on  ell  in  old  books ;  common^,  Reoorde  says.  IMlis 
says  that  both  the  yard  and  the  ell  were  dlvMed  each  into  16  nails. 
A  goad  is  an  old  name  for  a  yard  and  a  hall  The  bond  (anciently 
handful),  used  in  measuring  the  height  of  horses,  ie  fixed  at  4  mches  1^ 
27  Henry  VIII.,  cap.  6.  The  furlong  is  probably  a  corruption  of  forty- 
long,  from  its  forty  poles :  the  old  derivation,  furrowloog,  as  long  as  a 
furrow,  seems  to  us  to  carry  absurdity  on  the  face  of  it.  The  etymo- 
logists of  measures  are  not  always  fortunate ;  Tostegan  derives  Tiov 
weight  from  TroynoTant,t  the  mytiiological  name  for  Ziondon;  and 
Jeake  vrill  have  avndupois  to  be  overdupiusj  beoausa  the  pound  ia 
greater  than  in  troy  vrei^t;  while  Uox<m  s^  the  word  means  "&ve 
your  weight." 

Square  Sfecuure. — A  square  perch  is  80^  square  yards ;  40  square 
perches  are  a  rood  (f omkerly  also  forthendelo),  4  roods  are  an  acre.  The 
acre  is  also  ten  square  chains,  or  4840  square  yards.  Four  square 
perches  were  ancienUy  called  a  day's  work.  The  roodf  is  the  same 
word  as  rod :  Mellia  says  four  rod»  make  an  acre.  The  old  terms  which 
have  come  dovm  from  '  Domesday  Book '  at  latest,  the  hide,  plow- 
land,  camcate,  and  oxgang,  are  wholly  unsettled  aa  to  what  magnitudes 
they  meant. 

'The  cubic  measures,  or  measures  of  oapacify,  do  not  immediately 
dniend  upon  tho  cubic  foot,  except  in  the  case  of  timber.  Forty 
cubio  feet  of  rough  timber,  or  fifty  feet  of  hewn  timber,  make  a  load. 

The  preoeding  measures  have  been  untouched  by  the  act  which 
introduced  the  imperial  measures.  The  old  measures  (rf  capaeify,  the 
wine  measure,  ale  and  beer  measure,  and  the  diy  measure,  are  now 
replaced  by  the  imperial  measure. 

Old  Dry  or  Com  Meantre. — ^The  gallon  is  268*6  cubio  inches.  Two 
pints  make  a  quart,  S  quarts  a  pottle,  2  pottles  a  gallon,  3  gallons  a 
peck,  4  pec^  a  huiAiel,  2  bushels  »  strike,  2  strikes  a  comb  or  ooomb, 
2  coomm  a  quarter  (eight  bushds),  S  quarters  a  wey  or  load,  and  3 
weys  a  last.  In  measuring  grain,  the  bushel  is  struck,  that  is,  the 
part  which  more  than  fills  the  measure  is  scraped  off.  Most  other 
goods  were  sold  by  heaped  measure,  or  as  much  as  could  be  laid  on 
the  top  of  the  measure  was  added.  This  heaped  measure  (which  was 
supposed  to  give  about  a  third  more  than  the  other)  was  at  first 
allowed  in  the  imperial  system,  but  has  nnoe  heea  abidished.  Coals, 
which  must  now  be  sold  by  wdgiht^  were  sold  the  ohaldron. 
Three  bushels  moke  a  8ack,g  three  sacks  a  vatf  and  four  vats  a 
chaldron. 

There  was  anciently  a  d^,  or  half-bushel  (also  called  a  torit)^ 
which  makes  the  biniuy  chatacter  of  this  measure  itlmost  complete. 
In  the  'Pathway '  we  do  not  find  the  load  or  w^,ll  and  the  ooomb  is 

*  In  resent  times  the  word  perok  haa  been  almost  confined  to  the  aqoare 
perch. 

-f-  Hr.  Davlei  Qilbert,  in  Us  cvldeneo  before  the  committee  on  vrelgbts  and 
mcamrFs,  declared  for  this  deriration.  Lord  Swinton  derives  It  tram  troUf 
tbm ;  observing  tbat  tbe  money  and  the  moMj  weight  have  three  denomina- 
tions each — penny,  ■billing,  pound ;  and  pennjwelght,  ounce,  ponnd. 

X  Bod  or  rood  merely  meavs  a  piece  of  wood  mnoh  longer  than  it  la  broad  or 
thiek.   8o  the  wortt  rood  was  ftt^uently  used  for  the  enm ;  and  when  Hilton 
says  that  Satan  "  lay  floatlag'  many  a  rood,"  he  ia  taking  the  length  ti  bla  hera^ 
and  not  the  gromd  wUeh  be  covered. 
In  1S96  the  aaek  was  tour  boahola, 
Moore  aukm  six  ^naxtexii  aad  Ward  tea,  tea  wey. 
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also  called  a  comoot  (by  Jonas  Mooro,  canoek),  and  the  quarter  also 
a  Beam.*  The  '  Pathway/  Mellis,  md  Moore,  kc,  mention  the  water 
meatiire  of  five  pecka  to  a  bushel  (11  Henry  VII.,  cap.  4.),  and 
alwiQ-e  in  oonjunction  -with  dry  measure :  it  meana  a  dry  measure  in 
use  at  the  waternde,  .and  limej  BeoromL  and  salt  were  meanired 
it.  The  common  dry  bushel  yna  called  the  Winofaeater  bushel ;  this 
name  is  a  remnant  of  the  laws  of  King  Edgar,  who  ordained  that 
Bpecimena  kept  at  Wischeater  should  be  legal  atandards. 

Oid  Wine  T  Meatttre. — The  gallon  contams  231  cubic  inches.  Four 
gills  make  a  pint,  2  pints  a  quart,  4  quarts  a  gallon,  18  gallons  a 
rundlet,  31  i  gallons  a  barrdl,  42  gallons  a  tierce,  63  gallons  a  hogB* 
hmA,  2  tierces  a  puncfaeon,  2  hotheads  a  jupe  or  buttjt  3  pipes  a 
tun.  But  the  pipes  of  forwgn  wme  depend  more  on  the  meaBurea 
of  their  different  countries  uian  on  the  above.  The  rimdlet  and 
barrel  are  generally  omitted,  but  they  are  both  found  in  writers 
of  the  16th  century.  Mellis  gives  18^  gallons,  and  the'Fathway' 
18  giJlons,  to  the  rundlel;  Tierce  merely  means  the  third  port  of  a 
mpe>  and  the  puncheon  was  anciently  eaJled  the  t^vian  (of  a  tun). 
Toe  pottie  (of  two  quarts)  formerly  existed.  The  anker  of  brandy,  a 
ftffeign  measure  of  pomparatively  recent  introduction  into  Engird, 
ii  ten  gallons. 

Ale  and  Setr  Meatan. — One  gallon  oontains  282  cubic  inches. 
Two  pints  moke  a  quart,  4  quarts  a  gallon,  9  gallons  a  firkin,  2  firkins 
a  kilderkin,  2  kilderkins  a  l»rrel,  1 4  barrel  a  hogshead,  2  hogsheads 
a  butt,  2  butts  a  tun.  Up  to  the  year  1803,  whai  the  two  measures 
were  aBnmilated§  1^  statute,  this  was  the  beer  measure,  ud  the 
ide  measure  only  ditfered  from  it  in  that  8  gaUons  made  a  fiddn. 
Nothing  abore  a  barrel  is  mentioned  in  the  oldest  taUes,  and  the 
pottle  (two  quarts)  is  introduced.  Two  tuns  were  sometimes  called 
a  last. 

Imperial  Meamre. — This  measure  supersedes  the  old  corn,  wine, 
and  beer  measures.  The  gallon  contains  277*274  cubic  inches,  and 
is  10  pounds  averdupois  of  water.  Four  gills  are  a  pint,  2  pints  a 
quart,  4  quarts  a  gallon,  2  gallons  a  peck,  i  i>eck8  a  bushel,  8  Inuhels 
a  quarter,  5 '  quuters  a  load.  Of  theee  the  gill  uid  load  are  not 
named  in  the  statute,  but  are  derived  from  common  usage.  When 
heaped  measure  was  allowed,  3  bushels  made  a  sack,  and  12  sacks  a 
cbaidroa.  This  heaped  measure  was  abolished  ||  by  4  &  5  Will.  IV., 
c.  49,  and  the  abolition  was  re-enacted  by  5  &  6  Will  IV.,  o.  68,  which 
repealed  the  former.  These  acts  leave  the  higher  measures  of  wine, 
ftc.,  to  custom,  conmdeiiDg  tiiem  apparently  as  merely  names  of  casks, 
which  in  fact  they  are,  and  leaving  them  to  be  gauged  in  gallons.  It 
must  be  remembered  that  ia  former  times  any  usual  vessel  which  was 
generally  made  of  one  size  came  in  time  to  the  dignity  of  a  place 
among  Uie  naUonal  measuree. 

Wwl  Meature. — Seven  pounds  moke  a  clove,  2  cIotm  a  stone,  2 
atoDea  a  tod,  6^  toda  a  wey,  2  weys  a  sock,  12  sacks  a  last.  The 
'  Pathway '  points  out  the  etymology  of  ^e  word  doves :  it  calls  them 
'  claret  or  nailt."  It  is  to  bo  observed  here  that  a  sack  is  18  tods, 
and  a  tod  28  pounds,  so  that  the  sock  is  864  pounds.  Jeoke  says  this 
was  arranged  (31  Edward  III.,  cap.  8)  according  to  the  lunar  year  of 
13  months  of  28  days  each.  The  reason,  no  doubt,  was,  that  the  mul- 
titudes of  whose  occupation  the  spinning  of  wool  formed  a  part  might 
instantly  be  able  to  calculate  the  supply  for  the  year  or  month  from 
the  amount  of  tite  day's  work ;  a  pound  a  day  being  a  tod  a  month  and 
a  sa^  a  year.  But  it  would  seem  as  if  Sun^ys  and  hoUdays  had  to  be 
made  up  on  other  days. 

Tale  07'  Reckoning. — If  we  were  to  collect  every  mode  of  counting, 
this  would  be  the  largest  head  of  alL  The  dozen,  the  gross  of  12  dozen, 
and  th.9  score,  are  the  only  denominations  not  immediately  contained 
in  the  oommon  sprtwm  of  numeiaiioD,  whidi  are  unirenally  received; 
and  in  all  oases,  ay  a  dozen,  a  score,  a  hundred,  a  thousand,  Ice.,  ware 
signified  different  numbers,  composed  of  the  onthmetioal  dozen,  score, 
&XS.,  togethOT  with  tiie  allowances  usually  made  upon  taking  quantities 
of  different  goods.  The  "  baker's  dozen,'  for  instance,  which  has  passed 
into  a  proverb,  arose  from  its  being  usual  in  many  places  to  give  13 
penny  loaves  for  a  shilling.  The  increased  dozen,  hnndred,  Ac,  were 
aometimea  called  the  long  dozen,  long  hundred,  &C.;  and  thU  phrase  is 
sometimes  heard  in  our  own  di^,  when  a  dear  jaioe  fa  called  a  "  long 
piioe."  The  12  dozen  was  formerly  called  the  maU  gron,  and  12 
small  gross  made  the  great  gross.  Tlw  hundred  was  mora  frequentiy^ 

*  This  word  hu  been  prefGrved  as  a  mcuare  of  glaw. 
■f-  For  wine  and  Bpiiits,  ddar,  mead,  oil,  honey,  vinegar. 
J,  According  to  Melll>,  the  bait  was  a  noino  applied  only  to  hslf-tons  of 
nKilmsey  or  tack. 

$  The  reader  would  look  in  vain  for  any  notice  of  this  in  books  of  arithmetic. 
Perhaps  the  statute  was  not  attended  to.  The  distinction  of  the  ale  and  beer 
flikin  la  nid  by  Ward  to  have  existed  only  in  London,  on  averase  flrkln  of 
8}  galloni  having  been  enacted  for  bU  other  porta  of  Bagluid  by  the  atatate  of 
Exdae  of  1689,  Bat  it  does  not  follow,  in  matters  of  weight  and  meaanre, 
Oiat  any  ehange  was  ootoaUy  produced  merely  beeania  there  was  an  Aot  of 
Parliament  fiir  lb  ' 

I  It  was  aboliriicd  In  Beotland  two  oentorles  ago,  and  re<cnacted  by  aecleet 
ia  the  act  of  18SS.  But  the  re-enactment  did  not  obtain  ftn  It  the  slightest 
Inlrodnction,  nccording  to  U'Cullocb. 

^  According  to  the  old  adage,  the  hundred  w 


"  Pire  aeore  of  men,  money,  and  pins, 
Six  seore  of  all  other  things." 


120  than  100,  the  thousand  generally  ten  hundred.  Ten  thousand  was 
frequently  cdled  a  last ,-  and  it  is  to  be  observed  that  the  word  hat 
was  frequently  (almost  usually)  applied  to  the  highest  measure  of  one 
given  kind.  'Xlie  ihock  was  always  60 ;  the  dioar,  or  dicker,  always  10, 
as  the  name  imports.  In  meaauring  paper  (1594),  the  quire  was  25 
sheets,  the  ream  20  quires,  and  the  bale  10  reams.  By  1650  the  prac- 
tice of  reckoning  24  sheets  to  the  quire  (now  universal)  had  bem  intro- 
duced as  to  some  sorts  of  paper.  The  memory  may  be  assisted  hy  the 
phTose  that  a  quire  ia  the  shilling  of  a  ream,  and  a  sheet  is  its  halfpenny. 
Tale-fish,  as  those  were  colled  which  were  allowed  to  be  sold  by  tale, 
were  (22  Edw.  lY.,  cap.  2)  such  as  measured  from  the  bone  of  the  fin 
to  the  third  joint  of  the  tail  16  indue  at  least. 

It  is  impossible  for  ua  to  describe  the  varfoua  weifj^ts,  measures,  &a., 
which  have  foimd  tiieir  way  into  use  in  the  various  counties.  Br. 
Young  collected  a  list,  which  is  printed  in  the  second  Report  of  the 
Commiaaoners  on  Weights  and  Measures  (1820),  to  which  we  must 
refer  for  the  various  loi^  barrels,  bushels,  hundreds,  Ac,  and  also  for 
the  awm,  bag,  bale,  basket,  bat,  bay,  beatment,  billet,  bind,  bing,  boll, 
bolt,  bolting,  bottie,  bout,  box,  bucket,  bunch,  bundle,  burden,  cabot, 
cade,  oanter,  caroteel,  carriage,  cart,  oartioad,  case,  oast,  cheef,  chest, 
clue,  cord,  oorf,  cran,  cranock,  cut,  cyvar,  cyvelin,  dau^,  dish,  dole, 
drop,  dupper,  erw,  &ggot>  Csdl,  fan,  flaak,  fodder,  fotmu,  frazil,  garb, 
ga«n,  glean,  gunny,  gwuth-gwr,  hank,  head,  heap,  hide,  hobed, 
hoop,  hutch,  hyle,  incast,  ingrain,  jar,  jug,  keel,  kemple,  kenning, 
kibin,  kidion,  kiver,  knot,  lay,  leap,  liispound,  llath,  llathen  gyvelin, 
Ueetraid,  log,  maen,  muse,  mark,  mast,  math,  measure,  meer,  meiliaid, 
mei^,  mount,  mug,  oxland,  pack,  packet,  paladr,  pared,  peccaid,  peget, 
piece,  pig,  plough  land,  pocket,  poke,  pot,  pwys,  quintal,  reel,  rees, 
rbaw,  ridge,  role,  rope,  roul.  Back,  saume,  sester,  sieve,  skain,  skin, 
skron,  sle^,  spindle,  square,  stacca,  stack,  staff,  stang,  stick,  stimpart, 
stook,  stored,  sum,  table,  talshide,  tankard,  teal,  thrave,  thread,  threave, 
timber,  topaton,  tnus,  tub,  tunnell,  verg^,  nag^,  waggon-loiul,  wain, 
warn,  vreb,  w^^t^  and  windle. 

llie  old  Scottish  measures  vary  even  more  in  the  diflbrent  eotmtios 
than  the  English.  The  standaid  foot  was  12*0194  English  inchee, 
S  feet  ]  inch  make  an  ell,  6  ells  a  fall,  40  falls  a  furlong,  and  8  furlongs 
a  mile  (1976^  yards).  Again,  40  square  falls  make  a  rood,  and  4  roods 
an  acre.  Hence  the  measuree  of  length  and  surface  are  bo  couneoted 
that  ttw  Scottish  land-chain  is  the  80&  part  of  a  mile,  and  its  square 
the  10th  part  of  an  acre. 

In  Scotland,  the  English  truy  and  averdupois  weight  obtained  an 
early  intii>duction,  and  were  used  with  tiie  Scottish  troy  wdght,  called 
also  Dutch  weight,  and  with  the  tron  weight.  The  Dutch  weight  ia  as 
follows : — A  drop  is  29*722  RngliHh  troy  groins,  10  drops  are  an  ounce, 
16  ounces  a  pound  (7&08-95  grains),  and  16  pounds  a  stone.  This  pound 
coincides  with  the  old  English  pound  already  mentioued,  v«^  nearly. 
In  the  troa  weight  tiie  divisions  are  as  before;  but  the  drop  is  87'6S8 
English  troy  grains,  and  the  pound  9622*67  of  the  same. 

The  Scotti^  liquid  gallon  was  833*6272  English  cubic  inches.  Four 
gills  made  a  mutchkin,  2  mutchkins  a  cbopin,  2  chopins  a  pint,  and 
8  pints  a  gallon.  The  Scottish  pint  was  therefore  3  English  pints  very 
nearly,  lliey  had  only  one  hquid  measure,  but  they  had  two  dry 
measures ;  the  first  for  wheat,  peas,  beans,  &c. ;  the  second  for  barley 
and  oats.  In  the  flrgt  the  peck  contained  653*581  English  cubic 
inches.  Four  lippioB  made  a  peck,  4  pecks  a  firlot,  4  flriots  a  boll,  and 
16  bolls  a  chalder.  '  The  aecond  measure  was  divided  in  the  same  way, 
but  the  peck  was  807*576  Engllah  cubicinches,' 

On  the  Irish  measuree,  previous  to  the  introduction  of  the  imperial 
system,  there  iB  nothing  to  remark,  except  that  the  coal  bushel  con- 
tained 10  English  corn  gallons,  the  lime  bushel  8,  the  maltt  gallon 
272i  cubic  inohea,and  t£e  liquid  gallQp  217*6  cubic  inohea.  The  pole 
was  7  yards,  whi<^  made  ihe  mile  equal  to  an  English  mile  and  three- 
elevenths,  and  the  acre  greater  than  tiie  English  acre  in  the  proportion 
of  121  to  196. 

We  have  not  space  to  enter  into  the  an^^ent  history  of  French 
meafluivB,  for  which  the  readerf  may  consult  Paucton's 'MdtroIa{^' 

And  the  reel  hnndred,  ten  tens,  was  the  lUtU  hnadred;  as  in  the  old  rhyme— 

"One's  none. 
Two's  some, 
Three's  a  many. 
Four's  a  penny, 

Elvo'e  a  little  hundred  "  [score  nndsrstood], 

•  Oar  anthortty  for  the  Scottish  meaaores  Is  'ToUes  for  oonvertlng  the 
welghte  and  measnies  hitherto  in  use  in  Great  Britain  into  those  of  the  Imperial 
Standards,  fte.,  also  abstracts  of  the  Jury  verdicts  thnu^iout  Sootland,'  &o.,  by 
George  Buchanan,  avU  l^gincer,  Edinburgh.  1829.  This  work  is  sa  complete 
as  a  work  can  be :  the  reader  may  compare  it  with  'A  proposal  for  Uw 
Uniformly  of  Welghta  and  Heasnrcs  in  SooUand,'  &c  seoond  edition,  Edin- 
burgh, 178B. 

t  This  was  the  M  ^Hnduster  gallon,  already  menticned. 

t  On  this  woA,  that  of  Bami  de  L'Isle  (1789)  and  the  aaonymons  <  Horo- 
logies ConsUtutloneltos  et  PrlmlUves'  (1801),  it  may  be  ohaerved  that  they  are 
all  vitiated  by  the  assmnptlon  that  a  very  aoourate  knowledge  of  the  earth's 
diameter  aaeieatly  existed,  fhnn  which  all  welghta  and  measorcs,  even  those 
anterior  to  Greek  and  Bianan  times,  were  derived.  Greaves  had  led  the  way 
by  fIndlDg  out  English  weights  and  Bwasnres  from  the  Egyptian  pyramid.  All 
paTtienlar  pureoita  have  thetr  peeoUarltles :  that  of  the  metrologUte  has  bwi 
to  Imagine  some  grand  and  mysterioos  eonnootion  between  existing  meaasiss 
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Farifl,  1780.  On  the  measurement  of  the  earth  on  which  the  metre 
depeudfl,  see  Trigoi^ometrical  Survey,  llie  sjstam  of  measures 
derived  from  thia  great  operation  was  introduced  in  1795  (by  the 
law  of  18  Qerminal,  An  III.,  or,  to  speat  intelligibly,  Uarch,  1795): 
not  that  the  surrey  was  then  completed,  but  because,  in  the  huny  to 
get  rid  of  the  old  system,  it  was  decided  to  introduce  a  "  m^tre  pro- 
viaoire  "  obtained  from  the  existing  surveys.  The  deflnittve  metrical 
system  was  introduced  in  1799,  but  it  was  found  impossible  to  drive 
out  ^e  old  subdivisions ;  accordingly,  in  1812,  the  "  syst^me  usueL" 
as  it  was  called,  was  allowed*  to  be  engrafted  upon  the  metrical  syBtem; 
in  which  the  measures,  Jtc.,  were  taken  from  the  metrical  system,  but 
with  the  ancient  subdiviBions  adapted  to  tlienH  Even  this  was  very 
far  from  entirely  driving  out  the  old  system.  In  1837  a  law  was 
passed  ordaining  that  from  and  after  the  liit  of  Januarr,  1840,  no  other 
weights  nor  measures  should  be  used  except  those  of  the  pure  metrical 
^stem,  and  this  law  seems  to  have  been  effective.  In  the  ancient 
French  system  the  pied  de  Roi  was  12'7892  English  inches,  the  aune 
(at  Paris)  46*85  of  the  same.  The  toise  was  6  feet.  For  the  itineraiy 
measures  see  Mile.  The  arpenl  ^ordonnance  was  1  acre,  1  rood, 
2  perches  (English) ;  the  arpenl  commun  1  acre,  7  perches,  the  arpent 
de  Parit  3  roods,  15  perches,  English.  The  acre  de  NoroMidie  vm 
2  acres,  2  perches,  English.  For  measuring  liquids,  the  pinte  was  leas 
than  the  English  quart  by  its  61st  port.  Two  boiasons  made  a  demi- 
setier,  2  demiaetiers  a  chopine,  2  choiaiies  a  pinte,  2  pintes  a  quarte, 
4  quartos  a  setier,  36  setiers  a  muld  (70'S  English  galloQs),  For  grain, 
16  litrons  mode  a  boisaeau,  S  boisseaux  a  miuot,  2  minots  a  mine, 
2  mines  a  setier,  12  setiers  a  muid.  The  minot  was  1*108  English 
bushels.  The  principal  weight,  called  poids  de  marc,  was  the  livre  of 
9216  French  grains,  or  7555  English  grains ;  72  grains  made  one  groo, 
8  gros  an  ounce,  8  ounces  a  marc,  2  marcs  a  livre.  The  apothnoaries 
divided  the  ounce  into  2  duelles,  the  duelle  into  4  soiliquea,  and  also 
into  6  aextules  and  into  8  drachma,  tiie  drachm  into  8  Bcn^fdei,  and 
therefore  the  scruple  into  12  grains. 

The  new  system  is  called  metrical,  as  derived  from  the  measurement 
of  the  earth.  Its  Grab  measure,  the  metre,  ia  presumed  to  be  the 
ten-millionth  part  of  a  line  drawn  from  the  pole  to  the  equator,  and  ia 
89-87079  EngLsh  inches.  All  the  mulli^des  and  subdiviswHU  of  cverv 
meaaure  are  decimal,  and  are  formed  by  the  same  pre&xea.  For  10, 
100,  1000,  and  10,000,  the  syllables  I>e«(,  i/ecto,  jTt^,  and  Myria  are 
prefixed ;  and  for  tenths,  hundredths,  thousandths,  the  syllables  Deci, 
Centi,  Mitli.  Latinf  prefixes  indicate  division,  Greek  prefixes  multi- 
plicoUon.  Thus  the  hectometoe  is  100  metras,  and  the  ceutimetfe 
the  hundredth  part  of  a  metre.  The  metre  being  ^ua  aettlsd,  tha  other 
fundamental  measures  are  formed  as  follows : — For  surCace  or  area,  the 
Are,  which  is  a  decametre  square,  or  100  square  metres,  or  '02471143 
of  an  English  acre,  or  3*9538  English  perches. 

For  aolidity,  the  ttere,  or  cubic  meter,  85'32  cubic  feet  English^  or 
220-09687  imperial  gallons  English. 

For  liquid  measurea,  the  litre,  or  cubic  dedmetre,  *22009687  of  an 
imperial  gallon^  or  a  Tsiy  little  more  than  a  pint  ud  three-qtuuten 
English. 

B'or  weight,  the  gramme,  a  cubic  oentimetre  of  distilled  water  at  the 
freezing-point,  ■O022O6O6  of  an  English  pound  averdupois,  or  15'412 
grains  +  English.  The  kilogramme  is  threfore  2*2  pounds  averdupois, 
or,  roughly,  50  kilogranmies  make  a  hundredweight.  The  franc,  the 
unit  of  money,  is  divided  into  10  decimea,  and  each  decime  into  10 
centimes,  l^e  sous  is  therefore  5  oentimea.  The  advantage  of  the 
whole  system,  lohen,  eriablished,  is  so  great,  that  all  who  are  fiuly  aware 
of  it,  long  for  the  introduction  of  a  similar  one  into  our  own  country. 
A  Frenchman,  when  told  that  a  kilogracmie  coats  25S  francs  74  cen- 
times, sees  at  once  that  a  gramme  oosts  25  centimes  and  j^tjiB  of  a 
centime,  An  Englishman,  wanting  to  know  the  price  of  an  ounce  when 
a  hundredweight  oosts  253L  14i;  lOd.,  must  go  through  the  whole  of 
the  following  process 

2532.  14«.  lOd. 
■  20 
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to  get  2i.  lOfl.  the  answer. 

The  tyiOme  tmd,  now  abolished,  was  as  follows,  the  divimons  being 
those  of  the  old  system.  The  toise  was  2  metres,  uad  the  foot  its  sixUi 
I»rt.  The  aune  WM  3  feet  1 1}  inches  English.  I^e  boisaeaa  was  one- 
eighth  of  the  hectolitre  :  the  litron  was  1-074  Paris  pintes.  The  livre 
was  fiOO  grammes.    The  arpent  was  that  of  the  old  system. 

It  is  not  in  our  limits  to  give  a  complete  list  of  the  wei^ta  and 

and  a  bad7  of  wls&Da  whleli  ihej  >ay  has  boen  farprttaa,  but  whioti  Uibt  have 
aerer  Shown  to  bne  had  exiitence. 

*  In  1816  UvM enforced,  decimal dlriiion being proUbited  la  T«taU  bnsin«M. 

t  The  Latin  ptcSxes  luU  the  Freaeta  loagnage  weU  eowvh :  the  Greek  odm 
are  incongruoiu  and  unsightlr.  Nor  has  to  tjttm  been  to  enUrtlr:  the 
centigrade  tbermometet  ougbt  to  have  been  luct^rvdt, 

X  Dr.  KeUr  ('CamUet,'  L  111)  ndus  It  Ifiti  gniM,  tot  wUsh  bs  glvn 


measurea  of  foreign*  countnes.  We  have  selected  aocording^  a  num- 
ber of  places  from  the  smaller  works  on  exchange  operations,  presuming 
that  the  beat  choice  we  can  make  ia  that  whi^  indudea  the  moat 
important  countriea  or  spots  which  have  huge  moneyHjealings  with  our 
own  countiy.  All  the  wei^ts,  Sk.  named  nave  been  takmf  for  these 
places  from  EeUv's  *  Cambist.'  All  the  English  measurea  are  of  course 
unperial  (the  gaUona  being  reduced  hj  ourselvoa  into  imperial  gallona)^ 
and  each  measure  is  given  in  F.ngliBh  measures. 

Awtria. — The  metrical  system  is  introduced  in  the  Italian  do- 
minions. In  Austria  Proper,  gold  and  silver  are  weired  by  the 
Vienna  marc  of  4333  graina.  The  pfund  is  1*235  pounds  averdupois : 
the  metzen  is  1-691  bnshels.  The  eimer  ia  12*444  gallona.  The  foot 
ia  12'45  inchei :  the  ell,  80-66  inohaa.  The  jodi  la  1  aore,  1  rood,  S8 
perchee. 

Jiavaiia. — The  Augsburg  marc  is  3648  gnuna;  S41b.  commerdal 
weight  is  251b.  averdupois;  and  241b.  cairien'  weight  is  261b.  aver- 
dupois, nearly.  Tlw  metx«i  is  I'fflS  buahela  ;  the  fudo-  (16  muida)  is 
31*24  bushek.  The  foot  (half  the  short  all)  ia  11-067  inobM.  The 
long  ell  is  24  loohea. 

£remea. — For  gold  and  silver,  aa  at  Hunburg.  The  oommeiciol 
pound  is  1*098  pounds  averduiioiu.  The  last  is  78-217  bushela.  The 
ohm  is  81*662  {^ons.   The  foot,  or  haU-ell,  is  11*38  inches. 

Ofhrnet. — Follow  in  general  the  weights  and  measurea  o£  the  mother- 
country,  except  where  they  have  passed  under  other  govranments,  in 
which  case  there  is  usually  a  mixture  of  the  two. 

CarutanttROpU. — The  chequee  is  4957  grains.  The  oke  is  2'd32 
pounds  averdupois.  The  killow  (dry)  is  7*296  gallons.  The  olmud  is 
1*150  gallons.  The  pike  is  27  inohea.  The  measures  of  Turkey  are 
varr  imperfect^  known. 

Denimrk. — The  pound  for  gold  and  silver  is  7266  grains.  The 
commercial  pound  is  1*1028  pounds  averdupois.  The  bwrel  ia  8*8264 
bushels.  The  viertel  is  1*701  gallons.  The  foot,  or  hali-ell,  is  the 
Rhineland  foot  of  12*356  English  ischee.  The  toendo  of  oatn  is 
5^  acres. 

Flmrnce  and  J^Aorn.— The  cantaro  is  150  pounds  of  '74864  pounds 
aTerdnpoia  eaoh.  The  atajo  is  *6702  bushel  Th«  barile  ia  lO'OSS 
gallons.   The  hnocio  ia  22-98  English  inches.   The  aaooata  is  1  aore 

36  perches. 

Frasikfori. — For  gold  and  ulver,  the  Cologne  marc  The  common 
pound  is  1*03  pounds  averdupois.  The  centner  is  112*26  pounds  avcs^ 
dupois.  The  malter  ia  2*9705  bushels.  The  ohm  la  32-464  gaUonH 
The  foot  is  11*27  inches ;  tiie  ell,  21*24  inches. 

&m«tKi.— The  mark  ia  8786  grains.  Tha^nidf  >^  is  1*214  pounds 
averdupois;  the  pmdt  foible  ono-sixth  lees.  The  coupe  is  21*861 
bushels.  The  setier  is  99*53  gallons.  The  foot  is  19*2  inches.  The 
acre  is  1  aore,  1  rood,  4  perchea. 

Oeiwa. — The  pound  aotiile  for  gold  and  silver  is  4891*5  grains.  The 
pound  grmo  is  *76875  potmds  averdupois.  The  mtna  is  3*321  bdshab. 
The  mezsarohi  is  32*57  gaUons.   The  palmo  is  9*725  indies. 

EambHrg. — The  Cologne  maro  ia  8608  gnuna.  The  pound  trmr  ia 
two  mares.  The  oommorcial  pound  is  1*068  pounds  sveranpola.  Tb» 
kst  of  wheat  (80  sohetfels)  ia  10*9  quarters ;  the  ahm  ia  81*86  gallona. 
The  foot  is  11*289  inches.  The  sch^d  (quantity  umial^  Bown  with 
a  scheEFcQ)  of  land  is  1  acre  6  perches. 

IloUand.~''Fhe  marc  is  879S  grains.  The  pound  ia  two  marcs ;  but 
the  commercial  pound  is  1*0898  pounds  averdupois.  The  last  (varioualj 
divided)  is  10-281  quarters.  The  aam  (256  pints)  ia  84*16  gallons. 
The  Rhinedacd  foot  ia  12*80  Inches.  There  are  several  ells  of  about 
27  inches.  The  Rhineland  perch  is  12  Rhinehind  feet,  and  the  Rhine- 
land  moigen  or  acre  la  2  acres  16  perches. 

Ionian  Idand*. — The  weights  and  measures  are  mostiy  Venetian  and 
Turkirfi. 

LUbeek. — ^For  gcJd  and  ulrer,  as  at  Hamboig.  The  commercial 
pound  la  1*0686  pounds  aTardupols.  The  sohefibl  ia  *92  bushels.  The 
ahm  is  81*86  gallons.   The  foot,  or  half-ell,  is  11-846  indies. 

MoUa. — The  pound  for  gold  and  silver  is  4866  graina.  The  oommer- 
cial  pound  is  1*745  pounds  Kverdupoia.  The  aahna  is  7*968  huahela. 
The  foot  ii  11-167  inches.   The  canna  (8  palmi)  is  81*9  inches. 

Milan. — The  mat^  is  8627  grains.  The  pound  toUile  is  *7206  pounds 
averdupois ;  the  pound  grotto  ia  1*682  pounds  averdupois.  The  moggio 
(82  quartari)  la  4*0284  budiala.  The  hrenta  (12  qnartwi)  ii  16*71 
gallons.  The  bracoio  is  23*42  inches.  The  metrical  aystem  u  also 
introduced,  with  Italian  names. 

Naplea. — The  pound  for  gold  and  silver  is  4956  grains.  The  cantaro 
grono  ia  196-5  pounds  averdupois,  the  cantaro  pioeolo  106  pounds  avei^ 
dupois.  The  tomolo  is  1*407  bushels.  The  barile  is  9*172  gallon& 
The  palmo  ia  10*88  inches.   The  nu^o  is  3  roods  12  perches. 

NethaiandM. — Sin(»  1820  the  EVeuw  metrical  ^yateiai  has  been  in 
use,  with  Flemiah  namea. 

Portugid. — The  maro  is  3541*5  gnuna.   Tha  commercial  pound  is 

e  There  Is  a  large  list  of  the  fondamentol  meuures  of  len^h,  wbioh  are 
thotc  most  wanted.  In  '  Table  of  Coatinental  Uneal  and  Square  Measurea,'  bj 
W.  WoolbooM  [London,  Weale,  IftSS). 

t  We  find  tlie  weights,  Ac,  In  the  works  ftora  wbleh  the  list  of  places  waa 
taken,  rather  dlffersnt  Ikvtn  those  la  Dr.  KeUf's  work.  But  the  latter  work  ia 
the  beat  aathori^,  and  nothing  but  evUence  een  alter  taj  weight  or  measure 
given  in  ib  Whoi  a  staadatd  woik  exists  in  waj  laBgnag^  It  is  absard  in  aaj 
BeoiHtd.rate  writer  to  dlllte  ftvn  It  whbaat  staUag  why. 
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1*0119  poundi  averdupois.    The  moyo  is  22"39  boahela.   The  almude 

11  8-6407  gallona.   The  foot  is  12*944  inches. 

Pnuna. — (New  system,  eatabliflhed  1816.)  The  Coloeoe*  marc  is 
3609  graine.  Two  marca  are  a  commeroial  pound,  or  1*0811  poimdd 
averdupoiii.  The  seheffel  is  1'5116  bushels.  The  eim^  is  IS'll  gaUona. 
^nie  foot  ia  18*850  inches ;  ibs  ell,  two-thirda  of  a  metre.  The  morgen, 
or  acre,  is  2  rooda  21  perches. 

A>fn«.~The  poond  ia  S284  graioa,  or  -7477  pound  averdupois.  The 
rubbio  (4  quarte)  Is  8-1012  bushels.  The  barile  (32  boooali)  is  12-841 
Kallons.  The  foot  is  1 1*72  inches.  The  builders'  oanna,  of  10  pahus, 
Ih  87-96  inches. 

jRuma. — There  is  bub  one  pound,  '9026  of  a  pound  averdupoiB.  The 
pood  is  86  lb.  amdtipois.  The  dierbwert  is  S7698  buahela.  The 
vedro  is  S*7048  gallons.  The  inoh  ia  the  Engliafa  one;  the  arahlne  is 
26  inches;  the  foot  Is  13]  inches;  but  the  English  foot  is  in  common 
use.   The  dessetina  is  2  acres,  2  roods,  82  perches. 

Saxony. — For  gold  and  silver,  the  Cologne  marc  The  commercial 
pound  is  1-0294  lb.  averdupoia.  The  Dresden  wispel  (24  sohefiels)  is 
69-85  bushels;  the  Leipzic  vispel,  91747  bushels.  The  Dresden 
dmer  is  14-89  gallons ;  the  Ldpzlo  eimer  16-78  sallons.  The  Dresden 
foot  ia  11*14  inches ;  the  Leipdc  foot  Is  ll'lS  inches.   Tha  acre  ia 

1  acre,  1  rood,  18  perches. 

Sie%, — The  pound  is  7  pounds  averdupois.  The  oantaro  groaso  is 
192*6  pounds  averdupois ;  the  cantaro  sottile  is  1 75  lb.  aTerdapois. 
Tlie  aalma  grossa  is  9*46  bushels ;  the  salma  generale  7'fi9  bushels. 
The  salma  of  wine  ia  19  23  litres.   The  palmo  is  9'6  inehfls. 

Smyrna.— T\it>  cheqnee  is  4958  grains.  The  rottolo  is  1*2748  pounds 
averdnpois.   Tbe  killow  is  11*3  gailons.   The  pike  is  27  inches. 

Spain. — The  Castilian  marc  for  gold  and  silver  is  4800  gnJna.  The 
commercial  pound  ia  1*0144  pounds  averdupoia.  The  fiuiega  ia 
1-65  bushels.  The  arroba  of  wine  is  3*538  gallons.  The  foot  is 
11*128  inches :  the  vara  is  38*384  inches.  The  luu||ada  (for  corn- 
land)  is  1  acre,  21  perahes. 

Sweden. — ^The  Hint  marc  is  8252  grains.  The  commercial  pound  ia 
-9876  lb.  averdupois.  The  dry  tunna  ia  4*028  bushels ;  the  liquid 
tunna  ia  48  kanns  of  -5756  galltms  each.  The  foot,  or  half-ell,  is 
11*684  inches.   The  tunneland  is  1  acre,  8S  perches. 

United  Statet. — The  weights  and  measures  are  those  of  Engknd 
before  the  late  alterations. 

Feniee — ^Themarc  for  gold  and  silver  is  8681*5  grains.  The  pound 
jMlOffr()Moisl*0618lb.averdupoi&  The  pound j>no  nrttile  is  -664 pound 
averaupois.  Thestajoia  2*2  bushels.  The  anfora  Is  114*1  gallons. 
The  braccdo  for  woollen  is  26*61  inches ;  for  silk,  24*8  inches.  The  foot 
is  18*68  inches. 

We  now  proceed  to  the  weights  and  measures  of  the  ancients,  taking 
first  [the  rations  'of  the  various  denominations  to  one  another,  and 
afterwards  the  fundamental  compaiiaons  of  their  values  with  the 
modem  weights  and  meamirea. 

The  Romans  had  a  mode  of  ^Tiding  the  as  or  libra  which  they 
tntnsferred  upon  ocoadoQ  to  any  unit.  The  whole,  whether  an  as 
or  anything  else,  consisted  of  twelve  uncta,  so  that  the  uncia  be- 
came little  more  thui  a  name  for  the  twelfth  part.  The  division 
stood  thus — 

1^  uwusa  was  Seecimcia,  or  Seacunx. 

5  „      Sextans  (a  eixth). 

8         M      Quadrane  (a  foiuib),  or  TeruQciui> 
4        „      Triens  (a  third). 

6  ^  Quincunx. 

6  „      Semis,  or  Semissis  (« half ), 

7  J,  Septimx. 

8  M  (>>^  Boseis. 
0         „  Dodrans. 

10  „      Derton^  or  Deounois. 

11  „  Deunx. 

The  libra  of  weight  was  thus  subdivided  : — 8  aillquse,  one  obelus ; 

2  oboli,  one  eorupulum ;  4  sorupula,  one  aextula;  6  acrupula,  one  sioi- 
lieus;  8  serupula,  one  duella;  3  duellte,  one  uncia;  12  imciee,  one 
libra.    In  later  times  the  uncia  was  divided  into  8  drachnue  of 

3  Borupuk  each.  This  mode  of  dividing  an  integer  into  288  sorupnla 
runs  through  other  branches  of  their  aystem,  and  is  also  used  fn  sub- 
division of  a  unit.  The  obolus  in  the  preceding  system  rather  belongs 
to  a  later  period  in  which  the  Greek  divisions  were  introduced,  the 
onnoe  being  made  8  drachmn  of  8  scmpula  or  6  oboU  each.  The  uncia 
appears  (as  oiyyla)  in  the  later  Greek  vnitera. 

In  the  measures  of  length  the  pea,  or  foot,  was  divided  not  only  into 

12  uncito,  but  also  into  10  digitt  In  such  Roman  foot-rules  as  have 
been  found,  all  have  the  digital  division,  some  both,  but  none  the 
uncial  without  the  digital  And  4  digit!  are  one  palmus ;  4  palmi,  one 
ped;  1)  pedes,  one  palmipes;  Ij^  pedes,  one  oubltos;  2}  pedes,  one 
gradus;  2  gradus,  or  fi  pedes,  one  passus;  2  passus,  one  decampeda; 
12  decemped»,  oneaotns  ;i-  1000  passus,  one  milliare. 

*  Tbla  wslfht,  ettabUihod  by  Cbarlet  T.  as  tba  •tsntUrd  of  the  predena 
tnctals  throngboat  Qemianr,  has  vsiied  In  difibrent  plaom  tnaa  S60e  to  S613 
grains. 

t  The  aotos  Is  daagtlbsd  ss  the  tengllt  of  a  Airrow.  U  ooi  fbtloiig  bad  ban 
(as  soma  would  soppost)  a  fnrrow  Icng,  it  wonld  hare  bsea  Dssier  to  tba 
Bommn  ootoa,  not  oii»4lgtth  of  a  mile. 


The  jugemm  wm  an  area  of  which  the  scnipulum  (or  288th  part) 
was  tiie  square  decempoda,  or  100  square  feet.     It  was  frequentJy 


mmimus  was  480  square  feat.  The  versus  was  10,000  squatQ  feet 
The  aripennia  (whanoe  lOTpeni)  was  a  Gallle  measure  which  Columella 
defines  as  seml-jugerum,  but  whether  of  Romans  or  Gauls  is  not  clear. 

The  amphora,  or  quadrantal,*  for  liquid  measure,  was  a  cubic  foot : 
4  ligulM  made  1  cyatius ;  6  ligulae,  I  acetabulum ;  2  aoetabula,  1  quar^ 
tarius ;  2  quartarti,  1  hemina ;  2  heminas,  1  sextarius ;  6  seztiuii,  1 
congiua ;  4  congii,  1  uma ;  2  umao,  1  amphora ;  20  amphonc,  1  ouleus. 
In  Galen  the  ooohJeare  is  the  tenth  of  a  Ugulo. 

The  modiuB,  or  modium,  of  dry  measure,  was  16  sextarii,  or  the 
third  part  of  the  amphora,  or  cubic  foot  The  sextarius  wa^dividad 
in  the  same  manner  as  in  liquid  measure  The  concha  is  mentioned  as 
a  smaller  measure  than  the  ligula. 

The  Greek  weights  have  been  diacusaed  in  the  article  Talent.  Six 
iPoXoi  make  one  Spax/aii ;  100  Spaxjuu,  one  turn  (miua) ;  60  /wai,  one 
rvAtvnw.  The  xoAxor  and  the  A<imr  are  mentioned  as  aubdivisionji 
ot  the  i$eXas,  but  are  not-  general^  reoogniaed. 

As  to  length,  the  »ovi,  or  foot,  was  thus  divided 4  9aitrv\ot 
make  one  wafnuffrri;  12  iaKTu\oi,  one  inrtBatai ;  4  ToAaiorai,  one  toui; 
1^  woSff,  one  *i|xw»;  4  injx«i»,  one  ioyvia;  100  roSts,  one  nXfOpof; 
9  vXttffM,  or  600  »o8«,  one  (ttoBioi'.  [Stadidm,]  The  SoxMV  "  the 
mXwffn;  in  some  writers,  the  mBofii)  in  others.  The  roAwtrn)  is  also 
called  SoKTvAedav^Q  and  ft^w.  The  Ai^ot  is  10  SwcrvKot,  the  ipBoSupow 
is  11  9wtTv\oi,  the  TIT//*]}  18,  and  the  nryw  20  SorruAai.  The  Sixtu  is 
half  a  wovt,  the  ia  2i  toBts.  The  (uAw  is  4^  wot«s,  and  the 
KoAa/tor  10  -roStt.  The  rraSiov  was  once  called  afiAoj,  and  the  Suu/Xos 
is  2  trraZta.  The  trraSioc  hrwucoy  is  4  o-ToSia,  and  the  SoXixoj  ia  12 
trruSia  generally,  but  is  variously  used.  We  must  also  mention  tha 
KoyZu?>Mi  of  2  SoKTufM,  and  the  of  60  a-oScr.  The  Qroeka  have 
taken  the  axoivox  (variouatj  desoibed)  from  the  Egyptians,  the  fuAisr 
from  the  Romans,  and  the  wtipiunpfYgt,  which  is  80  stadia,  according  to 
Herodotus  and  Xenophon,  from  the  Persians.  The  kovi  ^tktraipios,  or 
Philetffirian  foot,  though  used  by  Greek  writers,  ia  not  originally 
Greek,  and  is  said  to  be  longer  by  a  fifth  than  the  Roman  foot  AU 
writera  agree  that  the  common  Qredi  wovs  fa  longer  than  tha  Roman 
foot  by  the  24th  part  of  the  latter. 

The  vAa^per  in  square  measure  wu  ■  square  of  the  side  of  a 
wX»$pow  in  lengtii,  or  10,000  square  mSvt.  The  ipmpa  was  the  fourth 
part  of  the  vAtSpoy ;  but  the  Egyptian  ipovpa  mentioned  by  Herodotus 
is  the  square  of  100  Egyptian  cubits. 

In  liquid  meaaine,  2  Nox^uipia  make  one  x^ftV,  S)  Kox^-aipia,  oat 
nmrrpow;  2  /uHrrpa,  one  iwjxij;  8  Koyxtu,  one  KuaflM;  3  KvyX"',  one 
6lufiaipw,  2iivfia^on6TerapToy;  ZrwraprOfOasKonK^;  2  kotuAoi, 
oDe{ff0T)fs;  flt«tfTai,onex<»*;  12xM',oneM«T]pifT9r.  The ^fnrnf* is 
Bud  to  have  been  an  amphora  and  a  haU,  and  the  Kvafes  to  ham  om- 
tiuned  10  drachms  of  wine.  The  Aayvmt,  or  Xarijwi,  was  the  same  as 
the  xovt-  There  were  also  the  xvm  ytctpyiinj  and  the  fwcrpoy  y*»pyiMw, 
rural  measures.   The  /tvrprrnit  was  also  called  ifupopmt  and  naSot. 

In  dry  measures,  the  /MStftfot  was  one-third  laiger  than  the  jufvpirrqi 
(or  was  two  Roman  amphone),  and  was  ihua  divided : — Ten  Kox>^tafna 
made  on*  KMffor;  IB  Kox^-iapia,  ono  l^uBapov;  4  ififjSo^a,  one  kotiAi}  ; 
2  KOTvKai,  one  {t^ntr;  2  (roroi,  one  x^"''i>  4  xo<^"di  one  ^futicror;  2 
^*KTa,one4itT0»;  S  iitTot,onantStfwot.  There  are  various  descriptions 
of  the  xou'tj)  from  which  it  may  be  that  there  are  several  measures  of 
the  name.  The  Greeks  mentidn  the  Persian  ixtyii  of  45  ^icSijuvoi,  the 
ifiTB^,  of  one  titSiiwos,  and  the  Kamdr}  of  2  xcc'*"-  Bmotian 
Ko^ro*  is  8  x«<*  =  Homeric  aSSil  is  4  x"**"""  '>  the  i*apit  is  6 
KOTvAai;  the  iXmfitmftwf  is  the  «TvX1^ 

The  foUowing  measures  are  identical  in  pairs,  if  the  fttSi/ana  be  two 
amphons  : — ^The  xow  and  the  congius ;  the  (tmff  aud  the  sextarius; 
the  KOTvKif  and  the  hemina;  the  rrraproy  and  the  quartarius;  the 
oft/jSo^wK  and  the  acetabulum ;  the  icvaSot  and  Uie  (^thua. 

All  the  Greek  measures  above  given  are  Attic  :  there  are  some 
variations  of  description  which,  if  not  erroneous,  probably  belong  to 
other  parts  of  Greece.  It  is  customary  to  give  the  Qreelc  and  Roman 
tnessnres  ia  two  eoUeetions,  without  any  attempt  to  distingui^  the 
timee  at  which  Uiey  were  in  use ;  so  that  Homer  and  Atheneeus,  or 
Herodotus  and  Gi^en,  may  appear  as  authorities  in  the  same  set 
There  are  many  other  names  of  measures  noted  by  diOerent  writers, 
some  of  which  are  but  synonymes  of  some  of  those  above  mentioned, 
and  of  others  It  may  be  doubted  whether  they  were  really  names  of 
recognised  measures.  If  the  writers  of  our  day  were  compared  in 
isolated  passages  aa  closely  as  those  of  the  ancients,  wo  might  probably 
have  a  great  many  measurea  made  for  us  of  which  we  know  nothing : 
the  shells  which  the  grocers  use  would  have  good  chance  of  a  per- 
manent establishment,  and  their  paper  bags  could  not  possibly  escape. 

The  Hebrew  measures,  though  tolerably  well  settled  in  their  lov- 
portions,  are  very  imperfootly  known  aa  to  their  absolute  magnitudes. 

•  The  Una  qttadratna  accau  to  have  applied  to  caboa  as  well  u  squarca 
aBM»f  the  Komans. 

t  This  word  la  tianilated  In  two  of  tbe  fo^l*  (Hark  xlv.  3 ;  Lake  ^.  V) 
m  alstaiMr  torn;  ^ipbanina  la  Um  aatbority  for  the  nensure,  wbioh  there  Is 
no  doubt  took  Its  ilae  from  tbe  tfiOTWStsiws  of  psiAwua  b^r  eoBBMlr 
lodosed  tn  alabaster  boxes  of  one  slat. 
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Wa  Bhall  only  hero  the  tuual  Bummary,  and  Bhall  then  give  Homo 
account  of  the  mode  of  determining  Uie  actual  magnitude  of  the 
Greek  and  Roman  measures.  With  r^;ard  to  these  Hebrew  measures, 
mucii  imcertaiDty  prevails ;  the  authorities  'ore  hy  no  means  so  numerous 
aa  those  for  the  other  ancient  measures,  nor  bos  the  subject  received 
BO  much  discussion. 

The  cubic  waa  about  22  inches ;  4  digits  make  1  pahn ;  3  palms,  1 
span;  2  spans,!  cubit;  4  oubita,  1  fathom ;  6  cubitB,  1  reed(Kaneh) ;  8 
cubits,  1  pole  (Arabian);  80  cubite,  1  meamuinfc-lbe ;*  400  cubits 

1  stadium;  5  stadia,  a  Sabbath-day's  journey;  10  stadia,  a  mile;  21 
miles,  a  daVa  journey. 

In  liquid  measures,  the  bath,  or  ephah,  of  about  6^  imperial  gallons, 
is  thus  divided  : — Four  logs  make  1  c»b,  3  cabSj  1  hin  ;  2  hins,  1  seah ; 
3  seahs,  1  ephab.  The  caph  is  three-fourths  of  the  log.  For  dry 
measures,  beeddea  the  cab,  sealij  and  ephoh,  6  ephahs  make  1  letech ; 

2  letech,  1  Chomer,  or  Homer.   The  gomer  is  the  tenth  of  the  seah. 
For  weight,  60  shekels  make  one  maneh ;  £0  maseh,  1  talent  of 

63'75  pounds  averdupois. 

We  now  come  to  the  comparison  of  the  Greek  and  Roman  measures 
with  our  own.  The  Roman  foot,  the  most  important  of  all,  has  been 
determined  in  the  following  t  mys : — 1.  By  feet  laid  down  on  sepul- 
chral monuments.  2.  By  foot-rules  oVtamed  in  the  ruins  of  Rome 
and  elsewhere.  3.  By  the  distuioe  of  milMtonea  4.  By  the  distance 
of  places.  5.  By  specimens  of  the  congius.  9.  By  some  obelMs. 
7.  By  the  dimeosions  of  buildings.  The  results  are  given  in  lines  of 
344  to  the  Parisian  foot,  and  as  many  dissertations  on  tiiis  subject 
make  great  use  of  the  line,  it  will  be  convenient  to  give  a  table  of  its 
multiples  in  terms  of  the  Knglish  inch. 

One  line  inch  French)  is       .  08881378  EngUsh  inch. 

2  Unes  are  .      .      .      .   .  -17762756  „ 

8    „   -26644134  „ 

4   „    -35525512  „ 

fi  M   -444068»0  „ 

6  „    •S8288268  „ 

7  „   -62169646  „ 

8  „    71061024  „ 

9  „   ■79932402  » 

129-484  lines  are  ll^  Bng^  inches. 

The  KpvUehral  feet  are: — 1.  That  marked  on  the  tomb  of  one 
Statilius,t  found  in  the  Vatican  garden  in  the  16th  century;  2.  That 
found  on  the  tomb  of  Cneius  Cossutius  (Vitruvius  mentions  on  archi- 
tect of  that  name),  dug  up  in  the  garden  of  Angelo  Colozzi  §  before 
1516;  3.  That  on  the  tomb  of  M.  JSbutius;  4.  That  on  a  monument 
vltiiout  inscriptioD,  given  hy  the  Marquis  Capponi  to  the  CapitoUne 
HoBeum  at  Rome,  Taking  the  means  of  such  trustworthy  measuKs 
as  have  been  made  of  these  different  feet,  it  appears  that  the  Statiliaa 
foot  is  181'17  Paris  lines;  the  Cosautian,  or  Colotian,  130-59  lines; 
the  .^butian  181-14  lines;  and  the  Capponian  130-80  lines. 

The  first  foot-rule  was  measured  by  Lucas  Pestus, '  De  Hensuria  et 
Pondeiibus  Romiuiis  et  Qra»iB/  Venice,  1573,  who  found  three  of 
them  agreeing  with  each  other  so  br  as  his  means  of  comparing  them 
went,  a  copy  of  which  he  caused  to  be  engiaTed  on  stone  and  placed 
in  the  Capitollne  Museum.  This  was  owed  the  GapUdine  foot,  and 
waa  frequently  regarded  as  conclusive.  Ptstus  himseli  m^es  ^e  foot 
amount  to  12iS'7  lines ;  but  there  ia  reason  to  suppose  either  that  his 
measures  are  too  short  or  that  the  standard  to  which  he  referred  them 
has  been  mistaken;  for  otiiers  make  his  own  CapitoUne  foot  to  be 
180-5  lines.  Two  other  foot-rulee  give  128*75  and  180*08  lines.  There 
was  a  porphyry  column  at  Rome  (now  lost)  marked  toS,  9,  which  was 
certainly  meant  for  nine  Roman  feet.  An  editor  of  Vitruvius, 
Philander  (1552),  makes  the  Roman  foot  to  be,  from  this  column, 
131-63  lines ;  but  Fsetus  mokes  it  only  130-03.  Other  foot-rules  have 
been  made, to  give  130-6,  130-03, 132-89, 180-56, 129-24>131*16, 130^8.' 
Some  of  these  are  different  measures  of  the  same  nde. 

Very  few  oonsecutive  milestones  have  been  found  from  which  to 
deduce  the  foot  From  one  mile  in  the  Appian  way,  and  from  two 
diff^ent  ones  between  Nismes  and  Beaucaire,  the  foot  has  been 
deduced  to  be  130-60, 130-29,and  130-51  lines.  From  various  recorded 
distances  between  towns,  subject  to  the  difficulty  of  knowing  precisely 
from  what  parts  of  them  the  miles  were  measured,  the  foot  has  been 
found  to  be  132-34,  128  42,  130-99,  129-31,  182'55  lines.  D'Anville, 
from  a  coIleotioD  of  such  measures,  fixes  it  at  ISO'S  lines. 

A  specimen  of  the  congius  ia  yet'remaining,which,byan  inscription, 
is  declared  to  have  been  placed  in  the  Capitol  by  Veaposian  as  a 
standard.  The  congius  ia  the  eighth  part  of  the  amphora,  or  cubic 
foot.  By  ascertainiDg  the  weight  of  water  which  Uus  contains,  the 
foot  was  estimated  by  Torious  obsemna  at  181*15, 183*31,  and  182*44 

*  PatitU,  or  Chebel ;  trxotvos  in  the  Septna^t. 

t  In  the  biBtorieal  sccoant  of  tlie  Botnan  foot  we  have  fallowed  J.  F.  Warm, 
'Do  Ponderum,  &o.  Batlonibns  apnd  Bomonoa  et  Oneeos,'  Btntgard,  1B31,  na 
to  method,  verifying  scrml  of  Us  Btatementa. 

X  We  mromcrate  Umbc,  not  for  thdr  Inportanec,  bat  becauM  lliev  are  to 
fraanently  referred  to, 

f  The  ibot  la  flgnred  In  the  work  of  Leaurdtu  PortLoa,  Qie  flnt  In  whiDh 
any  attempt  was  mida  to  restore  the  real  Bdman  meavnrea.  It  haa  no  place 
Bor  date  i  bat  balog  printed  by  Job.  Froboila^  nut  be  of  Baacl  belbra  \W. 


lines.  From  the  length  of  the  foot  drawn  upon  the  congous  ItseU  have 
been  obtained  182*8, 183*S  lines.  From  aooUier  congius  preserved  at 
Paris,  Auzout  found  134-18  lines  for  the  Roman  foot. 

There  are  two  obeliuks  at  Rome,  which  were  brought  by  Augustus 
from  Heliopolis.  Pliny  gives  the  height  of  these  in  feet,  or  rather, 
the  height  of  tJio  higher  and  the  defect  of  the  lower  from  it.  Meosiu-e- 
ment  proves  that,  with,  respect  to  the  higher,  the  number  of  Pliny 
must  be  corrupt;  but  from  his  dififorenuw  between  the  two,  as  com- 
pared with  the  measured  difference,  the  Roman  foot  is  187*19  lines. 

The  method  of  ascertaining  the  foot  by  buildings  is  as  follows  :— 
Any  remarkable  lengUi,  such  as  that  of  the  whole  front  of  a  building, 
being  known  nearly  in  Roman  feet,  is  presumed  to  be  exactly  that 
number  of  feet  which  it  must  be  nearly.  This  supposes  that  the 
Roman  architects  were  in  the  habit  of  choosing  exact  numbers  of  feet 
when  thero  was  no  partioular  reason  for  breaking  a  foot  Rt^>er 
('  FhiL  Trans.,'  1760)  proceeds  in  the  manner  of  which  the  following 
is  an  instance:— He  finds  the  distances  betvreen  the  columns  in 
the  temple  of  Patima  virilU  to  be  9*7106  English  feet  If  this  be 
an  exact  number  of  Roman  feet,  it  must  be  10;  we  know  enough 
beforehand  of  the  Roman  foot  to  aay  it  cannot  be  9  or  11.  Conse- 
quently, if  the  distance  between  these  columns  be  a  whole  number  of 
feet,  the  foot  must  be  '97106  of  the  Engliah  foot  By  proceeaes  of 
this  sort,  Greaves  found  181*50  lines.  La  Hbe  131*0  and  132*4,  La 
Condamine  130-9,  Jocquier  131-08  and  181-14.  Raper,who  went  more 
into  this  subject  than  the  others,  found  by  different  buildings  131-14, 
13160,  181-62, 131-11,131-16  13105,  131-16,131  05,  and  131-16  for 
the  mean.  Wurm,  from  the  Verona  amphitheatre,  adds  131*12, 
Raper  thought  he  observed  that  the  buildings  subsequent  to  the  time 
of  Titos  give  a  shorter  foot  than  their  predeceesora  :  from  instanoes  he 
gets  180-7S,  130-33,  130-34,  witb  a  mean  of  180*84.  He  refers  the 
change  to  the  destruction  of  tite  O^iitol  (where  the  standards  were 
kept)  in  the  time  of  Vitellius. 

From  all  these  data  Raper's  average,  adopted  by  Wurm,  ia  131-15 
French  lines  for  the  ancient  foot,  or  11-648  English  inches  or  '971 
English  feet  But  Sir  G.  Shuckburgh  made  a  civeful  review  of  the 
thiee  best  modes  of  obtaining  tiie  required  result,  namely,  rules,  build- 
ings, and  tombs,  and  obtomed  *967^  '9681,  -9696  of  a  foot  English. 
(Young's  '  Lectures,'  iL  153.)  The  mean  of  these  is  *9688  feet,  or 
11-6196  inches.  Again,  if  we  take  a  mean  of  the  results  given  by 
others,  namely,  Bernard  '970,  Ficard  and  Greaves  -967,  Folkes  -966, 
Raper  -970,  we  have  olao  -9683.  We  take  then  the  Roman  foot  at 
11-62  EngUsh  inches,  which  is  represented  far  within  the  probable 
limits  df  error  W  t^  fdlowing; — 61  En^ishfeet  make  63  Roman 
feet  We  are  well  aware  that  eminent  authorities  of  late  years  prefer 
11*65  inches  for  the  Roman  foot,  hut  we  like  to  keep  as  near  to  the 
foot-rules  as  we  can,  coQsistentjy  with  giving  due  weight  to  other 
modes.  Indeed,  the  question  between  11-62  and  11-65  cannot  be 
settled  by  authority,  but  must  be  decided  by  closer  appreciation  than 
has  yet  been  made  of  the  probabilities  of  the  different  methods. 

The  Roman  measures  of  length  may  thus  be  conudwed,  ve  fully 
beUeve,  to  be  as  well  known  to  us  as  they  were  to  themselves.  The 
same  cannot  be  said  of  the  meaaures  of  weight  All  writers  agree  that 
the  amphora,  or  cubic  foot,  weighs  80  pounds  of  wine ;  but  it  is  also 
Bud  that  they  considered  wine  to  be  of  the  same  weight  as  water.  We 
have  no  means  of  ascertaining  the  specific  gravities  of  their  wines ; 
those  of  our  own  vary  from  '99  to  1*04,  water  being  taken  as  1.  But 
there  is  me  very  obvious  consideratitm  which,  we  believe,  has  escaped 
notice.  Ho  metrologist  has  given  the  Romans  credit  for  seeing  that 
water  would  do  jiiat  as  well  to  make  comparisons  and  adjust  atandorda 
by,  as  wine,  believing,  as  they  did,  that  bothare  of  tiie  same  weight  If 
we  suppose  then  that  they  preferred  to  spill  water  rather  than  wine, 
and  assume  11-62  inches  for  the  foot,  we  have  1568*984  cubic  inches  * 
English,  in  the  amphora,  or  5-6586  imperial  gallws,  or  56*586  poimda 
aTcraupoiB  of  water.  If  the  Roman  pound  be  the  80th  port  of  this,  it 
is  '7078  pounds  averdupois,  or  '8595  pounds  troy.  This  is  4951  grains, 
or  60894  French  grains.  Kow,  ooconUng  to  Warm,  Budasus  nuide  it 
7200  French  graiuB,  Capellus  and  Romd  de  Lisle  6048,  Auzout  6226, 
Eisenechmid  6216,  Dupuis  6800,  Leblanc  and  De  la  Nauze  6144, 
Faucton  6312,  Arbuthnot  6895.  Of  these,  those  of  Rom^  de  L'Isle 
and  La  Nauze,  which  come  the  nearest  to  6089^,  were  determined 
fi-om  weigjhing  coins :  but  the  most  modem  Taluations  deduced  from 
coins  give  5040  gruns.  On  coins  however  we  do  not  much  r^.  The 
congius  of  Vespasian,  already  mentdoned,  gave  to  different  experi- 
menters 6094,  6386,  and  6276  Paris  grtuns;  but  it  is  most  probable 
that  the  capacity  of  this  vessel  has  been  somewhat  increased  by  rust 
There  ore  also  some  ancient  weights  in  stone  or  metal,  preserved  in 
different  places,  from  which  De  L'Isle  brines  out  6071  and  6042  grains. 
But  others  make  di£brent  results,  whether  from  the  coins  or  the 
wei^te;  and  the  rssult  of  thevrfaole  seems  to  be,  that  the  Roman 
pound  cannot  be  more  accurately  stated  than  in  the  following  words  : 
"eometJiiing  more  tiion  seven-tenths  of  a  pound  averdupois."  The 
Attic  Tamst  is  said  hy  many  writers  to  be  80  Roman  pounds.  Now 
this  being  taken,  as  in  the  article  cited,  at  66'953  pounds  averdupois, 
gives  -7119  of  a  pound  averdupois.   Between  '707  and  *712,  or  very 

*  To  turn  oaUo  inchoa  into  imperial  Ealloiu,  msltlpl^r  I?  II  and  ^7  St 
divide  br  6100,  and,  If  worUt  while,  from  tbo  rendtBubtraet  its  two  bnadred 
tbooiandtli  part 
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near  to  one  of  these  extremes,  wa  Iiftve  little  doubt  the  truth  really 
lies.  Aocordingly,  the  Roman  uocia  is  much  nearer  to  our  ounce  aver- 
dupcos  tiian  to  oar  ounce  ^7;  and  many  metrolc^jBta  have  anppoaed 
that  the  fonoer  ma  originally  die  unoia- 

We  have  aerer  had  any  means  of  knowingwhether  the  fundamental 
points  of  connection  between  the  Greek  andRoman  measures  are  exact 
or  only  approximate.  These  are,  that  the  foot  is  longer  than  the 
Human  by  one  twenty-fourth,  and  the  Philetteriaa  foot  by  one-fifth ; 
that  the  /itrfnfnis  is  an  amphoia  and  a  hal^  and  that  the  amphora  of 
water  or  wine  weigfas  an  attic  talent.  Taking  these  relations  for 
granted,  WQ  have  for  the  Greek  foot  12*10  Eng^  inohea  or  1-008  feet, 
for  the  Philetferian  foot  13*94  inches,  for  the  metretes  8-4879  gallons, 
and  for  the  attic  talent  60'58S  pounds  averdupois.  There  is  one 
stadium  left  at  Athene  [Stadium]  which  is  6S0  English  feet,  giving 
for  the  Greek  foot  1  *0S  feet  English ;  but  there  is  not  much  depen^nce 
to  be  placed  m  the  measure.  Such  buildings  as  have  been  examined 
■t  AthoM,  in  the  manner  already  deaoribed,  give  as  a  mean  186-69 
Puis  linea,  or  12*11  English  inchiBB.  We  may  therefore  say  that  the 
Greek  foot  was  longer  than  the  English  one  by  the  tenth  part  of  an 
inch.  The  statements  theu  as  to  the  relations  between  the  Greek  and 
Roman  measures  appear  to  have  been  tolerably  exact,  and  our  know- 
ledge of  liie  relations  between  our  measures  and  theirs,  though  not 
sufficient  for  scientific  comparison,  is  abundantly  exact  for  the  purposes 
of  the  Hamifnl  student,  &r  more  so  than  oould  have  been  expected  to 
liave  beoi  attainable  by  those  who  remember  that  for  a  long  period  all 
means  <^  comparison  were  lost,* 

WEIGHTS  AND  MEASURES,  STANDARD.  In  this  article  we 
separate  from  the  general  subject  of  Weights  athd  HsAsnREs  those 
preliminary  consideralions  which  refer  to  the  manner  in  which  weights 
and  measures  arc  verified  and  preserved,  so  for  as  they  can  be  entered 
upon  in  a  work  partly  of  reterenoe,  gorily  of  general  informa^on.  We 
do  not  [vetend  to  complete  a  scientifio  account,  but  shall  be  satisfied 
with  preparing  nnpiactiied  reader  to  look  with  some  decree  of 
interest  on  the  sources  of  more  elaborate  information  to  which  we 
shall  refer. 

Measures  are  wanted  for  two  distinct  objects,  the  commeroal  and 
,  the  scientific  Tb^  wants  of  natural  philosophy  have  grown  up  within 
the  last  two  eenttowa;  wUle  so  eaify  w  Ib^iaCSurta  it  was  one  of 
the  ooncesdons  to  the  grievances  of  toe  subject  that  there  should  be 
one  wei^t  and  one  measure  throughout  the  land.  But  thou^  a  few 
4Cts  of  parliament  were  sufficient,  in  process  of  time,  substantially  to 
establish  the  political  rights  whidi  that  charter  was  intended  to  grant, 
hundreds  of  them,  down  to  the  present  time,  have  been  ineffectual  in 
producing  the  use  of  one  weight  and  one  measure.  Some  of  these  we 
shall  afterwards  refer  to  [Weiobts,  Ac.]  ;  in  the  meanwhile  we  have 
here  only  to  state  that,  as  m^  be  supposed,  this  unity  was  for  com- 
mercial, not  scientific  purposes ;  and  that  the  resemblance  of  natural 
objects  was  supposed  to  be  a  suffioieut  reliance  for  obtaining  it.  Some 
of  the  old  statutes  expressly  make  the  inch  to  be  the  length  of  three 
barleycorns,  placed  end  to  end,  round  and  dry,  from  the  middle  of  the 
ear.  Standards  were  mode,  no  doubt,  from  this  definition;  or  at  least 
it  was  mippaeed  that  if  the  ffidsting  standud  should  be  lost,  the  barley- 
corns would  enable  ito  restoration  to  be  efibcted.  Our  readan  may 
smile  at  what  they  think  so  rude  a  contrivance ;  but  the  same  prin- 
ciple, carried  a  litUe  further,  might  be  mode  very  efficient  hi  presemng 
a  measure.  Suppose  for  example,  that  the  government  were  now  to 
think  it  desirable  to  recover  the  three-barleycorn  inch,  or  at  least  to 
invent  one  which  should  be  o^ble  of  being  recovered.  They  would 
put  togetho-  not  three  barieyooms,  but  three  thousand,  or  thirty 
thousand;  or  many  dififorent  coUectiom  ol  three  Uiousand  or  more. 
The  average  Inch  deduced  from  these  would  be  capable  of  being  re. 
covered  at  any  time  from  the  same  grain  grown  in  the  same  soil.  A 
commerdal  standard  might  be  easily  recovered  from  many  different 
modes  of  proceeding :  for  example,  the  averoffe  height  of  tiie  barometer 
at  a  given  place  throughout  any  period  of  five  yean  is  so  nearly  the 
same  frcmi  one  five  years  to  another,  that  a  commercial  standard  might 
Iw  siifficfent^  well  obtained  from  it.  It  would  be  of  littie  consequence 
if  the  yard  were  wrongly  recovered  by  one-hundredtii  or  even  one- 
tonth  of  an  inch,  in  any  matter  of  buying  and  selling. 

It  is  the  adentific  standard  at  which  Ihe  government  has  been  aiming 
during  the  last  century.  The  object  here  is,  first,  to  measure  the  old 
atondords  to  the  utmost  accuracy  of  which  our  senses,  assisted  by 
microaocqwa,  ore  capable;  second^,  to  discover  tiie  means  of  recon- 
stmcting  a  lost  standard.  In  the  mora  delicate  operations  of  natural 
philoBOpny  and  astronomy,  our  knowledge  cannot  go  down  to  posterity, 
imless  they  know  within  the  thousandth  of  an  inch  what  it  is  tiiat  we 
call  a  yard.  The  public  at  large  has  never  tmderstood  the  reason  why 
so  much  trouble  has  been  taken ;  and  periia^  the  members  of  different 
administrations,  while  trusting  such  investigations  to  men  of  science, 
and  relying  on  them  for  the  mhrAa  cmduct  of  the  matter,  may  have 
wondered  at  the  great  difficulty  which  there  seemed  to  be  in  the  way 
of  furnishing  the  shopkeepers  of  all  generations  with  the  yard  measures 

e  For  ftirtliGr  informatloii  on  anoitat  weights,  oolni,  sad  measorcs,  the 
reidar  Is  referred  to  the  (bllowlng  wmk, '  HrtKdeglHlie  UntersnehvBgoa  fiber 
Cewkht*,  HansfQgw,  tmd  Haws  dea  AltecUmms  la  Uirem  Zassmnenbaaga, 
von  August  Boeekh,'  Berlin,  183S ;  and  to  a  roTlsw  of  this  woric  In  the 
*CIaaBfcal  HiiBenm,*  Ko.  I,  br  Hr.  Qnts* 
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and  pound  weights  of  the  same  values.  It  iS  our  principal  object  in 
tiiia  article  to  endeavour  to  point  out  the  nature  of  thoe  difficulties, 
and  the  extent  to  which  they  have  been  overcome :  it  being  remem- 
bered however  that  the  object  is  scientific,  not  eommeroial,  and  that 
the  standard  of  length  is  chosen  as  tiie  most  important  illustsvtion. 

To  elucidate  the  principle  mwely  of  the  manner  in  which  scales  are 
compared,  we  must  first  show  bow  it  is  that  very  small  lengths  can  be 
measured.  A  screw  can  be  very  accurately  constructed,  say  with 
threads  one-twentieth  of  an  inch  apart :  if  this  screw  be  the  axis  of  a 
circular  plato,  which  turns  with  it,  and  the  edge  of  the  plato  be  divided 
into  100  parts,  each  of  these  parta  will  be  very  perceptible,  if  the  pUte 
be  three.quarters  of  on  inch  or  m<N*e  in  diameter,  and  it  wlU  not  be 
difficult  to  estimate  the  half  or  quarter  of  one  of  the  divisions.  Let 
there  be  an  index  attached  to  the  fnune,  which  does  not  move  with 
the  screw,  by  which  it  may  be  seen,  when  the  plate  (and  with  it  the 
screw)  is  turned,  how  many  divisions  it  is  turned  through.  Now 
since  a  whole  turn  of  the  screw  moves  the  end  of  it  forwwd  through 
one-twentieth  gf  an  inch,  a  motion  of  the  |date  which  passes  one  of 
the  divisions  over  ttie  index,  or  the  hundredth  part  of  a  turn,  sends 
the  end  of  the  screw  forward  through  only  one  two-thousandth  of  an 
inch,  and  a  quarter  of  a  division  answers  to  one  eight-thousandtii  of 
an  inch.  Suppose  a  couple  of  auch  screws,  each  of  which  is  attached 
to  a  ^inter,  as  in  the  following  diagram,  in  which  the  pointers  only 
are  mserted,  and  one  of  the  scales  whiiob  are  to  be  oompared;  the 
sccewB  which  move  the  pointers,  and  sll  the  frame-work,  being  omitted. 
Observe  also  that  this  is  not  the  apparatus  empl(^ed,  but  only  a  con- 
venient illustration  of  it. 

It  is  supposed  that  a  and  s  can  be  moved,  by  the  screw  motion,  in 
such  a  manner  that  a  motion  so  snudl  as  tho  eight-thousandth  of  an 
inch  may  be  given  to  either.  The  scale  at  preeent  used  is  B  F,  on  which 
are  two  points,  0  and  D,  which  ar^  or  are  snimoaed  to  be,  exMtly  ft 
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yard  asunder.  Let  the  screws  be  moved  imtil  the  ends  of  the  pointers, 
which  all  but  touch  the  scale,  are  exactly  over  0  and  D ;  then  if  the 
scale  be  removed,  the  length  cd  is  retained  in  the  distance  between 
the  points  of  the  pointers.  Now  let  another  scale  be  introduced,  and 
let  its  points  be  tnouriit  as  near  as  may  be^  eonvenientiy,  to  the 
pointers:  it  is  sui^rased  that  the  distances  OD  and  o h  are  very  nearly 
equal,  for  workmen  used  to  the  construction  of  mathematics!  instni- 
ments^  never  fail  iu  making  two  yard  measures  agree  within  a  fiftieth 
of  an  inch.  Perhapa  the  reader  will  say  the  point  q  might  be  brought 
exactly  under  the  pointer  a,  and  then  ute  pomter  b  alone  would  show 
whether  the  present  scale  ia  shorter  or  longer  than  its  predecessor :  but 
as  the  pointer  is  much  less  cumbrous  than  the  sosle,  it  is  eaura  and 
safer  to  put  the  aoale  in  a  convenient  poeltloa  than  to  attempt  to 
place  it  in  one  exocUy  given.  This  being  done,  move  the  pointer 
A  &om  c  to  0,  and  observe  how  many  turns,  or  how  mudi  of  a 
turn,  of  the  screw,  is  required  to  do  it :  say  it  naakes  874  divisions  of 
the  plate  pass  the  index.  Also  move  the  pointer  b  from  d  to  H,  which 
makes,  say,  97|  divisions  of  the  plato  pass  the  index.  Now  we  ob- 
vioualy  have 

OBa  OD  -)-  DB  —  00; 

and  abocD  His  longer  than  OG,  it  appears  that  ou  exceeds  ODbyihe 
excess  of  db  over  oa,  answering  to  97j  —  874,  °^  ^^k  divisions  of  the 
pUtCj  being  10^  times  the  two-thousandth  of  on  inch,  or  '006125  of  an 
inch.  This  experiment  may  be  repeated  any  number  of  times,  and  as 
may  be  e^>ected,  the  results  will  not  agree,  since  it  is  not  to  be  sup- 
posed that  any  two  persons,  or  the  same  person  at  two  different  times, 
will  agree  in  their  estimation  of  exact  coincidence  between  the  pointers 
and  the  ends  of  the  sanies.  As  in  other  cases,  the  averaging  of  ibo 
discordant  results  will  bring  out  the  truth  very  nearly. 

The  difference  between  the  apparatos  which  was  actually  used  in  the 
next  experiments  and  that  above  described  was  as  follows.  The 
pointers  were  Micbometer*  microscopes,  in  which  the  intersection  of 
two  fine  spider-threads,  placed  at  the  focus,  was  the  point  which  was 
made,  by  a  slow  screw  motion,  to  coincide  with  the  centre  of  the 
(magnified)  dot  (or  line)  which  formed  the  extrraoity  of  the  scale. 
The  micrometOT  head  (tho  circular  plate  of  the  preceding  illustration) 
was  divided  into  100  parts,  each  of  which  was  round  to  he  equivalent 
to  one  20,000th  of  an  inch ;  or  a  whole  turn  of  the  screw  altered  the 
position  of  the  interaection  of  the  spider's  webs  by  one  200th  of  an 
mch.  The  magnifying  power  used  was  about  27  times  in  linear 
dimension.  It  was  attempted,  in  each  experiment,  to  estimate  tenths 
of  tho  divisions  of  the  micrometer-head,  or  to  attomf  the  200,000th 

*  Ttte  prlaeiirie  is  the  wme  as  that  of  the  beam  contpanw,  and  the  appszatos 
might  be  called  miorotcoplo  beam-ooMponea,  or  bcam-mtonMopea. 

f  Every  attempt  at  msasnreiMBt  strives  to  be  ready  for  more  than  there 
Ib  aay  rcarauble  hope  of  attaining.  It  la  cortalnly  not  lUcelf,  at  present,  that 
eren  the  mean  of  a  Urge  nnmber  of  meotures  would  Httle  tho  qncBtlon  within 
«o  unall  B  quantity ;  but  if  ever  the  dajr  shall  arrive  whea  the  SOO,ftOOth  of  an 
Incb  is  att^aaUe,  the  prerioas  attempts  te  obtain  tt  will  point  oat  the  bbim  «C 
tluii  ova  frilue,  and  piobaUy  be  a  Boone  er  iaftamaUon. 
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part  of  an  inch.  The  iq)paratuB  ia  described  in  Mr.  ^ly's  *  Report  to 
the  Royal  Astronomical  Society  on  their  Standard  Scale '  (published 
in  the  nintii  voluna  of  their  Memoirs),  from  which  much  of  Uie 
prasent  artide  is  taken. 

The  first  attempts  to  be  aoientific  in  matters  of  measurement  made  in 
this  countiy  date  fromtibe  banning  of  the  17th  ceatuiy.  Previously 
to  this  lime  men  of  information  probably  believed  that  Uie  Roman  and 
Knglishfoot  were  the  same,and  that  the  pound  troy  was  deducible  from 
the  Roman  Libra.  Bishop  Tonstal,  in  his  Arithmetjc  (1S22),  where  he 
only  treats  what  is  neceaaaiy  for  common  life, "  od  vitam  communem 
transigendam  neoessaria/'  cites  Columella  cm  measures  of  length,  (and 
deduces  the  system  of  coinage  from  Budteua  on  the  Roman  As.  The 
other  writera  of  the  same  centuiy  pass  over  the  mode  of  obtaining 
measures,  as  if  it  were  perfectly  fixed,  and  generally  refer  to  the  three- 
barleyoom  inch  as  a  standanl.  In  the  early  part  of  the  17th  ^tury  we 
find  Oughtjed  ('  Circles  of  Proportion,'  pp.  56-57)  referring  to  actual 
measures  of  the  contents  of  the  gallon  made  by  the  celebrated  Briggs,  and 
also  by  one  William  Twine,  but  taking  the  Roman  foot  as  "  very  little 
less,  if  not  exactly  the  same,"  as  the  English  foot  Later  in  the 
cen(ai7.  Dr.  Wybard  {'  Taotomebia,'  p.  268,  published  in  1650)  gives 
an  aooount  at  experiments,  at  whii^  he  was  present,  for  the  det«iiii- 
nation  of  the  same  gallon;  and  later  still,  in  1688,  we  have  the 
experiment  with  the  same  object  [Gallon  ],  at  which  Flamsteed  and 
Halley  were  present,  which  is  referred  to  in  the  Report  of  the  Com- 
mittee of  tiie  House  of  Commons  in  1758.  As  far  as  measurements 
•re  coDoemed,  had  it  not  been  for  Greaves  [Qreaves,  John,  in  Bioo. 
Div,],  we  might  have  summed  up  the  efTorts  of  the  i7th  century  by 
saying  they  were  mostly  directed  to  finding,  within  one,  how  many 
cubic  inches  there  were  in  the  several  gallons.  Greaves  first  directed 
attrition  to  the  difference  between  the  Roman  foot  and  the  English, 
by  tolwably  accurate  determinations  of  the  former.  [Wkiohtb  akd 
HiASUBES.]  He  also  attempted  the  investigntion  of  the  Roman 
weights,  and  must  be  considered  as  the  earliest  of  the  scientific 
meUologists.  He  was  followed  by  Dr.  Bernard  [Bernard,  Edward, 
in  Bioo.  Dir.],  whose  treatise  on  ancient  weights  and  measures  (16S5 
and  1688)  must  have  given  a  great  impetus  to  the  Bpirit  of  comparison. 
A  work  of  this  kind  soon  shows  its  o^nsequencee :  Jeake's  'Aritiimetic' 
(folio,  1696)  ccmtains  a  hundred  pages  on  the  subject.  Towards  the 
end  of  the  cantury  the  measures-  of  Auzout  and  Picard  awakened 
attentiin  to  tiie  comparison  of  st^dards  in  France.  BoUi  countries 
were  thus  prepared  to  desire  some  information  from  each  other  on  the 
subject  of  their  measures ;  and  a  communication  took  pkioe  in  1742 
between  the  Royal  Sodety  and  the  Academy  of  Sciences  for  an  inter- 
change of  standards.  Then,  for  the  first  time,  as  far  as  we  can  leom,  a 
yard  was  taken  off  on  a  biaae  rod  from  a  standard  kept  in  the  Tower 
of  London  (which  we  beUere  is  not  now  in  existenoe).  But  the  legal 
Btandard,  usnal^  so  oonsidered,  was  one  which  was  kept  at  tixB 
Exchequer ;  there  was  another  at  the  Guildhal^,  and  another  in  the 
possession  of  the  Clockmakers'  Company.  When  these  came  to  be 
compared  with  one  another  and  wiUi  the  Exchequer  standard  by 
Graham  (who  also  laid  down  on  Exchequer  yard  on  the  same  brass 
rod),  it  appeared  that  the  shortest  and  the  longest  differed  by  seven- 
liandredtns  of  on  Inbh,  a  little  more  than  the  height  of  an  o  or  an  a  in 
this  work.  But  had  the  diffBrenoe  been  greater,  it  would  not  have 
mattered  much,  oonsldering  the  way  in  which  standards  were  to  be 
used.  In  our  own  day,  after  neony  a  century  of  communication 
between  statesmen  and  philosophers  on  the  subject  of  a  uoiform 
measure,  Mr,  Baily  visited  the  Exchequer  standani  (from  which  the 
copies  we  shall  presently  mention  were  made),  and  his  account  (Report 
above  cited,  pi.  146)  is  as  follows : — "  Since  the  preceding  idkeeta  were 
printed,  I  have  had  an  opportunity  of  seeing  this  curious  instrument, 
of  which  it  is  impoBsible  at  the  present  day  to  speak  too  much  in 
derision  or  contempt.  A  common  kitchen  poker,  filed  at  the  ends  in 
the  rudest  manner  by  the  most  bungling  workman,  would  make  as 
good  a  standard.  It  has  been  broken  asunder,  and  the  two  pieces  have 
been  dovetailed  together,  but  so  badly  that  the  joint  is  nearly  as  loose 
as  that  of  a  piur  of  tongs.  The  date  of  this  fracture  I  could  not  ascer- 
tain, it  having  occurred  beyond  the  memory  or  knowledge  of  any  of 
the  ofBcers  at  the  Kxchequer.  And  yet,  till  within  the  last  ten  years, 
to  the  disgrace  of  this  country,  copies  of  this  measure  have  been  circu- 
lated all  over  Europe  and  America,  with  a  parchment  document 
accompanying  them  (charged  with  a  stamp  that  costs  SI.  10*.,  exdusive 
of  official  fees),  certifying  that  they  are  true  copies  of  the  English 
Oandard." 

In  1758,  a  committee  of  the  House  of  Commons  began  to  investigate 
tluB  subject,  and  was  followed  by  another  iu  1769  :  both  oommitteea 
made  full  Reports.  Both  committees  caused  to  be  made,  by  Bird,  a 
copy  of  the  Royal  Society's  (or  Graham's)  copy  of  the  Exchequer  stan- 
dard, and  these  copies,  which  remained  in  the  official  possession  of  the 
Speaker  of  the  House  of  Commons,  were  called  Bird's  parliamentary 
standards  of  1758  and  1760 :  it  should  be  stated,  however,  that  the 
latter  was  only  a  copy  of  the  former.  The  Repoiis  were  agreed  to  by 
the  House  :  a  bill  was  brought  in,  according  to  their  recommendation, 
namely,  that  Bird's  standard  of  1758  should  be  the  national  standard; 
but  it  was  not  carried  through.  A  committee,  appointed  in  1790,  did 
nothing,  and  the  matter  was  thus  al»ndoned,  ftivate  mdividuala  and 
scientific  societies  began  to  provide  themselves  with  standards  :  Sir  G. 
Shnckburgh  ('  Phil  Tnos.,'  1798)  had  one  made  by  Trougjiiton,  which 


be  compared  with  the  parliamentary  standards  and  others.  Troughton 
made  one  for  himself,  and  first  introduced  tho  micrometer  micro- 
scopes into  the  comparisons  ;  this  last  W4s  made  from  one  which  Bird 
had  made  for  the  then  assay-mastor  of  the  Mint.  Another  was  made 
for  General  Roy,  and  was  used  by  him  in  the  great  survey ;  another. 
Bird's  own  private  property,  was  in  existence.  Thus  mattan  went  on 
luitil  the  year  1814,  when  the  House  of  Commons  again  appointed  a 
committee  to  consider  the  subject. 

In  the  meanwhile  however  experimental  philosophy  had  made  great 
advances,  and  investigators  begui  to  look  more  at  the  succeenee  of  the 
past  than  at  the  new  difBcultiea  which  Uiose  yerr  suocesaes  had  opened 
into  view.  As  soon  as  the  measurements  of  tne  earth  began  to  be 
attended  with  some  success,  the  French  proposed  a  standard  measure 
which  should  be  the  ten-millionth  part  of  a  quarter  of  the  meridian ; 
which  last  they  hoped,  by  their  great  survey,  to  ascertun  so  exactly 
that  no  future  measurement  should  moke  even  a  microscopic  alteration 
of  their  new  metre.  In  England  the  pendulum  began  to  be  considered 
a  perfect  instrument ;  and  the  second  being  determined  invariably  by 
the  motion  of  the  earth,  it  was  thought  that  the  length  of  the  seconds* 
pendulum  in  a  given  latitude  would  be  an  invariable  quantity  which 
could  always  be  recovered.  The  conunittee  of  1814,  on  the  evidence 
of  Playfair  and  Wollofton,  recommended  that  Bird's  standard  of  1758 
should  be  the  one  adopted,  and  gave  it  as  their  opinion  that  the  length 
of  a  seconds'  pendulum  in  the  latitude  of  London  is  S9'13047  inches, 
of  which  the  jibove-nomed  standud  yard  contains  36,  Playhir  and 
Wollofiton  hinted  at  the  necessity  of  verifying  tiiis  number,  but  the 
committee  take  it  for  granted,  and  assert  that  any  expert  watchmaker 
can  make  a  seconds'  pendulum,  without  stating  how  that  penduliun  ia 
afterwuda  to  be  measured,  nor  at  what  temperature,  pressure,  Ac.  ifc 
ia  to  be  swung.  They  also  state  that  a  cubic  foot  of  pure  water  at 
56i  Fahr.  weighs  exactiy  1000  ounces  avoirdupois,  as  the  connecting 
link  between  measures  of  weight  and  Ci^iaci^.  No  bill  was  brought 
in  consequence  of  this  Report 

In  1819  the  Prince  Regent  appointed  a  commission  composed  of  Sir 
J.  Banks,  Sir  O.  Clerk,  Davies  Gilbert,  Wollaston,  Young,  and  Eater. 
This  commission  made  three  Reports,  dated  Jime  24,  1819,  July  13, 
1820,  and  March  31,  1821.  In  the  first  (we  confine  ourselves  to 
matters  affecting  the  standards)  the  standard  yard  recommended  is 
that  on  the  scue  used  by  General  Roy  in  the  measurement  of  his 
Hounslow  H  sath  base,  and  it  was  the  opinion  of  the  reporten  that  the 
mean  solar  seconds'  pendulum  in  London,  at  the  level  of  tlie  ae^,  in  a 
vacuum,  and  at  62°  of  Fahr.,  was  39*1372  inches  of  this  scale.  They 
also  take  19  cubic  inches  of  distilled  water  at  60°  to  be  exactly  10 
ounces  troy.  In  the  Second  Report,  they  announce  that  an  error  has 
been  discovered  in  their  standard,  and  they  propose  that  Bird's 
parliamentaiy  scale  of  1760  shall  be  the  standard,  the  seconds'  pendu- 
lum being  89'18929  inches.  In  tiie  Third  Report,  they  announce,  by 
new  ezperim&uts,  that  a  cubic  inch  of  distilled  water  at  62°  is  252*72 
grains  of  the  standard  pound  of  1768,  when  weighed  in  a  vacuum. 
The  House  of  Commons  again  appointed  a  committee  in  1821,  to  which 
these  Reports  were  submitted :  Uus  committee  agreed  with  the  com- 
missioners, and  a  bill  was  introduced  in  1823.  A  petition  from  the 
Chamber  of  Commerce  at  Glasgow  to  the  House  of  Lords  occasioned 
an  investigation  in  that  House  also ;  Dr.  Kelly,  one  of  the  witnesses 
before  the  committee,  called  attention  to  the  Imown  effects  of  variety 
of  attraction  on  the  pendulum,  as  shown  by  Captain  Eater's  own 
observations,  and  to  the  insufficient  manner  in  which  the  level  of  the 
sea  was  known :  and  his  opinion  was  that  of  few  others  at  tho  time,  though 
now  nearly  universally  received,  namely,  tliat  "  nature  seems  to  refuse 
invariable  standards ;  for,  as  science  advances,  difficulties  are  found  to 
multiply,  or  at  least  they  become  more  perceptible,  and  some  appear 
insuperable."  The  House  of  Lords  adjoiuned  the  question  over  till 
1824 ;  when  the  act  5  Geo.  IV.  o.  74,  was  passed,  from  which  extracts 
will  presently  be  mode.  This  act  was  to  take  e^ct  May  1,  1825,  but 
in  the  March  of  that  year  6  Geo.  IV,  c.  12,  was  passed,  deferring  the 
operation  of  the  preceding  act  till  January  1,  1826.  There  was 
an  inquiry  before  the  House  of  Commons  in  18S4,  which  ended  in  the 
statute  of  4  &  5  Will.  IV.  c.  40,  and  another  inquiry  before  the  same 
House  in  1835,  which  ended  in  5  &  6  WOI.  IV.  c  63,  repealing  the 
former  act  and  substituting  new  provisions.  These  last  acts  howev^ 
contain  nothing  with  reference  to  the  standards,  except  the  following 
excellent  wind-up  of  the  chequered  and  ill  understood  legislation  upon 
weights  and  measures.  The  Houses  of  Parliament  were  burnt  in  1834, 
and  with  them  Bird's  standardeof  1758  and  1760  (the  last  fAe  standard). 
Nevertheless  5  ft  0  Will.  IV.  o.  63,  passed  after  the  fire,  takes  no 
notice  of  the  destmction  of  the  standard,  but  refers  to  it  as  still  in 
existence.  Seven  years*  have  since  elapsed,  but  we  are  not  aware  of 
the  legislature  having  yet  swung  the  pendulum  to  recover  the  lost 
measure. 

As  to  tho  standards,  the  act  prescribes  as  follows : — 
1.  The  straight  line  or  distance  between  the  centres  of  the  two  points 
in  the  gold  studs  in  the  straight  brass  rod  now  in  the  custody  of  the 
clerk  of  the  House  of  Commons,  whereou  the  words  and  figures 
"  Standard  yard,  1760  "  ore  engraved,  shall  be  the  original  and  genuine 
standard  of  that  measure  of  length  or  lineal  extenaiou  called  a  yard  , . . 
the  brass  being  at  the  temperature  of  sixty-two  degrees  <^  Fishranheit'a 

•  This  wuwrlttat^Xr.BhsipAsnks  la  1841. 
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thermometer.  ....  The  set  goes  on  in  many  words  to  say  that  the 
pendulum  vibrating  seconds  of  mean  time  in  the  latitude  of  London  * 
in  a  vacuum  at  ue  lertil  of  the  sea  is  39'1893  inohes  of  the  said 
atandard. 

2.  The  standard  bnias  wdght  of  one  pound  troy  -irele^t,  made  in  the 
year  1758,  now  in  the  cuatody  of  the  clerk  of  tiie  House  of  Commons, 
shall  .be  the  original  and  genuine  standard  measure  of  weight.  .  .  . 
The  act  goes  on  to  say  that  the  cubic  inch  of  distiUad  water,  weighed 
in  air  by  brass  weigbts,  nt  62'  of  Fahr.^  the  barometer  Beiiig  at  30 
inches,  is  equal  to  252*458  grains. 

It  happened  fortunately  for  the  scientific  standard,  that  about  the 
year  1832  the  council  of  the  Royal  ABtEon<Hnical  Society  caused  a 
scale  to  be  conatructed  for  themselves,  and  obtained  permisrion  of  the 
Speaker  of  the  House  of  Commons  to  compare  it  with  Bird's  two 
standards,  which  was  done  in  the  beginning  of  1834,  by  a  much  more 
extensive  set  of  experiments  than  had  ever  been  made  before  for  a 
like  purpose,  conducted  chiefly  by  Mr.  Baily  and  the  late  Lieutenant 
Murphy.  This  is  now,  in  tact,  the  standard  s^e  of  the  country ;  or, 
at  least,  the  only  measure  from  which  the  standard  bo^  can  be 
deduced.  The  manner  of  conducting  the ,  comparisons  has  already 
been  slightly  described ;  we  shall  now  proceed  (from  the  Report  already 
quoted)  to  give  some  account  of  the  difficulties  wliioh  were  found  in 
Uie  way  of  measurement,  and  of  the  results. 

This  scale  is  a  cylindrical  tube  of  brass  63  inches  long,  1*12  inches 
and  -74  inches  in  exterior  and  interior  diameter.  Three  thermometers 
are  immoveabiy  inserted  into  its  length,  and  the  ends  are  stopped  by 
brass  plugs.  Two  parallel  lines  ('08  of  an  inch  apart)  ore  dmwn  in  the 
upper  Bur&oe;  ana,  commeucing  1^  inches  from  one  end,  at  the 
distance  of  every  foot,  a  palladium  pin  is  inserted  in  the  tube,  between 
those  lines ;  on  each  of  which  pins,  at  proper  distances,  a  fine  line  is 
cut  to  designate  the  leugth  of  a  foot.  The  first  foot  is  similarly 
divided  into  inches  and  tenths ;  and  the  middle  foot  (there  being  five 
in  all)  is  biseoted.  The  three  middle  feet  constituted  the  yard  whidi 
was  used  in  the  comparisons.  It  ma  found  that  any  constr^t, 
however  slight,  ofiected  the  expansion  and  contraction  of  the  bar; 
even  the  friction  arising  from  its  first  supports,  which  were  lined  with 
baize :  it  was  therefore  found  necessary  to  support  it,  when  under  the 
microscopes,  on  frictiun-roUer*  :  and  care  was  token  that  these  should 
alwi^s  be  placed  under  the  same  points  of  iite  tube,  To  give  an  idea 
of  the  power  of  tite  mode  of  comparison,  it  was  found,  fourteen 
e^teiiments  agreeing  very  wall  wiu  each  otiier,  that  the  nuddle  yard 
was  shortened  '48  of  one  of  tiie  divisions  of  the  micrometer-head 
(described  at  the  beginning  of  the  article),  or  '000024  of  on  inch,  by 
nothing  but  removing  the  plugs  from  the  end  of  the  tube. 

Nothing  can  be  known  of  such  a  bar  as  a  scientific  standard  until 
the  rate  at  which  it  expands  bv  the  action  of  heat  is  determined.  By 
a  mean  of  ox  experiments,  taken  vith  the  tube  at  the  freezing  and 
boiling  tempenttures,  it  was  found  that  every  addition  of  1*  (rf  Fatir. 
to  the  temperature  lengthened  the  centre  yard  by  '000377  of  an  inch, 
or  7'6  divisions  of  the  micrometer-head. 

The  instrument  being  placed  ready  for  observation,  and  two  scales 
being  put  down  for  comparison,  one  observer  may  bring  both  the 
micrometers  to  the  ends  <^  one  scale,  or  one  observer  may  be  placed  at 
one  end,  and  another  at  the  other.  In  the  latter  case,  a  new  cause  of 
error  entere,  of  which  it  is  imposuble  to  give  any  account,  though  a 
remedy  may  be  provided.  It  is  not  true  that  two  prawms,  though 
using  exactly  the  same  instrument,  and  noting  the  same  phenomenon 
under  the  same  ^nroumstances,  will  note  it  exactly  in  the  same  way. 
When  one  observer  made  (as  he  thought)  the  coincidence  of  the  inter- 
section of  the  micrometer-wires  with  the  dot  or  line  at  the  end  of  a 
scale,  another,  looking  into  the  microscope,  would  seldom  or  never 
agree  with  the  formu-  that  the  ooinddence  was  exactly  mode,  but 
would  turn  the  micrometet^head  three  or  four  divi&ions,  one  way  orthe 
other,  before  he  (the  second)  could  be  satisfied  that  the  coincidence 
was  perfect  This  difference  of  the  manner  of  observing,  arising  from 
the  peculiar  habits  of  vision  and  judgment  of  the  obaervera  themselves, 
has  received  the  name  ^f  the  penotuU  equation,  and  its  amount,  as 
between  any  pair  of  observers,  can  be  ascerUuned  by  experiment  If 
one  observer  made  the  coinddences  at  botii  ends,  it  would  nutter 
nothing  what  his  manner  of  observing  was,  since,  however  much  he 
might  differ  from  absolute  correctness  (be  that  what  it  may),  he  would 
differ  by  the  same  amount  at  both  ends,  and  the  length  of  the  scale 
would  not  be  affected.  If,  when  two  observers  are  employed,  they 
moke  s  given  number  of  comparisons,  and  then  change  places  and  make 
the  same  number,  the  mean  of  all  their  observations  will  be  unaffected 
1^  their  mode  of  observing,  since,  if  the  scale  be  made  too  long  in  the 
first  set,  it  will  be  made  as  much  too  short  in  the  other,  and  vice 
versA.  [Equatioh,  Pebsoital.]  Some  of  the  personal  equation  might 
arise  frtim  the  curious  figures  which  the  dots  of  the  old  scales  (into 
which  beam-compasses  hod  been  inserted)  presented  when  viewed 
under  the  microscope.  Bird's  standard  of  1758,  for  instance,  had 
pear-shaped  holes  at  its  extremities,  the  centres  of  which  no  two 
persons  could  agree  upon.  • 

The  following  results  will  ^ve  a  notion  of  the  degree  of  sooutsot 
•bbdned  in  the  workmanship  (d  sedsi.  The  Astnauonical  Sooiet/s 

*  The  IsUtnde  of  Loii4en  was  tather  a  vagno  plirase  for  leglalaUoa  which 
oould  not  let "  length  *■  pua  wttboot  the  ovlanatioa  "  lineal  extension." 


scale  was  compared  with  the  imperial  standard  (Bird's  of  1760) ;  the 
Royal  Society's  scale  of  1742,  having  two  scales  in  it  marked  E  and 
Exch, ;  a  scale  called  Albert's,  the  prototype  of  one  which  was  used 
in  the  Indian  surrey  by  I<ambton;  one  which  had  been  used  by 
Sir  Q.  Shuokbundi;  one  bdonnng  to  the  town  of  Aberdeen;  one 
belonging  to  Hr.  T.  Jones ;  and  four  new  ones  made  after  the  model 
of  the  Society's  scale,  one  for  the  Danish  government,  one  for  the 
Russian  government,  one  retained  for  bimsdf  by  Ur.  Simms  the  con- 
structor, and  one  fur  Mr.  Baily.  Calling  the  middle  yard  of  the 
Astronomical  Society's  scale  30  inches,  the  different  scales  an  as 
follows,  each  from  the  mean  of  many  obeiervations : — 

standard  Heaa  inohea  of 

Seale.  portion.  A«t.  Boo.  scale. 

Astron.  Boo.     .       ■       >       .  coatre  yard.  Sd'OOOOOO 

TtnOah  ,  3S'MB79« 

RuniBn  ,  Se-OOOOSO 

Blmma's  „  85-msos 

Bttlly's  M  99-0999^9 

Aberdeen   „  SS-008616 

'ones'a  „  3S-9i)g803 

Anbert's  0  in.— 36  In.  85-S9S447 

Shnckbnrih     .      .      ,      ,   0  in.— 36  in.  3B-00018S 

 10  in.— 46  Is.  SA-MM31 

Eoyal  Society  .      .      .  UneE  M-Q0147S 

»  ....     line  Exoh.  SS-nS684 

Imperial  Btandwrd  of  Btrd'f  of  1760       .       .  .  S3 '99903 4 

Temperature  is  not  here  alluded  to,  it  being  preeumed,  of  oonrv, 
that  the  effect  of  temperature  upon  the  differettce  of  two  scales  is 
in^>preoiabls :  thus  the  Astronomical  Sodety's  standard  being  '000378 
longer  than  the  imperial  standard,  and  the  standard  toDperatan 
being  62",  the  length  of  the  former  standard,  ofaaerved  at  68*,  and 
diminished  by  -000376  of  an  inch,  will  give  the  true  standard  of 
the  law. 

It  is  beheved,  after  all,  tiiat  the  imperial  standard  is  about  l-140th 
of  an  inch  longer  tium  the  old  standard  of  the  country;  but  this 
uattets  nothing  to  the  scientifio  part  of  the  question,  for  all  the  scales 
which  have  been  used  in  trigonometrical  surveys, have  now  been  dUi< 
gentiy  compared  with  the  Astrunomioal  Sodety's  scale,  and  ore  there- 
fore known,  independentiy  of  the  national  standard,  as  long  as  the 
latter  scale  exists.  The  only  thing  to  be  feared  is  the  loss  of  thia 
last-mentioned  standard ;  the  government  might  keep  it,  but  cannot 
be  trusted  to  use  it ;  tile  Society,  which  knows  how  to  use  it,  has  no 
place  of  perfect  security  in  whi^  to  keep  it 

We  shall  not  here  enter  into  Uie  various  modes  used  Sir  O. 
Shuckburgh,  and  subsequentiy  by  Captun  Eater,  for  the  determi- 
nation of  the  standard  of  weight  An  old  standatd  pound  exists  In 
the  Exchequer,  from  which  in  1768  a  copy  was  made  for  the  com- 
mittee of  the  House  of  Commons.  This  last,  as  we  have  seen, 
been  decUred  the  standard,  and  was  never  recovered  from  the  ruins  of 
the  late  House  of  Commons.  The  original  standard  of  weight,  as 
prescribed  in  a  statute  of  61  Hen.  IIL,  colled  Auaa  Panig  a  OervitUe, 
was  that  an  English  penny  called  the  steriing,  round  without  oUj^ing, 
should  weigh  32  grains  of  wheat,  well  dried  and  gathered  ont  mma 
middle  of  the  ear;  and  that  20  pence  should  mslEe  an  ounce,  and 
12  otmcee  a  pound.* 

In  1838  a  Treasury  Commission  was  appointed  to  consider  the  beet 
mode  of  replacing  the  ruined  ataadards  of  weight  and  measure.  The 
report  of  the  commission  was  presented  to  uie  government  on  the 
2lBt  of  December,  1841.  The  opinltm  was  expreased  tiierefn  that  the 
definition  contained  in  the  act  6  Geo.  IV.  cap.  74,  by  which  the 
standard  yard  was  declared  to  be  a  certain  brass  rod  was  tiie  beet 
which  coidd  possibly  be  adopted.  With  regard  to  the  restoration  of 
the  standard  the  commissioneis  were  not  prepared  to  recommoid,  con- 
formably to  the  said  act,  that  it  should  be  effected  by  t^ing  the  length 
which  shall  bear  a  certain  proportion  to  the  length  of  the  pendulum 
vibrating  seconds  of  mean  time,  in  the  latitude  of  London,  in  a  vacuum, 
at  the  level  of  the  sea.  They  remarked  that  since  the  passing  of  the 
act  above  mentioned,  it  hod  been  ascertained  that  several  elements  of 
reduction  of  the  pendulum  experiments  referred  to  therein,  were 
donbtifQl  or  erroasous.  Dr.  Young  had  shown  that  the  reduction  to 
the  levd  of  the  sea  was  doubtfnL  Bessel  and  ^Ktily  had  proved  that 
the  reduction  for  the  weight  of  the  ^r  was  erroneous  ;  Baily  had  pointed 
out  that  the  specific  gravity  of  the  pendulum  was  erroneously  estimated, 
and  that  the  defects  of  the  i^te  planes  introduced  some  d^ree  of 
doubt  Finally,  Kater  had  shown  that  very  sensible  errors  were  intro- 
duced in  the  operation  of  comparing  tiie  length  of  the  pendulum  with 
Shui&bnr^'s  sosle  used  as  the  representative  of  the  legal  standard. 
On  these  grounds  it  appeared  evident  to  the  oommiasioneni  that  the 
course  prescribed  by  the  act  would  not  necessarily  reproduce  the  length 
of  the  original  yard.  They  remarked,  however,  tliat  several  measures 
were  in  existence  which  had  been  accurately  compared  with  the  former 

*  Hers  ends  the  srtiele  on  Standard  Wd^ls  sad  Uessues  as  it  orlgbuUy 
q^pcered  la.  the  *  Fnur  (^dop«edla '  fiem  the  pen  of  flu  Isle  Mr.  aheerritsaks. 
ne  etmtlmtaUen  ii  BUdnly  derived  from  a  vupa  by  Hr.  Aiiy,  pabUabsd  la  Ibe 
■RillosopUcd  Traaaaottns'  e(  the  Bayal  aoOttf  fat  1H7— 'AooMStor  tha 
CoDitraotiiMi  of  the  New  KaUonsl  Maadsnl  «(  Lsngth,  and  oC  Us  piMpal 
Copies,'  voL  olxvii.,  pp.  B21-70S, 
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standard,  moro  especially  the  Iloyal  Astronomical  Society's  scale,  and 
the  iron  bora  beloiiging  to  the  Board  of  Ordnancej  and  theiy  aseertad 
that  by  the  aid  of  tiiese  the  values  of  the  origiiial  standard  mi^t  be 
restored  wiUunit  sensible  error.  They  furtlur  expressed  thdr  firm 
belief  that  by  employing  due  care  it  ^vill  always  be  poasible  to  effect 
the  lestonttion  of  a  standard  by  the  aid  of  material  copies  which  have 
been  accurately  compared  with  them,  more  securely  than  by  experi- 
ments having  reference  to  any  natural  constantfi.  They  accordijigly 
oiTered  a  series  of  suggestions,  uf  which  the  foltowing  ore  the  most 
important: — 

1.  That  BO  much  of  the  sot  5  Gea  IV.  o.  7^  aa  providee  for  the 
restoration  of  the  standards  in  the  manner  therein  mentioned,  be 
repealed ;  and  that  the  standud  of  length  be  defined  in  subsequent 
enactments  of  the  legislature,  either  by  the  whole  length  of  a  certain 
piece  of  metal  or  other  durable  su^tance,  supported  in  a  certain 
manuer,  at  a  certain  temperature ;  or  by  the  distance  between  two 
points  or  Ihies  engraved  on  the  surface  of  a  certain  piece  of  metal  or 
other  durable  substuioe,  supported  in  a  oertun  manner,  at  a  certain 
temperature ;  but  that  the  standard  be  in  no  way  defined  by  reference 
to  any  natural  basis,  such  as  the  length  of  a  degree  of  meridian  on  the 
earth's  surface  in  an  assigned  latitude,  or  the  length  of  a  pendulum 
vibrating  seconds  in  a  specified  place. 

6.  That  four  sets  of  copies  (to  be  denominated  the  parliamentaiy 
eoplee)  ol  the  Btaadaids  of  length  and  weight  be  made,  in  all  respects 
similar  to  tlie  Ugpi  standards  St  length  and  weight  (which  are  herein- 
after denominated  the  parliamenttury  standards),  and  as  nearly  as 
possible  equivalent  to  them ;  their  difierence  from  the  parliamentary 
standards,  if  appreciable,  being  carefully  ascertained ;  and  that  the 
several  parliament^  copies  be  distinguished  by  ^per  marks. 

0,  That  one  set  of  the  parliamentary  copies  be  enclosed  in  a  case 
hermeticalty  sealed  and  embedded  within  the  masonry  of  some  public 
buildhi^;  and  that  the  place  in  which  it  is  enclosed  be  pointed  out  by 
a  conspicuous  inscription  on  the  outside ;  and  that  this  set  of  copies 
be  not  disturbed  without  the  sanction  of  an  act  of  parliament. 

1 7.  That  the  superintendence  of  the  construction  of  the  new  par- 
liamentary standards  be  intrusted  to  a  committee  of  aolenbifie  mm,  to 
be  named      her  Majesty,  subject  to  the  general  instrucUons  wUoh 

18.  That  the  superintending  commiUee  be  instructed  to  combine,  in 
the  way  which  may  appear  most  advantageous,  the  evidence  afforded 
by  the  Royal  Astronomical  Society's  scale  No,  46,  and  by  the  3  feet 
ben  of  the  Ordnance  Survey;  and  by  the  use  of  these  to  construct  a 
new  standazd  of  length,  rapreMsating  as  neu-Iy  as  poB^ble  the  aame 
measure  as  tiie  lost  s^dard. 

The  government,  acting  upon  Hat  report,  appointed  a  committee  of 
seientiflc  men  to  superintend  the  carrying  into  effect  at  the  operations 
reoommmided  by  the  commissioners.  The  committee  thus  formed 
consisted  in  fact  of  the  commissioners  themselves,  who  were  requested 
by  the  govenunent  to  continue  their  services.  The  following  is  a 
list  of  the  individuals  of  which  it  was  compoeed  : — The  Astoinomer 
Royal,  the  Ifarquis  of  Northampton,  the  Lord  Wrofctedey,  F.  Baily, 
J.  E.  D.  Bethune,  3.  G.  S.  Lefevre,  Sir  J.  W.  Lubbock,  the  Rev.  G. 
Peacock,  Rev.  R.  Sheepshanks,  Sir  John  Herschel,  and  Professor  Miller, 

The  Earl  of  Rosse  was  subsequently  appoint^  a  member  of  the 
committee.  Mr.  Bail;  undertook  to  execute  the  operations  for  restoring 
the  standard  of  length.  The  woik  relating  to  the  standards  of  weight 
was  undertaken  by  Profeeeor  Miller  of  Cambridge.  [Miu-eb,  William 
Haixows,  in  Bioo.  Drr.] 

The  committee  having  carefully  conaidered  the  advantages  and 
disadvantages  of  line  measures,  aa  compared  with  end  meomires, 
decided  upon  making  the  standard  of  length  a  line  measure. 

The  next  point  to  be  considered  was  the  material  of  which  the  new 
standard  was  to  be  composed.  A  series  of  interesting  experiments 
was  made  by  Mr.  Baily,  with  a  view  to  this  object.  The  eommittee 
flnally  decided  upon  adopting  for  the  material  of  toe  standard  <rf  length, 
an  allc^  of  copper,  tin,  and  zinc,  in  the  following  proportions 

Copper  .•  10 

Till  2) 

Zfiio  1 

ICr.  Bidly  nest  made  a  series  of  valuable  experiments  on  tbn  ciroum- 
stances  which  exercise  a  disturbing  influenoe  on  the  leng&  of  a  bar. 
Captain  Kater  bad  found  that  the  length  of  the  bar  is  sensibly  affected 
by  small  inequalitiee  of  the  surface  on  which  it  rests;  It  resulted  from 
this  circumstance,  that  the  same  bar  when  compared  with  other  bars 
at  different  times,  might  not  indicate  the  same  length.  This  was  fully 
verified  by  the  experiments  of  Mr.  Baily.  It  followed  as  a  necessary 
ooniet^uenoe  of  this  drcamstanoe,  that  no  relisiice  could  be  jdioad  on 
the  existing  copies  of  Shuokbur^'s  scale  as  representatives  of  the 
scientific  standard  of  Imgth,  since  we  posseeaed  no  securil^  that  we 
were  thereby  referring  to  a  ooiudfitent  system. 

Besides  Shuckburgh's  scale,  which  was  found  to  be  unworthy  of 
confidence,  there  existed  five  other  standards,  which  had  been  carefully 
compared  with  the  imperial  standard.  Mr.  Baily  having  obtained 
temporary  possession  of  four  of  these,  the  Boyal  Sodefar'a  8-foot  brass 
scale,  the  Astronomical  Society's  tubular  stmle,  and  the  two  A-foot 
iron  bars  ol  the  Ordnance  Survey,  instituted  a  aeries  of  cu«ful  oom- 
pwisoiu  of  their  lengths  under  diffismt  conditions.  The  nmlti  (rf 


these  experiments  were  by  no  means  satisfactory  as  regards  the  degree 
of  reliance  to  be  placed  on  these  bars,  as  representatives  of  the  imperial 
standard. 

Mr.  Baily  died  in  the  autumn  of  1844.  At  the  request  of  the 
committee,  Mr.  Sheepshanks  undertook  to  continue  the  operations. 

It  appeared  to  the  committee  that  no  reliance  could  be  placed  either 
on  Shuckburgh's  scale,  or  on  any  other  existing  copy  of  the  imperial 
standard,  the  experiments  of  Mr.  Baily  having  shown  that  the  com- 
parisons of  those  measures  could  not  foil  to  have  been  sensibly  affected 
by  errors  of  different  kinds,  "  It  was  plain  therefore  that  either  in  the 
scientific  or  ^e  legal  sense,  the  restoration  of  the  standard  was  inde- 
terminate. The  formation  of  a  new  standard  must  be  on  operation 
de  novo ;  the  length  must  be  confined  within  certain  limits  (wide  in 
the  scientific,  narrow  in  the  commercial  sense),  but  within  these  it 
might  have  any  definite  value,  and  when  that  defiiute  value  was  fixed, 
it  must  in  no  way  be  again  referred  to  the  old  standards  or  scales, 
whetiier  oij^nal  or  intmnediuy.  The  piinoipal  object  now  was  to 
teomxn  constonc;  and  deflniteness  to  the  new  standard  and  its  copies, 
and  means  of  reducing  without  sensible  error  the  comparisons  which 
might  be  made  with  them.  As  far  as  depended  on  the  standard  itself, 
it  was  hoped  that  the  construction  adopted  gave  sufficient  security. 
As  r^rded  the  means  of  making  comparisons,  a  far  firmer  apparatus 
than  had  hitherto  been  used  was  requisite.  As  regards  the  effects  of 
temperature,  it  was  necessary  to  create  an  entlr^  new  ^tem  of 
thermometers,  founded  upon  the  natural  constants,  to  be  determined 
by  appropriate  physical  experiments ;  and  to  use  them  in  new  detef- 
minations  of  thermometric  expansion."* 

It  was  found  in  the  course  of  the  experiments  that  a  change  of  0'''01 
Fabr.  produces  a  sensible  effect  in  the  measure  of  a  bar.  It  was  there- 
fore necessary  to  employ  thermometers  which  would  serve  to  indicat* 
variations  of  temperature  of  no  greater  magnitude  than  this.  At  the 
time  when  Mr.  Sheepshanks  commenced  his  experiments  ^ere  were 
not  to  be  found  in  England  any  thermometers  of  such  delicacy.  He 
was  consequently  induced  to  undertake  the  construction  of  an  original 
system  of  thermometers  adapted  to  the  important  object  of  bis  labour*. 
He  then  proceeded  to  determine  the  thermometric  ex|wnsion  of  a  gre&fe 
numl}er  of  bars  of  different  metals. f  This  object  being  aooompliuied, 
the  next  step  was,  by  means  of  the  existing  standards,  to  detmnine 
the  relation  of  the  length  of  one  of  the  new  bars  to  the  lost  imperial 
standard.  After  many  comparisons,  he  finally  decided  upon  adopting 
a  bar  designated  by  him  bronze  28,  as  a  suitable  representative  of  the 
imperial  standard.  He  remarked,  with  reference  to  the  circumstances 
wMch  led  him  to  adopt  this  resolution,  that  bronze  28  was  as  nearly 
as  possible  equal  in  length  to  the  imperil  standard,  measuring  in  fact 
35*099992  in.,  that  it  floated  evenly  in  quicksilver,  aqd  that  it  was 
nicely  divided. 

Having  now  obtained  a  satisfactoiy  repreeentative  of  the  imperial 
standard,  Mr.  Sheepshanks  made  a  great  number  of  comparisons  of  the 
length  of  the  new  standard  with  other  bars,  in  order  to  select  from 
them  four  Parliamentaiy  cojues  of  the  standard,  to  be  disposed  of  in 
the  way  recommended  by  the  ctmimittee  to  the  government.  He  also 
made  careful  comparisons  of  these  with  a  great  number  of  other  bars, 
which  were  intended  for  distribution  throughout  the  empire  and  in 
foreign  countries.  It  would  be  out  of  place  here  to  enter  into  the 
details  of  his  arduous  and  persevering  labours  in  connection  with  tiiis 
great  national  work.  It  may  give  the  reader  some  idea  of  their  magni- 
tude when  we  state,  upon  the  authori^  of  iSr.  A3xj,  that  in  the  toorsa 
of  titem  he  executed  about  two  himdred  thousand  nucrometiio  measures. 
He  still  continued  to  labour  at  his  task  when,  in  the  summer  of  1855, 
^rmptoms  of  a  serious  nature  affecting  his  health  began  to  manifest 
themselves.  On  the  2Sth  of  July  in  that  year  he  was  engaged  on  the 
comparing  apparatus,  and  returned  in  the  evening  to  his  residence  at 
Reading.  On  the  foUowing  day  he  was  struck  witii  apople^,  and  died 
on  Uie  iih  of  August  We  quote  the  foUowing  tribute  to  his  character 
by  Mr.  Airy : — 

"Thus  died — almost  in  the  scene  of  his  laboura,  and  with  his 
thoughts  still  intent  on  them — a  man  whose  equal  in  talent  and  perse- 
verance, in  disinterestedness,  in  love  of  justice  and  truth,Ihave  scarcely 
known.  *  He  had,  however,  brought  to  a  satisfactory  termination  the 
great  division  oi  the  standard-work  which  best  suited  his  taste,  having 
well  oreroome  the  last  of  the  difiSculties  which  had  presmted  them- 
selves, and  leaving  the  work  in  such  a  state  that  not  a  unj^e  additional 
comparison  of  line-measures  was  compared.  All  that  was  necessary 
was  to  collect  and  arrange  the  papers,  to  complete  some  few  means  and 
abstracts  which  he  bad  been  unable  to  finish,  and  to  draw  up  such  an 
account  as  I  have  attempted  here."    ('  FhiL  Trans.,'  1857,  p.  684.) 

The  form  adopted  lot  the  standard,  and  for  all  its  copies,  is  that  of  » 
solid  square  bar,  88  indies  long  uid  1  inch  squire  in  traairem 
section.  Near  to  each  enli  a  ojpndrical  hole  is  sunk  (the  distance 
between  ^e  centres  of  the  two  holes  bein^  S6  inches)  to  the  depth  of 
0'5  inch.  At  the  bottom  of  this  hole  is  inserted  in  a  smaller  hole  a 
gold  plug  or  pin  about  O'l  inch  diameter,  and  upon  the  surface  of  Uus 
pin  there  ore  cut  three  fine  lines  at  iuterrals  of  about  0*01  intdi  trans- 

*  '  Phil.  Trsns.,'  1897,  p.  840. 

t  Ihcy  were  cblefl;  or  fnm-metal,  as  recotomeaded  liy  the  oonunittee ;  bst 
there  were  aim  nveral  <a  cast-iron  atad  ttael. 

t  Hr.  Shsepsluiika'  pnUio  strviBCi,  la  connection  wliIi  the  rastontloK  of  fbm 
nattenal  standard  of  length,  were  vbidly  (ratal too*. 
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Terse  to  the  nzia  of  the  bar,  and  two  linei  at  nearly  the  Bame  interval 
Twallel  to  the  axia  of  the  bw.  The  measure  of  lei^ith  ia  given  by  the 
mtervol  between  the  midtlle  transversal  Uoe  at  one  end  and  the  middle 
tiansTersal  line  at  the  other  end,  the  part  of  each  line  which  is 
emi^oyed  being  the  point  midway  between  the  longitudinal  liaea. 
The  other  imnsversal  unes  were  used  in  the  operatioiu  of  oompariBoa 
only  for  assigning  the  scales  of  the  miorometeis. 

The  committee  having  earafully  examined  the  numerous  bars  placed 
at  th^  disposal  by  ISr.  Sheepshanks,  agreed  in  considering  the  bars 
denominated  by  him  bronze  Id  and  bronze  28,  as  exaot  copies  of  the 
imperial  standard,  and  they  roEolved  that  bronze  19  should  hence- 
forward be  regarded  as  the  new  national  standard. 

The  final  report  of  the  conmuttee  addressed  to  the  Lords  Commis- 
sionen  of  her  If  ajest/s  Treasury  was  signed  on  the  28th  of  March, 
1864.  The  follonicg  are  a  few  extracts  £rom  tliis  important  document : 

19.  "  The  report  of  1841  recommended  (article  5)  that,  besides  the 
legal  standard,  thwe  should  be  prepared  four  copies,  to  be  deposited  in 
places  to  be  afterwards  determined. 

20.  "  The  e^ansions  of  these  bars  ooTres|>onding  to  a  given  change 
of  temperature  had  been  sufficiently  determined  in  the  course  ol  the 
experiments ;  and  it  was  then  judged  expedient,  instead  of  stating  the 
difference  in  length  of  the  selected  bars  at  the  same  temperature,  to 
infer  the  difference  of  temperature  whic^  would  cause  all  to  represent 
the  same  length,  by  the  application  of  which  it  would  be  possible  to 
asBiKn  1^  specific  temperature  at  which  each  bar  represents  precisely 
the  length  of  one  yard.  Thus  it  was  found  that  the  length  of  one  yard 
as  ^ven  by  the  lost  imperial  standard,  is  represented  with  no  sensible 
uncertain^,  exOM>t  in  the  measures  of  the  imperial  standard  itself^ 
hy  ibo  following  bar^  at  the  temperatures  placed  oppocdte  to  them. 

BrosM  19  or  No.  1,  at  OS^OO  Fahrenheit.  . 
Bronse  30  or  No.  3,  at  01°'94  Fahrenheit. 
Bronce  2  or  Ho,  8,  at  GS^'IO  Fahrenheit. 
Bronse  7  or  No.  i,  at  tl''M  Fahtenheit. 
Bronze  10  or  No.  6,  at  63°-ie  Fahrenheit. 
Brome  3S  or  No.  6,  at  SS°-00  Fahrenheit. 

21.  "The  decrees  of  temperature  for  the  use  of  these  standards  are 
defined  sa  jnoportional  to  the  corresponding  apparent  increase  of 
volume  of  quuusilyer  in  tiie  thermometer  tube ;  the  degree  32"  repre- 
senting the  freezing  point  of  water ;  and  the  degree  212°  representing 
the  temperature  of  steam  under  liaplace's  standard  atmosplieric  pres- 
sure, or  the  atmosplieric  pressure  oorresponding  to  the  following 
number  of  inches  in  the  barometric  reading  reduced  to  82°  Fahr, ; — 
29-9218 -t-0'O76Sx cosine  (2  latitude)  -I-O00OO0179  x  height  in  feet 
above  the  aea;  and  the  degree  62°  denoting  the  temperature  which 
produces  in  quicksilver  an  apparent  expansion  equal  to  ^  of  the 
expansion  between  32°  and  212°;  and  so  in  propOTtion  tor  other 


^3.  "  We  propose  that  the  bar  No,  1  be  adopted  by  the  legislature 
as  the  parliamentary  Mandard  of  one  yard ;  that  Noa.  2,  8,  4,  0  be 
adopted  as  parliamentary  copies ;  and  that  Ko.  6  be  retained  by  some 
officer  of  the  government  for  the  oomparisou  of  other  bars,  or  for  other 
Bci^tific  purposes  in  which  reference  to  ttie  standard  may  seem  to  be 
required. 

35.  "  Alter  careful  consideration  we  recommend  : — 

"  That  the  copy  of  length  standard,  Ko.  2,  and  the  copy  of  weight 
standard  F.c,  No.  1,  be  deposited  in  the  Royal  Mint 

"  That  the  copy  of  length  standard.  No.  3,  and  the  copy  of  weight 
standard,  f.o,.  No.  2,  be  transferred  to  the  Royal  Society. 

"  That  the  copy  of  length  standard.  No.  5,  and  the  copy  of  weight 
attuidaid,  F.a,  No.  3,  be  deposited  in  the  Royal  Obeervatory  of 
Greenwich. 

"  That  the  copy  of  length  standard,  Ko.  4,  and  the  copy  of  w^ht 
standard,  p.a,  No.  4,  be  immured  in  the  all  of  the  recess  on  the 
east  side  of  tiie  lower  waiting  hall  in  the  New  Palace  at  Westaninster. 

40.  "  After  due  oonnderiition  of  this  question,  referring  to  the 
reasons  exphuned  in  Chapter  II.,  of  t^e  report  of  1841,  December  21, 
we  adhere  to  the  recommendation  oontdned  in  that  chapter,  and 
embodied  in  Articles  1  and  2  of  the  same  report,  that  no  reference 
be  made  to  natural  elements  for  the  values  represented  by  the 
standards. 

41.  "  We  oonmder  the  ascertaining  of  the  earth's  dimen^ons  and  of 
the  lengUi  of  the  seconds  pendulum  in  terms  of  the  standard  length, 
and  of  the  wdght  of  a  certain  volume  of  water  in  terms  of  the 
standard  weight,  as  philosophical  determinations  of  the  highest  import- 
ance, to  the  prosecution  of  which  we  trust  that  her  Majesty's  Qovem- 
ment  will  always  give  their  meet  liberal  aaaifftance ;  but  we  do  not 
urge  them  on  the  govemment  at  preeoit  as  oounscted  with  the  con- 
servation of  standards." 

The  Lords  Commissioners  of  the  Treasury  adopted  the  report  of  the 
committee,  and  a  bill  was  introduced  into  parliament  relative  to  the 
new  standard  weights  and  measures.  This  bill  received  the  royal 
assent  on  the  30th  of  July,  1S55.  It  is  styled  an  Act  for  legalismg 
and  preserving  the  restored  standards  of  weights  and  measures  In 
Uie  preamble  of  the  bill  allusiou  is  made  to  the  proviuons  in  the  act 
6  Geo.  IV.  c.  74,  for  legalising  and  ensuring  the  restoration  of  the 
atandaids.  After  referring  to  tlw  destructioa  of  the  standards  by  the 
fixe  of  the  Houm  of  FluliBBMiit,  and  to  tlw  doobbi  cBterfniiMd  "Sxy 


aoentifio  men  respecting  the  adequacy  of  the  meUiodn  provided  \sj  the 
said  act  for  their  restoration,  it  then  announces  die  labours  of  the  com- 
mittee of  w«£^ts  and  measures,  describing  the  construction  tA  the 
new  standards  of  weights  and  measures,  and  thwr  parliamentary 
cc^ies,  and  specifies  the  places  in  which  they  have  been  respectively 
deposited.    It  then  proceeds  thus : — 

"And  whereas  it  is  expedient  to  legalise  the  standards  so  con- 
struoted,  and  to  provide  for  the  preserv^on  thereof ;  Be  it  therefore 
enacted  by  the  Queen's  most  excellent  Majesty,  by  and  with  the  advice 
and  ocHuent  of  tiu  lords  Kuritual  and  temporal  alid  oommona  in  this 
present  parliament  avembted,  uul  by  the  authority  of  the  same  as 
follows : — 

"  I.  So  much  of  t^e  said  act  of  the  fifth  year  of  king  Qeorge  the 
Fourth,  as  relates  to  tlie  restoration  of  the  imperial  standard  yard, 
and  of  the  standard  troy  pound  reroeotively,  in  oaae  of  loss,  destruoUon, 
defacement,  or  other  injury,  shall  be  repealed. 

"  II.  The  straight  line  or  distance  between  the  centres  of  the  two 
gold  plugs  or  pins  in  the  bronze  bar  deposited  in  the  of&oe  of  the 
Exchequer,  as  aforesaid,  shall  be  the  genuine  standard  of  the  measura 
of  length  called  a  yard,  and  the  said  straight  line  or  distance  between 
the  centres  of  the  said  gold,  plugs  or  pins  in  the  said  bronze  bar  (the 
bronze  being  at  the  temperature  of  sixty-two  degrees  by  Fahrenheit's 
tiiennometer),  shall  be  and  be  deemed  to  be  the  imperial  standard  yard. 

"  YIL  If  at  any  time  hereafter,  the  said  imperial  standard  yard  and 
standard  pound  avoirdupois  reepectively,  or  either  of  them,  be  lost, 
or  in  any  manner  destroyed,  demoed,  or  otherwise  injured,  the  com- 
miseioners  of  her  Majesty's  Treasury  may  cause  the  same  to  be  restored, 
by  referenoe  to,  or  adoption  of,  any  of  we  copies  so  deposited  as  afore- 
Bud,  or  such  of  Uiem  as  may  remain  available  for  that  purpose." 

For  an  account  of  tiie  restoration  of  the  standard  i&  weight,  we 
must  refer  the  readw  to  a  paper  by  Professor  Miller,  printed  in  the  ' 
'  Transactions  of  the  Royal  Society,'  for  1856  ('  On  Hba  construction  of 
the  New  Imperial  Standard  Pound,  and  its  Copies  of  Platinum ; '  and 
'  On  the  Comparison  of  the  Imperial  Standard  Pound  with  the  Kilo- 
giMome  des  Archives,' '  PhiL  Trans.,'  vol.  oxlvi,  pp.  758-946).  We 
shall  merely  quote  from  the  new  act  the  following  extraots  relmng  to 
the  standard  of  wei^^t : — 

"I.  So  much  <A  the  said  act  of  the  fifth  year  of  king  George  the 
Fourth,  as  relates  to  the  restoration  of  the  standard  troy  poimd,  in  case 
of  loss,  destruction,  defacement,  or  other  injury,  shall  be  repealed, 

"III.  -The  said  weight  of  platinum  marked  P.S.,  1844,  lib.,  de- 
posited in  the  office  of  the  Exchequer,  as  aforesaid,  shall  be  the  legal 
and  genuine  standard  measure  of  weight,  and  shall  be  and  be  denomi- 
nated the  imperial  standard  pound  avoirdupois,  wd  shall  be  deemed  to  be 
the  only  standard  measure  of  wd^t  from  which  all  other  wei^ts  and 
other  measures  having  referenoe  to  weights  shall  be  derived,  computed, 
and  ascertained,  and  one  equal  Beven-tiiousandth  part  of  such  pound 
avoirdupois  slioll  be  a  groin,  and  five  thousand  seven  hundred  and 
sixty  such  grains  shall  be,  and  be  deemed  to  be,  a  pound  trov. 

"  Vll.  If  at  any  time  hereafter  the  said  imperial  standard  pound 
avoirdupois  be  lost,  or  is  any  manner  destn^ed,  defaced,  or  otherwise 
injured,  the  commlssionera  of  her  Majesty's  Treasury  may  cause  the 
same  to  be  restored  by  reference  to,  or  adoption  tA,  any  of  the  copies  so 
deposited  as  oforesud,  or  such  of  them  as  may  remun  available  for 
that  purpose." 

W£IR,  or  WEAR,  is  a  dam  erected  across  a  river^  either  for  the 
purpose  of  taking  fish,  of  conveying  a  stream  to  a  mill,  or  of  nuuntalning 
the  water  at  the  level  required  for  the  navigation  of  it. 

The  erection  of  weira  across  puUic  rivers  has  always  been  considered 
a  public  nmsance.  Magna  Chwta  (c,  28)  directs  that  all  weiiB  for  t^e 
taking  of  fish  should  be  put  down  except  on  the  sea-coast.  By  the  12 
Edw.  IV.  c.  7,  and  other  subsequent  acts,  weira  were  treated  as  public 
nuisances,  and  it  was  forbidden  to  erect  new  weirs,  or  to  enhance, 
straighten,  or  enlarge  those  which  had  aforetime  existed.  Hence  In  a 
ease  where  a  In'oshwood  weir  aoKMs  a  rivw  had  been  otmverted  into  a 
stone  one,  whereby  the  fish  were  prevented  from  ^lassing  except  in 
fiood-time,  and  the  plaintiff's  fishery  was  injured,  tins  was  considered 
to  be  a  public  nuisance,  although  two-tiiirda  of  the  weir  had  been  so 
converted  without  interruption  for  upwards  of  forty  years.  And  it  was 
laid  down  that  though  a  twraty  yBars^  aoquiesoenoe  mi^t  bind  parties 
whose  private  rii^ts  only  were  affeeted,  yet  that  no  length  of  time  can 
Ic^timate  a  pabuc  nuisance. 

The  provision  of  the  Romui  law  as  to  the  maintenance  of  public 
rivers  {fiumina  pubhca)  against  my  impediment  to  navigation,  or 
against  any  act  by  which  the  course  of  the  water  is  changed,  are  con- 
tained in  the  Digest  (43  tit,  12,13). 

WEIRS.  The  ciaistruotions,  wlwther  of  stonework,  timber,  or  earth, 
by  means  dC  whitdi  the  waters  of  a  river  an  retained  to  a  given  hoj^l^ 
or  are  diverted  in  any  reqotred  direction,  are  known  In  the  arts  by  the 
name  of  win,  or  Aamt ;  and  they  are  principally  used  for  the  piu^ioses 
of  creating  mill-heads,  artificial  navigations,  or  head-waten  for  irr^a- 
tiona.  They  may  either  be  placed  dbectly  across  a  stareom,  or  in  tne 
line  of  its  flow;  and  when  placed  in  tJie  latter  direction,  they  may  be 
made  to  regulate  the  hei^^t  of  the  stream  by  the  level  of  their  crown,  in 
which  ease  the  weirs  are  called  mute  vdrt,  or  tumbling  bays,  beoauM 
the  excess  of  the  waters,  beyond  tiie  quantity  necessary  to  keep  the 
surCaoe  up  to  the  levd  of  the  oown,  faUs  over  the  weir,  sad  flsoaini 
through  ths  byewash,  without  producing  any  niefnl  affect. 
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The  height  of  a  weir  ia,  of  course,  regulated  by  the  depth  of  the 
mur  required  to  be  upheld,  and  in  many  coses  they  are  made  in  Buch 
a  iwFUH^wt-  that  th«  Upper  portion  may  be  raised  or  lowered  at  will.  In 
river  navigaticma  this  Tariable  hei^t  is  often  of  great  importance  on 
aoooont  of  the  great  differences  which  occur  in  the  volume  of  the 
streuu ;  but  in  miUworks  the  waste  weira  art)  usually  made  to  perform 
the  function  of  regulators,  thus  leaving  the  water  line  near  the  shuttle 
at  a  constant  lev^.  Weirs  across  riven  are  always  accompanied  by 
lock-chambers,  or  by  flushing  sluices,  according  to  the  nature  of  the 
tv^o,  in  order  t»  tacilitate  the  passage  from  tiie  level  of  the  upper 
to  tbe  lower  teooh  of  the  slswm ;  and  whenever  look  chambers  are 
formed,  it  is  important  that  their  tail  bays  should  fall  again  into  the 
main  stream  at  a  point  beyond  the  influence  of  the  water  falling  ov«r 
the  crown  of  the  weir.  In  forming  these  structures  it  is  necessary  to 
guard  against  the  ayphonio  action  of  the  water  ponded  up  in  the  head 
bay,  which  has  a  great  tradency  to  penetrate  the  m&teriala  oompoung 
the  weir,  and  to  maw  them  up,  should  their  apedfic  gnyiiiy  not  be 
such  as  to  ensure  the  stability  of  the  structure ;  and  also  to  guard  against 
the  undermining  action  of  the  water  falling  over  the  crown  of  the  weir. 
On  the  former  account  it  is  desirable  that  toe  hei^t  of  the  head  watcn 
should  be  kept  as  low  ss  possible,  with  regard  to  the  convenience  of 
the  peculiar  service  considered ;  on  account  of  the  latter  it  is  desirable 
that  the  down  side  of  the  weir  should  present  a  gradually  inclined 
slope,  BO  as  to  obviate  the  effects  of  the  cataract,  which  voufd  exist  if 
the  lower  face  wall  were  vertioaL  tn  many  esses  the  weits,  which  ore 
placed  across  rivers,  are  made  to  present  an  angle  to  the  course  of  the 
stream,  in  order  to  offer  a  greater  length,  and  consequently  a  smaller 
depth  of  water,  on  tiie  crown ;  but  ibmn  can  be  no  absolute  rule  in 
this  matt^,  as  in  so  many  of  the  other  praeticsl  detailfl  of  hydraulic 
engineering. 

The  thickness  of  water  fallmg  over  a  weir  is  calculated  by  the 
formula  «i=0-64       ^        in  which  a:=the  thickness  sought;  Q  =  tho 

discharge  per  second;  and  L=s  the  length  of  the  weir.  It  is,  however, 
important  to  tAmeno  thai  although  the  ^jot  of  these  weirs  is  to  cause 
an  accumulation  of  waters  on  their  upper  sides,  the  greatest  depth  is 
not  found  immedfatdy  upon  them,  but  at  a  certain  distance  above 
them  in  the  line  of  the  stream.  The  surface  of  the  fluid,  in  Cftct, 
assumes  a  convex  form  before  arriving  at  the  weir,  the  curve  of  which 
commences  at  a  point  on  the  upstream  dependent  upon  the  velocity  of 
arriv^  It  is  coiiiidered  that  the  outUne  of  the  curve  is  a  portion  of 
an  hyperbola,  whose  summit  is  above  the  weir  before  the  waters  begin 
to  till,  and  whose  asymptote  is  the  line  of  the  natural.mean  fall  of  tiie 
waters  befrare  the  establuhment  of  the  weir.  According  to  d'Aubuisson 

.  and  Quilhem,  the  equation  to  tiiia  curve  is  ^lll^  ^  -  = 

- — ^  — ;  in  which  ieiK  the  horizontal  distance  from  any  point 

8  B 

in  tiie  curve  to  tiie  weir ;  v  « the  height  to  which  the  waters  are  heaped 
up  at  that  point  above  Uie  original  level;  h=  the  greatest  height  to 
which  they  are  raised ;  and  p*=  the  tall  of  the  river,  in  this  case  aup- 
pooed  to  have  a  straight  course.  As  a  general  rule,  the  crown  of  a 
weir  across  a  stream  is  kept  at  about  8  inches,  or  a  foot,  below  the 
height  calculated  for  the  augmented  depOi, 

Very  good  modela  of  leading  weu^  have  been  executed  by  Smeaton, 
on  the  river  Cairon;  by  Telford,  on  tha  "Weaver ;  and  by  Stevenson, 
on  the  Ribble  and  on  the  Dee.  The  American  engineers  have  iotro- 
duced  a  very  economical  form  of  weir,  consisting  of  what  ia  called 
cribwork  of  timber  filled  in  with  loose  rubble ;  and  the  Dutch  engineers 
execute  with  suiprisinK  AiU  weirs  or  dams  of  earthwork,  bundles  of 
reeds,  and  fascines.  A  very  Ingenima  description  of  moveable  weirs 
ia  used  uimq  the  Seine,  in  order  to  close  the  passage  of  the  subsidiary 
ohaonela  in  the  diy  season ;  it  was  invented  by  M.  Foir^e,  and  has 
been  deecribod  by  him  in  a  pamphlet  upon  (Jie  subject.  The  waste 
weirs,  and  the  b«Ld  weuw  of  the  majority  of  Englirfi  miU  streams,  we 
rudely  constructed  earthen  banks,  which  are  too  often  undermined, 
and  Left  in  a  very  «nBatiafaet<Hy  state  of  repair  :  our  canal  weiis  are, 
however,  skilfully  formed,  as  a  geovnl  role.  Upon  the  great  Indian 
irrigation  canals  the  most  extraordinary  worka  of  this  description  are 
to  be  found;  and  the  reader  ia  refaimd,  for  a  deeeriptaon  of  than,  to 
General  Baird  Smith's,  '  Indian  IitigatioD,'  and  to  sis  '  Irrigation  of 
the  Madras  Provinoea^' 

Upon  some  of  our  rivers,  struoturea  composed  of  basket-work  are 
placed  for  the  purpose  of  arreating  the  progress  of  fish  in  their  migra- 
tlona  up  at  down  the  atream,  which  are  known  by  the  name  of  fish 
veliB.  Tfaeee  stniotures  do  not  interfere  with  the  conditions  of  flow 
of  tike  riven,  and  as  their  efficiency  for  ^e  desired  end  must  be  rwu- 
I^od  by  the  habite  of  the  fish  they  are  designed  to  cateh,  the  mode  of 
their  cfmstniction  must  bo  related  by  local  oonditiona 

"WELD.   (OoLoOBiKo  Maptkss.] 

_WELDING  is  the  raooese  of  unking  pieoea  of  metal  by  hammering 
when  hot  It  dependa  on  properties  dieflr  pnsaniiwd  by  iron  and  the 
aJUed  group  of  metah;  and  ia  illustrated  fay  the  details  given  under 
Cdtuht;  Iboii;  BtBL;  fto. 

WELLS.  Tha  torn  %ea  la,  gmtunOf  r^eaUng^  applied  to  any 


excavation  sunk  in  the  ground,  for  the  purpose  of  obtaining,  or  of 
getting  rid  of  water ;  the  technical  distinction  between  the  two  kinds 
of  w^U  being  that  the  former  are  known  by  the  simple  name  of  wdl, 
tiie  latter  by  the  names  of  dead  weiU,  or  of  {^moriting  weUa,  accordingly 
as  the  water  esciipea  by  debp  seated,  or  by  8U[)erficial  permeable  beds. 
The  distinction  between  Artesian  and  common  wells  has  already  been 
referred  to  under  Artesian  Wkll8  ;  and  tlin,t  between' a  aAa^and  a 
icell  con^ts  in  the  fact  that  shafts  are  generally  dry,  and  ai'e  intended 
te  give  access  to  galleries,  tunnels,  or  subterranean  workings,  whereas 
WMls  are  intended  to  act  as  reservoitB  of  water. 

Common  wella  are  made  by  sinking  an  excavation  through  an  upper 
permeable,  or  partially  permeable,  stratum,  which  lies  upon  an 
impermeable  one,  in  such  a  manner  as  to  allow  the  water  falling  upon 
the  surface  to  percolate  through,  and  to  accumulate  in,  the  upper 
stratum.  The  depth  to  which  it  may  be  neceeaary  to  sink  a 
well  will  then  depend  on  1,  the  permeability  of  the  water-bearing 
stratum ;  2,  on  its  area ;  8,  on  its  thickneaa ;  4,  on  the  relief  of  the 
upholding  stratum ;  and  S,  on  the  existence  of  other  wells,  or  places 
of  draught  upon  the  source  of  supply.  The  diameter  of  the  well  will 
depend  upou  the  rapidity  with  wmch  the  water  will  enter  from  the 
sides,  or  bottom,  to  replace  the  coneumption ;  it  being  always  observed 
that  there  are  &  priori  advantages  in  making  the  weU  of  large  dimen- 
sions, in  order  to  obviate  the  effecte  of  the  stagoation  oE  the  water, 
which  aflbots  small  quantitieB  more  rajfldly  than  it  does  larger  ones. 
The  constniction  of  the  sides,  nod  of  the  margins  of  the  wws,  must 
depend  entirely  upon  the  nature  of  the  ground  traversed,  and  upon  ite 
greater  or  less  tendency  to  cave  in. 

Generally  speaking,  the  margin  of  a  well  intended  to  supply  water 
for  domestic  use  is  executed  of  watertight  masonry,  and  the  well  itself 
is  lined  with  masonry  of  the  same  description  to  some  considerable 
depth,  in  order  to  shut  out  from  the  well  the  infiltrations  from  land- 
drains,  and  from  aurhce  watera.  In  England  this  part  of  the  work  is 
done  in  brickwork  and  cement,  or  in  cast  iron ;  abroad  it  is  commonly 
done  in  ashlar  masonry.  Below  the  level  to  which  these  waters  may 
reach,  the  sides  of  the  wells  only  require  to  be  lined  ia  such  a  manner 
as  to  resist  the  tendency  of  the  sides  to  collapse ;  and  this  object  may 
in  man^  cases  be  effected  by  what  is  colled  drg  ttdntT^,  or  brickwork 
laid  without  mortar.  It  Is  customary  in  modem  weU-^Hng  to 
execute  the  steining  1^  sinking  the  ground  to  the  full  diameter  of  the 
outeide  of  the  work  to  depths  of  about  6  feet  each,  and  then  inserting 
what  is  called  a  wooden  curb,  or  a  frame  circular  in  plan,  of  from  8  to 
6  inches  in  thickness,  at  the  level  of  the  floor ;  upon  this  curb  the 
stdning  is  then  built  regularly,  as  close  to  the  side  of  the  well  as 
possible.  The  ^ound  is  excavated  from  under  the  upper  curbs,  which 
are  munt^ued  in  their  positions  either  by  the  Mcticm  upon  the  nde 
of  the  ateining,  or  by  means  of  shores,  stxute.  Sec  In  traversing 
running  sands,  or  formations  containing  much  water,  close  tubes  must 
be  used ;  and  great  precautions  are  required  to  prevent  such  sands 
from  hloicing,  that  is  to  say,  from  rising  in  the  excavation.  In  the 
lower  parts  of  all  wells,  whatever  may  be  the  nature  of  the  material 
used  for  lining  tiie  sides,  means  must  be  provided  for  the  ingress  of  the 
water ;  when  iron  qylindera  are  used,  or  cloaa  planking  of  wood  ia 
introduced,  a  seri^  of  holes  in  the  oiroumference  will  efi^  tibia  object 
Great  care  must  also  be  taken  that  the  materials  employed  be  of  such 
nature  as  not  to  act  upon  the  quality  of  the  watei-s ;  and  whilst  every 
precaution  must  be  taken  to  protect  the  waters  from  the  light,  and 
from  atmoaplieric  impurities,  it  is  desirable  that  an  efficient  ventilation 
should  take  place  in  the  well.  Local  considerations  of  economy  must, 
of  course,  regulate  to  a  great  eztont  the  selection  of  the  materials  to  be 
used  in  steining  a  well ;  but  theoretically  it  would  be  preferablo  to 
employ  none  but  the  hardest  fire  bricks  and  Roman  cement,  or  cast- 
iron.  Copper  tubes  are  aometimes  used  in  Artesian  wells;  but  in 
ordinary  wella  the  cost  of  copper  pijiea  of  the  size  required  would 
render  the  use  of  that  material  impossible.  Wrought-iron  tubes  are  far 
too  liable  to  rust,  to  allow  of  their  being  used  in  wells,  without  tiieir 
bwDg  galvanised ;  cast-iron  pipes  ore  th««fore  moat  Kenerally  used. 

In  Buch  foimaticoiB  as  the  gravels  when  they  hold  modi  water,  it 
usually  is  sufficient  to  sink  a  well  in  a  vertical  direction  so  ^  as  to 
maintain  a  good  depth  of  water  at  all  times  of  the  year,  provided  there 
be  not  many  wells  drawing  their  supply  from  the  same  bod.  It  rarely 
happens  that  the  permeable  gravel  strata  of  lai^e  towns  are  able  to 
supply  the  demand  made  upon  them,  and  it  is  therefore  almost  always 
the  case  that  after  the  veils  have  been  (nudually  deepmed,  thrar  use  is 
forcedly  abandoned  in  such  places :  Uie  area  of  supply  is  in  &tct 
limited ;  the  demands  of  a  large  population  practically  are  unbounded. 
But  there  is  another  reason  of  far  more  serious  importance  why  the 
ordinary  wella  of  towns  are  at  the  present  day  being  gradually 
abandoned,  in  the  contamination  to  which  they  are  espoaed  from  the 
infiltrations  from  drains,  sewers,  ces^KKils,  and  dead  wells,  which 
eventually  introduce  ao  large  a  prop{»tion  of  organic  matters  (in  the 
form  of  the  nitrates)  into  the  waters,  as  to  render  them  unfit  for 
human  consumption.  The  infiltrations  from  tiie  sewers,  or  the  leakage 
from  the  water  pipes  of  a  town  distribution  may,  it  is  true,  provide  an 
unexpected  qiuintity  of  water  in  the  superficial  wells ;  but  the  earth 
traversed  by  it  is  so  charged  with  organic  matters,  imder  all  towns, 
that  the  quality  of  the  water  must  be  of  the  most  objectionable 
nature.  In  towns  sitaated  upon  the  chalk  even  it  has  been  found  that 
unlaa  the  vdh  are  sunk  to  a  great  depth,  they  are  subject  to  oon- 
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tammation  from  the  causes  referred  to;  and  it  therefore  beoomea 
more  tiian  usually  important  to  form  an  imparnieable  brick  steining 
round  thow  portions  of  the  wells  which  are  within  the  range  of  the 
efifeots  of  surface  waters. 

The  gravel,  or  sand  beds,  hitherto  considered,  are  penetrated  by 
water  in  the  whole  of  their  thickness  able  to  yield  a  supply ;  and  the 
chalk  marl,  the  green  sand,  the  new  red  sandstone  in  some  of  its  beds, 
present  the  same  hydroscopic  conditions.  But  such  formations  aa  the 
upper  chalk,  the  oolites,  the  aUte  rocks,  &a,  do  not  allow  the  water  to 
pervade  the  whole  mass ;  on  the  contraiy,  the  water  only  passes 
through  them  freely  upon  their  great  planes  of  stratification,  or  hy 
following  the  joints  of  cleavage,  or  the  vertical  fissures  which  so  com- 
monly occ)ir  in  those  rocks.  If  then,  wells  sunk  in  the  former  class 
(ft  materials  should  not  contain  much  water  (always  assuming  them  to 
be  sunk  of  the  ordinary  dimensions,  that  is  to  say  of  about  4  feot 
clear  internal  diameter),  there  is  tittle  probability  of  obtaining  an 
increased  supply  by  domeing  out  the  bottom  of  the  well,  or  by  driving 
headings  or  lateral  adits.  In  the  latter  class  of  materials,  however,  it 
frequently  happens  that  very  beneficial  results  are  obtuned  by  thus 
increasing  the  contributing  area;  for  it  is  by  no  means  rare  to 
encounter  springs  of  considerable  volume  by  thus  opening  up  succes- 
sively the  edges  of  the  divisional  planes.  It  is  advisable  in  forming 
headings,  in  the  strata  referred  to,  to  drive  them  at  a  slight  inclination 
horiaontally  to  the  axis  of  upheaval  of  the  strata,  and  vertically  to 
follow  their  dip,  making  ^le  height  of  the  heading  aa  great  as  possible, 
iu  order  to  lay  bare  the  edges  of  a  great  number  of  the  beds. 

The  water  obtained  from  superficial  wells  is  raised  to  the  surface  by 
some  one  or  other  of  the  ordinary  machines.  Where  the  conaumption 
is  small  and  the  depth  inconsiderable,  the  bucket  and  windlass  will  be 
found  gmerally  speaking  to  be  suf&cicnt ;  where  the  consumption  is 
largo,  pump*  must  be  used;  common  suction  pumps  will  suffice 
when  wo  fift  does  not  exceed  38  feet;  beyond  that  depth  force 
pumps  must  be  used,  snd  they  may  be  driven  by  hand,  by  wind, 
aninuJ,  or  steam-power,  as  may  be  most  advisable.  All  wella  ore 
improved  by  frequent  and  hard  pumping ;  for  not  only  does  the 
water  they  contain  undei^  a  species  of  unsatisfactory  chemical 
action  whiut  standing  in  them,  but  it  ia  also  found  that  by  relieving 
tike  pressure  upcm  the  edges  of  the  water-bearing  stosta  the  water 
passages  become  increased. 

Dead  wells  and  abeorbing  wells  depend  for  their  action  upon  the 
hydroetatical  l^w  that  water  will,  when  left  to  itself,  attain  a  uniform 
level  over  the  whole  of  the  surface.  If  then  a  column  of  water  be 
made  to  stand  upon  a  water-bearing  stratum,  the  level  of  the 
fonner  will  subside  to  that  of  the  normal  water-line  in  the  latter; 
and  the  exoees  of  the  colunm  will  be  disponed  throughout  the  stiatum. 
Advantage  was  formerly  taken  of  tiiis  law,  in  such  towns  as  Southamp- 
ton, to  get  rid  of  the  liquid  matters  of  cesspools  by  sinking  them  into 
the  permeable  water  abatum  of  the  district,  and  leaving  the  bottom 
of  tite  excavation  open ;  the  liquid  matters  thus  diUfuaed  themselves 
throughout  the  superficial  water-bearing  stiatum  to  the  ultimata 
destruotioii  of  the  wells  fed  by  the  latter.  Of  late  years  an  attempt 
haa  also  been  made  at  Faris  to  ipk  rid  of  the  foul  waters  of  the  Voirie 
of  that  town,  by  sinking  a  bonng  of  large  diameter  to  the  permeable 
strata  between  the  eholk  and  the  upper  tertiary  beds  of  that  locality ; 
but  not  only  haa  it  been  found  that  serious  injury  was  thus  done  to 
the  neighbouring  wells,  but  that  the  bore  holes  vei7  soon  became 
choked  up.  The  fact  is  that  dead  wells  and  absorbing  wells  are  pubhc 
nuisances  of  a  very  serious  nature,  and  their-  formation  ought  to  be 
rigorously  forbidden  and  oarefully  prevented.-  Unfortanately  there 
is  so  le^alation  on  any  port  of  the  noioral  conditions  of  flow  of 
underground  waters;  nor  do  any  legal  means  exist  by  which  a 
landed  proprietor  could  be  prevented  from  contaminating  the  wdls  ot 
a  large  district  around  him. 

(See  Swindell,  On  Welt  Boring  and  Sinking  ;  Degoussi5e,  Guide  du 
Sondeur;  Burat^  La  64ologie  appliqiUe  aux  Artt.) 

WELSH  LANGUAGE  AND  LITERATURE.— Lanooaob.  The 
Welsh  langoage  is  that  which  is  now  spoken,  and  has  been  so  for  bock 
as  historic^  recmds  extend,  in  tiie  principality  of  Wales.  The  name 
of  "  Welsh  "  was  first  given  to  the  people  who  speak  it  1^  the  Anglo- 
Saxons,  and  the  same  t«m  or  a  similar  one  seems  to  have  been  used  ia 
many  of  the  Germanic  and  even  of  the  Slavonic  languages  to  denote 
tiie  ItaUons,  or  other  nations  whose  luiguages  resembled  the  Latin. 
"  Welachland  "  was  the  name  for  Italy  in  QCTuian  of  the  middle  ages, 
and  is  not  yet  entirdy  sapemeded  m  the  language  of  the  common 
people;  the  name  of  that  country  in  Polish  ia'MVlochy,"  and  the 
appellations  of  the  Walloons  and  the  Wallachiims  appear  to  be  derived 
from  the  same  root.  Singularly  enough,  the  word  haa  a  strong  cor- 
respondence with  the  appellation  given  by  the  Romans  themselves  to 
the  kindred  nation  of  Gaul,  who,  as  Cfesar  tella  us,  called  themselves 
CeltH  ("qui  ipsorum  lingu&  Celtaa,  nostrft  Ghdli  appellantar Wallia 
and  GUlia  differ  <Hity  by  a  letter,  and  Qallie  and  Gaelio  hare  aa  olose  a 
resemblance. 

The  name  which  the  Welsh  pve  to  themselves  ia  "  Cymiy,"  and  to 
their  language  "Cymreig,"  the  obvious  resemblance  of  the  sound  oil 
which  to  "  Oimbri  "  haa  led  many  to  suppose  them  identical  with  the 
Cimbri  of  Roman  hiBttn?'  The  meaning  now  assigned  to  the  word 
"Cynuy"  Is  "laimitiTe,  but  this  meaning  doea  not  seem  to  have 
oooorred  to  aniy  Wdah  muAax  b«fm  the  Bot.  John  Walters^  who  first 


published  it  about  the  middle  of  the  18th  century.  The  Welsh  is  one 
of  a  &mily  of  languages  generally  denominated  the  Celtio  languages, 
and  described  as  six  iu  number,  which  were  all  spoken  in  tiie  18th 
century,  and  five  of  which  are  stlU  spoken  in  the  I9th,  four  of  them 
within  the  Sritish  ielands.  These  are  1,  the  Irish,  which  pivvoUs  in 
different  parts  of  Ireland :  2,  the  Gaelic  of  the  Highlands  of  Scotland : 
8,  Uie  Hanks,  which  is  decaying  and  appears  to  be  dying  in  the  Isle  of 
Uan  :  4,  the  Welsh,  or  language  of  Wales ;  6,  the  Cornish,  formerly 
Kwken  in  Cornwall,  but  now  extinct,  and  6,  the  Armorio  or  "  Bas- 
Brot<m,"  prevalent  in  some  departments  in  the  ancient  province  of 
Lower  Brittany  in  France.  All  of  ^ese  languages  which  still  survive 
have  occupied  for  centuries  a  subordinate  position  to  some  other  lan- 
guage, the  first  five  to  EngUah  and  the  sixth  to  French.  They  have 
thus  been  precluded  from  the  advantage  of  being  spoken  by  the  higher 
clasnee  of  society,  and  have  in  many  cases  for  want  of  a  standard  of 
phraseology  and  pronunciation  separated  into  dialects,  some  of  which 
in  process  of  time  have  been  considered  as  dirtinot  languages. 

The  d^^e  of  affinity  between  the  different  Celtic  languages  is  a 
point  of  considerable  interest.  A  controversy  was  carried  on  in  1839 
on  the  question  whether  the  Gaelic  and  WeMi,  two  languages  in  oom- 
mon  use  in  different  parts  of  our  owa  island,  are,  or  ore  not  connected. 
The  prevalent  opinion  for  a  long  time  had  been  that  they  were  dialects 
bearing  a  close  resemblance  to  each  other :  Sdilozer  and  Adelung 
hinted  suapiciona  of  the  correctness  of  this  view ;  and  Sir  William 
Betham,  in  his 'Gael  and  Cymri,' published  in  18S4,  asserted  thatUiej 
were  wholly  diseimilar.  Professor  Forbes,  the  learned  Orientalist, 
whose  native  tongue  is  Gaelic,  maintained  the  same  views  aa  Sir 
William,  in  an  animated  correspondence  on  the  subject,  which  appeared 
in  the  'Oentleman's  Magarine'  for  1836  and  1838.  The  main  fact 
whidi  he  announoed,  that  Uie  most  intimate  knowledge  of  the  Gaelio 
htnguage  would  not  enable  a  person  to  maater  a  single  vene  of  the 
Bible  in  Welsh,  was  certainly  new  to  the  world  in  general,  and  would 
never  have  been  suspected  from  the  tone  in  which  moet  Celtio  scholars 
were  accustomed  to  apeak  of  the  affinity  of  the  languages ;  but  the 
inference  which  he  drew  from  it,  of  a  total  want  of  connection  between 
the  two,  was  satisfaotori^  refuted  by  other  facte.  The  Rev.  Richard 
Gamett,  of  the  British  Huseum,  who  was  induced  to  search  into  the 
question  by  the  statements  of  Professor  Forbes,  reported  in  tiie 
'  Gentleman's  Magazine '  for  May,  1839,  that  on  examining  the  mono- 
syllabic words  in  the  introductory  portion  of  Neilscm's  Lwi  Qzanmiar, 
about  270  in  all,  he  found  of 

Words  perfectly  identioal  with  oorrospondlng  Welsh  terms  in 

sense  and  origin  140 

Clearly  cognate  40 

Derived  from  Mba  Latin,  Saxon,  ftc.,  repetitions  and  compound 

terms   .       .  40 

Peculiar  to  the  Gaelio  fiO 

"  In  the  Grammar,"  he  added,  "  prefixed  to  Armstrong's  Gaelic 
Dictionary  there  is  a  list  of  about  two  hundred  verbs  in  common  use. 
Seventy,  or  more  than  one-third  of  the  whole,  are  unequivocally 
cognate  with  Welsh  and  Armorio,  and  twenty  more  probably  so."  "  In 
'Stewart's  Goalie  Grammar'  we  have  a  list  of  twenty-four  dmi^e 
prepositions  (omitting  mere  varieties  of  form),  and  about  forty  imprc^ter, 
or  compound.  Of  the  former,  fourteen  are  Welsh,  and  three  Cornish ; 
and  of  the  latter,  eighteen,  or  nearly  one-half,  radically  Welsh."  Mr. 
Gamett  remarked  with  justice,  that  "  the  amount  of  resembUnce  ia 
hardly  so  great  between  Icelaudio  and  German,"  and  these  are 
unquestionably  kindred  languages. 

The  Celtio  languagee  must,  ther^ore,  be  divided  into  two  great 
branches,  one  of  which  comprises  the  Irish,  the  Gaelio,  and  the  3^nka, 
and  the  other,  the  Welsh,  the  Cornish,  and  the  Armorioan,  The 
Irish  and  Gaelic  have  a  very  dose  resemblance,  and  in  &ct,  tiieir 
sepamtion  from  eadt  oUier  appears  to  have  been  remarkably  recent. 
The  book  that  is  generally  cited  as  the  earUest  printed  in  Gaelic,  is  a 
translation  of  John  Knox's  '  Liturgy,  or  Forms  of  Prayer,'  by  John 
Carsewell,  Biahop  of  the  Isles,  which  was  issued  at  Edinbui^^in  1567, 
four  years  before  anything  whatever  in  Irish  waa  printed  in  Ireland. 
The  Rev.  Thomas  MacUu&nlan,  a  Gaelio  scholar,  in  his '  Celtio  Glean- 
ings,' a  course  of  lectures  delivered  at  Edinburgh  in  1857,  iaforms 
us  tiiat "  the  dialect  of  Gaelic  used  by  Carsewell  is  that  commonly 
known  aa  the  Irish,  but  which  waa  common  to  the  writen  of  boui 
countries.  It  is  manifest,"  he  adds, "  that  Carsewdl  d^  not  aoqiu're 
this  dialect  in  Ireland,  for  we  have  no  reason  to  believe  that  Iw  ever 
visited  Ireland,  and  his  saying  that  he  knew  nothing  of  the  dialect  but 
what  was  current  in  the  country,  shows  that  the  poaaeBsion  of  this 
dialect  was  not  in  itself  an  evidence  of  very  hig^  scholiuvhip,  but  was 
somewhat  common  among  tiie  people."  The  close  resemblance  of 
Irish  and  Gadio  for  some  time  after  is  shown  by  the  circumstance  that 
about  1690,  three  thousand  copies  of  Bidlop  Bedell's  Irish  vendon  of 
the  Bible  were  printed  for  the  benefit  of  the  Soottiafa  Highlanders,  and 
Mr.  Maclauchlan  states,  that  a  gentieman  who  was  living  about  1807, 
remembered  hearing  the  Irish  Bible  used  in  the  aervices  at  the  parish 
church  of  Kirkhill,  near  Inverness.  It  was  not  till  about  1760,  soon 
after  the  appearance  of  Macpherson'a  first '  Specimens  of  Erse  poetry,' 
that  the  Society  for  Propagating  Christian  Knowledge  in  Scotloiid, 
resolved  ononoouragiag  a  traoslmon  of  the  Soriptorea  into  Scottish 
Gaelic,  and  it  ma  not  till  1801,  that  «  oompleto  version  existed  in 
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print.  It  would  appear,  therefore,  that  wliile  in  the  reign  of  QueeD  Elisa- 
beth, the  Lowlands  of  Scotland  npoke  a  language  diatinot  from  English  as 
evidenced  in  the  printed  works  of  Knox,  the  Highlands  spoke  a  lan- 
guage identical  with  Irish,  as  svidenced  b;  tnmalation  of  Knox's 
Liturgy,  and  that  while  tiie  laognsge  of  uie  Lowlands  has  gradually 
assimuated  to  that  of  England,  the  language  ihe  Highlands  has 
graduftlty  separated  from  that  of  Ireland,  A  similar  process  of  dieln- 
tegration  appears  to  be  still  going  on  with  the  Irish  langu^e  in  Ire- 
land itself — a  separate  version  of  the  New  Testament  in  ihe  dialect  of 
Munater  was  issued  in  1858,  and  it  is  not  improbable,  therefore,  that 
in  the  20th  centuiy^  there  may  be  a  larger  number  of  Celtic  languages 
stated  to  be  in  existence  than  m  the  18tii.  The  dialects  of  Iriu^  vary 
BO  much,  that  it  is  said  that  Irishmen  from  different  provinces  who 
are  acquainted  even  imperfectly  with  English,  often  make  iise  of 
English  in  conversation  with  ^ch  other.  An  Irish  clergyman,  who 
had  been  a  missionary  to  Sbang  Ha^,  informed  us  that  ho  had  been 
a  witness  to  the  use  of  English  as  the  most  convenient  medium  of 
intercourse  by  the  natives  of  different  provinces  in  Ireland,  and  the 
naUvee  of  difibrenb  provinces  in  Chln&  Campion,  an  English  writer 
of  the  year  1571,  says,  that "  the  bue  Irish  inideede  diffei«th  so  much 
from  that  they  commonly  speoke,  that  scarce  one  among  five-score 
can  either  write,  read,  or  understand  it."  The  Qaelio  is  now  itself 
divided  into  two  dialects,  which  seem  to  have  a  tendency  to  diverge 
more  and  more.  Forms  of  speech  which  are  frequent  in  the  version  of 
the  Soiptures  printed  in  1801,  are  not  found  in  the  curious  collection 
of  Gaelic  stories  taken  down  from  the  lips  of  Hi^^iland  narrators,  and 
published  by  Mr.  Campbell  of  Islay  in  1861,  one  of  the  moat  careful 
records  of  oral  language  in  existence.  The  so-called  Manks  language 
is  a  kind  of  cormptod  Gaelic,  more  diSerent  to  the  eye  than  the  ear, 
from  being  written  in  a  less  artificial  system  of  spelling.  The  efystem 
of  "orthography"  of  Irifh  and  Qaelic  la  so  excessively  complex  and 
difficult,  that  those  who  speak  them  are  often  unable  to  read  them 
eroi  when  they  have  learned  to  read  En^ish. 

The  three  forms  of  the  GteeHc  branch  of  the  Celtic  ftunily  of  languages 
are  thus  intelligible  with  a  little  trouble  to  any  person  who  is  a  thorourfi 
master  of  one ;  but  this  is  not  the  case  with  the  three  forms  of  the 
other  branch.  The  affinity  between  Welsh  and  Bas-Breton  is  much  less 
than  has  been  sometimes  asserted.  The  best  evidence  on  this  point  is 
that  of  the  Rev.  Thomas  Price,  a  distinguished  Welsh  scholar,  who  made  a 
tour  through  Brittany  in  theaummerof  1829.  "Inuy,"he  saya  ('Cam- 
brian Quuterly  Ma^ne,*  vol  iL  p.  197),  "he  asked  a  question  whloh 
I  should  myself  have  proposed  to  another  upon  a  similar  occasiMi,  had 
I  never  visited  Brittany,  and  that  is,  if  the  Welah  and  Breton  huguagee 
bear  so  near  a  resemblance  to  each  other  as  ia  genenJly  understood, 
where  was  the  necessity  of  having  recourse  to  the  French  as  a  medium 
of  commimication  f  Why  not  converse  with  the  Bretons  in  the  Welsh 
at  once  I  To  Hum  I  answer  that,  notwUhatonding  the  many  aanrtions 
whioh  have  been  made  respecting  t^e  natives  of  Wales  and  Brittany 
being  mutually  intelligible  through  ^e  medium  of  their  respective 
languages,  I  do  not  hesitate  to  say  that  the  thing  is  utterly  impossible; 
single  words  in  either  language  will  frequently  be  found  to  have  con«- 
Bponding  terms  of  a  similar  sound  in  the  other,  and  occasionally  a  short 
sentence  deliberately  pronounced  may  be  partially  intelligible,  but  as 
to  holding  a  conversation,  that  is  totally  out  of  the  question." 

One  fd  the  earliest  and  moat  valuable  books  ot  research  and  inform 
mation  on  the  Celtto  languages  in  general  is  the '  ArohieolDgia  Britannica, 
giving  some  account  additional  to  what  has  been  hitherto  published  of 
the  languages,  histories,  and  customs  of  the  original  inhabitanta  of  Great 
Britain,  from  collections  and  observations  in  travels  through  Wales, 
C<nnwall,  Bas-Bretagne,  Ireland,  and  Scotland,  by  Edward  Lhuyd, 
M.A.,  of  Jesus  College,  Keeper  of  the  Ashmolffiin  Huseom  at  Oxford,' 
The  first  volume,  a  closely  printed  folio  on  '  Gloosography '  appeared 
in  1707,  and  was  never  followed  by  a  seoond,  the  continuation  of  the 
work  being  prevented  by  the  death  of  the  author  in  1709.  Lhuyd 
had  travelled  in  all  the  Celtic  countries  to  collect  materials,  and 
was  only  driven  from  Brittany  by  the  outbreak  of  Marlborough's  war. 
He  unf(»tunately  adopted  a  peculiar  system  of  orthography  for  the 
Welsh,  and  took  a  singularwnim  of  diatd^ing  his  knowledge  of  Irish 
and  Cornish,  by  writing  prefaoea  in  Irisn  and  Cornish  to  parts  of  his 
book;  -the  first  of  which  is  censured  by  Irish  scholars  as  full  of  sole- 
cisms, and  Ihe  second  was  a  '  sealed  book,'  till  portions  of  it  were 
lately  translated  into  En^^ish  Mr.  Edwin  Norris.  But  his  work  com- 
prises a  valuable  comparative  collection  of  vocabularies,  and  a  large 
body  of  miscellaneous  information  on  the  manuscript  litwature  of  the 
Celtic  languages,  similar  to  the  information  on  the  nnthem  languages 
which  was  brought  together  by  Ida  friend  Dr.  Hickee  in  ITOS/in  the 
celebrated  'Linguarum  Septentrionalium  Thesaurus."  Lhuyd  left 
behind  him  a  large  collection  of  manuscript  materials  for  the  con- 
tinuation of  bis  work,  which  have  unfortunately  perished — ity  three 
eeumte  accidental  fires  in  London  and  Wales.  The  next  student  of 
C«tio  on  an  equally  extensive  scale  appears  to  have  been  the  famoiia 
and  infimious  Eugene  Aram,  who  refers  to  the  aulijeot  in  an  attto- 
biographical  letter  written  in  1759,  while  he  was  in  confinement  in 
York  Castle,  not  long  before  his  trial  and  execution.  "  I  invesidgated  the 
Celtic,"  says  Aram,  "  as  for  as  possible  in  all  its  dialects ;  begun  collec- 
tions, and  made  comparisons  between  that,  the  English,  the  Latin,  the 
Greek,  and  even  the  Hebrew.  I  bad  made  notes  and  compared  above 
three  thousand  oi  these  together,  and  found  sudi  a  surprismg  i^nitgr. 


even  beyond  my  expectation  or  conception,  that  I  was  determined  to 
proceed  through  the  whole  of  all  these  hmguages  and  form  a  com- 
parative lexicon,  which  I  hoped  would  account  for  numberless  vocables 
m  use  with  ua,  the  Latins,  and  Greeks,  before  concealed  and  unobserved. 
This,  or  something  like  it,  was  the  design  of  a  cHwgyman  of  great 
OTudition  in  Sootland.  but  it  must  prove  abortive,  for  he  died  before  he 
executed  it,  and  most  of  my  boolu  and  papers  are  now  scattered  and 
lost."  This  laurel  was  not  destined  for  a  British  head.  Nearly  a 
hundred  years  later,  in  1853,  appeared  at  Leipsic  the  most  important 
contribution  yet  loade  to  Celtic  philology,  the  '  Grammatica  Celtica ' 
of  Professor  Johann  Caspar  Zeuss  of  Bamberg,  who  had  devoted 
thirteen  yean  to  the  necessary  jveliminary  studies.  The  book,  whioh 
extends  to  two  volumes,  comprising  more  than  elevsn  hundrsd  pages, 
embraces  a  grammar  of  the  Celtic  languages  in  a  mass,  the  Inm, 
Welsh,  Conusb,  Armorican,  and  ancient  Gaulish,  constructed  on  an 
imusual  plan.  The  author  takes  the  parts  of  speech  separately,  and 
the  languages  one  after  the  other,  treating,  for  instance,  the  article  in 
Irish,  m  Welsh,  in  Cornish,  Sm.,  before  he  proceeds  to  examine  tiie 
substantive  in  any  one  of  those  languages.  As  in  some  other  Gannan 
works  on  philology,  the  method  of  treatment  is  laborious  and  unat- 
tractive, wanting  In  generalisation,  and  calculated  to  repel  all  but  the 
determined  student.  The  author  adopted  the  medium  of  Latin  as  the 
general  language  of  the  learned,  but  his  Latin  is  unfortunately  tiie 
reverse  of  ^egant  The  value  of  the  work,  which  is  great,  consists 
in  the  minute  and  careful  scrutiny  to  which  Zeuss  has  subjected  the 
manuscript  materials  iat  a  knowledge  of  the  early  state  of  the  Celtic 
languages,  whidi  are  scattered  in  the  Ubimries  of  England  and  the 
continent,  and  which  he  for  the  first  time  brought  together.  These 
materials  mostly  consist  of  '  Glosses,'  or  translations  of  ungle  words 
or  passages  in  the  margins,  or  between  the  lines  of  old  Latin  copies 
of  the  classics.  Specimens  of  interliueary  Welsh  of  this  kind  ore 
to  be  found  in  a  manuscript  of  Eu^chius  and  Ovid  in  the  Bodleian 
Lilnary  at  Oxford,  of  the  conduaion  of  the  8th  «  oommeneement 
of  the  9th  century,  while  the  '  Blaok  Bo(A  of  Caenarron,'  and 
the  '  Bed  Book  of  Hergest,'  the  oldest  manuscripts  of  unbroken 
Welsh,  ore  as<sibed  by  the  best  judges  to  the  12th  and  the  14th 
centuries,  and  are  thus  later  in  date  by  no  less  than  four  and  six 
hundred  years.  A  steady  light  was  also  thrown  by  Zeuss  on  the 
andent  Liah  from  stui^  of  tiie  '  Glosses '  in  manuscript,  which 
lay  unnoticed  in  the  Uhranes  of  Germany  and  Italy;  In  some  oases,  as 
In  the  libraiy  of  St.  Gall  in  SwHaerland,  founded  V  ^  I™^  monks 
who  converted  the  SwIbb  to  ChiiBtianity,  buried  and  forgotten  for  a 
thousand  yearn.  The  suggestion  which  he  threw  out  that  a  minute 
examination  of  the  manuscripts  in  English  and  Irish  libraries  might 
probably  lead  to  the  discovery  of  further  stores  of  the  same  kind 
has  already  borne  its  fruits  in  the  diflooveries  made  )sj  Stokes  at 
DuUin,  and  Bradshaw  at  Cambridge,  and  in  all  probability  much  still 
remains  to  be  dug  out,  Zeuss  liimseU  was  unfortunately  lost  to 
science  by  his  jHramature  death  in  1850,  at  tiie  age  of  fifty.  In  an 
interesting  biographical  sketch  of  him  by  his  learned  countryman, 
Dr.  Siegfried,  now  of  Dublin,  in  the  '  Ulster  Journal  of  Archaiology,' 
for  1859,  his  illness  is  ascribed  to  over  study. 

A  great  and  striking  merit  of  Zeuss's  laborious  worii,  and  one  which 
mokes  its  publiotton  an  apoch  in  Celtic  studies  is,  that  it  presents  a 
total  contrast  in  its  tone  and  spirit  to  that  which  had  too  long 
prevailed  in  this  branch  of  investigation.  The  students  who  follow 
the  track  opened  in  the  '  Grammatica  Celtica '  hare  no  pleasant  path 
before  them — it  leads  amid  "  Glosses,"  and  other  such  literature  as 
only  the  severest  philologists  can  tolerate  and  none  can  relish — ^bnt 
thedr  footing  is  on  firm  dir  ^und.  Zeuss  is  not  indeed  lEverse  to 
speculation  any  more  than  hk  Goman  colleagues  in  gsneral,  one  of  his 
news  being  that  Irish  and  Welsh  were  ide^cal  not  long  before  the 
invasion  of  Cecsar,  as  Irish  and  Gaelic  were  identical  a  few  hundred 
years  ago.  But  there  is  a  wide  difierenoe  between  such  views  as  these, 
open  to  discussion  as  they  we,  and  the  wild  hallucinations  to  which 
Celtic  scholars  have  been  too  often  subject.  Pezron,  the  Breton  in- 
vestigator, maintained  in  1708,  in  perfect  good  fubh,  that  Welsh  and 
Breton,  which  he  considered  the  same  luiguagBi  had  been  "  the  lan- 
guage of  the  Titans,  that  is,  the  lan^age  of  Saturn,  Jupiter,  and  the 
other  principal  gods  of  heathen  antiqui^."  The  Bev.  Josei^i  Harris, 
a  respectable  Baptist  minister  of  Swansea,  editor  of  the  'Seren  Gomer,' 
observed  in  1811,  very  gravely,  that  "  it  is  supposed  by  some,  and  no 
one  can  di^rove  it,  that  Welsh  was  the  language  spoken  by  Adam  and 
Eve  in  I^radise ;  and  if  so,  what  can  be  more  natural  than  to  suppose 
that  it  will  be  the  language  of  the  celestial  Paradise  where  all  the 
nations  of  the  earth  shall  be  of  one  tongue."  Unlucky  for  the  force 
of  his  observation,  not  only  has  the  honour  of  being  the  language  of 
Paradise  been  positively  claimed  for  other  languages — for  Basque  by 
several  autiiore,  for  Dutch  by  Goropius  Becanus,  for  Gaelic  by  Mr, 
Maclean,  author  of  a  '  History  of  the  Celtic  Language^'  in  1840 — ^but 
there  is  a  Welsh  ti«dition,  unknown  to  Mr.  Harris* -which  expready 
states  that  Welsh  was  not  the  language  of  Paradise,  but  the  first 
language  spoken  out  of  it  The  Rev.  JtAm  Williams  ^  Ithsl,  editor 
of  the  '  Cambrian  Journal '  for  the  Cambrian  Institute,  in  his  preCwe 
to  an  ancient  grammar  of  Edeym,  which  he  edited  in'185S  for  the 
Welsh  Manuscript  Society,  speaks  in  a  tone  of  assent  of  the  assertion 
that  there  are  only  three  languages  of  divine  origin,  that  of  Adam,  that 
of  2ioBes,  and  the  Welsh ;  and  aao  of  an  assertion  grounded  on  bardic 
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tradition  respecting  the  word  ivhich  th«  worid  waa  created,  and  its 
embodimsDt  in  the  fint  letter  <n  the  ancient  Welsh  al|^bet.  FaasageB 
like  these,  which  are  but  too  onminoa  in  the  works  of  some  Celtic 
soholara,  have  had  the  effeot  of  disgusting  many  witlt  the  study  of 
Celtic  antiquities. 

Some  of  the  more  impOTtant  oondusions  to  which  Zeusa's  researches 
conduct,  are  embodied  hj  Ht.  Edwin  Norris,  of  the  Foreign  Office, 
in  the  Suable  obaervations  on  the  Cornish  language,  appended  to  his 
edition  of  the  renuuns  of  the  '  Ancient  Cornish  Dr^u,'  printed  at  the 
Umvwrilijr  PWBB  at  Oxford  in  1869.  "  The  superior  antiquity  of  the 
Irish  over  the  British  language  is  now,"  says  Mr.  Norris,  "scarcely 
doubted ;  it  is  seen  as  well  in  tneir  grammatical  in  their  glossarial 
relatimuL  The  declension  of  the  Iriah  noun  is  even  yet  in  existence, 
and  it  is  shown  with  much  probability  to  have  been  closely  fdlied  to 
that  of  the  oldest  Indo-European  forms  at  aneatly  period;  of  the 
British,  the  only  remnant  left  is  a  Cornish  genitive,  and  a  scarcely 
disoemible  trace  in  Welsh."  He  then  produees  seraid  mstanoes  in 
whioh,  as  in  tn^k  and  ti,  Irish  and  Webh  for  "a  house,"  and  nochd 
and  not,  Irish  and  Welsh  for  "  night,"  lettera  are  dropped  in  Welsh 
that  remun  in  Irish,  and  argues  for  the  greater  antiquity  of  the  fuller 
form.  "  It  may  look  like  the  partiality  of  an  editor,"  he  continues,  "  to 
ascribe  a  greater  antiquity  to  Cornish  than  to  Welsh,  in  the  &ce  of  the 
oniversally  adrenb  opinion,  but  the  writer  coafeeses  that  he  is  inclined 
to  consider  the  Comidi  the  older  of  tiie  two ; "  and  lie  giTCS  his  grounds 
for  BO  doing,  prininpally  founded  on  the  fact  that  it  is  shown  by  the 
gloBsea  produced  by  Zeuss,  that "  in  the  8th  century  Welsh  had  Cosnish 
forms  and  words  which  were  lost  or  altered  in  the  12th."  Trom.  these 
premises  Mr.  Norris  infers  that  "  Cornish  is  the  rKiresentative  of  a 
language  once  current  over  South  Britain  at  least,"  If  tiiese  views  be 
oorrect,  the  Welsh  will  lose  their  olum  to  the  honour  they  have  so 
long  ret^ned  of  being  conndered  the  rmmsentativea  (tf  the  Ancient 
Britons." 

A  good  comparative  diotionaiy  of  the  Celtic  languages  would  be 
an  acquisition  to  philology,  and  is  much  required.  The  Bev.  Robert 
Witliuns,  of  Llangadwaladr,  author  of  the  '  Lives  of  Eminent  Welsh- 
men,' announced  in  ISSO  that  he  hod  completed  a  labour  of  the  kind, 
the  publication  of  which  would  be  comomuied  as  soon  as  a  sufficient 
nnmbar  of  subscribers  could  be  obtained.  One  of  the  puUications  of 
Prince  Louis  Luden  Bonaparte  supplies  material  tor  a  onnpariBOQ  of 
the  different  dialects  not  otherwise  attainable.  It  is  entitled  '  The 
Celtic  Hexapla'  (London,  1858,  4to),  and  comprises  the  Song  of  Solo- 
mon in  eight  languages,  whi<^  are  aU  presented  to  view  at  the  opening 
of  any  page— French  and  English,  Irish  and  Welsh,  Oaelic  and  Manx, 
Breton  of  the  codinary  form,  and  Breton  of  the  dialect  of  Yaones. 
The  two  latter  tronsIaticmB  were  first  printed  In  this  Tolume ;  the  athen 
are  taken  from  the  authoiised  veraioDB. 

The  degree  of  prevalence  of  the  ancient  Celtic  element  in  Europe— 
the  area  over  which  the  various  dialects  were  qmken,  and  the  remains 
of  them  which  may  be  still  traced  out,— is  a  subject  upon  which  much 
has  been  written,  but  which  still  awaits  its  Zeuss.  It  is  however  an 
antiquarian  subject  alone;  it  is  certain  that  no  Celtic  language  is  now 
spoken  on  the  oontineot  beyond  the  limits  of  Brittaiv*  The  Basque 
tn  the  Pyrenees,  so  often  asserted  to  belong  to  the  Celtic  &mily,  is  as 
distinct,  both  in  words  and  construction,  as  can  well  be  imagined.  The 
notion  of  Dr.  Owen  Pughe  that  the  Wendish  of  Lusatia  was  a  language 
akin  to  Welsh,  is  as  wide  of  the  mark  as  tiie  stzanse  notion  which 
found  its  way  by  a  series  of  blunders  into  Adclung^  '  Mithridatea,' 
that  a  Celtic  dialect  was  spoken  at  Maldon  in  Essex.  The  small  value 
of  Dr.  Owen's  statements  on  snch  a  subject  is  shown  by  his  deaUra- 
tion  in  Uie  preface  to  the  edition  of  Oywsreh  Em,  published  in 
1792,  that  he  had  "a  coUecUon  of  evidence  sufficient  to  convince  as 
great  sceptics  as  any  that  will  see  this "  that  "  tiie  Nadowesses,  a 
people  west  of  the  Mississippi  in  America,  known  to  the  Indian 
traders  Uie  name  of  tiie  cinlised  Indians  and  the  Welsh  Indians, 
do  now  actually  speak  the  Welsh  language."  "These  people,"  he 
oonfidentiy  added, "  are  the  descendants  of  the  emination  under  the 
conduct  of  Modog  ab  Owain  Owynedd  in  the  year  1170."  The  remains 
of  the  extinct  Celtic  languages  of  th^  continent  are  singularly  scanty. 
A  few  scattered  words  are  all  that  is  preserved  of  tiie  speech  of  ancient 
Oaul— tiie  language  that  prevailed  in  France  at  the  time  tiiat  Cicero 
wrote  inJtaly.  Tame  words  bear  so  close  a  resemblance  to  tiiose  of 
the  same  meaning  in  Welsh,  as  to  justify  the  assumption  that  there  was 
little  distinction  between  tiie  dialects  of  France  and  England  at  the 
earliest  dawn  of  liistory.  Whether  we  ought  to  believe  that  the 
"Celts"  who  are  mentioned  by  different  writers  of  antiquity  in 
different  parts  of  Europe  were  all  closely  connected  with  one  another, 
or  all  eveu  rightiy  named,  is  a  perplexing  question.  The  most  reliable 
evidence  now  attainable  on  the  ■ubject  aroeers  to  be  that  of  the  names 
of  idaces,  and  these  must  be  ver^  caotioady  sifted.  Dr.  R.  G.  Latham 
reminds  philologists  that  there  is  no  connection  beyond  a  mere  resem- 
blance in  name  between  Qallicia  in  Spain  and  Qalicia  in  Poland. 
A  large  collection  of  materials  of  this  kind  has  been  amaaaed  by 
Diefienbach  in  his  '  Celtica,'  and  a  work  on  the  subject  by  Contzen, 
'  Die  Wuiderung  der  Kelten,'  which  received  a  prise  from  the  Academy 
of  Munich  In  1856,  has  (iu  1861)  just  issued  from  the  press. 

The  question  of  the  affinity  of  the  Celtic  languages  to  the  other 
languages  of  tiie  world  is  one  that  has  given  rise  to  MKi^dcrable  debate 
since  the  epoch  t^t  was  made  in  compantive  {dillolc^  by  the  iutro- 
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duction  of  the  study  of  Sanskrit,  about  the  commencement  of  the  19th 
century.  In  preceding  centuries  Welsh  had  been  often  compared  with 
Hebrew.  "It  is  commonly  observed,"  says  Llewellyn  in  his  'ffia- 
torical  and  Critical  Remarks  on  the  British  Tongue,'  "  that  tiie  British 
tmd  the  Hebrew  are  similar  languages,"  on  tiie  ground  of  their  being 
alike  in  many  peculiarities  of  constiuction,  especially  in  permutation 
or  the  change  incident  to  several  letters  in  the  be^nning  of  words, 
and  also  in  the  paucity  and  confusion  of  tenses  in  the  conjugation  of 
verbs,  and  in  the  binding  together  in  one  word  of  some  prepoeitions 
and  pronouns.  This  d^ree  of  resemblance  is  certainly  not  sufficient 
to  pfftce  the  Welsh  snd  &e  other  Celtic  languages  in  tiie  Semitic  family, 
but  in  these  respects  it  does  resemble  the  Hebrew  and  diflto  from  the 
Greek  and  Latin,  which  form  a  portion  of  the  Indo-European  fomily  to 
which  it  is  now  adjudged  to  belong.  The  Indo-European  family,  or 
rather  trihe,  is  now  so  extended  that  it  oomioises  many  languages 
formerly  regarded  as  entirely  disjoined,  such  as  Greek  uid  Persian, 
Bussisii  and  English, — ^whUe  tiie  Semitic  only  comprisee  every  small 
circle  of  languages  bearing  a  dose  resemblance  to  each  other — a  circle, 
in  fact,  no  Ivger  than  that  of  the  Celtic  family  akme. 

The  history  of  the  controversy  is  on  instructive  one.  For  the  first 
thirty  years  of  the  Idtii  century  the  Celtic  languages  were  supposed, 
to  quote  the  words  of  the  Rev.  Richard  Qamett,  "  to  form  a  class 
WMt,  and  to  have  no  connection  whatever  with  ^e  great  Indo- 
Bnnniean  stoek.  This  was  strongly  asserted  by  Colonel  Vans  Kennedy, 
and  also  mainfadned,  though  in  more  guarded  terms,  by  Bopp,  Pott,  and 
SohlegeL  The  researches  of  Dr.  Prichud  in  his  '  Eastern  Origin  of 
the  Celtic  Ifations,'  and  of  Professor  Pictet  of  Geneva,  in  his  truly 
able  work, '  Sur  I'Affinit^  des  langues  Celtiquee  avsc  le  Sanscrit,'  may  be 
considered  as  having  settied  the  question  the  other  way.  The  demon- 
stiation  of  Pictet  is  so  complete,  that  the  German  scholars  who  had 
previously  denied  the  connection,  now  fully  admit  it,  and  several  of 
them  have  writtea  elaborate  treattsas,  showing  more  i^Bnitiea  between 
Celtic  and  Sanscrit  than  perhaps  really  exist"  The  work  of  Dr. 
Prichard,  himself  a  Welshman,  is  entitied  '  The  Ekistem  Origin  of  the 
Celtic  Nations  proved  ^  a  comparison  of  their  dialects  with  the  Sanskrit, 
Greek,  Latin,  and  Teutonic  Luiguages.'  The  first  edition  appeared  in 
1881 ;  a  seocud,  with  extensive  and  important  additions  by  Dr.  R.  G. 
Latham,  In  1867.  On  the  subject  ol  the  Celtic  languages  in  the 
British  Islands,  tiiere  are  some  valuable  and  really  instructive  papers  by 
the  Rev.  R.  Qarnett,  in  the  '  Quarterly  Review,'  and  the '  Transactims 
of  the  Philological  Society,'  whidi  are  collected  in  the  posthumous 
Volume  of  his  '  Philological  Essays,'  edited  in  1859  by  his  son. 

The  Webh  language  is  one  of  the  oldest  in  Europe :  ^e  Irish  and 
Wdah  are  in  fiact  among  spoken  languages  the  most  ancient  of 
which  any  written  monmnHits  an  preserved,  unless  we  regard  the 
modem  as  identical  with  the  ancient  Greek.  The  Welsh  hM  poems 
now  in  existence,  the  origin  of  which  is  believed  by  tiie  best  critics  to 
date  back  to  the  6th  century,  to  a  period  littie  after  the  time  whra 
the  Romans  left  the  county,  in  wuioh  of  course,  while  they  held 
it,  the  dominant  language  was  lAtin.  It  is  true  that  Zeuss  has 
shown  that  the  language  of  these  poems,  when  originally  composed, 
must  have  ditTered  in  a  oomddentble  degrae  from  that  of  the  form  la 
which  they  are  (neeerved  to  us,  and  that  one  of  the  most  learned 
Welshmen  of  a  century  ago,  the  Rev.  Evan  Evans,  says  in  his  '  Sped- 
mens  of  the  Bards,'  published  in  1763,  that  he  had  shown  the  most 
genuine  remains  of  Taliesin  to  the  best  Welsh  antiquaries  and  scholars 
then  living,  and  that  "  they  all  confessed  they  did  not  understand  one 
half  of  any  of  his  pieces.^  It  is  true  also  tiiat  Price,  iu  his  '  Hanes 
Cymru/  a  book  intended  for  ordinary  readers^  found  it  necessary  to 
give  a  modem  Welsh  version  of  on  ancient  Wdah  poem,  which  he 
quoted  from  Qwolchmai,  a  bard  of  the  12th  century,  who  is  said  to 
nave  accompanied  CoDur  de  Lion  to  the  Crusades.  Still  from  about 
the  Norman  conquest  downwards,  there  exists  a  mass  of  literary  matter 
in  a  language  which  is  readily  iatelUgible  to  those  who  are  acquainted 
with  the  modem  Welsh  after  a  slight  degree  of  study.  A  similar 
observation  is  perhaps  applicable  to  no  other  living  European  language 
except  the  Icelandic.  "The  language  of  the  Saxon  contemponuies  of 
Taliesin  has  been  a  dead  language  for  centuries,  and  even  in  the  time 
of  Gwslchmai  the  present  English  was  as  yet  imliom. 

The  Welsh  has  long  been  an  object  of  study  to  those  who  speak  it. 
"There  are,"  says  Owen  Pughe  (' Ardueologia,'  xiv.  220),  "about 
thirty  different  old  treatises  on  Welsh  grammar  and  prosody  preserved. 
Of  these,  one  is  particularlT  deserving  of  notice  as  a  curious  relic :  it 
was  composed  by  Oenint  altoat  880,  reviaed  by  Eioioa  about  1200,  and 
again  by  EMeym  about  the  year  1270,  and  regularly  privileged  by  the 
difierent  sovereigns  who  then  exercised  authority  in  Wales."  This  work 
was  first  printed  by  the  Welsh  Manuscript  Society  in  1856,  under  the 
editioship  of  the  Rev.  John  Williams  ab  ItheL  Aportion  of  a  grammar 
which  appeared  in  1667,  from  the  pm  of  Griffith  Roberts,  and  of  which 
mention  will  be  made  hereafter  as  remarkable  on  other  accounts,  is 
remarkable  also  as  containing  some  proposals  on  the  subject  of  Welsh 
ortiiography  of  an  ingenious  character,  which  were  not  however  adopted. 
Two  Latin  grammais  of  the  language  followed,  the  '  Combrobry tan- - 
oicn  LinguA  Rudinwnta '  of  Dr.  David  Rhys,  in  1582,  and  the '  Antiquto 
IdnguEB  Sritannicte  none  oonununiter  dictee  Cambro-Britannuas  Rudi- 
menta'  of  Dr.  J<^  Davies,  in  1621,  both  of  tiiem  much  esteemed. 
Then  are  now  several  gramman  of  the  Welsh  language  in  English,  of 
which  tiiat     the  Bev.  Thomas  Rowland,  the  second  editiui  whiiGh 
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-wu  piibliBhed  in  1S57,  may  be  raeommended  u  the  mort  ntUfactoiy. 
iDuitionarieB  are  leea  uumerouai  Dr.  John  DaTies,  the  author  ol  the 
<mminar,  puUiBhed  in  Lmdon  in  1688  a  Welah  and  Latin  dietioMiy, 
'Antiqualingun  Btttaimien  Diotionarium  Duplex/  which  eontinaed 
In  repute  for  a  century  and  a  half,  till  aapenaded  by  that  of  Dr.  Owen 
Pugfae.  This  wcn-k,  '  Geiriadur  Cytomeg  a  Saeaoneg,  a  Welsh  and 
Engluih  Dictionary,'  with  a  grammar  preflxed,  published  in  two  cloaely- 
Eunnted  octaro  Tolumea  in  179S,  and  again  in  1829,  is  etill  the  tml; 
Wehih  diotionaiy  on  a  suffloiently  extmuTe  scale,  and  is  a  wotIc  oi 
great  laboor  ana  merl^  but  it  is  open  to  serioufl  objections.  The  num- 
ber of  words  It  contains  la  nearly  100,000 ;  but  many  of  these  are  com- 
pounds, formed  on  regular  principles,  which  only  serre  to  swell  the 
bodt,  Md  many  of  them  are  only  words  which  ought  to  exist  in  Welidi, 
aooording  to  the  lexicographers  opinion,  rather  than  words  which 
actually  exist  in  it.  A  third  edition  is  now  (1861)  in  course  of  publi- 
cation, under  the  editorahip  of  R.  J.  Piyae,  who  promises  that  the 
vorfc  shall  ooiitidn''soore8  of  thouBanda"  of  words  not  in  the  previooa 
aditiona.  Aa  Owen's  cominiMa  Wdsh  and  English  only,  not  English 
uid  Welsh,  the  want  of  the  latter  was  formerly  sumilied  by  the  excel- 
lent English- Welsh  dictionary  of  the  Bev.  John  Walters,  of  which  a 
new  and  improTod  edition  was  published  about  1825,  The  '  English 
and  Welsh  DicUonair'  by  Darnel  Silvan  Evans,  in  two  thick  volumes 
(Denbigh,  1SS2-1S58),  is  howevw  still  snperiw  to  that  of  Walters, 
niere  are  a  oompendious  gnunmar  and  diotimaiy  hf  Mr.  Spturell  of 
Carmarthen,  both  of  which  win  be  found  UMfuL  nme  information  <hi 
the  Welsh  dialects  is  given  in  the  '  Essay  on  tba  Ancient  and  Present 
State  of  the  Welsh  Ltuiguage,'  1^  Mr.  John  Ho^es,  published  about 
1820.  There  are  diSbrences  in  pronunciation  and  imom  suffidently 
mailed  to  render  it  difficult  for  penons  from  remote  districtfl  to  con- 
Tene  with  each  other;  and  North  Wales  is  more  pure  anid  correct  in 
its  languagB  than  Sonm  Wales. 

The  syrtam  of  Bpelling  in  Welsh  oorresponda  with  and  represents 
the  pronundaticHi,  uid  in  that  respect  It  has  a  mariced  superiority  not 
onlr  over  its  kindred  Celtic  languages,  the  Irish  and  Gaelic,  but,  as  we 
duly  feel  to  our  cost,  over  the  English.  Ther»  are  at  tiie  same  time 
some  peculiarities  in  Welsh  spelling,  the  motive  of  which  is  not  very 
pltun,  and  the  effect  of  which  is  often  ludicrous.  The  sound  which  is 
generally  represented  by  the  latter  v  is  in  Welsh  represented  by/, 
even  in  proper  names,  so  that  pronouncing  Cklvin  and  Virgil  not 
unlike  ourselves,  a  Welshman  writes  "C^fin"  and  "pWl.'"  The 
sound  represented  in  the  English  alphabet  by  /  Is  i^resentedin  Welsh 
by^,-  and  thus  Fox  and  Franklin  must  be  written  Ftox  and  Ffianklin, 
as,  If  spelt  in  tiie  ordinary  manner,  a  Welsh  reader  might  pronounce 
them  Vox  and  Vnmklm.  Some  efforts  have  been  made  by  Owen 
Fughe  and  othen  to  introduce  the  miaaing  v  into  Welsh  alphabet ; 
and  it  is  usual  for  English  writen  to  folW  hli  system  in  spelling 
Welsh  name*— to  write  Uerthyr-Tydvil,  for  instance,  instead  of 
Merthyr-Tydfil.  But  the  advantage  of  uniformity  is  so  great,  that 
though  the  present  system  scarcely  dates  furthw  back  than  the  16th 
century,  and  though  there  are  several  eccentricities  like  that  with  the  v, 
resistance  to  innovation  has  hitherto  biumphed. 

It  baa  been  said.  Out  in  Eo^ish  the  granunor  is  exoeUent  and  tiie 
dictionary  ia  e:ucrable.  The  grammar  of  Enj^  is,  in  fact,  distin- 
guished by  its  great  comparative  freedom  from  needless  complezitifls, 
while  its  fist  of  words  comprises  thousands  that  a  careful  writer  wHl 
oarefully  avidd.  In  Welsh,  almost  the  converse  is  the  case.  For  use- 
wm  intricacy  ita  grammar  has  a  bod  pre-eminence.  It  is  pervaded 
™»  *<»  last  by  a  certain  law  of  "  permuUtions,"  the  nature  of 
which  will  best  be  understood  by  an  uutuice.  The  woid  for  "  father" 
ta  Wahh  is  tod  ;  the  word  for  "  my  "  is  /y ;  but  to  say  /V  for  «  my 
Either  would  be  an  unpardonable  solecjsm.  After  fg,  every  woid 
bwinnmg  with  a  (  must  change  the  (  to  «A,  and  the  correct  phrase  Is 
ierefore  A  nhad.  The  word  for  "thy"  is  dy;  but  after  this  a 
d^rent  ^ann  u  required :  "  tlw-  father  "lady  dad.  The  word  o  in 
Welsh  means  "his"  or  "her,"  but  according  to  the  sense  reauiresa 
different  mutation  to  fdlow :  "  his  father  "  is  expressed  by  et  dad  and 
"  her  father  "  by  «t  thad.  Some  of  the  lettew,  as  f,  have  'Aim  of  these 
mutations  to  undergo,  some  only  two,  some  only  one,  and  some  none 
«  alL  There  is  a  multitude  of  intricate  rules  to  determine  in  what 
wrcumstoncee  the  diffsrsnt  mutations  are  to  be  used,  and  at  the  same 
fame  the  existflnoe  of  letteia  which  undeigo  no  mutations  whatever,  and 
tbe  VTOTds  beginning  with  which  are  just  aa  elegant  and  forcible  with- 
out them,  proves  to  demonstration  the  utter  uselessnesi  of  the  whole 
In  the  otiier  Celtic  languages  there  is  a  aimilar  system,  but  not  carried 
^uite  ao  far  as  hi  the  We&h.  The  principle  has  been  generally  oon- 
si^rod  to  be  peculiar  to  that  family  of  languages  In  Europe :  but 
rnnoe  Louis  Luaen  Bonaparte,  in  his  extensive  researches  among  the 
obscurer  (ongnaa,  hu  disoorand  slight  traces  of  mutation  in  B<^e  of 
the  dialects  of  Sardinia.  In  the  complexity  caused  by  an  intricate 
system  of  declensions  and  conjugations  there  is  gennally  some  ctun^ 


euphony  had  ^ven  rise  to  it  The  opposite  to  "possible,"  hi  English, 
is  "  impossible^  :  both  words  are  tsken^ram  the  £a^.  Md  the  -  in  " 
f^lt'  «^  is  altered  to  "im"  In  this  and  oUier  cases 

T*^  !"*  letty  j>,  to  avoid  unpleasaniness  ot  sound.  The  Welsh  have 
also  borrowed  the  word  jwiiK  horn  the  Latin,  apd  fkir  "Impowible" 


OHmJiotiU.  The  Welsh  partide  answering  to  our"  un  "is  «.- 
the'eoUision  of  »  and  p  was  also  to  be  avoided ;  but  inirteod  of  altering 
the  last  letter  of  the  m,  thw  altered  the  first  letter  of  potiU.  It  has 
lately  hvsa  pointed  out  b^  Zrass  and  his  school,  that  in  other  eases 
wha«  p  is  utered  to  mk,  it  was  in  the  old  forms  of  the  language  pre- 
ceded by  an  A  whioh  no  longer  eziats.  Hence  it  may  be  inferred  that 
the  whole  system  of  mutations  was  originally  founded  <m  the  euphonio 
principle.  While  the  efibot  remains,  however,  the  reason 'for  it  has 
disappeared  in  tiie  actual  state  of  the  language.  The  rules  for  muta- 
tions are  at  the  nesent  dm  mere  artatrary  mles,  tbe  motive  for  which 
is  as  unknown  to  those  who  practise  them  as  the  reason  for  q>eUing 
"wri^t"  with  w  and  gh  is  unknown  to  the  sdioolboy  who  is  being 
tau^t  to  SpeU.  After  all  these  sacrifices  to  harmony,  the  Wrish  has 
never  been  considered  harmonious  by  those  of  whom  it  was  not  the 
moUier-tongue,  though  a  writer  in  the  *  Cambrian  Register'  for  1818, 
affirms  that  **  Btrangers  to  both  languages  frequently  mistake  the  Wdsh 
for  Italian." 

The  prinoipsl  beauty  of  Welsh  as  a  language  consists  fai  the  facility 
whioh  ft  possesses  <^  forming  derhratiTes  and  compounds,  and  t^  com- 
nletenass  with  whldi  that  power  has  been  exerdsed,  mi^dng  full  and 
mgenlons  use  of  every  root,  and  thus  avoiding  that  useless  borrowing 
of  terms  from  other  languages  which  has  been  earned  to  such  an 
absurd  extent  in  English.  Many  foreign  wtads  have  indeed  been 
introduced  into  Welsh,  but  they  have  bem  so  assimilated  to  those  of 
native  orij^  as  often  not  to  be  aarily  detected.  The  whole  langu^ 
seems  of  a  piec&  But  there  is  this  advuitage  in  a  language  in  whidi 
the  grammar  fai  superior  to  the  diotitmary :  that  by  a  skilful  choice  of 
words,  by  limiting  himself,  like  Metastasio,  to  a  certain  select  vocabu- 
lary, an  author  may  exclude  from  his  writings  all  but  the  beauties  of 
the  language ;  while  In  tbe  opposite  case,  the  defects — as  in  Wel^ 
the,  miss  tat  mutation — are  neosasaiily  involved  in  every  sentence  and 
intrude  at  every  turn.  These  rules  alone  make  it  much  more  difficult 
for  an  Engliuman  to  learn  to  speak  Welsh  than  for  a  Welshman  to 
le^  to  sfnak  English. 

The  general  character  of  the  Welsh  language  in  oompoeitaon  is  that 
of  a  certain  stateliness,  and  even  grandiloquence,  the  reverse  of  what 
would  probably  be  expected  by  stiwgen  who  know  for  how  long  it  has 
been  the  Isngiuue  of  the  peasantry  alone  and  disoounteumeed  tiis 
iagiat  olasses.  in  Its  efleot,  it  reminds  a  reader  more  of  the  Spanidi 
than  the  Gemum.  It  has  been  sometimes  praised  for  its  eoneiseness, 
but  in  ita  present  state  it  may  be  much  more  justly  characterised  as 
diffbse.  The  words  in  the  first  paragraph  of  the  '  Pilgrim's  Progress,' 
"  I  looked  and  saw  him  open  the  boolf  and  read  therein,  and  as  he 
read  he  wept  and  trembled,"  are  thus  rendered  in  the  Welsh  tfanslatim 
by  Thomas  Jones,  published  at  Shrewsbury  in  1699,  '*  Ediychaia  a 
gweUis  ef  yn  egor  y  Llyfr  ao  yn  darlhun  ynddo;  a  phan  ddarUenodd 
ef  w^lodd  a  duynnodd."  In  this  there  are  exactly  as  many  words 
as  in  the  original,  namely,  nineteen ;  but  in  the  trwoslation  published 
at  Caennazthen  in  1771,aud  reprinted  in  1851,  the  passage  stands  thus, 
"  Mi  a  ediychsjs  ao  a'i  gwelois  ef  yn  agor  y  llyfr  ac  yn  darlim  ynddo, 
ac  fel  yr  oedd  efe  yn  darllen  fe  wylodd  ac  a  grynodd,"  and  the 
number  ai  words  is  twenty-eight  The  same  proportions  asem  to 
prevail  between  the  hmguage  of  the  two  taanslaUons  in  genenl. 

The  Welsh  are  strmigty  attached  to  their  language.  The  Irhh,  so 
vehementlr  oppoetd  to  the  Saxon  in  religion  and  politics,  are  in  the 
matter  of  ^ngnage  tu  from  obstinate,  Daniel  O'Connell,  the  patriotie 
orator,  and  Moore,  the  patriotic  poet,  were  ignorant  and  careless  of 
the  Celtic  tongue.  It  is  said  that  the  peasantry  are  so  anxious  to 
secure  to  thdr  ohildreu  that  mastery  Kiglish  of  which  tiiey  feel 
the  want  themselves,  that  they  hare  a  forfeit  for  speaking  Iri^,  and 
enforce  it  on  the  children  in  th^  cabins  witii  as  much  seventj  sa 
a  forfeit  of  a  similar  kind  is  enforced  on  the  pufnle  in  an  En^ish 
boarding-schooL  Under  the  influence  of  this  feeling  the  Celtic  language 
of  Ireland  appears  to  be  slowly  but  surely  losing  ground,  while  tbe 
English  language  is  indebted  to  Ireland  for  some  of  its  finest  poets  and 
novdisti^  aad  most  brilliant  orators,  with  a  long  amnr  of  Utwaiy 
labourers  of  a  lesa  ambitious  obas.  With  Wales  all  this  is  diffisratt. 
The  Commissioners  of  Inquiry  into  the  state  of  Education  'In  Wales, 
give  it  as  tiidr  opinion  In  thmr  official  report,  that  "  the  Welshmati 
possesses  a  mastery  over  his  own  language  fiu-  beyond  that  i^ch  the 
Englishman  of  the  same  degree  has  over  his ;  "  and  that  "  readiness 
and  proprie^  of  expression  to  an  extent  more  than  merely  colloquial, 
is  a  feature  in  the  IntelleotDal  character  of  th«  Welsh."  But  the  Welsh 
are  eloquent  and  poetical  In  their  own  language  only.  They  have 
oontributed  no  bard,  no  orator,  no  histtnian,  no  chamatiat  no  laeadier, 
of  the  first,  or  the  second,  or  even  the  third  rank,  to  the  Ut^ature  of 
England 

The  use  of  two  languages  in  the  same  country  cannot  but  be  con- 
sidered  as  an  evil,  for  it  is  on  elemmt  not  of  concord  but  of  disoord. 
Th»  azpeiieiioe  of  the  continent,  in  the  case  of  German  and  Danish, 
and  of  German  and  Hungarian,  ahom  that  under  oertain  circumstances 
it  may  wen  become  a  aouroe  of  civil  war.  It  is  on  admitted  fact  that 
antipathy  and  animoai^  towards  the  Saxon  still  lurk  among  that  portion 
of  the  Welah  population  to  whom  English  is  a  language  either  entirely 
unknown,  or  known  but  imperfectly.  There  ia  a  well-authenticated 
story  that  in  the  time  of  the  Commonwe^th,  Sir  Edward  Stradling. 
of  St  Donalds  Castle,  flying  from  the  victorious  Soundheads  after 
a  lost  battle,  came  to  the  river  Taff,  and  finding  the  bridge  broken 
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down,  aaked  in  the  Engliah  languAge  of  «  Welsh  p9uuit  who  wu 
■tanding  near,  where  he  mi^t  aateiy  ford  the  Bb'eazD,  He  was  told 
In  reply,  "  Keep  atraight  on,  for  that  is  the  ihortest  and  beet  way  to 
thy  home.*  Sir  Edward  rode  on  to  the  bank,  and  chanced  buore 
entering  the  water  to  apeak  a  few  words  to  hia  soldiara  in  Welsh,  on 
which  the  peasant,  perceiving  ha  waa  not  an  Enghnhman,  oaUod  out  in 
haste  to  him  not  to  ester  the  stream  at  that  pamt,  for  if  so  he  would 
lose  his  life.  There  was  a  whirlpool  on  the  spot,  to  which  the 
malignant  peasant,  when  he  thought  Sir  Edward  a  Saxon,  bad  directed 
the  stranger  irittt  a  Tier  to  drown  him.  Such  belingi  axe  far  from 
eztinot,  even  in  modem  times,  unleaa  those  who  are  well  acquainted 
with  Wales  are  much  mistaken. 

The  Welah  language  is  now  in  a  Torj  flouriahmg  state.  The  fate  of 
its  neighbour,  the  Comish,  which  gradually  perished  of  mere  neglect, 
led  to  the  supposition  that  the  Welsh  would  also  disappear  from  the 
same  cause ;  and  indeed  Mr,  Wynne,  the  president  of  the  Asiatic 
Sooiel?,  himself  a  Welshman,  referred  to  toe  decline  of  Welsh  as  a 
proof  of  the  efflcaoy  of  the  non-interieraKe  system  in  euoh  oMea,  in 
a  discussion  on  the  snbjeot  of  endeavouring  to  introduce  ^e  EngUah 
in  the  place  of  some  of  the  native  languagea  of  India.  Hore  than  a 
centuiy  ago,  Ooronwy  Owen,  the  Welsh  poet,  related  in  one  of  hia 
letters  {printed  in  the  '  Cambrian  Register '),  that  in  a  discuasitHi  on 
Uie  W^sh  language  with  another  W^hman,  Owen,  the  tianalator  of 
Jurenalinto  Eng^,  "  the  wicked  imi^  vith  an  Mr  <^  oconidaoenoy  and 
latiafaotion,  aaid  there  was  nothing  in  it  worth  reading,  and  that  to 
his  certain  knowledge  the .  Knglii^h  diuly  got  ground  of  it,  and  he 
doubted  not  but  in  a  himdred  years  it  would  be  quite  losL"  The 
experience  of  the  time  that  has  since  elapsed  has  shown  that  Mr. 
Owen  was  mistaken.  "'For  upwards  of  ten  centuries,"  says  the  Rev. 
W.  J.  Reea,  in  an  address  delivered  in  1821  on  the  foimatiw  <A  the 
Cambrian  Society  in  Gwent,  "mnoe  the  rdga  of  OA,  who  made 
his  celebrated  dyke  to  prevent  inounriow  ci  the  Welsh  Into  his 
territories,  the  Welsh  language  has  receded  compaiatrrely  hut  little 
within  the  boundary,  especially  in  some  parts  of  Korth  W^ee ;  and  in 
other  districts,  when  the  long  lapse  of  time  shtce  the  conquest  by 
Edward  I.,  and  the  intimate  incorporation  by  Henry  VIII.,  and  the 
great  encouragement  given  for  tlu  attainmmt  of  the  English  language 
are  conudered,  it  has  gained  lees  ground  than  could  be  expected.  An 
Engliahman  tiwrelling  the  publio  roadi  of  the  principality  often  meets 
with  persons  who  speak  English,  and  those  whom  he  baa  occasion  to 
address  at  the  inns  are  able  to  aooommodate  themselves  to  his  language : 
the  gea^  he  may  visit  speak  EngUsb,  and  those  who  call  upon  them 
probably  use  the  same  language  in  his  hearing ;  and  from  these  slight 
facts  which  come  to  his  knowledge,  he  eironeoua^  oonoludee  that  the 
English  is  the  prevailing  language  of  the  oountiy.  It  is  only  one  who 
has  resided  a  long  time  in  the  interior,  having  interoonree  with  the 
common  people,  that  can  form  a  true  estimate  of  the  extent  of  the 
Welsh  language ;  and  most  persons  will  readily  assent  to  the  truth  of 
the  assertion,  that  iho  Welsh  is  the  sole  liviDg  speech  not  only  of 
thousands,  but  of  tens  of  thousands,  and  even  of  some  hundreds  of 
thousands  of  the  inhabitanta  of  the  prinoipalitfy."  ('  Cambro- Briton,' 
ToL  iiL.  p.  229.)  It  not  only  holds  ita  notind  m  the  Old  Worid,  bet 
has  emipated  to  the  K«w.  While  Dr.Madeod^in  the  pre&ee  to  hia 
'  Leabhar  nan  Cnoo,'  exulted  in  the  h<^  that  If  Gaelic  ia  destined 
to  perish  in  the  Highlands,  it  will  survive  beyond  the  AtUntio  in 
the  living  speech  of  numbers  greater  than  ever  spoke  it  in  Europe, 
the  Rev,  T.  Price,  in  his  '  Hanea  Cymru,'  related  with  similar  exul- 
tation that  he  bad  received  from  America  some  numbers  of  a  Welsh 
periodica],  the  'PyfiaiU  yr  Hen  Wlad/  or  'Ftisnd  the  Old 
Country,'  which  waa  pubfishing  at  New  York.  This  mmm  con- 
tinues. In  an  account  of  the  press  in  the  United  States  ut  1861  it  is 
mentioned  that  five  Welsh  newspapers  are  printed  in  that  county,  a 
drcumstance  which  may  probably  lead  some  future  Celtic  historian  to 
Infer  the  truth  of  the  l^ef,  so  firmly  entertained  by  some  W^sh- 
mm,  that  the  language  has  fiourished  on  the  American  oontanent  since 
the  di^s  of  Madoc.  At  tibe  wtiaA  time  Ota  periodical  preas  of  Wale* 
iteelf  is  increaang  yearly,  while  in  the  first  nuznber  whidi  ever  a^eared 
of  a  Welsh  newspaper,  not  flf^  yearn  ago,  a  notion  waa  stated  that 
the  language  womd  hardly  survive  that  generation.  Eisteddvoda  or 
Bardic  meetings,  formerly  rare,  are  now  frequmit  and  more  and  more 
popular.  The  call  for  bishops  who  undentaad  the  Welsh  language 
iuB  been  loud  enough  to  compel  the  attention  of  the  Englidi  cabinet. 
At  the  present  moment  the  patriotic  as^raticm  w>  often  on  the  lips 
o£  Welduoaen,  "  Oee  y  byd  L'r  ioith  Qjwxm^"—"  May  the  Welsh, 
language  last  aa  long  as  the  worid," — i^peara  m  small  danger  of  mtOr 
lulument. 

If  it  be  really  decided  that  the  language  of  "some  hundreds  of 
thousands  "  is  to  oontinue  to  be  cultivated  amidst  its  native  motrntains, 
side  by  side  with  the  language  of  siz^  millions,  to  which  fresh  millioaa 
are  added  every  year,  care  should  be  taken  to  avoid  the  disadvaatagaa 
that  mi^t  arise  from  such  a  state  of  thinoik  The  proeervation  of  the 
old  language  ought  to  be  combined  with  uie  cnltivstion  of  that  which 
has  grown  up  beside  it, — of  the  great  language  that  has  put 

a  girdle  round  the  earth,  and  is  now  spoken  by  mighty  communities  in 
each  quarter  of  the  world,  and  on  uie  shores  of  every  ocean.  The 
"  Cymro  unioith "  "  the  Welshman  of  one  laDgu(^e»" — a  phrase  in 
common  use — ia  not  necessarily  more  patriotis  than  the  Welshman  of 
two  languagea^but  he  i%  by  a  great  deal,  a  mwnbar  trf  Mciet^  law 


oapable  of  aiding  othara  tmd  of  aiding  himself.  Wera  the  English 
language  introduced  into  evwy  school,  and  were  the  youth  of  Wales 
hiduoed  to  make  thvnaelTM  tiunroug^  familiar  -with  tb,  mooh  good 
would  nndoubtedly  be  the  raanlt  The  aovniaiUon  of  the  nnenj 
language  of  the  empire,  of  0x9  language  M  great  oitiei  and  fc^gti 
oivSisation,  and  ample  stores  of  learning,  would  open  a  new  field 
to  the  abilities  of  many  a  young  Welshman,  whose  ignoraooe  of  any 
but  his  native  language  confines  him  to  a  small  cir^  and  a  narrow 
career— the  generu  diS\iii«i  of  English  would  invite  more  frequent 
visitors  horn  England  to  the  lonly  and  romantio  acenwy  <a  the 
principalis,  and  a  new  era  of  more  cheerful  proqierity  mi^t  dawn 
upon  Wales. 

LiTEiUTUBX. — The  quotation  ia  peculiarly  happy  which  was  prefixed 
to  a  magaisiae  entitled  *  The  Cambro-Briton,'  devoted  to  the  enlkvatiai 
of  Welsh  literature :  "ITuUl  quldam  mihi  mtis  emditi  videntar  qnibus 
noetra  knota  sunt" 

The  histtny  «t  the  Utentnre  of  Wales  k  as  peooBar  as  that  of  its 
langaags.  It  oommeooes  with  poMns  ascribed  to  the  Sth  omtuiy,  a 
period  of  almost  classical  antiquity,  to  iriiioh  no  living  language  of  tiie 
Teutonio  or  Sclavonic  families  can  be  traced.  It  flooijahed  imdoubtedly 
in  the  12th  oentuTy,  and  its  "  golden  age"  is  refwred  to  a  date  at 
which  no  English  literature  could  be  in  existence,  beoMiee  the  English 
language  was  as  yet  unborn.  For  the  last  six  or  seven  hundred  years 
its  course mi^ be  distioetiy  taraced,  almoet  the  "solitary  pride"  of  a 
nation,  that,  amidst  all  obstades  and  struggles,  has  been  remarkably 
ocoistant  in  its  attachment  to  letters.  It  is  true  that  the  value  of  this 
literature  ia  not  to  be  compared  for  an  instant  with  ttu  value  of  our 
own,  but  it  is  a  literature  eminently  curious  and  eminentir  British ; 
and  the  apathy  can  hardly  be  explained  with  credit  to  EngUsh  scholara 
Hux  has  allowed  the  subject  to  remain  aa  it  has,  in  almost  total 
obscurity  and  aeg^sat. 

Perhaps  the  most  valid  ezouu  that  can  be  pleaded  is  that  obetaeles  to 
investigaUcHi  were  offered  in  the  yerr  quarter  from  whidi  aadatance 
might  be  locdwd  fm.  A  mass  of  unfounded  and  uncritical  statement 
on  the  Buhjeot  of  WeUi  antiquities  is  in  exiatMioe  and  in  print, 
which  obstructs  in  the  moot  annoying  way  the  radeavonr  to  arrive 
at  a  dear  view  of  the  aubject.  "A  Scotsman,"  says  Dr.  Johnstm, 
"  most  be  a  atnrdy  maraliet  mdoed  if  he  loves  not  Sootiand  better  than 
truth."  "  How  justly,"  says  Edward  Williams,  or  lolo  Iforganwg,  the 
most  enunent  Welsh  antiquary  of  the  1^  century,  "  might  he  have 
said  the  same  thing  of  every  Welsh  ant^uary  that  dm  hitherto 
appeared  in  the  world."  ('  uunbrian  Journal,'  for  1860,  page  18.) 
"  How  many  truly  learned  aiul  ingenious  literary  geBttemen,"  saya  the 
same  writer  in  another  place, "  applied  to  Mr.  Evans  and  his  fSi-manger^ 
Lewis  Morris,  for  infonoatioD  rdatii^  to  Welsh  literature  and 
Wslsh  antiquities^  and  how  naay  of  the  most  glaring  fahehoods  have 
th^  bad  in  return  from  these  faUows,"  whose  alleged  ignorance  and 
bad  foith  he  proceeds  to  expose.  But  the  very  loIo  Horganwg  whose 
words  we  have  quoted,  and  who  up  to  his  death,  in  1826,  was,  and 
is  evoi  now  regwded  by  many  aa  this  chief  authority  on  Welsh  litera- 
ture, is  pointed  out  by  othara  aa  abeolutely  stiU  less  worthy  of 
ODi^dence  than  s»  Wdah  antiquary  irtio  preceded  hiBL  2Fot  onty 
tlurafovB  is  tba  sMnnoefnlo  ite  cavern  (rf  Wehhaatiquitiea  dark  ud 
difficult,  but  the  guide*  are  not  to  be  tonsted.  The  nstionsl  ptsotice 
has  not  been  in  aooonfaoee  with  tiie  national  motto  of  Waua,  "  T 
Qwir  yn  erbya  y  Byd,"  "  Truth  i«ainst  the  woria" 

Another  ofaetoole,  ihough  an  infexior  one,  hss  been  the  difficulty  of 
arriving  at  the  materials  tat  forming  a  judgmsot.  The  Wdah,  as  has 
bsens^  claim  to  ba  in  paasawin  of  a^mfyof  postieal  oonnosltionB 
extending  over  a  period  of  thirteen  hundnd  yeara  TtU  tbe  omn- 
menoement  of  the  1Mb  oentnxy  almost  aH  the  compositions  for  whidi 
this  antiquity  is  claimed  remained  buried  in  tite  libraries  of  cdleges 
and  of  private  individualB,  some  eo  difficult  of  access,  that  Lhuyd, 
the  author  of  the  '  Arohoologia  Biitvmica,'  who  spent  his  life  in 
leseardieB  mto  Cdtio  litwature,  waa  never  aUe  to  obtohi  a  sight  of 
Bome  of  the  most  jatsresting.  TUe  reproach  ww  removed,  after  inef- 
fsetaal  meals  to  the  patoiotiBD  of  Qis  gntoy  of  Wales,  ter  tiie  libetality 
of  Owen  Jmas,  a  furrlsc  in  Thames  Street,  father  of  Owen  Jones, 
the  ardmtect,  so  well-known  by  his  puUioationa  on  the  'Alhambn^' 
uid  his  restcvation  of  it  at  the  Oyetal  Falaoe  of  Sydeidiam.  At  the 
expenae  of  more  than  a  thousand  poonck  Mr.  Jones,  the  dder,  collected 
and  puUidied,  in  1801  and  sabBequent  years,  ia  tiaee  vohmies,  unda 
tbe  title  fA  '  The  Ifyvyrian  ArehM<dogy  ^  Wales,'  the  chief  produi^ 
tioDB  of  Welsh  Ktenturefor  neariy  idne  hundred  yesrs,  from  about  ffOO 
to  1400.  In  this  task  he  was  assisted  by  Edward  WilUama,  better  known 
by  t^e  name  of  lolo  Morganwg,  or  Edward  of  Glamorgan,  already  men- 
tioned, and  1^  Dr.  Owen,  aftorwaids  Pr,  Ow«n  Poj^  The  enterprise 
was  by  no  means  undertaken  too  soon.  "A  number  of  manuscripts  equal 
to  what  now  remains^"  says  Owen  in  the  fourteenth  volume  of  the 
'Ar<du9(A>gia'  of  the  Anttfosrian  Sooie^,  "hath  perished  throuj^ 
ne^eotwiuht  the  last  two  hundred  yesrs,  that  is  to  ny,  since  the  hi^er 
ranks  of  Welshmen  have  withdrawn  their  patronage  from  the  cultavation 
of  the  Uteature  of  their  native  country.  We  have  still  upwards  of  two 
thousand  manuscript  bodEs  of  various  ages,  from  the  beginmng  of  the 
fttii  to  the  olooe  of  tiie  19th  oentniy.  By  the  pubhcUion  of  the 
'Myvyrian  Arohaiology '  a  vast  mass  of  materials  was  placed  out  fA 
danger,  but  it  did  not  comprise  the  whole  of  whst  Jones  intended  to 
put^sh^m  the  librwy  of  the  British  Mnsenm,  no  \m  Ami  ef(^ 
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volumes  of  tramcripta  ure  now  deposited  which  were  intended  for  » 
eontiniutioa  of  the  work-  After  th«  oosaatlon  of  Jonos's  eiertioni,  the 
old  afisthy  returned,  and  more  than  thirty  yeuv  elapsed  before,  in 
1S87,  an  aeaociation  was  set  on  foot  on  the  model  of  the  Camden  and 
similar  societies,  and  under  the  name  of  the  Welsh  ManuBcript  Society, 
for  the  purpose  of  publii^ing  manuscripts,  whether  in  WeLw  or  other 
languages,  coimected  witii  Wales.  Tha  important  provision  wae  made 
in  the  rules,  tbat  the  wo^  in  Welsh  were  to  be  aooompanied  with 
translations.  The  Society  has  not  been  so  aetiTo  as  It  promised. 
Since  its  foundation,  it  baa  scarcely  issued  fire  relumes,  and  some  of 
them  are  of  a  mere  antiquarian  and  genealogical  oast.  The  most 
important  is  that  entitled  '  The  lolo  MSS.,'  a  volume  of  selections 
from  the  materials  collected  by  lolo  Morganwg  for  the  continuation 
of  the  '  Kyvyriui  Aitshaiology.'  At  present  (in  1861)  it  is  said  in  the 
'  Cambrian  Jouznal '  that  meaanres  hav*  been  taken  for  "  re-hivigonttng '' 
the  society,  and  we  heartily  wish  them  suocess. 

In  tiie  publications  of  this  society  the  second  step  was  begun  to  be 
taken  of  the  three  which  are  requisite  to  bring  tiie  literature  of  Wales 
&irly  before  the  world.  The  first  is,  the  publication  of  its  monuments, 
aa  indiapenaable  materials  for  all  that  is  to  follow ;  the  second,  the 
rendering  of  them  accessible,  by  translaUons,  to  those  who  bare  not 
Ute  opportunity  of  aoqoiiiog,  m  addition  to  the  knowledge  o£  the 
Welsh  language  as  it  now  is,  that  <rf  all  its  raxiations  from  the  time  of 
King  Arthur.  The  third  Will  be,  that  of  applying  a  judicious  critidsm 
to  these  materials ;  of  comparing,  elucidating,  and  investigating ;  Bspor 
rating  the  genuine  from  the  spurious ;  and  deciding  their  rolue.  When 
all  this  has  been  done,  and  not  before,  it  will  be  possible  to  take  a 
satisfactoiy  surrey  of  the  history  of  early  Welsh  Ittoatur^  in  which 
is  invidved  the  history  of  two  of  the  most  interesting  p<nnts  of  modem 
literature  in  general,  the  origin  ol  i^^me  and  the  origin  of  romantic 
fiction.  Under  present  circumstances  many  questions  of  interest  must 
be  loft  doubtful. 

The  histoi^  of  Welsh  literature  may  be  divided  Into  four  periods : 
from  the  earheat  times  to  the  Norman  conquest  of  Eng^d  in  1068, — 
from  the  Norman  conquest  to  tiie  Reformation,  which  nearly  coincides 
with  the  incorporation  of  Wales  with  En^iuid  in  the  rdgn  of 
Henry  VIII,,  in  15S6,— from  the  Reformation  to  the  common oement 
of  the  reign  of  Qeorge  IIL,  in  1760, — and  from  1760  to  the  prceent 
time. 

The  2'int  Period,  1066.— The  Welsh,  it  has  been  aheady  stated,  claim 
to  be  in  possession  of  several  poetic  oompositionB  of  the  date  of  the 
6th  century,  and  tiieee  compositions  are  in  rl^me,  which  would  be,  aa 
far  08  is  at  present  known,  the  earliest  instancee  of  that  kind  of  com- 
position in  Europe.  The  whole  of  them  were  printed  in  the '  Myv^ian 
Archaiology,'  in  wiuch  they  occupy  one  hundred  and  eighty-o^t  pages 
of  double  columns,  nothing  of  which  beyond  a  few  specimens  had 
appeared  in  print  before  The  authors  to  whom  they  are  attributed 
are: — Aneurin,  who  is  suppoeed  to  have  lived  from  610  to  660; 
Tailed,  the  Chief  of  Bards,  from  £20  to  670 ;  Llywarch  Hen,  or 
lily warch  the  Old,  from  500  to  6M ;  and  Mynhlin,  or  Merlin,  from  580 
to  100 ;  besides  Qwyddno,  Gwilym  ah  Don,  Oolyddan,  and  others  of 
minor  importance. 

The  authenticity  of  these  poems  having  been  impugned  by  two  cele- 
brated antwmista  of  the  Celts,  by  Pinkerton,  in  his  preface  to 
Barbour,  and  Inr  Lafaig.  in  a  note  to  his '  Dissertation  on  Ossian,'  it  was 
maintained  liy  Sharon  Tnmflr,  the  Anglo-Saxon  scholar,  in  his  '  Vindi- 
cation of  tire  Qerminoness  of  the  Antient  British  Poems  of  Aneurin, 
Taliesin,  Llywarch  Hen,  and  Merddin,'  first  published  sq>arately  in 
1803,  and  since  appended  to  the  succeesire  editions  of  his  '  Histoty  of 
the  Au^o-Sazons.' 

In  this  toeatise  Mr.  Turner  asserted  the  genuinmess  of  the  ancient 
poems  on  both  internal  and  external  evidence.  The  oldest  copy  of 
any  of  them  extant  occurs  in  an  ancient  manuscript  called '  The  Black- 
Book  of  Carmarthen,'  f ormeriy  preserved  in  the  library  of  the  Vau^ians 
at  Hengwrt  in  Merioaethdiire,  which  was  brought  t(«ether  by  Robert 
Vaughan,  who  died  in  1666.  This  book  is  believ^  by  competent 
judges,  to  be  of  the  12tii  oentuiy ;  so  that  if  foi^  at  all  the  poems 
must  have  been  f <nged  as  far  back  as  that  period,  while  in  fact  they  are 
alluded  to  as  andent  writers  of  the  centuries  immediately  following 
If  fabricated  at  that  time,  it  is  probable  that  they  would  have  oot- 
tamed  allusions  to  the  popular  legends  req>eoting  Uag  Arthur,  whose 
name  had  then  beoome  known  throughout  Europe  as  that  of  the  hero 
of  romantic  tradition;  while  these  oompoaitions,  profeosing  to  be 
written  by  contempoiuries  of  Arthur,  and  frequenUy  referring  to  his 
life  and  acti^  alwa^  mention  him  in  a  sober,  unexaggerated,  strain, 
perfectly  oniaiatent  with  the  li|^»t  in  which  he  is  presented  by  authentic 
history.  Finally  the  language  is  of  an  extremely  antiquated  cast  often 
obscure,  and  sometimes  unmtelligible,  and  altogether  diflbrent  from 
that  of  compositions  known  to  be  of  the  12th  century.  • 

The  weak  point  m  Mr.  Turner's  argument  is  that  it  proves,  or 
assumes  to  prove,  too  much.  If  all  that  he  advances  were  valid,  the 
whole  of  the  poems  ascribed  to  the  primitive  bards  would  be  genuine, 
but  m  fact  some  are  demonstrably  otiierwise.  There  ia  a  remarkable 
passage  m  Evans's  '  Specunens  of  the  ftiUah  Bards,'  published  in  1763 
every  word  of  which  has  been  confirmed  hy  the  most  recent  inveetisa- 
Uons.  Speaking  of  TaUesm,  Evans  says,  "There  ai«  many  spurious 
pieces  fathered  on  tiiis  bard  in  a  great  many  hands  in  NorUi  Waka. 
but  these  are  all  forged,  either  by  the  m<mks  to  answer  the  purposed 


the  Church  of  Borne,  or  bj  the  British  bsrds  in  the  time  of  the  later 
ininoes  of  Wales  to  spirit  up  their  countrymen  against  the  Enf^isb, 
which  any  body  versed  in  the  language  may  eauly  find  by  the  style 
and  matter."  These  pieces  are  those  made  public  in  the  '  Myvynaa 
Archaiology,'  on  the  judicdous  principle  hid  down  by  its  editors,  of 
putting  in  print  and  on  record  whatever  was  asserted  to  be  of  a  certain 
degree  of  antiquity,  witiiout  any  prelimina^  inquiry  into  the  justice 
of  its  claima.  The  c^portunity  tiius  aflbrded  of  stu^eoting  tiiem  to 
eritioism  has  been  taken. 

The  two  works  in  which  the  subject  has  been  treated  with  the 
greatest  care  since  Mr.  Turner's  time,  are  '  The  Literature  of  the 
Kymry,'  by  Mr.  Thomas  Stephens,  of  Merthyr-Tydvil,  published  iu 
1849,  and  '  Taliesin,  or  the  Bards  and  Druids  of  Britain,'  by  Mr.  D.  W . 
Nash,  of  the  Royal  Society  of  Literature,  published  in  185S.  Mr. 
Stopbens  is  a  Welshman  of  leatning  and  of  a  oritioal  hatat  of  mind, 
and  a  candour  not  alwnrs  met  with  among  his  countrymen.  Hr.  Nash 
is  an  Englishman  who  has  studied  Welsh  literature  with  peculiar  atten- 
tion and  success.  The  condusions  at  which  th^  arrive  are  almost  the 
same.  Of  the  seventy-seven  poems  ascribed  to  Taliesin,  and  printed  in 
the  '  Myvyrian  Archaiology,'  Mr.  Stephens  conmders  fifty-seren  to  be 
demonstrab^  spurious,  and  of  the  remaining  twen^  utere  are  only 
twelve  that  he  aBsigns  irith  oonfidenoe  to  the  time  of  Taliesin.  Kr. 
Nash  eivea  translations  of  more  than  fifty  of  these  poemsj  many  of 
which  had  never  appeared  before  In  any  other  language  than  Welsh ; 
and  the  mere  perusal  of  them  ia  sufBcient  to  show  that  the  notion  of 
their  belonging  to  the  6th  century  is  absurd.  Poems  which  had  been 
represented  by  some  Welsh  writers  as  full  of  allusloiu  to  the  rites  of 
Druidism  are  full  of  allu8i<ma  to  Roman  Catiiolic  theology,  partly 
couched  in  meditevd  Latin.  One  instanoa  will  be  sufficient  to  show 
the  nature  of  the  arguments.  There  is  a  poem,  ascribed  to  Taliesin, 
prophetic  of  the  fall  of  his  country,  in  whi<^  ooenr  the  lines  vhidi  are 
on  the  lips  of  every  Welshman,  and  have  been  dted  oftener  than  an^ 
otiier  lines  in  the  luiguage  :— 

"  Ea  Ner  a  molaat. 
En  hiaith  a  Kodwaa^ 
£a  tir  a  goUant 

Ond  gwyUt  WaUa." 

"  Th^  God  thty  ihall  adore, 
Tbeir  taagnage  thoy  shill  keep, 
Thdr  eonatty  thvy  sbsll  lose 
ISso^wlU  Wales." 

Such  a  prophe^  made  in  the  6th  century,  wh«i  the  Saxons  wore 
coDtending  with  King  Arthur,  and  the  stouggle  between  tiie  races  was 
still  going^on  in  Cumberland  and  elsewhere,  would  Indeed  be  remarkable, 
while  in  the  12th  century  it  would  be  that  not  unusual  phenomenon,  a 
prophecy  after  the  event.  The  language  of  the  poem  ia  so  free  from 
obscurity,  that  it  is  said,  in  the  periodica  entitled  '  Taliesin,'  for  1 861, 
to  be  "  mtelligible  this  day  to  the  ohildren  of  Aberystwitb."  Many  of 
tbe  proper  names  whldi  occur  in  the  poem  here  a  ytty  peculiar 
character.  The^  are  in  a  Latinised  form,  "Troia"  for  Trt^,  "Ser- 
mania "  for  Germany,  "  Sacsonia "  for  Saxony,  "  Sabrina "  for  the 
Severn,  and,  in  the  passage  quoted,  "  Walia  "  for  Wales.  Can  it  be 
supposed  that  the  Saxon  term  for  Wales  was  in  common  use  in  tha 
6th  century  1  that  it  had  been  already  Latinised  T  and,  lastly,  that  a 
Welsh  bard  of  the  court  of  King  Arthur  borrowed  the  Latinised  form 
of  the  name  of  his  oountiy  from  his  pountEy's  foes  to  introduce  In  his 
patriotic  poem  t  All  these  oircumstanoes  ai^tear  to  indicate  the  oom- 
position  of  the  lines  a  media)ral  monk,  and  the  supposition  ia 
strengthened  by  the  mention  of  Troy  as  the  land  of  the  origin  of  the 
Britons,  a  prevalent  belief  after  the  time  of  Qeofi^y  of  Monmouth, 
who  flouriuied  under  Henry  L 

While  the  authenticity  of  some  of  the  most  interesting  supposed 
relics  of  Talienn  must  tnerefore  be  ^v«n  up,  the  critics  \rtto  impugn 
them  concur  in  beUering  that  other  ptntiois  are  really  ramine.  The 
Rev.  Evan  Evans  in  his  'Specimens,'  Mr.  Stephms,  Mr.  Nash,  and 
others,  are  dl  of  this  opinion.  Unfortunately,  those  of  the  sevens- 
seven  which  they  respect  are  of  a  very  small  degree  of  interest 
Taliesin,  as  he  has  descended  to  us,  is  certainly  no  Ossian — ^taking  as 
the  proper  rcftresentatire  of  the  Qaelio  bard  the  Ossian  of  Macphwson 
— ^nor  is  he  even  equal  to  Aneurin,  still  less  to  Uywaroh  Hen. 

Many  of  th«  fictitious  poems  ascribed  to  Taliesin  oocor  in  a  strangs 
I^;end  of  his  life,  which  is  itself  a  singular  relic  of  literaturei  The 
tnlhditions  of  the  great  bard,  relied  on  1^  Williams  in  his '  Lives  of 
Eminent  Welshmen,'  represent  him  as  the  son  of  a  saint,  a  certun  St. 
Henwg,  and  educated  at  the  College  of  St.  Cadog.  Much  of  his  time 
was  spent  at  the  court  of  Urien  Hheged,  a  chieftain  to  whom  many  of 
his  poems  are  addressed,  but  being  once  fishing  at  sea  in  a  sUn  ooi«de 
he  was  seized  by  Irish  pirates,  who  bore  away  with  him  towards 
Irdand.  Escaping  from  tlmn  in  his  ooiaole,  while  they  were  engaged  in 
drunken  revelry,  he  was  tossed  about  at  the  mercy  of  the  waves  lul  the 
coracle  stuck  to  the  point  of  a  pole  in  the  weir  of  Qwyddno,  prince  of 
Cardigan  at  Aberdyvi  At  the  court  of  Gwyddno,  who  was  Umself  s 
poet,  he  remained  till  the  memorable  event  of  the  destruction  of 
Gw^dno's  oountiy,  in  the  be^nnlng  of  the  8th  century,  1^  an  Inun- 
dation of  the  sea,  which  converted  what  was  dry  land  into  the  present 
Cardigan  Bi^.  After  thia  time  Taliesin  went  to  the  oourt  trf  King- 
Arthur  at  Casrison  aa  Uak,  and  m  hii  danUi  waa  intsrrsci  at  the  wpot 
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neu-  AbeiTBtwith  vhicb  «tiU  goes  by  tUe  nam«  of  Bedd  TaHedn 
(Tolieon's  grave). 

The  chief  uuddent  in  ihU  life  appean  in  an  altered  form  in  the 
legend  or  romance  Trhich  is  printed  in  Welsh  in  the  'Myvyrian 
Archidology/  and  in  WeUh,  viUi  an  English  tranelation,  in  the  fifth 
Tolume  of  the  '  Cambrian  Quarterly  Magazine,'  and  in  Lady  Charlotte 
Ouest's  *  Mabinogion.'  According  to  this  stoiy,  Gwion  the  Little,  a  boy 
vho  waa  emplo^  Keridwra,  a  witch  of  HeirioOj  or  If  erioneth- 
Hhire,  to  watch  a  ma^o  cauldron  in  which  ahe  was  preparing  a  con- 
coction that  wae  to  bestow  knowledge  and  genius  on  her  eon,  mcurred 
the  vengeance  of  his  miBtress  by  involuntarily  drinking  the  three  blessed 
drops  which  were  to  produce  these  wonderful  effects.  Of  course 
he  became  endowed  yiivx  sudden  wisdom,  and  fled  from  the  wrath  of 
Keridwoi,  who  at  onoe  pursued  him.  He  fled  in  the  form  of  a  hare,  she 
pursued  in  that  of  a  lunmd;  when  nearly  overtaken,  he  turned  to  a 
ndi,  and  she  to  an  otter ;  then  he  to  a  sparrow,  and  she  to  a  hawk  ; 
and  he  wae  finally  swallowed  in  the  form  of  a  grain  of  wheat  by 
Eeridwen,  in  the  form  of  a  hen.  After  nine  months  she  was  delivered 
of  him  again,  and  be  was  so  handsome  that,  unwilling  directly  to 
take  his  life,  ahe  tied  him  up  in  a  leathern  bag  and  threw  him 
into  the  sea,  from  whioh  he  waa  rescued  by  Prince  Elphin,  the 
son  of  Gwyddno,  who,  fishhig  for  sahaon  at  the  weir  of  Aberdyvi, 
caught  a  child  in«fawu<.  The  prince  looked  disappointed  in  con- 
sequence, and  was  addressed  in  consolation  by  the  miraculous  infant 
in  a  strain  of  poetry,  the  merits  of  which  are  anything  but  miraculous. 
This  infant  had  such  a  splendid  forehead  that  he  received  the  name  of 
Talieein,  which  bears  that  meaning  in  Welsh.  The  narrative  proceeds 
with  a  medley  of  incidents,  interepeised  with  ^>oemB  of  litUe  or  no 
merit  put  into  the  month  of  Taliesin,  and  inextnoaUy  connected  with 
the  ctroumstances  of  the  tale.  The  whole  Htory  appears  to  be  of  the 
name  character  with  those  which  were  told,  of  Virgil  in  the  middle 
ages, — a  wildly  fictitious  narrative  fastened  on  a  distiuguished  name, 
from  tiie  wish  to  give  it  an  air  of  authenticity  in  the  eyes  of  ignorance. 
It  may  be  taken  therefore  as  a  proof  that,  at  the  time  of  its  invention, 
the  name  of  Taliesin  waa  oorrent  in  popular  tradition  as  that  of  the 
^reatpoai  of  Wales;  while  the  fact  Uiat  poems  ascribed  to  him  in 
it  are  as  spnrioua  as  the  adventures  are  impossible,  is  no  stronger  proof 
against  the  existence  of  the  real  works  of  a  r^  Taliesin,  than  tiie 
stories  about  Virgil's  feats  of  necromancy  are  proof  of  the  spuriousnen 
of  the  Georgics  and  the  Mnaid,  Some  of  the  incidents  regarding  the 
magic  oaul£on  are  traced  by  If  r.  Nash  to  Lish  and  Icelandic  fiction, 
and  some,  as  the  pursuit  of  Keridwen,  bear  a  strikhig  reeemblance  to 
passages  in  the  '  AxMaa  Ki^ts.'  The  tale  of  Taliesin,  and  of  oonrse 
the  poetiy  insoied  in  it,  are  traced  with  tolerable  oertaini^  to  one 
Thomas  ab  Einion,  a  prieat  who  Bouriahed  in  the  12tii  century. 

Many  of  the  poems  ascribed  to  Aneurin  are  shown  to  be  sptuious 
by  modem  criticism,  but  that  entitled  '  The  Qododin,'  bears  very 
s&ong  marks  of  authenticity.  Aneurin  wag  one  the  northern 
Britons  of  Strath  Clyde,  who  have  left  to  that  part  of  the  district  they 
inhaUted  the  name  of  Cumberland,  in  token  that  it  was  once  in 
possesmtHi  of  a  aeetion  of  the  Cymiy.  In  this  poem  he  laments  the 
defeat  of  bis  countrymen  by  the  Saxons  at  the  battle  of  Cattraeth,  in 
consequence  of  Uicdr  having  partaken  too  freely  of  the  mead  before 
joining  in  combat.  He  commemorates  many  obscure  chieftains  who 
fell  on  the  occasion  in  langua^  which  seems  dictated  by  the  freshness 
of  grieL  A  portion  of  this  poem  has  been  translated  by  Qray ;  a 
version  of  the  whob  was  inserted  by  the  Kev.  Edward  Davies  in  his 
*  Mythology  of  the  Druids  ;*  and  a  translation  of  the  whole  works  of 
Aneurin, ^The  Qododin'  and  the  '  Odes  of  the  Months/  was  published 
in  1820  b^  Mr.  Probert  A  fiesh  transhdion  of  '  The  Oododm'  was 
pubhshed  in  1 868,  by  the  Bev.  John  Williams  ap  Ithel,  the  editor  of 
the  '  Cambrian  JournaL'  It  may  be  taken  as  a  proof  of  the  authen- 
tioity  of  the  original  that  the  translators  have  hod  an  opportunity  of 
disputing,  not  (mly  about  t^e  meaning  of  several  of  the  possoges,  but 
even  of  tiie  whok  poem.  The  Ker.  Edward  Davies  maintains  that  it 
reUtee  not  to  the  battle  of  Cattraeth,  but  to  the  massacre  of  the  Welsh 
chieftains  by  order  of  Hengiat  at  a  banquet  at  Stonehenge. 

'The  Heroic  Megies and  other  Pie<%B  of  Llywarch  Hen,  Prince  of 
the  Cumbrian  Britons,  with  a  literal  translaUon  Williun  Owen,' 
were  published  in  1792.  Llywarch  Hen,  like  Aneonn,  was  one  of  the 
warriors  of  Strath  Clyde,  and,  like  him,  waa  driven  to  Wales  by  the 
Bucoesaes  of  the  Saxons.  His  poems  are  1^  far  tlie  finest  of  those 
ascribed  to  the  primitive  bards.  Southey,  who  remarks  that  "their 
authenticity  has  been  proved  by  Mr.  Turner ;  and  they  are  exceedingly 
curious,  and  some  of  the  oldest  remains  of  Celtic  poetry,"  observes,  in 
the  notes  to  his  '  Sir  Thomas  More,'  that  thdr  "  general  strain  is  as 
melani^oly  as  it  is  rude."  According  to  Welsh  fa«diti«i  Llywarch 
Han,  or  Uywardi  the  Old,  lived  to  the  age  of  a  hundred  and  fifty. 
His  four-ond-twenty  sons  and  three  daughters  all  died  before  him,  as 
wae  natural  in  that  case,  but  in  his  '  Elegy  on  Old  Age  and  the  Lorn  of 
his  Sons,'  he  enumerates  many  who  had  j^erished  in  war,  and  accuses 
himaelf  of  having  caused  their  destruction.  The  staple  of  his  poetry 
la  bitter  eomplunt  of  the  woea  of  age.  "  Those  that  loved  me  onoe 
now  love  me  not,"  he  oEolaims.  "  An  death,  why  vrill  he  not  befriend 
me  t  '  I  am  outngeous  I  I  am  loathsome  !  I  am  old."  Some  '  Lines 
to  the  Cuckoo  in  the  Vak  of  Cuawg '  which  are  now  ascribed  to  a 
oertain  Mabolaf  ap  Llywar^  who  lived  towards  the  dose  fd  the  14th 
oortury,  an  in  prMiiely  the  nme  impradve  sbrain. 


Some  of  the  remaining  poems  in  the  'Hyvyriaa  Arohiutdogy,*  az« 
ascribed  to  two  Merddyna,  who  luve  been  amalgamated  and  made  into 
the  Merlin  of  romance.  The  same  work  contains  a  considerable 
number  of  anonymous  pieces  ascribed  to  the  earliest  bards ;  but  the 
language  is  sufficient  to  show  that  their  genuineness  ie  more  t><nTi 
doubtful 

Strange  to  say,  tiie  only  ooUection  that  has  yet  been  published  of 
the  primitive  bards  of  Britain,  with  a  traoaUtiim  ai^  exmotutory  and 
critical  notes,  is  that  by  a  Frenchman,  the  Count  Hersart  de  la 
Villemarqu6,  'Poemesdee  Bardes  Bretons  du  VI**""  siecle,  traduits 
pour  la  premiere  fois  avec  la  texte  en  r<$gard,'  Paris,  1850.  The 
ingenious  critic,  himself  a  Breton,  and  the  first  collector  of  the 
ballads  of  Brittany,  has  unfortunately  adopted  Uie  singular  idea  of 
printing  his  Welsh  text  neither  according  to  the  ancient  nor  the  modern 
Welsh  spelling,  but  aocorduiK  to  the  system  proposed  for  the  Breton  by 
Legonidec,  and  the  result  is  that  it  requires  a  separate  study  to  decipher 
a  line  of  his  text  His  prefaces  and  notes  are  written  in  a  strain  of 
hyperbolic  enthusiasm,  but  have  a  foundation  of  good  sense.  He  omits 
almost  all  of  the  poems  of  Taliesin  as  spurious,  and  he  quotes  the 
names  of  the  French  critics  Fauriel,  Amp&re,  and  Magnin  aa  concurring 
in  the  opinion  that  those  which  he  gives  are  autiientic. 

The  earliest  monument  of  Welsh  prose  would,  if  it  were  genuine,  he 
the  "  Wisdom  of  Cadog  the  Wise/*  a  collection  of  peoveebB  ascribed 
to  St.  Cadog,  who  is  said  to  have  lived  in  the  0th  century,  and  to 
have  been  the  friend  and  instructor  of  Taliesin,  and  one  of  the 
omamehta  of  the  court  of  King  Arthur,  They  are  printed  in  the 
'  Myvyrion  Archaiolog>-/  and  in  the  lolo  MS3.  there  is  a  collection 
of-  fables  and  tales  ascribed  to  Uie  same  SL  Cadog.  One  of  the 
tales  is  the  story  of  the  man  who  hastily  slew  his  fdthfnl  dog  from 
the  erroneouB  BUpponUon  titat  it  had  killed  his  child,  whom  it  had  in 
reality  defended  from  a  serpent  This  story,  which  is  told  by  St. 
Cadog,  without  name  of  person  or  place,  is  now  the  most  poptdar 
legend  of  Wales,  and  sheds  an  additional  charm  over  ^e  scenery  of 
Bedd  Oelert,  but  the  Qelert  of  the  modern  tradition,  and  of  Spencer's 
ballad,  is  'The  gift  of  royal  John'  to  Llew^n  ab  Jorwerth,  who 
married  a  daughter  of  King:  John  of  Eiu;hmd.  There  can  beoo  doubt 
that  the  luiguB^  of  the  narrative  in  the  lolo  MS3.  is  nearer  to  Uie 
time  of  Llewelp^  ab  Jorwerth  than  to  that  of  St.  Cadog,  but  unfor- 
tunately the  onginal  of  the  story  is  to  be  found  in  Sanskrit. 

The  earliest  Welsh  prose  of  which  the  authenticity  is  unquestioned, 
is  the  collection  of  the  laws  of  King  Hywel  Dda,  or  Howel  the  Good, 
who  died  in  748,  after  a  reign  of  forty  years,  during  the  last  seven 
of  which  he  waa  monarch  of  WalflB.  ^lis  <»de  is  divi<kd  into  the 
laws  of  the  court  and  tlie  laws  of  the  countiy,  and  under  both  heads 
it  comfuises  a  quantity  of  matter  curiously  illuatmtive  of  the  manners 
of  the  times;  it  is  assumed,  for  instance,  that  there  is  one  cat  in  each 
village,  and  it  is  eatimated  as  of  precisely  the  same  value  as  a  sheep. 
The  bards  are  endowed  with  many  privileges,  extending  to  receiving 
dues  on  marriages,  to  exemption  from  bearing  arms,  and  to  various 
other  sources  of  amolumaQt  and  honour.  The  leading  feature  of  the 
l^islation  is  tha''.  every  nime  is  punishable  a  fine,  even  that  of  the 
murder  of  the  kiog  himself,  which  is  to  be  atoned  for,  among  other 
things,  by  "three  golden  cups,  with  covers  each  as  broad  as  the 
offender's  face,"  and  as  "  thick  aa  the  thumb  of  a  plotighman  who  has  been 
nine  years  in  that  employment,  three  silver  rods  of  the  same  height  as 
the  )ang,  and  as  Quck  as  his  thumb,"  Ac.  &c  These  laws  were  first 
published  in  a  somewhat  uncritical  fashion  in  1780,  in  Wotton'a  '  Leges 
Wallicee ; '  the  last  edition,  in  Welsh  and  English,  is  comprised  in  the 
'  Ancient  Laws  and  Institutes  of  Walee/  issued  in  1841  by  the  Record 
Commission,  and  edited  by  Aneurin  Owen,  the  son  of  Owen  Pughe,  a 
much  severer  and  more  acute  critic  than  bis  father.  The  earliest 
manuscript  ia  of  tlie  12th  century ;  and  Owen  cautiously  describes  his 
text  SB  the  Laws,  tappoud  to  be  enacted  by  Howel  the  Qood,  modified 
by  subsequent  regulations  under  the  native  princes  prior  to  the  con- 
quest by  Edwani  I."  "References  are  made,"  he  adds,  *'to  laws 
ordained  hj  Dyvnwal  Moelmud,  an  ancient  Regulus  in  the  west,  and 
some  triads  are  ascribed  to  him ;  but  these,  although  they  contain  ordi- 
nances likely  to  obtun  in  a  {nimiUve  state  of  society,  have  no  warrant 
of  authenticity.  We  find  mention  of  laws  l^  Marsia,  of  an  equally 
■{tooryphal  origin."  The  laws  of  Dyvnwal  are  supposed  by  some  weiek 
vnriters  to  have  been  prevalent  in  Britain  400  yean  b^ore  Christ.  The 
triads  here  mentioned  belong  to  the  historical  triads,  of  whioh  a  portion 
is  admitted  oa  all  hands  to  be  of  at  least  as  late  a  date  as  the  reign  of 
King  Edward  I.,  and  they  will  therefore  be  treated  of  in  our  notioe 
of  ^e  second  era  of  Welsh  literature,  oommennng  from  the  date  of 
the  Norman  Conquest 

Second  Period— 1066-1599.  The  epoch  of  the  Norman  Conquest 
of  EngUnd  is  one  sbnnigly  marked  in  the  literature  as  well  as  the 
history  of  Wales.  Harold,  the  last  of  the  Saxons,  had  overrun  the 
country,  and  reduced  it  under  prince^  subordinate  to  himself,  in  1063, 
only  three  years  prior  to  his  own  overthrow  at  Hastings.  Two  of  the 
native  princes,  who  vrere  re-establisbed  on  their  thrones  before  tJte 
close  of  Hba  11th  century,  Gru^dd  ab  ^/p^i  prince  of  North  Wales, 
and  Rhys  ab  Tewdwr,  i«ince  of  South  Wales,  came  from  slnoad,  tiia 
one  hvm  Ireland,  and  the  other  from  Brittany,  where  two  kindred 
Celtic  nations  were  at  tiiat  time  in  close  intercourse  vrith  the  Danes  and 
tiia  Normans.  Onif^rdd  ab  Gynan  gave  birth  to  a  new  era  in  Welsh 
poetry,  and  Rhys  ab  Tnrdwr  may  hava  hid  mam  isAnowe  In  tlM 
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production  of  the  most  interestiug  monument  of  Welsh  proae — the 
Btoriea  ai  King  Arthur,  vbo«e  same  va»  for  so  many  centuries  a 
houselwlcl  word  on  the  lips  of  the  Eu^tiah  as  well  as  the  Welsh. 

The  name  of  Arthur  U  tirst  mentioned  in  the  Latin  chronicle  of 
Kenniufl,  who  also  mentions  the  name  of  the  earliest  bards,  Taliesio, 
Talhaiam,  and  others.  The  oldest  manuscript  of  Nennius,  wldcb  is  in 
the  Vatican,  is  aiisigned  bj  its  editor  iind  translator,  the  Rev.  William 
GuDD,  to  the  loth  ceatunr.  But  the  Arthur  of  Nenniua  is  very 
diiferent  &om  the  Arthur  m  romance,  who  first  appears  in  the  pages  of 
Goofirey  of  Monmouth.  Before  proceeding,  however,  to  OeoSrey,  who 
wrote  in  Latin,  some  mention  should  be  made  of  the  earliest  of  Welsh 
chroniclers,  Caradoc  of  Lloncarvan. 

The  history  of  the  monk  of  Llancamm  contains  the  annals  of  Wales 
from  the  death  of  GaJwallader,  a.  d.  682  or  6Sd,  to  the  times  of 
Caradoc  himself,  about  the  middle  of  the  12th  century.  It  was  con- 
tinued, aa  was  the  cuatom  with  monkish  chronicles,  by  oUker  hands, 
and  a  good  deal  more  was  added  in  the  Ena^iah  tntoslaUon  made  about 
1557  by  the  Welsh  antiquary,  Humphrey  Llwyd,  and  published  by  Dr. 
Fowell  in  1534.  The  original  Welsh  remained  in  manuscript  till 
included  in  the  second  volume  of  the  'Kyvyiian  Archaiology.'  A 
diO'erent  "  recension "  of  it  is  known  under  the  name  of  '  Brut  v 
l^wysogion '  or  '  Chronicle  oS  the  Princes,'  and  was  printed  in  Welui 
and  English  in  1860  in  the  coUec^n  issued  nndor  the  authority  the 
Master  of  the  Rolls.  The  chronicle  of  Caradoo  ia  one  of  the  leas 
attractive  kind  of  monkish  histories,  dry  and  jejune  Uke  the 
'  Anglo-Saxon  Chronicle,'  which  goes  over  much  of  the  same  period, 
but  affording  a  useful  skeleton  and  ground-work  for  less  succinct 
historians.    It  has  never  emerged  into  much  notice. 

Far  different  was  the  character  and  the  fate  of  tiie '  History  of  the 
Britons,*  Geo&ey  of  Honmouth,  archdeacon  of  Monmouth,  and 
bishojp  of  St  Aa«>h,  who  was  conaeoreted  to  his  bishopric  in  1152,  and 
died  m  11S4.  Qeofitey  closes  his  narrative  by  the  death  of  Cadwal* 
lader,  at  which  Caradoc  begins,  and  tells  ua  that  he  left  the  story  there 
on  purpose  for  his  friend  Caradoc  to  continue.  His '  History  of  the 
Britons  opeoa  with  the  destruction  of  Troy,  and  the  coming  of  Brutus, 
the  coloniser  of  Ei^land.  from  Troy  to  Britain ;  and  goes  on,  through 
the  stories  of  Locme  and  Lear,  and  Cymbeline  and  Gorboduo,  to  the 
legends  of  King  Arthur  and  his  conquests,  and  the  prophecies  of  the 
mchanter  Merlin.  The  work  had  a  wonderful  and  a  sudden  success.  As 
it  ia  dedicated  to  Robert  of  Qloucester,  the  illegitimate  son  of  Henry  I., 
it  must  have  been  iaaued  before  1147,  the  date  of  hia  death;  and  Alanus 
de  Insulis,  a  Breton  writer,  who  died  in  11S7,  speaka  of  Arthiu*  as 
then  universally  known.  "  Whither,"  he  exclaims,  "  haa  not  the 
name  of  Arthur  the  Briton  been  carried  by  Fame  1  What  region  of 
Christendom  bos  it  not  reached !  Arthur  la  almoat  better  known  to 
the  Oriental  nations  tlura  to  the  Britons  themselves,  as  our  pilgrims 
returning  from  the  East  declare."  There  was,  doubtieaa,  exaggeration 
in  this,  but  there  was  doubtless  also  some  foundation  in  truth ;  and 
the  work  of  GooSiot  of  Monmouth  is  the  main  source  of  the  faioe  of 
Arthur.  Translated  and  versified  by  Wace  and  Layamon,  it  be(»me 
popular  in  French  and  English.  For  many  centuries  iho  story  of 
Brutua,  whose  name  is  first  mentioned  by  Nennius,  passed  tor  autheutio 
histonr :  in  the  pedis:  M  of  Hemy  VII.,  drawn  up  for  bim  by  Welsh 
heialdB,  the  line  of  we  Tudors  is  traced  to  Brutus  as  its  foundw;  sjid 
even  so  far  onward  as  in  the  time  of  Milton,  the  great  poet  gave  way 
to  bis  inclination  to  insert,  though  with  an  apology,  these  poetic  stories 
in  hia  histtHy  of  England.  With  the  poeta,  indeed,  the  success  of  the 
story  of  QeoBtay  of  Monmouth  is  stUl  prolonged,  and  has  burst  out 
into  fresh  hrillianciy  in  our  own  generation.  The  greatest  work  of 
Shakspere  ia  founded  on  the  legend  of  King  Lear.  Both  Milton 
and  Dryden  foxijected  an  epic  on  the  stoiy  of  King  Arthur,  and  Pope 
an  ejHo  on  the  atorr  of  Brutus.  Walter  Scott,  who  lamented  that 
the  court  of  Charles  nad 

"  The  world  defrsnded  of  the  Ugh  design  " 

of  Diyden,  himself  paid  tribute  to  Arthurian  fiotion  in  his '  Bridal  of 


Cteoffrey  of  Honmouth  was  attadced  with  singular  vigour  -by  a 
contemporary  antagonist  —  the  ohromcler.  Williun  of  Newburgh. 
"  In  our  days,"  says  the  critic,  "  a  writer  has  emerged,  who  strings 
together  the  most  ridiculous  figments  about  the  Britons,  mising 
them,  witii  impudent  vanity,  above  the  Mooedtuiiaiu  and  Romans. 
Geoft^  ia  the  name  of  this,  man,  who  is  now  called  *Arthai^ 
Geofirey '  (Galfridus  hie  dictua  est,  agnomen  habena  Arthuri),  because 
taking  some  fables  of  Arthur  AY>m  the  original  figments  of  the 
Britcms,  and  adding  othere  of  his  own,  he  haa  coloured  thein  up  in  the 
lAtin  language,  and  decked  them  with  the  name  of  a  genuine  history." 
It  will  be  noticed  that  the  wortlqr  ohnuikler,  who  ^da  more  to  the 
same  purpose,  admits  in  this  passage  that  Ow  object  of  hia  indignation 
did  not  entirely  invent  Ua  natni'tive,  anbstanoe,  details,  and  £l,  but 
that  some  "ndioulous  figments"  about  King  Arthor  were  enrrrat 
before  he  took  pen  in  hand.  There  moat  therefore  Ittve  been  Welsh 
traditiona  on  the  subject. 

The  account  which  GeofBrey  hinjself  gives  of  the  origin  of  hia  history 
is  this  :  that  Walter  Caleoiua,  onhdeaocm  of  Oxford,  finding  a  book  in 
Brittany  on  the  deeds  of  King  Arthur,  gave  it  to  Um  to  tnmslata. 


having  a  &vourable  opinion  of  his  Latin  style,  and  that  his  work  is 
ndthw  more  nor  less  than  a  vendon  of  this  original.  It  ia  an  evidoit 
that  a  he  wished  his  production  to  paaa  for  a  histury,  it  was  advisable 

to  say  something  of  this  kind,  and  it  naa  been  so  oustomaiy  for  writers 
of  fiction  to  do  so,  from  before  Tirant  the  Wiute  down  to  after  Don 
Quixote,  that  this  statement  carries  no  great  weight  in  itself.  At  firat 
sight  it  seems  oonfirmed  by  the  fact  that  there  ia  a  book  in  Welsh  passing 
by  the  name  of  the  '  Chronicle  of  Tyailio,'  which  corresponds  exactly 
with  Oec^frey  of  Monmouth.  Unluckily,  however,  it  is  evident^ 
tranalated  from  the  Latin,  and  at  the  end  of  the  maausoript  contuning 
it  ia  this  singular  note  :  "  I,  Walter,  archdeacon  of  Oxford,  turned  this 
book  from  Welsh  into  Latin,  and  in  my  old  age  I  turned  it  again  from 
Latin  into  Welsh."  The  perplexity  is  therefore  only  iaoreiued  by  a 
statement  which  introducea  the  name  of  Walter,  the  archdeacon,  not 
merely  as  the  patron  of  Geoffrey,  but  aa  himaelf  the  translator.  There 
is  fresh  material  for  controversy  in  the  question  whether  the  book  said 
to  have  been  found  in  Brittany  may  not  have  been  in  Breton,  inatead 
of  Welsh,  and  both  Mr.  Thomas  Wright,  and  Mr.  Stephens,  of  Merihyr 
Tydvil,  have  ai'guments  in  fovour  of  the  Annorican  origin  of  the  legend 
of  Arthur,  but  no  such  book  ia  to  be  found  in  the  one  language  any 
more  than  in  the  other.  George  Ellis,  the  friend  of  Sir  Walter  Scott, 
in  the  introduction  to  his  '  Specimena  of  the  early  English  Romances,' 
in  which  there  is  an  admirable  analysis  of  Geoffrey  of  Monmouth,  givoa 
reasons  for  believing  that  his  history  was  really  translated  from  a 
Welsh  originaL 

There  are  stiU  extant  in  Welsh  a  series  of  chlvalrio  legends  relating 

to  the  time  of  King  Arthur  and  the  Round  Table,  which  possibly 
have  existed  in  a  rude  shape  before  the  time  of  Geoffrey  of  Monmouth, 
and  furnished  him  with  some  of  his  materials.  In  their  present  form 
they  are  much  more  elegant  and  finished  thau  in  his  history,  uid 
embrace  stories  and  particulars  Uiat  he  would  hardly  have  passed  over 
had  he  known  them.  These  narratives  now  go  the  mnsral  name 
of  the  '  MaMnogion,'  or  Children's  Tales,  the  name  which  may  be 
appropriate  to  some  being  applied  to  all.  They  are  oontuued  in  a 
splendid  manuscript  volume  of  more  than  700  pages,  in  double 
columns,  preserved  in  the  library  of  Jesus  College,  a^  Oxford,  and 
known  by  the  name  of  the  '  Bad  Book  of  Hergeat,'  from  the  place  at 
which  it  was  originally  discovered.  The  date  ci  ibi  trooacripUou  has 
been  assigned  by  aniaquariee  to  about  1870,  or  the  dose  of  the  14Ah 
century;  but  towards  the  end  of  the  volume  there  are  insertsd,  it  ia 
supposed  in  hia  own  handwriting,  many  of  the  poems  of  Lewis  Glyn 
Couii,  who  fiourished  in  the  Ifith,  after  the  invention  of  printing. 
Were  the  date  of  the  compoaition  of  the  tales  no  earlier  than  that 
of  their  transcription,  they  would  not  be  original.  The  stories  of 
the  '  Knight  of  the  Lion,'  the  '  Knight  of  Uie  Sword,'  '  L»koelot 
of  the  Lake,'  and  others  which  ooour  in  Welsh  prose  in  the  '  Red 
Book  of  Hergeat,'  woe  eitant  in  French  verse  from  the  pen  of 
ChrAien  de  Tro^  befqre  1200,  and  aa  early  as  1225  the  ArUiurian 
tales  hod  been  translated  from  French  versa  into  Icelandic  proae,  at  the 
instance  of  King  Hakon  Hakonsaon  of  Norway.  It  is  to  be  observed 
also  that  the  manuscript  volume  oontains  other  tales  than  those  belong- 
ing to  the  Arthuriw  cyde, '  Sir  Bevis  of  Hampton,'  the  '  Seven  Wise 
Masters  of  Borne,*  and  the  '  Hiatoty  of  Charlemagne.'  Thn  ia  pointed 
out  in  the  valuable  prefaoe  and  notes  i^ipeuded  to  the  edition  of  the 
'Uabinogion'  in  Welsh  and  English,  published  in  the  years  between 
18S6  and  1849,  in  three  large  volumes,  b^  Lady  Charlotte  Guest,  now 
Lady  Charlotte  Schreiber.  The  '  Mabmogion,'  the  most  attractive 
lady's  book  in  the  Welsh  language,  has  appropriately  been  edited  by  a 
lady,  and  the  volumes  are  in  typography  and  embellishment  by  far  the 
handsomest  that  have  ever  issued  from  the  Cambrian  preaa. 

On  the  whole,  though  there  are  arguments  against  it  into  whidi  our 
limits  will  not  permit  ua  to  enter,  the  preponderance  of  evidence  seema 
to  be  in  favour  of  the  Welsh  origin  of  the  romantio  fictiona  connected 
with  the  Round  Table  of  King  Arthur,  and  thus  of  the  Welsh 
origin  of  chivalric  fiction  in  general.  The  reaaona  in  support  have 
been  ably  summed  up  In  aa  '  Essay  on  the  influence  of  Wdsh 
Tradition  upon  European  Uteroture,^  by  Ur.  J.  D.  Harding,  who 
also  reffln  to  the  hi^  authm^  of  a  sohclar  whoae  view  of  the 
subject  waa  taken  from  a  diffiarent  point — Mr.  Panizzi,  of  the  British 
Museum.  In  the  celebrated  '  Essay  on  the  Narrative  Poetry  of  the 
Italians,'  prefixed  to  hia  edition  of  Boiardo  and  Ariosto.  Mr.  Panizzi 
atatee,  as  the  result  of  his  researches,  that "  All  the  chivalroua  fictions 
unce  spread  through  Europe  appear  to  have  had  their  birth  in 
Wales." 

The  narrative  of  Brutua  and  his  expedition  from  Troy,  g^ven  by 
Qeofirey  of  Monmouth,  was,  aa  we  have  seen,  adopted  for  some  centuries, 
in  spite  of  the  energetic  protest  of  William  of  Newburgh,  as  the  baais 
of  popular  English  history.  Yet  it  waa  totally  inoonaiatent  with 
another  hiatory  of  the  colonisation  of  Britain,  which,  if  we  are  to 
believe  its  supporters,  was  current  long  before  Geoffrey  of  Mtaimouth, 
in  Uia  80-caUed  Triads.'  These  constitute  the  moat  peculiar  feature 
in  the  whole  of  Welsh  literature.  A  'Triad'is  the  enumeration <d 
three  persons,  or  evoita,  or  obaervationa,  strung  together  in  one  short 
smtenoe  1^  aome  thread  of  connection.  Thia  form  of  oompOBiti<Bi  has 
been  ao  popular  .among  the  Welsh  that,  brief  aa  moat  of  the  Triads 
are,  the  collection  of  them  occupiea  more  than  170  pages  in  double 
oolumns  in  the  '  Myvyrian  Archaiology.'  A  few  instannea  ol  Triads 
of  difihreut  kinds  and  difbrent  ages,  tiSen  frna  th«  jntKt  to  Owen 
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FngfaflTB  tatndatiMi  of  Uymroh  Hm,  and  other  Kninw  Trill  bIiot  of 
what  flkgance  they  ftre  Btuonrtible. 

"TIm  three  foundation!  of  geniiu — the  gift  of  Qoi, 
and  the  erenta  of  life. 

"  The  three  primary  reqoialteii  of  geoltu— an  eye  that  oaa  mo 
nature,  a  heart  that  can  feel  nature,  and  boldnen  that  dares  follow 
natnre. 

"  The  three  Bupports  of  geniua — strong  mental  endowmant,  memory^ 
and  leaning. 

"  The  three  rapports  of  geniuB — proqwrity,  Mwlal  aoquaintanoe,  and 

praise. 

"  The  three  f oimdationa  of  Jodgmeiit — bold  de^gn,  frequent  pnotice, 
and  frequent  mistakes. 

"  The  three  fountains  of  knowledge — ^invention,  study,  and  experienoe. 

"The  three  iadispeneables  of  language — purity,  ooplousneas,  and 
aptneas." 

Other  Triads  are  of  a  leas  general  and  more  patriotic  kind  : — 

"  There  are  three  things  for  vhich  a  Cymro  should  be  willing  to 
die — his  country,  his  good  name,  and  the  truth,  wherever  it  be. 

"There  are  three  things  highly  disgraceful  to  a  Cymro — to  look 
with  one  eye,  to  listen  with  one  ear,  and  to  defend  with  one  hand. 

"  Three  persons  it  especially  behoves  a  Cymro  to  choose  bom  his 
own  oountn — his  king,  tds  wife,  and  hie  frirad. 

"  Three  tUnss  a  Cymro  ought  to  love  beyond  eTeT7thiog~the  nation 
of  the  Pymry,  &e  maimen  and  customs  of  the  Cymry,  and  the  language 
of  the  Cvmij." 

The  Triads  ore  of  all  ages.  There  are  instances  of  the  throwing  of 
ideas  into  threes  in  some  of  the  poems  of  Llywarch  Hen,  and  it  is  pro- 
bable that  some  of  the  Triads  of  ProTerbs  attaibuted  to  St.  Cadog 
are  as  anoient  as  ai»thhig  in  the  laogoage.  But  the  oldest  recent  of 
them  ia,  we  betier^  ui  tiie  Red  Book  of  Herges^  suj^Kswd  to  be  of 
the  date  of  1370,  and  the  greater  part  are  omy  extant  in  transcripts 
and  books  of  miscellanies  of  the  16th  and  17th  centuries.  They  are 
peculiarly  a  class  of  composition  to  which  any  ingenious  transcriber 
would  be  tempted  to  add  somothing  of  his  own.  But  with  regard  to 
the  '  Triads,'  which  stand  only  on  their  merits,  and  of  which  some  are 
as  pointless  as  those  ve  have  qnotedare  pointed,  the  fact  ol  their  anti- 
quity is  of  much  Um  intorest  than  with  regard  to  the  *  Historical 
Triads,'  which  form  port  of  the  class.  The  main  value  of  these,  of 
course,  depends  on  their  authenticity. 

"The 'Historical  Triads,'" says  the  Rev.  T.  Price,  author  of  the 
'  History  of  Wales, "  are  extremely  perplexing  to  the  historian,  as  it  is 
difficult  to  decide  whether  Uiey  are  to  be  considered  as  authentic 
Tocordsj  or  nurely  as  ingenious  fabrications.  The  oollection  in  whidi 
thffy  were  found  was  made  by  Thomas  Jones,  Tr^^n,  about 
the  close  of  the  16th  century,  a  time  when  the  Trojan  origin  of  the 
Britons  had  scarcely  been  called  in  question,  and  yet  the  Triads  gave  a 
totally  different  and  more  rations  account  of  the  colonisation  of 
Britain.  The  character  of  this  Jones  as  an  antiquary  and  genealogist 
scarcely  admits  a  suspicioQ  of  f orgeiy  on  his  port ;  and  the  statement 
of  Jones,  respeoUng  his  being  merelj  a  transcriber,  is  also  supported 
1^  certain  indications  of  thdr  being  poaittvely  corrupted  mien  he 
found  them."  The  character  of  Jones  was,  however,  one  that  was 
peculiarly  hable  to  suspicion,  if  not  to  something  worse.  Mr.  Thomas 
Jones  of  Tr^aron  was,  according  to  Williams  in  his  'Lives  of  Emi- 
nent Welshmen,'  an  eminent  robber  on  the  highway,  who  later 
in  life  reformed,  married  a  rich  heiress,  and  became  an  exemplary 
juatioe  of  the  peace  for  the  eotmty  of  Brecon.  His  life  seems  to  have 
resembled  that  of  his  countiymjui,  Sir  Henry  Morgan,  the  famous 
buccaneer,  who  closed  his  career  in  the  reign  of  Charles  II.  as  governor 
of  Jamaica.  Dr.  Rhys,  the  Welsh  lexicographer,  pays  a  oompUmnit 
to  Jones  in  the  preface  to  his  dictionary  as  an  eminent  antiquarian 
and  genealogist ;  but  what  his  humbler  neighbouie  thought  of  hini  may 
he  injferred  from  the  fact  that  his  name  still  survives  in  popular  tra- 
dition as  that  of  a  bandit  and  a  conjuror.  Mr.  Tlunaas  Jones  oi 
Tregaron  is,  in  fact,  no  other  than  Twm  Sion  Oatti,  or  Tom  Jwes 
Catty,  who  has  been  often  denominated  in  recent  tames  "the  Welsh 
Rob  Roy." 

The  statements  of  the  'Historical  Triads'  are  the  sole  authority 
for  much  that  has  found  its  way  into  the  works  of  recent  writers  on 
Wales,  as  if  it  were  of  the  most  nnquesti<med  truth.  Aooording 
to  these  statemaits,  Hu  Oadarn,  or  Hu  the  Kighty,  an  ancient 
patriarch  of  the  Cynuy,  was  the  first  who  bioof^t  the  nation  to  the 
shores  of  Britun  from  a  country  called  the  Summer  Land,  and  over  a 
sea  called  the  Haiiy  Sea.  The  Summer  Land  is  decided  by  some  to  have 
been  Constantinople,  and  by  others  the  Ciimeo.  In  a  speech  by  the 
Rev.  R.  W.  Morgan  at  the  Eisteddvod  of  Llangollen,  in  1S58,  on 
presenting  to  the  meeting  a  Corporal  of  the  W^sh  Fusiliers^  who  bad 
served  in  the  Crimean  war,  the  orator  remarked, "  Very  atngnlai-  and 
instructive  is  the  refiaction  that  to  the  Crimea,  whence  our  forefathers 
first  under  Hu  Godam  emigrated  and  colonised  Britun,  their  children 
should  from  their  British  home  return,  a  living  nation  uid  an  im- 
perishable tongue,  to  combat  the  gigantic  oppressor  ot  the  North  on  his 
own  soil,  and  to  lay  their  ashes  by  the  side  of  the  tumuli  of  their  I 
ancestors."  In  short,  there  are  modem  Welsh  scholars  who  bdieve  in 
Hu  Gadam  quite  as  firmly  as  their,  forefathers  did  in  Brutus. 

The  statements  of  the  Triads  are,  it  is  evident,  directly  at  issue  with 
those  of  Geoflrey  of  Monmonth,  and  if  they  were  resl^  in  being  during 


the  centuries  that  elapsed  between  tlie  reign  of  Henry  I.,  which  is  the 
time  of  Qeotfr^,  and  the  reign  of  Jamas  L,  which  is  the  time  of  Twm 
Bion  Catty,  it  seems  hard  to  imagine  why  idl  Welidi  antiquaries, 
heralds,  and  geneologisls  should  have  preserved  so  deep  a  silenoe  on 
the  subject  If,  on  the  other  hand,  we  suppose  that  Thomas  Jones  of 
Tre^iaron  was  a  person  of  the  same  turn  of  mind  as  Thomas  Chatterton 
of  Bristd, — that  he  had  s  lively  imagination,  and  a  sbong  de^  to 
impose  the  finiits  of  that  imagination  upon  others  for  &ct;  if  we 
suppose  that  a  man  of  his  far  £rom  strait-laced  character  was  one  of 
those  "  fib-mongers  "  who  are  denounced  by  Edward  Williams  as  so 
abundant  in  Welsh  literature,  the  mystery  is  at  once  explained.  To 
support  tile  authority  of  the  Triads,  however,  a  new  authority  has  iu 
the  course  of  the  last  seventy  years  been  brought  forward  in  the 
shape  of  "Bardio  QVadition,"  to  which,  however,  it  will  be  unnecessary 
to  advert,  till  the  fourth  stage  in  tiie  history  of  Welsh  literature  is 
reached. 

In  fdlowing  the  difierent  ways  in  which  the  history  of  Wales  has 
been  treated,  almost  every  important  specimen  of  the  prose  literature 
of  the  second  period  has  been  already  mentioned,  with  the  exception  of 
a  remarkable  pieoe  of  biography,  the  life  of  Gruffydd  ab  Cynon,  the 
Welsh  prinoa  who  revived  Welsh  poetry  after  the  Norman  Conquest. 
Qru^f^  was  Irish  by  birth,  and  by  desoent  partiy  Soandinavion, 
having  been  bom  to  hie  father  during  his  exile  in  Ireland,  where 
Cynan  manied  tiie  daughter  of  Anlaf  or  Olaf,  the  Dano-Irlsh  Ung  of 
Dublin.  GruSydd  recovered  tiie  dominions  of  his  ancestors  in  North 
Wales,  in  1079,  and,  after  various  vicissitudes,  in  the  course  of  which 
he  was  held  for  twelve  years  in  captivity  by  the  Norman  Earl  of 
Chester,  died  in  possession  of  his  princedom  in  11S7.  In  1100  he  held, 
at  Caerwys,  in  North  Wales,  a  famous  Eisteddvod,  or  meeting  of  tin 
bards,  which  forms  an  epoch  in  the  history  of  Welsh  literature.  It  was 
attended  by  numerous  Irish  bards  and  musicians,  whom  Gro^dd  had 
invited ;  and  he  introduced,  hy  the  infiuence  of  those  foreigners,  the  use 
of  bog-pipes  into  Wales,  where,  however,  after  languishing  for  some 
centuries,  they  finally  gave  way  before  their  constant  competitor,  tiie 
national  harp.  The  injSuenoe  of  his  Soandinarian  mother,  and  the 
Scandinavian  court  he  had  seen  at  Dublin,  may  be  traced  in  the 
love  of  war  and  the  love  td  alliteraticn  whloh  became  mora  con- 
spicuous Uuut  ever  in  Webdi  poetiy  after  the  EistaddTod  vt  Grufi^r*^ 
»b  Cynan. 

From  the  time  of  Gruflydd  commences,  in  the  opinitm  of  many 
Welsh  critics,  the  "  golden  age  "  of  their  poetry,  which  lasts  for  about 
a  hundred  and  fifty  years,  nearly  to  the  extinction  of  the  inde< 
pendence  of  Wales  by  the  conquest  of  Edward  I.  After  the  6th 
centmy  there  had  been  a  long  uiterval  of  all  but  silenoe  to  the  ISth. 
The  'Myvyrlao  Arohaiology*  contains  the  poems  of  fifty-nine  buds, 
from  the  time  of  Meilyr,  who  flourished  between  1120  and  1160,  to 
Tudor  Ddalt,  between  1340  and  ISdO ;  but  it  must  be  rcEoai^  that 
the  dates  of  mwiy  of  tiiese  are  very  unsetUed,  and  that  Mr.  Stephens 
of  Merthyr-Tydvil,  in  his  work  on  the  '  Literature  of  the  Cymry,' 
especially  devoted  to  this  era,  has  rectified  many  oversights  on  this 
point  committed  by  Owen  Fng^  and  others.  The  first  bard  on  the 
list  is  Meilyr,  whose  esrly  poems  are  very  inferior  to  his  Isbsr  ones, 
and  whose  finest  is  undoubtedly  that  entitled  '  The  Death-Bed  of  the 
Bard.'  His  son,  Gwalcfanui  ab  Meilyr  (1150-90),  who  was  a  much 
superior  poet  to  his  fatiier,  is  reported  to  have  accompanied  Rii^urd 
Cceur  de  Lion  to  the  Crusades.  Fourteen  compositions  oy  him  are  still 
extant,  one  of  which,  in  pnise  of  Owen  Gwynedd,  on  tiie  occasion 
of  thebattisofTal-7-Voel,in  llfiS  is  the  origuul  of  the  imitation 
Gray.-— 

"0  veil's  pralH  demands  my  song." 

The  "  Awen,"  as  the  Welsh  term  poetical  genius,  seems  to  have  been 
hereditary  in  tiiis  family,  for  Einion,  the  son  of  Gwalchmai  (1170-1220), 
was -also  a  bard,  but  ratiier  to  be  compared  to  Ida  grandfather  than  his 
&ther.  Forty  pieces  hj  Cynddelw  (1150-1200),  a  contemporary  of 
Gwskhmai,  are  printed  In  the  'Myvyrian  Arohaiology,'  of  which  the 
most  interestmg  is  his  poem  *  The  Death- Bed  of  Cynddelw.'  Some  of 
his  verses  are  addressed  to  the  femous  Modog,  or  Modoc,  prince  of 
Powys;  one  of  the  sons  of  Owun  Owynedd,  and  mamtained  by  many 
Welsh  writen  to  have  been  a  discoverer  of  America  before  Columbus. 
Some  verses  of  another  bud,  Llywarch  ab  Llewelyn  (1160-1220),  are 
an  invocation  composed  by  him'  when  sutdeoted  to  the  fiery  onteal  to 
ascertain  if  he  poraessed  at^  knowledge  of  the  &Ae  of  Hadoc,  whose 
absence  seems,  before  it  was  known  that  he  had  gone  on  a  voyage,  to 
have  been  attributed  to  murder.  One  of  the  bards  of  th^  period 
was  Madoo's  brother,  Hywel  (1140-1169  or  1172),  whose  poems  are 
chiefly  love^des,  but  who  fell  in  a  fierce  struggle  to  obtain  his  father's 
throne.  Another  princely  bard,  and  the  most  gifted  of  all  the  compe- 
titors of  Gwaldunai,  was  Owun  Cyveilioo  (1160-97),  whose  poem  of 
tile  'Hirias,'  or  the  'Long  Blue  Horn,*  has  been  much  admired 
foreign  critics  since  its  first  introduction  to  their  notice  in  Evans's 
'  Specimens  of  the  Bards.'  The  thought  on  which  it  is  founded  is 
very  pleasing :— Owam  supposes  himself  to  be  directing  the  horn  to  be 
'offered  in  succession  to  hia  warrior-friends  at  a  banquet,  and,  ss  it 
passes,  he  describes  the  character  of  each ;  but  forgetting  liiinself  on 
(me  occasion,  he  nsmea  the  name  of  »  chief  who  had  fallen  in  battle, 
and  than  a  burst  of  grief  as  the  remembianoe  comes  across  him 
preludes  a  wanner  eulogy  than  usual.   The  namw^  Sidyr  8ms,  or 
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Elidyr  the  Saxoa  <1160-1220),  of  Philip  Brydydd  (1200-50),  sad 
Piydf  dd  By chan  (1210-60),  are  three  of  the  most  consinouous  of  the 
period  they  belong  to.  Their  poema  are  chiefly  eulogifli  on  the  [vinoes 
and  great  men  with  whom  they  were  oonneoted. 

The  next  generation  ai  bards  was  that  which  witneaaed  Ihe  con- 
quest of  Walee  by_  Um  English.  According  to  a  current  atxaj  which 
haa  been  made  unirersdly  known  by  '  The  Bard'  of  Gray,  they  mttst 
have  perished  by  the  sword  of  the  invader;  but  the  notion  of  the 
masBaore  of  the  bards  appears  to  rest  on  no  adequate  authority.  There 
is  no  memorial  or  tradition  of  it  in  the  ooimtry  which  is  said  to 
have  been  its  scene,  and  no  allusion  to  it  in  the  productions  of  bards 
of  th.»  time  immediately  following.  In  the  '  Myvyrian  Archaiology ' 
there  appears  no  greater  falling  off  in  tiie  number  of  poetical  pro- 
ductions  than  might  naturally  be  expected  aa  the  result  of  a  foreign 
conquest,  of  however  mild  a  character;  and  the  next  century  was 
destined  to  produce  a  bard  who  in  national  popularly  surpassed  all 
who  {Heceded  him. 

The  representatives  of  the  Scandinavian  Scalds  in  Cambrian  poetty 
gave  way  to  a  Troabadour.  Davydd  ab  Chnlym  haa  aometimes  been 
called  the  Welsh  Ovid,  and  sometimes  tiie  Welab  Petrarch,  bat  is 
said  by  his  English  translator  to  "  approach  more  nearly  to  Bums  than 
to  Miy  other  poet,  whether  of  his  own  or  other  countries."  His  poems 
are  of  a  chairacter  almost  entirely  new  in  the  literature  of  Wales; 
the  Bubjeota  of  them  are  chieHy  themes  of  love  and  social  festivity, 
instead  of  valour  and  heroism.  The  exact  dates  of  Davydd's  birth 
and  death  ate  unknown,  but  he  ia  supposed  to  have  been  bom  about 
1840,  and  to  have  died  about  1400,  t^e  year  of  the  death  of  our 
Chaucer.  The  incidents  of  hia  life,  wliich  have  been  related  at  some 
length  by  Owen  Jones  and  Owen  Pughe,  are  chicly  connected  with 
his  Buccees  in  love  and  in  satire.  On  one  occasion  he  eloped  with 
a  married  woman  who  had  been  his  panmour ;  but  the  fugitives  were 
orertoken  and  separated,  and  Davydd  was  condemned  to  pay  a  heavy 
fine,  from  which  the  men  Qlamorsan,  who  bad  elec^  him  their 
chief  bard,  and  who  looked  more  to  nia  genius  than  his  morality,  re- 
leaeed  him  by  discharging  it.  In  satire  his  powers  were  so  tremendous 
that  when  Bhys  Mei^an,  another  bard,  mcensed  him  by  a  poem 
reflecting  on  the  illeeitimacy  of  his  birth,  he  replied  in  anotiier  of 
Buuh  pungency  that  Rhys,  on  hearing  it  recited,  fell  down  and  expired. 
Later  in  life  another  contest  of  satire  with  Qruffydd  Qirg,  an  ancient  bonl 
of  AngUsea,  was  brought  to  a  more  agreeable  close  by  a  good-natured 
stratagem  Bola  Bauol,  a  mutual  friend.  He  contrived  that  a  report 
of  the  death  of  each  diould  reach  the  ears  of  the  other ;  and,  as  he 
expected,  on  receipt  of  the  sad  intelligence  animosity  was  forgotten. 
Davydd  composed  a  panegyrical  elegy  on  Qmffydd,  and  Gruffydd  one  on 
Davydd ;  and  when  the  trick  was  discovered  the  friendship  was  renewed 
with  more  warmth  than  ever.  The  chief  object  of  hia  satire  was,  how- 
ever, the  "  Little  Hunchbaok,"  Bwa  Bach,  the  huabaod  of  the  Morvydd, 
to  whom  a  hundred  and  forty  of  the  love- poems  of  Ab  Qwi^^  are 
addressed.  The  religious  orders  of  the  time  are  aJso  taken  to  task  by 
a  poet  whose  right  to  criticise  them  is  not  veiy  dearly  made  out. 
Towards  the  close  of  his  life,  Davydd  ab  Ghvilym,  surviving  hia  friends, 
became  of  a  melancholy  and  religious  turn,  and  some  verses  composed 
on  his  deoUi-bed  axe  said  to  breaUie  a  strain  of  genuine  piety. 

The  poems  of  Davydd  ab  Qwilym  were  iirst  published  in  Welsh 
only,  with  an  Encliah  biographical  notice,  by  Owen  Jones  and  Owen 
Pugbe,  in  1789.  An  KngliiOi  translation  of  several  of  the  best,  by  Mr. 
Arthur  Johnes,  under  the  assumed  name  of  Uaelog,  appeared  in  1834. 
Mr.  Borrow  gives  us  to  understand  in  hia  '  I^vengro ' ^t  he  has  com- 
pleted a  translation  of  the  works  of  Ab  Qwilym  with  notes,  critical, 
historical,  and  explanatory,  but  noUiing  of  this  vmion  lias  been  made 
public  Mr.  Borrow  ia  a  warm  admirer  of  the  Welsh  poet  "Ihaveno 
hesitation  in  saying,"  he  obeervos,  "  that  he  makes  one  of  the  some 
half-dozen  really  great  poets  whose  verses,  in  whatever  language  tiicy 
write,  exist  at  the  present  day  and  are  more  or  less  known." 

Contemporary  with  Davydd  ab  Gwilym  during  the  whole  course  of 
hia  career,  and  flourishing  long  before  and  after  It,  was  lolo  Goch,  the 
friend  and  domestic  bard  of  Owain  Glyndwr,  or  Owen  Glendower,  who 
wrote  versee  on  the  death  of  Tudyr  ab  Gronw  in  1315,  and  on  the  comet 
of  1402,  and  who  died  about  1420,  at  the  age,  it  is  supposed,  of  nearly 
a  century  and  a  quarter.  If  the  dates  be  correct,  he  must  have  been 
about  118  at  the  time  that  he  spoke  of  Owain,  who  died  at  67,  as 
"  old."  One  of  hia  most  interesting  pieces,  comptied  two  years  before 
the  insurrection  of  Glyndwr,  is  a  description  of  Owains  house  at 
Sycharth,  which  the  poet  somewhat  hyperbolically  compares  to  Weat- 
minater  Abbey,  and  which  he  describea  its  master  aa  keeping  almost 
literally  an  "  open  house,"  there  being  neither  bolts,  bars,  nor  door- 
keeper, lolo  Goch  wrote  several  poems  to  inflame  his  countrymen  in 
their  rising,  and  lamented  the  death  of  Owain  in  a  patriotic  elegy. 

Some  uncertainty  seems  to  prevail  as  to  the  date  of  Sion  Cent,  or 
John  of  Kent,  a  poet  and  religious  writer,  who  is  stated  by  Owen 
Pughe  to  have  lived  between  1410  and  1470,  and  by  Williams  to  have 
flourished  from  1880  to  1410.  The  Utter  date  is  probata  the  oorreot 
one,  if  Sion  Cent  was,  as  he  appears  to  have  been,  aLoUaid.  His 


Pien  nownum,  the  dawn  of  the  llefonnation,  are  the  subject  of  a 
Bcnea  of  articles  in  the  'Cambrian  Journal 'for  18C0.   His  name  is 


still  cnrreDt  in  popular  tradition  as  that  of  a  oonjorar,  probably  owing 

to  hia  having  been  a  heretic. 

The  last  of  our  list  of  bards  of  the  second  period  of  WcJsh  poetry  is 
Lewis  Qlyn  Cothi,  who  flourished  during  the  wars  of  the  Roaea^hich 
terminated  in  the  aoceseion  of  a  Tudor  to  the  Eiulidi  throne.  He  was 
the  bard  to  Jaqwr,  eari  of  Pembroke,  son  of  Owen  Tudor  and  the 
widow  of  Heniy  V.,  and  fought  with  his  patron  at  the  battle  of 
Mortimer's  Cross  in  1461.  His  works  are  of  less  poetical  than  histo- 
rical value,  throwing  a  considerable  light  on  the  history  of  Wales  dutiiu 
bis  period.  They  were  fbst  published,  in  the  original  Wehih,  with 
English  notes,  chiefly  of  explanatory  historical  m^ter,  by  the  Cym- 
mrodorion,  or  Royal  Cambrian  Institatdon,  in  the  year  1887,  under  the 
editorBhip  of  the  Rev.  John  Jones,  of  Christofauroh,  known  by  the 
name  of  Tegid. 

The  bards  we  have  mentioned  are  but  a  small  proportion  of  thoae 
who  flourished,  and  some  of  whose  compontions  have  been  preserved. 
Mr.  Stephens,  in  his '  Literature  of  the  Kymiy  during  the  Twelfth  and 
Two  Succeeding  Centuries,'  mentions  six-and-twenty  poets  whose 
names  we  have  not  enumerated,  between  1850  and  1400 ;  uid  at  or 
subsequent  to  the  year  1400,  duiiog  the  revolt  of  Glyndvr  uid  the 
wars  of  the  Roses,  the  bards  amounted,  he  states,  to  "several 
hundreds." 

It  ia  stated  by  Owen  Pugbe,  in  the  '  Archieologia '  (voL  xiv.,  p.  216), 
that  the  principal  heads  under  wliich  ancient  Welsh  literature  may  be 
classed  are — pmtry,  bardic  inatitutes,  laws,  history,  theology,  ethics, 
proverbs,  dramatic  talea,  and  gnunmars ;  wid  that "  the  first  of  these 
classes,  poetnr,  is  by  br  tiie  most  extMuive,  for  it  may^  be  computed  to 
flU  about  eight  parts  out  of  the  ten  of  our  old  writings,  omitting  to 
take  into  account  the  heraldic  oolleotiona  altogether ;  but  with  respect 
to  the  quantity  that  is  printed,  such  a  proportion  may  be  reversed," 
"  On  ttus  subject,"  he  adds,  "  I  have  made  a  calculation  so  as  to  enable 
me  to  infer  that  I  luive  perused  upwards  of  13,000  poetical  pieces  of 
various  denominationa  for  the  purpose  of  oollecting  words  in  the  course 
of  about  eighteen  years  that  I  have  been  compiling  the  dictionary  of 
the  Welsh  language." 

Towards  the  oondnslon  of  the  second  period  of  Welsh  literature 
some  alterations  of  consequence  took  place  in  the  laws  of  metrical 
compoution.  Certain  changea  appear  to  have  been  proposed  and 
adopted  at  a  congress  of  bards  held  in  1350,  under  the  presidenciy  of 
Ivor  Hael,  or  Ivor  the  Qenerous,  the  constant  patrm  ud  friend  of 
Davydd  ab  Gwi^m;  but  it  was  s  hundred  and  one  years  later,  ui 
1451,thatat  the  Eisteddvodof  Caermarthen,  held  under  the  influence 
of  Gruffydd  ob  Kicolas,  a  povrerful  nobleman,  a  system  waa  adopted 
which  prevailed  for  nearly  four  hundred  aucceeding  years.  Davydd  ab 
Edmwod,  a  bard  now  of  no  great  note,  who  was  president  of  the  Eis- 
teddvod,  succeeded  in  obtuniog  the  assent  of  his  colleagues  to  four-and- 
twraty  new  oanons  ol  poetry,  which  he  had  compiled  with  the  assist- 
ance of  other  bards  of  Korth  Wales,  and  though  the  men  of  Olanusnui 
protested  against  the  decision,  their  protest  seems  to  have  had  but 
UtUb  effect 

The  most  prominent  feature  in  tiie  new  canons  is  the  more  definite 
eetablishment  of  lavn  of  "  Cyngbanedd,"  or  consonanc^ — a  species  of 
alliteration  which  vras  thenceforth  considered  as  essmtial  to  verve  aa 
metre  and  rhyme.  It  had  much  analogy  to  the  alliteratioQ  employed 
in  Ans^o-Saxon,  Iceluidio,  and  occasionally  in  earlier  English  poetry ; 
but  vniile  other  nations  became  more  lax  in  applying  it,  the  Welsh 
became  more  stringent  A  specimen  of  English  verse,  composed 
about  the  middle  of  the  15th  century,  by  a  Welsh  studeut  at 
Oxford,  to  exhibit  the  advantages  of  the  "  cross  consonant^,"  is  printed 
in  the  second  volame  of  the  '  Cambrian  Roister.'  A  more  recent 
example,  given  in  Walters's  '  Dissertation  on  the  Welsh  I<Bn^uage,* 
will  perhaps  convey  a  clearer  notion  of  it  than  a  lengthened  descnption 
The  lines  are  on  Knvy : — 

■*  A  Send  In  PhtrinuP  hoe  he  ftmad. 
That  yonder  grew  yet  udetfnniiid. 

Sprung  from  the  spawn  of  Spite ; 
The  Elf  Ut  •pleen  dnrst  not  display, 
Nor  aet  the  derU  in  the  day, 

Bat  at  Ou  noon  of  idglit" 

A  happier  instance  oooura  in  a  song  bv  John  Parry,  the  Welsh 
song-writer  and  oomposer,  known  as '  Barda  Alaw : ' — 

"  Ood  grant  that  Oraat  Britain  Ibr  ever  nay  be 
Tba  terror  of  tyrants,  the  fricstd  of  the  free." 

Alliteration  ia  appropriately  introduced  by  Gray  in  the  first  line  of 
his  Bard 

*'Bala  seise  thu,  ntUass  Uac," 

and  by  Mascm  inhia  Cazactacus : — 

"I  marked  Ui  mall,  I  marked  his  sUsM, 
I  spied  the  sparkling  itf  Us  vear, 
1  saw  hit  giant  arm  the  lUeUon  wMd, 
Vide  waved  Ow  blckerliig  Uade  and  flred  the  aagry'alr.** 

The  lines  of  Mason  also  ex'emplify  how  easily  the  search  after  this 
ornament  may  lead  to  the  ncf^eot  of  the  much  more  essential  beauty 
of  appropriate  diction,  A  spear  would  not  have  been  "  spied,"  nor 
would  a  blade  have  "  bickereKl,"  but  for  the  attiraction  of  alliteration. 
In  the  third  stage  of  Welsh  Hterature  on  which  we  are  now  about  to 
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enter,  it  'was  a  frequent  oomplunt  tliat  in  poetiy  the  aeaae  waa  almost 
constantly  aacrifiood  to  the  sound ;  but  the  l^u  restrioUona  od  Welsh 
freedom  in  poetry  could  apparently  only  be  le^Uy  remoTed.  The  lawa 
of  the  Eisteddvod  of  Caermarthen,  in  1451,  were  at  last  repealed  by 
an  Eisteddvod  of  Caermarthen,  in  1819,  and  WeLah  poetry  has 
materially  benefited  by  this  Reform  Act. 

2%ird  Period— 1536-1760.  The  next  period  of  Welsh  literature 
oommencas  with  the  Reformation  and  viUi  the  inoorporatioo  of  Wales 
ivith  England  by  the  Aot  of  Fkrllament  of  King  Henry  VIII.,  in  1536, 
two  eraita  whim  changed  both  the  reUgious  uxi  the  poetical  aspect 
of  the  country.  In  Walea  the  Reformation,  introduced  by  a  Tudor 
monarch,  took  from  the  first  a  much  firmer  root  than  in  other  Celtic 
countries ;  but  there,  as  elsewhere,  some  of  the  learned  adhered  to 
the  ancient  &ith,  and  in  the  reigns  of  Oie  early  FrotestaDt  sovereignB 
were  compelled  to  carry  their  dissent  abroad. 

The  first  book  printed  in  the  Welsh  language,  which  was  also  the 
first  book  printea  in  any  Celtic  language,  was  a  species  of  Almanac,  by 
William  ^Uesbury,  with  a  translation  oiE  the  Lord's  Prayer,  the  Ten 
Commandments,  sc.,  issued  at  London  in  1S46,  in  a  quarto  volum& 
Solesbary,  who  was  an  eminently  learned  man  and  the  master  of 
nine  languages,  was  a  master  also  of  his  mother-tongue.  He  published 
the  first  Dictionaty  of  £n|^iah  and  Welsh,  in  1547.  He  wrote  on 
orthography  and  kindred  subjecta,  and  appears  to  have  had  it  at  heart 
tu  nu^e  both  the  Welsh  and  English  nations  bettw  acquainted  with 
each  other.  He  was  also  a  zealous  Protestant,  and  wrote  the  greater  part 
of  tlio  first  translation  of  the  New  Testament  into  Welsh — a  translation 
so  excellent  that  it  forms  the  groundwork  of  that  still  in  use.  It  was 
first  published  at  London,  in  1567,  in  a  quarto  v(dume,  a  copy  of  which 
ia  one  of  the  ohokeat  treasures  in  Walah  libraries. 

The  history  <d  the  Wdsh  tranalaUon  of  the  Bible  is  eiuious.  In 
the  year  1562  or  1668  it  was  enacted  by  Parliament  that  "  the  Bible, 
Testament,  and  Common  Prayer  should  be  toonslated  into  the  British 
or  Welsh  tongue ;  should  be  viewed,  perused,  and  allowed  by  the 
bishops  of  SL  Asaph,  Bangor,  St.  Darid'ti,  LlaQdafi*,  and  Hereford ;  and 
should  be  printed  and  used  in  the  churches  by  the  Ist  of  March  in  the 
year  1566,  under  a  penalty  in  case  of  failure  of  forty  pounds  aa  each  of 
the  bifihopa."  Saleabtuy  was  engaged  by  the  bishops  to  cany  out  this 
important  crannussioa;  his  friend  Dr.  Richard  Davies,  biuiop  of  St. 
David's,  assisted  him :  by  translating  a  portion ;  and  in  1567,  a 
year  after  the  term  fixed  by  the  Act  of  Parliament,  the  Testament 
made  its  appearance.  After  this  came  a  long  pause.  Salesbury  was 
residing,  for  tiie  i>urp08e .  of  canning  on  the  traoalatiou,  with  the 
Bishop  of  St.  David's,  when  a  dinute  ariwe  between  tliam  oa  the 
meaning  and  etymology  of  one  irora,  and  nn  to  aueh  a  length  that 
the  two  friends  parted  for  ever.  The  consequence  of  this  not  very 
Christian  outbrei^  was,  that  the  Welsh  were  left  without  a  Bible 
for  more  than  twenty  years.  The  penalty  provided  by  the  Act  was 
too  small  to  enforce  it ;  for  the  bishops,  who  seem  to  have  had  to 
defray  the  expense  of  the  tranaUtion,  would  have  had  to  pay  more 
than  the  forfeit  to  carry  it  out.  In  1688  the  difflcnl^  waa  solved  by 
the  appearance  at  L<mdon  of  »  translation  executed  by  Dr.  William 
Morgan,  vicar  of  Llanrhaiadr,  in  Denbighshire,  not  in  oonsequenoe  of 
the  Act  of  Parliament,  but  because  he  felt  the  necessity  of  the  work 
for  his  countrymen.  Morgan  received  a  bishopric  in  recompense :  he 
was  promoted  in  1596  to  the  see  of  Uandaff,  and "  translated,"  says 
Llewellyn,  the  historian  of  the  Welsh  Bible,  "  to  St  Asaph  in  1601, 
and  in  1604  to  a  better  plao&"  His  suooeasor  at  St.  Aautb,  Dr.  Parry, 
published  in  1620  a  rensed  edition  of  this  Bible,  with  oondderame 
alterations ;  and  in  the  Scriptures  of  both  editions,  Salesbury's  transla- 
tion of  1567  affords  the  groundwork  ofthe  Testament.  The  Welsh  have, 
like  the  English,  been  remarkably  fortunate  in  their  translation  of 
the  Bible.  It  is  with  both  nations  the  acknowledged  standard  of  the 
language,  and  equally  a  favourite  with  the  learned  and  the  ^>eople.  It 
ia  now  in  Walea  the  book  of  every  household;  but  this  state  of 
afioira  has  only  been  attained  by  degreee.  In  Prichard'a  '  Canwyll  y 
Cymry,'  the  diAo  ol  which  is  thai  of  the  trinmph  of  Engliah  Puritanism 
in  the  time  of  the  Coountsiwealth,  an  some  iiaea  thus  translated  by 
Evans : — 

**  Women  and  men  of  low  degroe, 
Tbe  very  MJtcts  of  the  land, 
Ton  atwajs  majr  In  EaglsaJ  see 
Eaeh  with  the  Bible  In  Us  head. 

**  Wltb  Hi,  'mongat  thou  «lu>  most  abonad. 
And  sumptnonsljr  their  taUss  spread, 
Baaroa  can  a  prajm-book  be  ftiuBd, 
Or  ODS  who  can  Ua  BlUa  tead. 

«  m  to  the  Welsh  a  fiNd  dlSBnee 
They're  In  reUglim  still  to  70110 r, 
That  not  a  tithe  of  all  the  raoe 
The  8erlptnr«rfad  la  their  own  Umgoa.'* 

In  1802  Owen  Pngbe  stated  that  nineteen  editioiu  the  Kble, 
amounting  to  upwards  of  180,000  e<qnea,  had  droulated  in  Walea ;  and 

S'i  it  was  the  demand  for  more  copies  at  that  very  time  which  led  the 
V.  Thomas  Charles,  of  Bola,  to  propose  the  establishment  of  a  bene- 
volent relkiouB  society  fur  printing  and  distributing  Bibles  in  Wales — 
a  notion  which  expanded  and  developed  under  the  guidance  of  Welsh- 
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men  till  it  led  to  the  foundation  of  the  great  British  and  Fordgn  Bible 
Sooiety.  One  of  the  first  pilblicationa  wtddi  the  Sodety  tot^  in  hand 
was  naturally  the  issue  of  the  Welsh  KbU;  and  a  vivwnous  aeommt  ii 
^ven  in  the  '  Christian  Obaorer,'  by  an  eye*witneM,  of  its  reoeptiott 
m  Wales "  When  the  arrival  of  tbe  cart  waa  announced  which 
carried  the  first  sacred  load,  the  Welsh  peasants  went  out  in  orowda 
to  meet  it,  welcomed  it  as  tiie  Israelites  did  the  Aik  of  old,  drew  it 
into  the  town,  and  eagerly  bpre  off  every  copy  as  rapidly  as  they 
could  be  distributed.  Labourers  carried  it  with  them  to  the  fields 
Ac."  The  number  of  copies  issued  by  the  Bible  SocMy  in  Wales 
between  1806  and  1849  waa,  of  Bibles,  829,181.  and  TMaments, 
884,209,  while  of  "Diglotta,  Welsh  and  English,  tiiere  wei«  1986." 

While  the  Protestsnt  Saleebury  had  the  honour  of  publishing  the 
first  Welsh  book  in  England,  a  sealoua  Catholic,  Dr.  Orif&th  Roberts, 
issued  the  first  that  was  minted  abroad,  both  of  them  anticipating  by 
man  than  a  omtuiy  and  a  half  the  first  Welsh  book  printed  in  Wales. 
In  the  celebrated  letter  addressed  Dr.  Jotaaon  to  the  Eiiu^s 
Librarian  on  the  purchase  of  books  during  a  foreign  tour,  he  made  t&e 
remark  :  "  In  every  place  things  oftra  occur  where  th^  are  least 
e:^>ected.   I  was  shown  a  Welsh  grammar,  written  in  Welsh  and 

Cted  at  Milan,  I  beliere,  before  any  grammar  of  that  language  had 
1  printed  here."  The  book  which  had  attracted  Dr.  Johnson's 
observation  was  only  the  fint  part  of  a  treatise  on  grammar,  'Dosuuth 
byrr  or  y  rhan  gyntaf  i  Bamadcff ' — a  treatise  on  orthography  embodying 
eaggestiona  of  some  value  for  the  improvement  of  the  Welsh  al^iabet, 
illustrated  with  peculiar  types.  The  volume  bean  the  date  of  1667, 
but  no  indication  of  ita  place  of  imprint;  and  tiie  authority  for  the 
usual  assertion  on  thatsoore  waa  that  David  Rhys,  in  the  Latin  preface 
to  bis  *  Cambro-Britannicas  Unguts  Instituttone^'  said  that  the  book  of 
his  predecessor  was  printed  at  "Hediolannm."  A  few  years  ago  the 
old  tradition  on  the  subject  waa  combated  by  the  ingenious  argument 
that  08  there  is  more  than  one  place  in  Walea  itmlf  the  name  of 
which  is  Latinised  into  Mediolanum,  the  book  mi^t  have  been 
printed  at,  for  instance,  Llanvyllin.  Unluckily  for  the  new  view,  a  decisive 
confirmation  of  the  old  one  baa  since  hem  discovered  in  another  book, 
by  Griffith  Roberts,  a  raUgiousttflstise  entKled  the 'Di;r<>I^' or 'Mb^ 
containing  a  forvent  eKhortation  to  his  oonntiymsn  in  behalf  of  the 
Roman  Catholic  faith.  In  Uiia  book,  which  waa  printed  at  Rouen  about 
1 685,  the  exhortatitm  is  signed "O.R.,"  and  dated  "O  Fulan"  ("From 
Milan ") ;  while  in  a  preface  by  Dr.  Rogat  Smith  the  author  is  styled 
"the  great  teacher  of  tiie  city  of  Milan,  in  the  land  of  Italy"  ("yr 
Athro  mawr  o  Dhinas  Fulan  yngwlad  yr  Idal where  it  is  moreover 
added  that  some  of  his  books  nave  been  printed.  Griffith  Roberts 
also  left  behind  him  snne  imperfect  books  on  grammar,  wliich  he 
had  commenced  to  print,  but  nevn-  completed,  and  of  which  it  is  aud 
that  only  three  ooiues  are  at  {vesent  known :  that  presented  \^  the 
Welsh  School,  formerly  of  Gray's  Inn  Lane,  to  the  British  Museum ; 
that  in  the  library  of  Wynnstay,  which  fortunately  escaped  the  con- 
flagration  of  1858 ;  and  uat  in  the  library  of  Mr.  Wynne  of  Feniarth. 
T&  itoAb  of  Roberts  are  well  deserving  of  republioatitm. 

Anotiier  WeUt  scholar  who  spent  snne  time  in  Itsly*  "^^^  who 
returned  to  die  in  a  oottage  in  Breoonshire,  waa  Dr.  Jolm  David  Rhys, 
already  mentioned.  Be  left  the  University  of  Oxford  in  1565  without 
taking  a  degree,  and  resided  for  some  tune  at  Sienna  and  Padua, 
where  he  practised  as  a  doctor  of  physic,  and  published  a  book  in 
Italian  on  the  Btw^  of  Latin,  and  a  book  in  LAtiu  on  the  pronun- 
ciation of  Italhtn.  His  prinouial  w<»k  is  his  grammarof  Welsh, '  Oam- 
brobiytanniosB  Cymnaoseve  m*^'t»  Institutiones  et  Rudimenta,'  in 
which  he  enters  at  great  length  and  with  much  learning  on  the  subject 
of  Cambrian  prosody,  on  miich  he  is  still  oonsulted.  The  book  was 
published  in  London  in  1692,  at  the  expense  of  Sir  ^ward  Stradling, 
of  St.  Dfoiat's  Caatie,  a  munificent  patron  of  Wdah  litentura,  and  a 
couidn  of  that  Sir  Edward  who  was  so  near  losing  his  life  on  suspicion 
of  being  a  Saxon.  Rhys,  who  was  bom  in  1584  in  Anglesey,  died  in 
1609  in  Brecon,  and  is  said  by  Anthony  a  Wood  to  have  £ed  as  he 
had  lived,  a  Reman  Catholic ;  but  in  the  titie  page  to  his  '  Institu- 
tiones '  he  lays  eapecnal  claim  to  the  merit  of  &cihtating  the  study  of 
the  Holy  Scripttures,"  lately  so  elegantlyand  chastely  translated  mto 
Wdah,"  a  cdronmstsnoe  whiiu^  with  some  othan,  favonzs  die  mpposl* 
tion  of  his  haviiw  beoc»ne  a  Protestant. 

One  of  Rhya's  mends,  to  whom  he  refers  in  his  works  aa  an  exoeUent 
geneelogiBt  and  antiquary,  was  Thomas  Jones,  of  Tregaron,  or  Twm 
Sion  Catti,  whose  remarkable  career  has  already  been  noticed  in  con- 
nection witii  his  tnnscript  of  the  '  Triads.'  Jones  was  a  poet  aa  well 
as  an  antiquan',  but  while  his  r^utation  as  a  robber  and  magician 
still  ■nrriraa,  that  as  »  poet  faaa  psand  into  oblivloiL  He  dlod  about 
1620. 

A  metrical  version  of  tiie  Psalms,  which  was  written  about  this 
period,  is  still  in  high  esteem.  It  was  produced  by  a  captain  in  Queen 
Elizabeth's  fleet— William  Myddelton,  the  elder  brother  of  Sir  Hugh 
Myddelton,  the  projector  of  the  New  River,  and  himself  remarked  for 
leaving  been  one  of  the  first  three  who  smoked  tobaooo  in  Kngiand, 
when  onwds  gatherad  nnund  to  witness  the  phenomenon.  Ha  did 
warlike  serriee  in  A^Tiiw  and  the  AsweSf  and  reocnds  in  a  Latin  note 
to  hia  last  Welsh  Psalm  tlwt  he  finiahed  it  on  the  24tii  of  January, 
1695,  at  "  Scutum,"  one  of  tbe  West  Indian  Islands.  The  Psahna, 
whiwi  i^WBTsd  in  1608,  were  a  posthumous  publication,  but  Ci^itain 
Ifyddelton  had  ivued  in  Us  lifetime,  in  IMS,  tlw  first  jiart  of  a 
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ireatise  on  the  art  o(  Welsh  vendfioation,  *  BarddoniMtil/  wblflh  wm 
twrer  eompleted.   The  Paalnu  were  reprinted  in  1827* 

The  most  popnlar  poem,  not  <xXy  of  that  period,  but  o|  any  period 
In  the  history  c/t  Welsh  litoimtare,  wm  produced,  It  is  said,  by  the 
dmple  proceBH  of  turning  into  verse  a  seriee  of  sermons.  The  Rev. 
Bees  Priohard,  known  as  Uxo  Viear  of  Llandovery,  was  as  popular  a 
meadier  in  his  lifetime  as  after  his  death  he  beoune  a  popuhu'  poet 
When  he  preached  at  St.  David's  the  oathedral  was  too  small  to  hold 
his  coi^r^ation,  and  he  was  eited  in  the  eoclesiastioal  oourts  for  having 
■et  up  a  movat^  pulpit  in  the  ohurchyard.  Perceiving  the  partiali^ 
of  his  flock  for  verse  ne  turned  his  homilies  into  rhymes,  and  the  ool- 
leoUon  was  Snt  published  in  1646 — two  y«an  after  his  death.  "  The 
wrak,"  says  WilUams,  in  his  '  Lives  of  Eminent  Welshmen,'  "  was  no 
■ooner  printed  than  it  appeared  In  almost  every  hiwd,  and  was  heard 
from  almost  every  month  throuf^outthe  principality,  and  it  ii  scaroely 
credible  witii  what  uncommon  avidity  and  pleasure  it  waa  reoraved, 
nad,  snd  repeated  br  the  people."  The  ItsUsn  stndent  is  reminded 
by  this  Bcoouat  of  toe  passage  in  Bsmaido  Tasso's  letters,  In  which  he 
ipsaks  of  the  first  appearance  of  Ariosto'a  ejno  and  its  overwhelming 
saocsss.  Tha  secret  of  the  popularity  of  Prichard's  volume,  the 
'Canwyll  y  Cymry,'  or  'Candle  of  the  Cambrians,'  as  it  is  oalled, 
appears  to  have  lain  in  its  combined  religious  and  homely  <^iaracter — 
it  did  not  fly  one  inch  above  common  apinvbensioD.  A  passage  has 
Inen  alraady  quoted  from  an  Ei^|lish  translation  of  it  by  the  Bev. 
WHliam  Bvans,  which  was  published  in  1771,  and  this  passage  may  be 
tsken  as  an  avert^^  specimen.  The  '  Candle  of  the  Cambrians '  is  not 
yet  extinguished,  for  the  lost  edition,  about  the  twentieth,  appeared 
with  notes,  Ac.,  in  185S.  Its  author  was  bom  at  Llandovery  in  1579, 
became  vicar  of  the  parish  in  1602,  and  died  at  Llandovery  in  1644, 
and  the  two  last  and  best  editions  of  bis  wortc  are  from  the  iJandovery 
presfc 

The  next  bard  who  deserves  attention  In  a  genersl  survey  of  Wdsh 

literature  ia  Huw  Moms,  or  Hugh  Horris,  who  was  bom  in  1623,  and 
survived  till  1709.  "  He  is  to  be  ranked,"  we  are  told  in  the  '  Cam- 
brian Register,'  "  among  the  first  of  the  Welsh  poets.  He  eminently 
excelled  in  that  talent  which  we  call  hnmour,  uid  was  equally  master 
of  tiie  pathetic  and  the  Bublime."  The  same  writer  states  tiiot  bis 
'  ES^y  on  the  Death  of  Mrs.  Hiddleton,'  is  equal  or  superior  to  "  the 
two  most  beautiful  compositions  in  the  English  language  on  the  same 
■abject,  the  '  Mono<^ '  on  the  death  of  his  lady,  by  Lord  Lyttelton, 
and  that  '  To  the  Memory  of  a  Toung  Lady,'  by  Mr.  Shaw."  The 
works  of  Huw  Uorus  were  published  &  two  duodedmo  volames,  at 
Wrexham,  hi  1828,  under  the  title  of  'EoflCeiriog,'  or  'TheKlghtin- 
g»le  of  Ceiriog.' 

The  most  distinguished  bard  of  &e  ISUi  century  wia  Qoronwy 
OwflD,  who  is  sfyled  hj  Owen  Pu^e  "  one  of  the  greatest  poets  that 
appeared  among  the  welsh."  He  was  the  son  of  a  peasant  in  Angles^, 
where  he  was  bom  on  the  1st  of  January,  1722,  and  was  indebted  for  his 
edneation  to  Ur.  Lewis  Morris,  a  distingiiiriied  antiquary,  who  bad  him 
bnm^t  up  for  the  church.  Ha  married  m  Oswestry,  where  he  was  eurate, 
and  says  in  one  of  his  letters, "  My  wife  speska  very  litUe  Welsh,  yet  she 
tmderstonds  some ;  so  that  I  fear  that  if  I  go  not  to  Wales,  my  boys 
will  be  Saxons,  for  by  the  life  of  me  I  cannot  teach  the  ddeet  one 
word  of  Welsh."  He  waa  curate  to  Dr.  Douglas,  afterwards  bishop  of 
Ballsbuiy,  "  the  person,"  he  says,  in  one  of  his  letters,  "  who  defended 
the  poet  Milton  against  the  iiuidious  defamatiigk  of  Lander.  Be  it  as 
tt  may,  he  ia  soffidently  severe  and  hard  towards  me.  I  hold  some 
IHtielaiid  of  himapMrWningtoth«Mdio<^uidthoughit  waa  set  too 
high  before,  yet  he  nas  sent  down  this  year  orders  to  laise  tiie  rent, 
lest  a  poor  wretched  curate  should  gain  anything  In  Us  serrioe,  or 
obtain  too  good  a  bargain  at  his  band."  His  career  appears  to  have 
been  a  very  unfortunate  one ;  but  it  must  not  be  forgotten  that  he  was 
an  incorrigilda  drunkard.  His  poverty  led  him  to  [wtition  the  Cymm- 
rodorion  Booiety,  in  1757,  for  asajstonce  towards  paying  his  pawage 
for  America,  whm  he  aettied  at  Willianuhuiv  in  Virginia ;  and  after 
tiie  year  1767  nothing  further  was  heard  of  him.  "  About  ^e  year 
1 798,"  saya  Owen  Pug^e,  In  the '  Cambrian  Biography,'  "  some  persons 
who  revered  his  m«nory  tried  to  obtun  information  if  he  were  alive 
or  dead,  and  with  that  view  sent  a  letter  over  to  bis  son.  Him  they 
found  perfecUy  Americanised ;  before  any  answer  was  smt,  he  must 
first  know  who  would  pay  him  for  bis  tronUe."  In  a  life  of  Qoronwy 
Owen  Mr.  Borrow,  first  printed  in  tiie  *  Quarterly  Review '  for 
1861,  it  is  stated  that  be  died  about  1780.  The  principal  poems  of 
Qoronwy  Owen  are  to  be  found  in  the  first  volume  of  a  book  oalled 
'  Diddanwch  Teuluaidd,'  or '  Domestic  Amusement,'  printed  at  London 
in  1768.  In  a  curious  preface  the  printer  atatee  that  the  work  was 
'put  into  his  hands  by  the  editor,  Hugh  Jones,'  who  "owned 
hunaelf  ioct^nUe  of  writmg  an  Bnglish  preface  to  it  and  therefore 
desired  me  to  do  that  office  for  him."  "  The  editor,"  ne  adds,  "  bdng 
an  itinerary  bard  in  the  manner  of  the  ancients,  hath  g^en  me  leave 
to  tell  his  readers  that  he  pretends  to  neitiier  learning  nor  languages ; 
he  desplsea  them  all  except  his  own,  as  the  chief  Qreek  poets  did.  calling 
other  languages  barbarous.  He  can  hardly  be  persuaded  that  the 
Kngitsh  or  French  nations  have  anything  that  may  properly  be  called 
poeby;  sndi  Is  man's  partiality  towards  his  own  ooimtiy  and  people." 

The  prose  literature  of  the  third  period  is  remarkably  poor.  Its 
moat  popnlar  produotion  is  itself  only  an  adaptation  <«■  imitation 
nf  •  fondgn original, the  'Bardd  Cw«' or'fileaFing  Bard,'  of  Ellia 


Wyime,  first  published  in  1708,  and  sinee  frequentiy  reprinted,  tba 
bwttimein  1861,withnoteal^SUvanBvaos.  It  consists  a  soriea  of 
visions  of  hell  and  the  invisible  world,  oUstty  taken  from  the  vinoiu 
of  Quevedo,  the  Spaniah  hnmouiist,  irtiuh  were  translated  into 

English,  and  for  a  time  enjoyed  considerable  popularity.  Wynne  had 
prepared  a  second  work,  '  Qweledigaeth  y  Kev,'  or  '  A  Vision  of 
Heaven,'  but  was  so  mortified  at  being  spoken  of  as  a  plagiaiiat 
from  Qaevedo,  that  he  threw  the  manuatnlpt  into  the  fire:  The 
plan;  of  the  "  Bordd  Cwq; "  is  a  ^gularly  gloomy  and  repulsive  one  for 
a  satire ;  bnt  the  beauty  of  the  style  is  so  strikii^,  that  the  hook 
remains  popular  in  Wolan ;  and,  strange  to  say,  a  tranidation  of  it  into 
English  was  published  in  1861  by  ISx.  Qetu^  Borrow,  the  author  lA. 
'  The  Oipsies,'  and  '  The  Bible  in  Spain.'  EuUa  Wynne  also  translated 
into  Wdsh,  Jeremy  Taylor's  '  Holy  Living,'  and  revised  the  version 
of  the  Common  Prayer,  and  though  most  celebrated  for  his  prose, 
eaicfjed  aorno  reputation  as  a  poet.  He  waa  induced  to  take  holy 
orden,  though  he  had  no  inclination  for  the  ministry,  and  held  tlie 
rectory  of  Llanvair.   Ha  was  bora  In  1670  and  died  in  1784. 

A  vigoronaattemptto  callattentiontothestudy  of  the  ancient  literature 
waa  made  towards  the  end  of  this  period  by  the  Rev.  Moses  Williams, 
an  antiquary  and  author,  who  was  in  advanoe  of  bis  age,  and  baa  not 
yet  recdved  hia  due  share  of  hxao.  There  are  in  the  British  Museum 
printed  '  Prcn>osals  for  printing  by  subscription  a  Colleotion  of  Writings 
m  the  Welsh  Tongue  to  .  the  b«ghmiog  of  the  Sixteenth  Century/ 
dated  July  81st,  1710.  "  This  deajgn,"  it  ia  uiA,  "  hal^  been  apnoved 
of  by  such  gentlemen  aa  have  been  made  acquainted  therewith,  who 
tiave  promised  to  encoarage  it  aa  well  by  aubsoribing  to  it  as  by  com- 
municating their  manuscripts,  some  whereof  are  already  put  into  the 
publiaher's  hands.  .  .  .  Subaoriptiona  for  the  first  volume  are  taken  in 
by  Mr.  Alban  Thomas^  at  the  Royal  Bociety'a  House  in  Crane  Court, 
Fleet  Street ;  Meaara.  Williun  and  John  Innya,  boduellers  in  St.  Paul's 
Churchyard,  Londcm;  and  liy  the  editor,  Moses  Williams."  A  spew- 
men  is  subjoined  of  two  pages  of  the  '  Liber  Triadum,'  or  Book  of 
Triads,  in  Welsh  only.  Bound  up  in  the  some  volume  with  it  in  the 
Museum  is  a  manuscript  portion  of  the  intended  preface,  in  Latin, 
apologising  for  publishing  the  documents  in  the  original  language 
without  a  translation,  whioh  is  axoused  on  the  ground  of  the  extreme 
difficult  of  arriving  at  a  oartun  knowledge  of  the  meaning  of  every 
sentence  in  tibe  thai  state  of  the  study  of  the  language.  The  writer, 
Moses  Williams,  was,  however,  at  that  time  one  of  the  best  Welsh 
Bcbolan  living,  and  the  glosaary  which  he  supplied  to  Wotton's  '  Leges 
Walliese'  is  a  proof  oi  bis  erudition.  The  libraiy  of  the  Earl  of 
Mooole^eld  contains  a  number  of  transcripts  which  he  had  made, 
doubtless  for  the  pumosrs  of  this  intended  voA,  and  which  are  likely 
to  be  of  great  critical  value.  Had  his  proposals  been  received  wiui 
favour,  he  mi^t  have  bad  the  glory  of  anticipating  the  '  Hyvyrian 
Archaiology.'  Williams  was  a  singularly  diligent  and  accurate  scholar, 
and  [pubUsbed  a  '  Repertorium  Poetioum,'  or  list  of  Welsh  poems, 
and  a  general  catalogue  of  Welsh  bo<^,  which  will  be  mentioned 
more  particularly  here^ter.    Two  ^Velah  sermons,  preached  and 

Stnted  by  him  m  London,  in  1 717  and  1 71d,  are  in  the  &itiah 
useum,  and  are  of  oonslderaUe  interest  from  the  infonnation  thsgr 
contain  onthestateof  the  Welsh  ohordi,  and  of  tin  Welsh  language 
at  that  period.  They  are  not  mentioned,  so  for  as  we  are  aware.  In 
any  of  the  notices  on  Williams's  biography,  of  which  thelmost  omplo 
that  we  have  seen  ia  in  Williams  of  Llangadwaladr's  *  Uvea  of  Eminent 
Welshmen.'  He  was  bom  in  Cardiganshire  in}168fi,  and  died  aa  vkar 
of  St.  Mary's,  Bridgewater,  in  1743. 

It  haa  beoi  mentioned  that  the  eariy  editions  of  the  Welsh  Bible  were 
minted  in  London,  and  the  introduction  of  ^pography  into  the 
iMnoipality  was  exceedingly  alow.  Cotton,  in  tiie  '  Typt^raphical 
Qasetteer,'  states  that  the  earliest  information  be  possesses  on  tho 
subject  is  from  one  of  the  Martin  Mar-Prelate  tracts  in  Queen 
Elisabeth's  reign,  in  whieh  mention  is  made  df  '  knava  Tbaokwell  the 
printer,  which  printed  popysha  and  traitarons  Welshe  booka  in  Walea,* 
and  nothing  more  has  ever  been  duoovered  of  the  printer  or  his  books. 
Penry,  who  was  hanged  aa  the  author  of  the  Mar-Prelate  tracts,  was  by 
birth  a  Welshman.  In  the  'QenUeman's  Magazine '  for  August, 
1821,  it  ia  olwerved  by  a  oorraapondent,  that  "  from  the  invention  of 
printing  downwards,  so  advoae  wwe  the  oircumstanoes  attending  the 
diffuaion  of  Welsh  literature,  that  there  was  not  a  printing-prees  in  the 
principality  until  the  year  1784,  or  thereabouta,  when  a  temporary  one 
was  Bet  up  by  Mr.  Lewis  MiHTia,  of  Bod-Edeyra,  in  Anglesey.  This 
identical  press,"  the  correqfKindent  adds,  "  is  still  in  hdng  at  Trevriv, 
near  Llanrwst.'' 

Fourth  Period — 1760-1861.  A  new  period  in  the  history  of  Welsh 
literature  may  be  said  to  oommence  with  the  reign  of  Qeorge  III.,  a 
hnndred  yean  ago,  soon  after  the  middle  of  the  18th  century.  The 
remariiable  increaw  activi^  which  is  obasrvaUe  In  that  luerntnre 
during  these  hundred  years,  and  especial^  during  the  last  forty,  secua 
to  be  attributable  to  the  spontaneous  impulse  given  by  a  few  dis- 
tinguished men;  to  the  spread  of  Methodism  in  W^es;  to  the 
establishment,  tot  the  first  time,  of  periodical  pahUaKtions ;  Mid  to  the 
institution  or  revival  of  patriotic  aodetaea. 

One  of  tile  fint  signs  of  a  new  era  in  the  Ittentore  of  Wales  was 
given  by  the  pubUntim  in  1764  of  a  thin  but  important  quarto 
vtdnme.  "  Some  ^edmena  of  tiie  Poetry  of  Hbe  andent  Welsh  fiarda 
tnnslatad  into  bi^uh,  with  cXpluMtoiy  notes  OB  the  hiatorioal  pumgai 
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aud  •  Bhoit  loooust  trf  the  man  and  tdaow  mentioned  by  th«  Bards,  by 
the  Rot.  Ur.  Enm  Etioc,  curate  ox  LknToir  Talyhaeni,  in  Benbigli- 
diire,"  (LondoD,  1764).  It  wis  the  finit  book  in  which  the  olaiou  of 
the  Weiih  barda  were  broni^t  under  the  notioe  of  the  English  puli^o. 
Etuis  nys  in  his  pre&ce  that  it  "  was  first  thought  of  and  encouraged 
some  yean  before  the  name  of  Osaiaii  was  heard  of  in  Enf^Bod,"  but 
it  was  eridantly  the  suoons  of  Hacphecson's  Oadan  which  had  brought 
the  projeet  to  maturity.  "  Cwtainly,"  says  the  author  in  a  Wush 
address  to  Mr.  Richard  Morris,  printed  in  tlia  Tolume, "  I  would  not 
hare  taken  this  labour  iipoa  me  except  to  put  a  stop  to  the  xeproaches 
of  the  Engliah,  who  say  that  we  have  no^UBg  of  poetry  to  abow  the 
worldj  wmlfl  one  of  the  Scotch  Highlandws  has  tnnslated  portions  of 
their  aaciflnt  bard,  or  rather  has  dressed  up  and  adorned  some  r«oait 
prodnation  and  put  it  forth  fak  his  maa.  He  Is  not  sparing  of  his 
mrinoationa  agarastUie  gmuineneai  of  Osnan,  and  his  oritioal  renuAl 
on  the  ancient  bards  of  Walsa  an  maiied  by  aouteness.  His 
greatest  mistake  is  that  he  does  not  question  the  truth  of  the  masaaore 
of  the  bards,  of  whioh  he  remarks  tliat  it "  gave  oooaaion  to  a  Teiy  floe 
ode  by  Ur.  Grey."  'Erans'sownioveetnnsiationof  raecesbyGwalchmai 
and  othen  also  gare  oooaaion  to  some  imitationa  by  way,  which,  thou«^ 
of  no  great  marit,  are  of  all  tranalatitma  from  tho  Wslah  bj  tar  va» 
most  extensively  known.  His  Tolume  oonolades  with  an  azMllait 
proposal  to  send  a  literaiy  trareUsr  through  Wales  to  examine  and 
transcribe  the  remains  of  anoiaDt  poetry ;  but  it  appears  to  have  met 
with  cold  neglect.  Eran  Etbos  was  bom  in  1731,  imd  died  in  1780. 
He  entered  the  church,  but  rose  to  no  higher  position  than  that  of  a 
coiate  in  a  nrish  said  to  derive  its  name  from  the  anoieot  bard, 
lUhaiani,  and  iritidi  also  gave  larth  to  the  living  baid,  Talbafarn.  As 
a  Welsh  poet  his  reputation  la  now  OT«n  hitler  thSD  during  hia  lifetims. 
Theophilua  Jonas,  the  histOTian  of  Brec^ockahire,  says  in  a  letter 
written  in  1797,  "  I  did  not  think  Evan  Prydydd  Uir  (the  bardio  name 
of  Eraos)  the  poet  he  was.  I  Imew  him  well,  but  I  suppose  the  ewna 
had  expelled  the  own  before  I  became  acquainted  with  him."  Despair 
wpears  to  hare  driTW  the  diBwp<nnted  man  ot  talent  to  diink,  and  at 
the  time  of  hia  death,  in  17S8,  he  waa  ropcwted  to  have  perished  in  a 
state  of  Intoxleatiou  on  a  mountain,  a  repmi  which  hapinly  appears  to 
be  unfounded.  He  left  behind  him  a  good  oolloction  of  transcribed 
manuscripts,  which  passed  on  Us  death  to  Mr.  Futon,  of  Angles^, 
who  had  allowed  him  an  annuity  on  that  oonditi(»L  Two  volumes  of 
Welsh  sermons  published  by  him  contained  an  English  pre&oe  so 
caustic  as  to  be  said  to  have  stood  la  the  way  of  his  prrfermont. 

Of  the  distingolshed  men  of  this  period  none  aaems  to  have  acted 
more  entirely  from  internal  impulse  and  to  have  had  a  stronger  influ- 
ence on  others  than  Owen  Jones.  Owen  Jones  was  bom  at  Llanvih- 
angel  Olyn  y  Myvyr,  in  Denbighshire,  in  1741.  "  In  early  life,"  says 
the  Rev.  Robert  Vi  illiams,  "  he  was  sent  to  London,  where  he  was 


taken  into  the  employ  of  Mesara.  Kidney  and  Nutt,  furriers  in  Thames 
Street,  to  whose  business  he  eventually  succeeded,  snd  he  continued 
to  flsny  it  on  with  eredit  nnttl  Us  deoease,"  which  took  ^aos  at  Us 
house  Ut  Humes  Street,  In  1814,  at  the  age  of  seventh-three.  Count 
Villemarqatf,  in  the  pr^oe  to  his  translation  of  the  ancient  bards, 
gives  a  veiy  poetioal  sketch  of  the  biography  of  Owen  Jones.  "  While 
still  a  child,'  he  says,  "  and  engaged  in  henUng  eows,  he  could  see  st  a 
distance  riMng  throu^  the  air  the  snow-oovsred  peak  of  Bnowdon,  the 
Celtio  Pamassns,  on  whose  summit  whoevec  slunwen  awakes  inspired. 
He  aaoanded  it  more  than  onee,  and  hie  bMOT  ins^ratun  mi^it  make 
lu  believe  that  there  he  most  have  slept.  Wbsn  be  was  (Mer,  he  often 
witaesssd  on  this  mountain  the  poetical  contests  of  the  bards  and 
harpers  of  the  different  cantons  of  the  country,  and  paninff  at  the  foot 
of  the  ancient  oasUee  which  held  the  poetio  treieurea  of  his  raoe  he 
formed  the  dazing  pn^eet  Of  bringing  them  to  the  knowMge  of  the 
world." 

There  are  here  some  palpaUe  mlstakse,  as  fn  attributing  to  Snowdim 
the  properties  of  Cader  Idris,  on  whose  summit  it  is  the  popular  belief 
that  whoever  sleeps  awakes  either  onusy  or  a  poet,  and  It  is  not  probaUe 
that  Snowdon  was  often  asoended  by  a  Denbighshire  boy.  But  however 
hyperbolically  expressed,  the  sentimeot  is  correct  In  the  midst  of  his 
prosperous  busineea  in  London,  Owen  Jonaa  was  still  a  warm-hearted 
Welshman,  Ur  more  munifioent  in  the  promotioa  of  his  oounttys 
literature  than  all  the  magnates  of  tiie  oouidiy  oombined.  In  1771  he 
founded  the  sodefy  of  Qwyneddigion  (or  Men  of  Gwynedd,  a  portion 
of  North  Wales),  which  revived  in  a  manner  the  anoient  oongrosses  of 
the  bards,  and  .disbibuted  prizes  among  the  best  performers  on  the 
Welsh  harp  and  the  writers  of  the  best  Welsh  poems.  In  1780  he 
published  with  Owen  Pughe  the  poenu  of  Ab  Gwilym,  and  in  1801 
and  the  subsequent  years  up  to  1807  he  issued  at  his  expenss  three 
Tolumss  of  tiia '  JtjYjiian  Ardiaiology/  eo  ealled  in  hje  hoaaar  tnm 
Myvyr,  the  bardie  name  whleh  he  had  aanuned  In  remsmbnooe  erf  his 
native  vale  ot  Myvyr,  in  Denbighshire.  Owen  Pu^  and  Edward 
WUlianu  were,  as  has  been  already  mentioned,  the  editors  of  the  woric 
The  chief  connection  of  Jones  with  the  Arehakilogy  was  in  supplying 
the  funds,  and  it  is  sud  that  he  thus  expended  upwards  of  lOOOt. — a 
sum,  large  as  it  was,  by  which  he  vhmplj  earned  Uie  gratitude  and 
respect  of  all  loven  of  literature  of  his  own  times  and  to  oomc; 
His  last  literaty  enterprise  was  the  pubUcatikm  ot  a  pariodloal,  '  T 
Greal,'  which  appeared  in  1806  and  advanoed  no  further  than  one 
volume.  In  this  too,  Owen  Pughe  was  the  editor  and  Owen  Jones 
only  tito  MnoensB.    The  tariad  of  Us  labours  was  thus  fonned  hj 


the  Qwyneddigion  Sodatj,  the  'Myvyriaa  Arohaiology,'  tad  tiia 
',QreaL' 

William  Owen  or  William  Owen  Fogbe,  as  he  was  called  in  later  life 
after  he  had  inheiited  some  property  in  Wales,  was  an  antiquary,  a 
lezioogiapher,  and  a  poet.  He  was  bom  in  17S9,  in  a  primitive  part  of 
Merionethshire,  dose  to  Cader  Idris,  from  which  he  aasui^  the  bardio 
name  of  Idrison,  and  he  closed  a  Inig  life  in  1835,  at  the  foot  of  the 
same  nMnmfain,  to  the  vietnit^  of  which  he  hiqipened  to  be  <m  a  visit. 
Till  he  WIS  seven  years  old  he  hsard  not  a  word  of  English,  and  thondt 
he  went  to  school  at  Altiingham,  near  Manehester,  and  at  the  age  of 
seventeen  was  sent  up  to  London  to  earn  bla  living,  he  never  seems  to 
have  acQuired  a  tiiorough  mastery  of  the  Engjish  language.  His 
Eiu^  has  always  a  taint  of  Welsh  in  it,  while,  on  the  other  band,  his 
ecdleague,  Edward  WilUama^  sm  that  Us  Wshb  writings  "may  be 
Slid  to  be  English  written  in  WMk  words."  In  the  great  city  he 
ronained  for  nx  vears  without  knowing  that  any  other  person  in  it 
ever  thought  of  the  Welsh  lai^noge  and  literature,  till  an  acddental 
meeting  with  another  Welshman,  who  introduced  him  to  Owen  Jones, 
brought  into  oonneotion  two  men  who  scarcely  seam  to  have  paseed  a 
day  whhont  doing  B«nethin^  for  both.  The  largest  Welsh  and  English 
diotimaiy  in  eziatenocL  published  in  two  Urge  volumes  between  1798 
and  1808,  was  tiie  work  of  eighteen  years  of  Owen  Fughe's  life.  It  is 
said  in  regard  to  it,  by  the  Her.  R.  Williams,  that  "  while  Johnson's 
Diotionaiy  of  English,  as  enlarged  by  Todd,  comprises  only  68,000 
words  aad  Webster's  about  70,000,  Owen  Pu{^'s  Diotiionaty  of 
Welsh  oontains  more  than  100,000  words,  illustrated  by  12,000  quota- 
tums."  The  dictionary  would  be  much  improved  by  striking  out  many 
of  these  words  whiah  appear  to  exist  oiuy  in  its  pages.  In  it  Owen 
introduoed  a  new  nmtem  of  Welsh  orthograiAy,  and  liis  friend,  the 
Rev.  T,  Chariea,  of  Bala,  who  was  ^ipointed  at  the  same  time  to 
■u|>eriiitend  through  the  press  the  edition  of  the  Welsh  Bible,  the 
agitation  for  whioh  had  given  rise  to  the  British  and  Foreign  Bible 
Society,  took  the  opportunity  of  introducing  it  there  j  but  the  Sooiety 
interfned  and^  the  syston  was  oUiged  to  be  dropped.  In  the  seoond 
edition  of  his  dicthniacy,  iMusd  st  Denfairii,  in  IftS^  the  onstomaiT 
spelling  is  used.  There  is  an  abridgment  <rf  the  work  l^OwMihimseU 
in  1800,  which  is  much. too  compendious.  In  1806  Owen  came  into 
pnsewwBon  of  mm»  property  br  infaeritanoe,  which  eoaUed  him  to  take 
up  his  reaidenoe  in  Wales,  at  Troe-y-Parc,  near  Denbi^,  and  to  have  the 
command  of  his  time,  wUch  he  devoted  as  usual  to  Welsh  literature^ 
His  moat  important  wwk  of  thia  period  is  a  tianslation  of  '  Faiadiss 
Lost '  into  welshf  whish  has  a  pomiliar  importanos  from  Us  hMfng 
thrown  off  in  it  the  shaaUea  ctf  "  Cynj^iaosdd^  smterstion,  whioh  had 
fettered  the  movements  of  Welsh  poetry  for  osnturies.  The  innov»- 
tion  was  a  most  bappj  one :  it  was  adopted  by  the  Eisteddvod  of  Caer- 
marthen  in  the  same  year,  and  has  been  followed  by  many  suooeeding 
berda  with  great  advantage.  Owen  Puj^  was  known  to  Southqr  the 
poet,  and  is  frequently  meotioied  in  his  oorrsf^Midenos,  but  not  always 
m  tarns  of  ra^eob  On  one  ooossion  aaaAewmMmmm  Us  surprise 
that  Pn^  dionld  have  Izanslsted  'IWadue  Lost/  «f  wUdk,  in 
Southey's  opinion,  he  oonid  hardly  undenrtaod  a  sentence  {  and  on 
uiothar  Southqr  says  of  him,  in  a  letter  to  Wynne,  "full  of  WeUi 
information  be  oertiiQly  was>  but  a  muddier-minded  man  I  never  met 
with."  That  there  was  some  foundation  for  this  opinion  may  be 
inferred  from  the  faot  that  Pughe  was  a  follower  of  Joanna  Sou^oott, 
and  was  one  of  her  twenty-four  eldm.  Edward  WilUams,  who 
quarreled  with  him  in  the  latter  part  of  his  life,  said  In  a  letter,  in 
1818,  that  Owen  "wiUi  his  AoUyAemnu  absolutely  ruined  everytiiing 
he  ever  tcxik  in  hand." 

Edward  Williams,  still  better  known  by  his  bardie  name  of  lolo 
Korganwg,  is  tlie  third  of  the  three  assodates  of  the  "Myvyrian 
Arobaiotogy,"  and  undoubtedly  the  moat  gifted  (rf  thetiires.  Lees  ftn^ 
tunate  than  bis  oompani<ms,  bis  was  bom  fa  so  low  a  sphwe  irf  litetlut 
at  the  age  of  nine  lie  began  to  asrist  Us  father  at  his  trade  of  a  stooe- 
mason,  and  with  all  his  madowments  he  worked  through  life  at  the 
trade,  though  never  in  strong  healtii,  and  In  his  old  age  was  in  need 
of  tlw  asmtoaea  of  a  puUio  subsoription.  He  was  born  in  1745,  in 
the  pariah  of  Llancarran,  in  Glamorganahire,  and  was  noted  in  youth 
tot  absence  of  mind  and  literary  enthusiasm.  On  a  quarrel  wiui  Us 
fatlisr  he  left  him  atmqtt^  for  Londmi,  and  worked  aa  a  stonenuson 
Blaokfrian  Bridge.  An  faiterview  wUdi  he  sought  with  Dr.  Johnson 
in  a  bookseller's  shop  ob^  lelt  a  painful  impreMion  of  the  great  lexi- 
oographer's  rudeness ;  and  Uuhwi  he  saw  Coi^>er,  the  poet,  he  only 
saw  him  in  Us  decline.  With  Robert  Southey  he  appears  to  have 
been  intimate,  at  a  time  when  Southey,  like  Umself,  was  full  of  repub- 
lican ideas,  and  the  Rnfli'''h  poet  drew  from  Urn  much  of  the  Welsh 
lore  of  hk  '  Madoo,'  ud  iatrodueas  him  as  a  charaeter  in  the  poem 
under  the  name  <d  lolo.  Of  all  Baghab  antbon  of  celebrity,  Southey 
took  the  greatflst  interest  in  Welsh  history  and  literature ;  and  if  he 
iuA  carried  out  his  puipoae  of  fiziiw  his  residenoe  in  the  Vide  of  Neath, 
which  was  ooij  prevented  by  a  trifl^  the  literary  oonaequenoea  might 
have  been  important.  He  had  a  hi^  opinim  both  <rf  the  talents  and 
the  cbataoter  of  lokc  "  Bard  Williams  is  in  town,"  be  wrote  once  to 
Us  wife,  wImu  on  a  visit  to  London,  "and  so  1  shall  shake  one  honest  man 
by  Uw  hand  whom  I  did  not  expect  to  see."  Both  the  bards  had  a 
thorouc^  abliorrenee  of  the  great  metropolis ;  atd  Williams,  who  at 
one  time  proposed  to  emigrate  to  America,  not,  like  Southey,  to  found 
a  iWisoon^,  but  to  searoh  for  the  dSBOendants  of  Madoo  and  Us  mm. 
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fifi^lly  returoed  to  FlemingBtone^  in  Glamoigaoshini,  -within  about  two 
inileB  of  hia  birthplace,  and  there  oootinued  till  his  death.  lolo,  like 
his  friend,  wu  a  great  pedeetrian,  bo  much  00,  that  when  his  son  Talieein 
bought  him  a  h<nw,  h» oould  not  be  prevailed  apon  to  Tida,aDd  ouried 
his  eooentricdty  bo  far  as  to  lead  the  animal  about  the  country  on  his 
journeys  withoat  ever  moanUng  it.  He  had  *  personal  triad  of  his 
own  :  **  Tliere  are  three  things  I  do  not  want :  a  horse,  for  I  have  a 
good  pair  of  Ictts ;  a  cellar,  for  I  drink  no  beer ;  and  a  purse,  for  I  have 
no  mtmey."  U  ia  painful  to  record  that  he  quanelled  with  hia  friends 
of  tiie  '  Myryiian  Archaiologr,'  and  complained  that  Owem  Jones  had 
not  paid  turn  some  money  which  waa  doe  to  him ;  while  at  the  same 
time  hli  prinoipileB  were  so  lii^  that  ha  refused  to  take  poaeoMion  of  an 
ostate  in  Januloa,  which  had  been  left  him  by  his  Iwotbets,  beoanse  it 
was  cultivated  by  aUves.  He  wrote  between  two  and  three  Uiousand 
Welsh  hymns,  some  of  which  are  highly  esteemed,  and  were  published 
under  the  title  of '  Salmau  yr  Eglwys  yn  yr  Anialwoh '  ('  PsalinH  of  the 
Church  in  the  Deeert '} ;  bat,  as  his  friend  Waring  tells  ub,  "  his  creed 
Mtpeared  to  be  so  whimsicBl  a  compound  of  Christiaoibr  and  I>midiam, 
PUlosophy  and  Mystidam,  that  the  ■  History  of  all  Be^ons,'  copious 
aa  it  is  m  variety,  furnishes  no  definition  of  it;"  He  was  surrounded, 
in  spite  of  his  eccentricities,  by  general  respect,  whidi  was  strikingly 
manifested  at  the  great  EiatoddTod  of  Caennarthen,  in  1819.  His 
death  took  place  in  1826,  at  the  age  of  dghty-one.  He  ^peara,  from 
some  letters  pablished  in  the  '  Cambrian  Begister*  for  1818,  to  have 
written  his  autobiography,  with  ft  surrey  of  Welsh  literature  during 
his  time,  but  this  work,  which  would  oertainly  faftve  been  of  value,  has 
disappeared!.  His  son,  Taliesin  Williama,  was  to  have  written  an  ex- 
tended biography  of  his  father,  but  the  |»ojeet  was  never  put  in 
execution.  A  life  of  him,  whioh  appeared  in  18S0,  from  the  pen  of  an 
Englinh  friend,  Elijah  Waring,  who  was  unacquainted  with  the  Welsh 
language,  is  an  amusing  volume  of  light  reading,  but  not  the  sort 
of  biography  required ;  for  thou^  in  all  his  letters  and  writings  wfaidi 
remain,  lolo  Morgani^  appeara  the  frankest  of  the  frank,  there  are 
aeveral  points  in  his  literary  career  whioh  require  elucidation,  and  on 
which  d^nd  important  queetions  witii  regard  to  Welsh  literature, 

Edward  Williams  was  an  KTigliali  as  well  as  a  Welsh  poet>  His 
*  English  Fttenu,  Lyrioal  and  Pastoral,'  published  in  two  volumes  with 
the  date  of  1794,  wesent  periian  the  most  onrious  list  of  subscribers 
that  was  ever  attadwd  to  any  publioation.  It  bepna  with  the  name  of 
the  Prinoe  of  Walea;  it  contains  those  of  Mrs.  Barbauld  and  Hiss 
Bnmcy,  of  William  Lisle  Bowleethe  poet,  and  WiOiam  Sowles,  "  Gene- 
ralisaimo  of  the  Creek  nation,"  Misa  Hannah  More  and  Mrs.  Yearaley 
the  milkmaid,  Cowper,  the  poet  of  the  '  Task,'  and  Sogers,  the  poet  of 
the  '  Pleasures  of  Memray,'  Clyril  Jackson,  Dean  of  Christ  Church,  and 
Dr.  Priestley  of  Birmingham,  Ur.  Baikes  of  Glouceater,  the  founder  of 
Banday  SahooU,and  Mr.  Thomaa  Paine,  Dr.  Parr  and  Mr.  HomeTooke, 
Citinn  Brisaot,  Wilberforoe  and  General  Waahii^;ton.  The  poems  are 
of  some  merits  but  the  chief  point  of  interest  that  now  attauiee  to  the 
volumes  centres  in  the  notes.  One  of  the  [deoea  is  an '  Ode  on  the 
Mythology  of  the  Ancient  British  Buds  in  the  manner  of  Talieain, 
recited  on  Kimrose  Hill  at  a  meeting  of  British  Bards  in  tiie  summer 
■olBtiM  of  179Sj  and  ntified  at  t^  aubsaquuit  aatnmnal  equinox  and 
vlnter  adstioe.'  Primrose  Hill  was  then  a  omnparatively  unfre- 
quented greui  height  in  the  fields  between  London  and  Hampstead, 
dislanguidied  by  a  (pwe  <rf  trees  whioh  was  barbaroui^  cut  down 
about  1628,  and  bung  in  view  of  Owen  Fn^'s  readenoe  at  Pen- 
tonvUle,  may  have  bwn  selected  aa  a  more  convenient  place  for  a 
meetang  of  barda  than  the  sommit  of  FlinUmnwm  <HciginaUy  named. 
Edward  Willianis,  who  vrai  then  an  ardent  xepabUoaii,  seems  to  have 
been  at  the  same  time  an  equally  ardent  defender  oi  the  privileges  of 
tJie  British  bards.  Thaee,  he  maintained,  were  a  ragubr  corporate  body, 
traceable  imrn  the  earliest  timea  to  his  own,  in  whidi  there  was  amj 
one  IcKitimate  board  of  bards  renainin^  the  "  Chair  of  Glamoavui,'' 
and  oidy  two  memban  iA  tha^  himadf  and  Ihe  Ber.  Evan  Bthm  of 
Aberdare. 

In  the  notes  to  bis  '  Ode^'  he  gives  a  nombar  U  Mads  in  Walsh  and 
En^iah.  oontiuning  the  dootarines  of  "the  Buds,"  and  imiiMb.g  « 
Bystem  of  theology  whioh  ia  declaredt  o  be  anterior  to  Christianity, 
but  no  more  adverse  to  it  than  the  religim  of  Enoch,  Noah,  and 
Abraham.  "There  are  three  circles  or  states  of  eiiatenoe,"  aooording 
to  one  of.  these  Triads:  "  the  Circle  of  Inflni^,  whwe  there  is  nothing 
but  God  of  living  or  dead,  uid  none  but  God  can  traverae  it;  theCirble 
i^^uWion,  where  aU  things  aw  nature  derivwl  from  death— Una 
cude  has  been  traversed  bv  man;  and  the  CSrote  of  PUldta;  where  all 
thinga  spring  from  life— Uiis  man  ahall  travenw  in  heaven."  "  Ani- 
iMt«d  beings  have  three  statea  of  existence,"  says  another  Triad;  "that 
01  to^oation  in  the  neat  deep  or  lowest  point  of  ezistenoe,  that  of 


Uber^y  m  tta  state  of  Humanity,  and  that  of  Love  whioh  is  felicity  in 
,^^y*«"i'*««*l»ar«^aineda8oneof  metempwchoato, 
andtherek  ftlai^deralopmentof  itooiriributed      Williama  to  the 


mrefaoe  to  his  Wend  Owen  Pughe'e  edition  of  Uywarch  Hen.  In 
this  It  18  said,  among  other  things,  "No  finite  beings  can  possibly 
bew  the  mflnite  tedium  of  eternity.  They  will  be  relieved  from  it  by 
oonbnuai  renovations  at  propw  periods,  by  passing  mto  new  modes  of 
•Wjtraoe  and  which  will  not,  like  death,  be  dreaded,  but  be  eagerly 
tookMfcnrandamroaehed  with  joy.  Every  existence  wiU  impart  its 
pecuhsr  epoch  of  knowledge,  for  consoioiuness  and  memotr  will 
femam,  or  there  would  be  no  such  thing  aa  endlen  life." ' 


These  doctrines,  first  put  in  print  at  the  time  of  the  French  Bevolu- 
tioD,  oertainly  bear  a  close  resemblance  to  many  of  those  which  hod 
their  OTigin  at  that  period,  and  it  was  a  point  of  some  interest  to  know 
how  far  back  they  could  in  reality  be  traced.  Williams  informed  the 
readers  of  his  '  Poems '  that  the  Triads  he  had  jpven  were  "  from  a 
manuscript  oolleetioD  by  Llewelyn  Sion,  a  bard  of  Glamorgan,  abont 
the  year  1560.  Of  this  manuscript"  he  added,  "  I  have  a  transcript ; 
the  original  is  in  the  possession  of  Mr.  lUchard  Bradford,  of  Bettws, 
near  Bndgend,  in  Glamorgao.  This  collection  was  made  from  various 
manuscripts  of  considerable,  and  some  of  very  great,  antiquity — these 
and  their  authcm  are  mentioned,  and  most  <»■  all  of  them  stiU  extant." 
It  is  net  Burpriring  that  Vbxsj  were  not  received  with  unlimited  confi. 
denoe  in  Uior  authenticity,  but  it  is  very  surprising  that  lolo  did  not 
talu  the  best  method  of  sileucing  doubts  by  printing  the  manuscript 
in  the  Myvyrian  Archaiology,  which  a  few  years  after  he  was  engaged 
in  editing.  Far  from  this,  he  did  not  even  show  it  to  his  friend  who 
published  the  extracts.  The  manuscript  in  which  they  were  contained 
bore  the  title  of  '  pyvrinadi  y  Beirdd  *  or  the  '  Secret  of  the  Bards,' 
and  was  in  two  parts.  **  Edmrd  Williams  had  only  the  first  part  with 
him  in  London,"  saya  Owen  Pughe  in  a  letter  to  his  son  in  1S19,  finfe 
jninted  by  hia  grandson  (in  the '  Cambrian  Journal '  for  18S7,  pu  59), 
"at  least  he  said  be  had  not  the  second,  whidi  by  hia  description  ia 
the  most  curious,  and  the  real  Cyvrinaeh,"  and  this  Owen  Pughe  never 
saw.  The  association  of  the  Myvyrian  Ardwiolt^  finally  broke  up 
without  its  wpearing.  "  In  my  collection,"  says  lolo,  in  a  document 
printed  hf  Waring,  "  I  strenuously  opposed  the  absurd  fables  of  the 
darker  ages,  whidi  are  nmt  obviously  falsehoods  of  the  darkest  4iue. 
This  gave  o&noe  to  my  coadjutore,  who  charged  me  with  rejecting 
supposititious  documents  which  never  existed,  which  I  with  diligraoe 
could  never  find,  and  whioh  they  cannot  but  know  do  not  exist  else- 
where. Such  are  the  fictions  of  Geo&ey  of  Monmouth,  that  of  King 
Arthur  and  his  Knigfata  fA.  the  Round  Table,  and  many  things  more  of 
the  same  character."  It  would  seem  from  this  Uiat  Williama  quar- 
relied  with  Owen  Pug^e  on  the  question  of  the  insertion  of  the  Mabi- 
nogion,  which  never  appeared  in  the  Archaiology,  but  it  is  sb-ange 
that  under  the  circumstances  he  should  talk  in  this  Btroin  respecting 
"  supposititious  documents."  The  Rev.  Edward  Daviea,  in  his  '  Mytho- 
logy of  the  Druids,'  published  in  1809,  very  plainly  intimated  that  he 
considered  the  '  Bardic  Triads,'  with  their  theophilanthropic  ideas,  aa 
aupposiUtious.  Doubts  on  the  same  score  were  freely  expressed  by 
many,  but  in  1810,  lolo  Morganwg  had  a  distinguished  triumph  at  the 
Eisteddvod  of  Caermarthen,  where  he  invested  Dr.  Burgees,  the  Biahop 
of  St.  David's,  with  the  insignia  of  a  Bard,  From  tbat  time  Bards, 
Druids,  and  Ovates,  once  reduced  to  two  in  number,  have  become 
numerous  and  in  vogue,  and  Bardism  has  held  a  position  in  Wales 
analogous  to  that  of  Freemasonry  in  England.  The  coll  naturally 
became  louder  Sax  tile  puUicatiim  of  the  doouments  on  which  the 
institution  was  supposed  to  rest ;  and  finally,  in  1822,  lolo  Morganwg, 
then  a  man  of  seventy-seven,  issued  a  proiqwctuji  to  publish  a  work  in 
Welsh  to  oontain  the  *  Esoteric  Liten&ure  of  the  British  Bards.'  He 
died  four  years  after  without  liaving  publidwd  it.  It  was  only  in  1829 
that  his  son  brought  out  the  long-expected  '  Cyviinadt  7  Beudd,'  and 
in  it,  to  t^e  sunnriBe  of  aU,  though  the  work  was  published  as  complete, 
ne  '  I'riads  of  Bardism '  were  to  be  found.  The  'Gyrniiui^'  of  1629 
was  rimply  an  excellent  treatise  on  Wddi  Tarnflcation  hj  Llewelyn 
Sion,  <^  Llangev^d,  interspersed  with  some  very  absurd  statements 
respecting  the  Welsh  language  bef<ne  the  Flood,  which  of  course  derived 
no  authority  from  having  been  made  by  a  man  of  the  age  of  Elisabeth. 
Aesording  to  tiie '  Cyvrinaeh '  there  are  but  three  jooper  languages — 
that  spoken  by  Adam  before  the  Fall,  which  is  now  the  language  of 
God,  the  angUB,  and  the  saints  in  Heaven ;  that  written  by  Moses,  which 
is  the  language  of  the  Scriptures  (a  statement  showing  that  the  wtiter 
did  not  know  U>at  the  Testament  is  in  Greek) ;  and  ^t  first  spoken 
by  Enoch,  the  son  of  Setii,  and  now  spoken  by  the  Welsh  in  Wales. 
Wdsh  u  thus  the  only  living  language  of  divine  origin;  and  the  Awm 
or  poetie  genius  of  the  Welah  is  due  to  divine  insiantion,  while  the 
poeiry  of  the  Saxcm,  BngliRh,  and  other  oormpted  languages^  is  inspired 
by  their  inventor — ^the  devil  ^ 

Some  disappointment  was  naturally  felt  at  the  non-appeaianoe  of  the 
'  Bardie  Triads '  in  the  book,  the  chief  interest  of  which  consiBted  in 
its  bdng  supposed  to  contain  them,  but  no  explanation  oould  be 
obtained  further  than  that,  of  the  two  pHls  tn  the  'Cyvrinaeh/ 
TalisaiB  WilUuna  had  on^  [Hinted  the  flnt.  No  poUie  inlMmatiMi 
was  Tondisafed  as  to  why  he  had  not  mbited  the  second,  or  what  had 
become  of  it  The  admirers  of  the  Bardic  Triads  were  reduced  to 
look  forward  to  the  puUication  of  them  in  a  volume  on  the  lolo  Manu- 
scripts, a  large  collection  of  tranecripts  made  by  lolo  Morganwg,  and 
from  which  Taliesin  was  engaged  by  the  WeUh  Manuscript  Society 
to  make  and  poUish  a  selection.  By  a  aeoond  miafortune,  Talieain 
WilUam  di«llnlM7,  before  the  pabUoattoD  of  the  Ido  Mamueript^ 
aa  hia  ftt^  had  died  before  the  paUlaation  of  the  *  CTninaoh.*  So 
much,  however,  had  been  printed  before  hia  deeease,  aa  to  render  it 
certain  that  the  Bardic  Triads  would  have  formed  no  portion  of  the 
vcdume.  The  lolo  Manuscripts,  published  by  the  Welah  Manuscript 
Sodety  in  1849,  contain  a  variety  of  pieoea  of  very  different  value, 
respecting  the  origin  of  which  we  only  learn  that  they  were  taken  from 
tranaoripta  mads  oy  lolo  Morganwg  from  other  tnuucripts  of  which 
he  mentions  the  poveesors,  adding  in  some  oases  from  what  originala 
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they  were  tnnwiUied.  One  of  these  piaoeo,  called  the '  Yoioe  ConveD< 
UodaI  of  the  Bards  of  Britain/  oontaina  an  account  of  the  origin  of  the 
ancient  Welah  alphabet  at  the  time  of  the  Creation,  taken  aUo  from  a 
manuHcript  by  Llewelyn  Skm  of  Llangewyd.  Bat  again,  as  has  been 
Baid,  the  '  Bardio  Triads'  are  minii^  and  in  1861  the '  Secret  oE  the 
Bards  *  is  still  a  secret. 

Taliesin  Williams  ^ipesrs  to  have  told  the  Ber.  Thomas  Prio^  after 
the  death  of  lolo  ('Cambriaa  Jonmal'  for  18S7,  p.  224),  that  "he 
himself  had  been  for  twenty  years  under  a  sort  of  druidiod  tnuning 
with  his  father,  and  that  the  Bystem  was  of  bo  sublime  and  intellectiuu 
a  nature,  that  unless  he  could  find  some  one  qualified  in  Buob  a  way  as 
to  be  a  Avortby  member  of  the  order  the  secret  should  die  with  hun." 
The  hope,  therefore,  of  developing  the  m^tery,  such  as  it  is,  mi^t  be 
abandoned,  but  for  the  dodaraliaa  of  the  Bar.  john  Williams  ab  Ithel, 
in  the  '  Camlnian  Jounial,'  of  which  iie  is  Oie  edittv  (18ff7,  p.,S7)  : 
"Much  of  tiie  real  Cyvrinaoh  alluded  to  is  still  ostant,  aawe  ourselTea 
can  testify,  and  we  sincerely  trust  thai  measureB  will  be  adopted  by 
the  Wekh  Manuscript  Society  for  the  speedy  publioatiou  of  the  whole. 
Until  this  is  done,  the  early  liteiatnre  and  history  ot  our  oountty  can 
never  be  properly  understood." 

Much  doubt  was  also  thrown  on  the  discovery  of  the  '  Coelbren 
y  Beirdd,"  or  Alphabet  of  tile  Bards,  an  alphabet  reennUii^  the  Rnnio, 
wliich  was  also  brought  forward  by  lolo  Morganwg,  and  an  essay  on  its 
goDiilnenesB  was  proposed  as  the  subject  of  a  prise  at  an  Eiatoddvod 
in  1840.  When  the  author  of  the  suocesaful  easay  was  sought  for  \fj 
opening  the  envelope  containing  his  name,  it  was  found  to  b«  Taliesin 
Williams,  or,  as  he  was  )»oud  to  call  himself,  Ab  lolo,  who  thus  strove 
to  vindicate  the  fair  £une  of  his  faSlbae.  The  dissertatiim  ia  proaounoed 
by  impartial  critics.  Dr.  Williams  of  XJangadwaladr,  and  Dr.  Tregelles, 
to  be  a  masterpiece,  and  the  author  is  said  to  have  shown  satisEsctorily 
that  there  were  trooes  of  the  alphabet  in  Wddi  literature  long  before 
his  father's  time.  Since  then,  it  has  apparently  been  assumed  by  some 
Welsh  writers,  not  only  that  the  histmy  of  this  alpliabet,  taracdng  it 
back  to  the  Creation,  was  shown  to  bo  Elisabethoo,  or  medisval,  but 
was  also  shown  to  be  druidical,  and — ibraDgest  of  all — authentic 
There  are  many  illiterate  persona  who  soppow  tikat  a  statement  must 
necessarily  be  true  because  it  has  t^psared  In  {nint,  but  some  oC  the 
Welsh  critics  cany  the  point  stiU  forOier,  and  apparuitly  believe  ewy- 
thing  they  find  in  manuscript. 

The  three  associates  of  the '  Myvyrian  Archaiol<^ '  had  each  but  one 
son,  and  in  each  case  the  son  becune  on  emin«at  man.  Taliesin  Wil- 
liams, or  Ab  lolo,  the  son  of  Edward  Williams,  or  Ido  Morganwg,  who 
has  been  already  so  frequently  mentioned,  was  for  the  greater  part  of 
his  life  a  Bohoolmaster  at  Merthyr-'^dviL  He  was  bom  in  1787,  and 
died  in  1847.  Like  his  father,  he  wrote  both  Welshand  English  poetry. 
Aneurin  Owen,  the  sou  of  William  Owen  Pughe,  never  took  the  name 
of  Pughe,  assumed  by  his  father.  His  edition  of  the  '  Laws  of  WaleH,* 
already  mentioned,  is  a  lasting  titie  to  remembrance.  He  was  bora  in 
178%  uid  died  In  18£1.  The  son  ot  Owen  Jones,  still  Uving,  is  Owen 
Jones  the  eminent  architect,  who  nvduoed,  in  otmjunotion  with  Goury 
and  Oayangos,  the  finest  work  on  uieAlham^  of  Gnaada;  andaftet^ 
wards  reproduced,  with  signal  magnificeooej  tha  Alhamlna  itself  at 
Sydenham,  where  he  employed,  in  the  deomtian  of  a  second  Ciystol 
Palace,  the  talents  which  had  landy  contributed  to  the  saeoass  of  the 
first 

Oaa  of  the  most  eminent  writers  on  Welsh  aatiqtiitifla  of  the  oom- 
mencament  of  the  oentury,  was  the  Bev.  Edward  Davies,  bom  in  Bad- 

norshire  in  1756,  who  died,  after  a  long  illness,  on  the  fbrst  day  of  the 
year  1831,  He  first  essayed  his  powen  in  works  of  imagination — 
'  Aphtharte,'  a  poem,  and  '  Eliza  Powell,  or  the  Trials  of  Sennibilil?,'  a 
novel ;  but  hiB  chief  productions  were '  Celtic  Researches,'  published 
in  1804,  and  the  '  M^hology  of  the  Druids,'  puldished  in  1809,  two 
volumes  of  no  inomwdarable  ingenui^  and  learning,  employed  in  the 
aujqwrt  of  a  (angular  theory.  According  to  Davies  the  dmidioal 
superstition  was  preBcrved  and  patronised  in  Wales,  in  an  esoteric 
fashion,  down  to  Uie  time  of  Edward  I.,  and  was  a  fcrm  of  worship  in 
which  the  bull,  the  hotse,  and  tiie  element  of  fire  were  imminent 
emblems.  "  If  this  be  genuine  British  heathenism,"  be  remarks, "  it 
will  be  expected  that  vestiges  of  it  should  be  disoovered  in  the-oldest 
bards  tunr  extant,  and  here,  in  &ct,  ibey  present  themaalveB  in  honid 
profusion."  The  translations  of  Dories  an  made  in  so  peculiar  a 
fashion,  that  he  tarns  the  Gododin  of  Aneurin  into  a  description, 
not  of  a  battie  at  Cattraeth,  but'of  the  massacre  at  ^tonehenge ;  and 
indeed  in  his  hands,  it  is  difBcuIt  to  see  what  any  passage  may  not 
prove.  He  is,  as  might  be  expected,  severe  in  his  criticism  on  lolo 
Morganwg  snd  his  '  Bardic  Tnads,'  of  the  genuinmess  of  which  he 
dis^Dctly  intimated  his  disbelief  in  1809 ;  but  his  own  viewa  aze  fai 
many  cases  evidently  fanciful,  though  they  have  been  supported,  ovni 
in  later  years,  by  uriters  of  learning.  Davies,  towards  tiie  close  of 
his  life,  received  one  of  the  literary  penBiona  of  100  guineas,  paid  by 
Qeorge  IV.  to  the  nominees  of  the  Boyal  Society  of  Literature. 

The  Bev.  Thomas  Price,  another  eminent  Welsh  aptiquary,  was  a 
much  safer  and  more  candid  guide  than  most  of  those  who  have  been 
equally  enthunastio  in  the  cause  of  his  eountiy*a  la^[uage  and  litera- 
ture. He  observed,  in  his  '  Hanes  Cymru,*  whUe  praising  the  care 
which  had  been  taken  to  collect  and  print  ^1  the  alkged  productions 
of  the  primitive  bards  in  the  Myvyrian  Arcliaiology,  that  it  was  only 
necessary  to  turn  over  the  pages  to  see  that  some  of  the  ^ecea  did 


not  and  could  not,  belong  to  the  names  Uicy  were  ascribed  to,  and  he 

acknowledged  the  difficulties  with  regard  to  the  '  HiBtorio  Triads '  and 
other  documents,  whioh  are  often  quoted  by  others  without  a  hint  of 
unsoundness.  Thomas  Price  was,  like  Edward  Williams,  the  son  of  a 
stonemoaon,  but  of  a  stonemason  who,  having  formed  an  attachment  to 
a  clergyman's  daughter,  had  qualified  himself  to  beoome  a  clergyman, 
and  died  a  Wdsh  phinlist  with  ft  salary  ot  fitly  pounds  a  year.  Ifr. 
Price  himedf,  who  was  bom  in  1787,  sad  died  u  1848,  at  the  age  of 
sixty-one,  rcee  no  higher  in  the  ohurdi  than  to  the  vicarage  of  Cwmdu. 
He  was  so  indefatigable  a  writer  in  Walsh  periodicals,  tdiiefly  under 
the  signature  of  "  Camhuanawo,"  that  he  contributed  to  fifteen,  and 
wrote  an  article  for  one  or  the  other  of  them  every  month.  His  chief 
producticm  in  Walsh  ia  the  *  Hanes  <>nirtt  a  dienedl  y  Cymry '  (pub- 
Sshed  in  numbeiB  between  1688  and  1842),  a  'Htetoiy  of  Walesand 
the  Welsh  nation  from  the  earliest  times  to  the  death  of  Llewel^,' 
after  which  it  is  indeed  conttaued,  but  on  a  very  meagre  soale^  It  ia 
the  only  history  of  Wales  in  Welsh  at  all  commensurate  in  size  and 
importance  with  the  histories  of  Wales  in  English  by  Warrington  and 
Woodward,  It  comprises  not  only  a  political,  but  a  literary  history  of 
the  country  daring  most  of  the  pwiod  that  it  embraces,  and  well 
merits  a  tnaslatitBi.  The  beet  of  his  Sng^  wwks  are  eoUeoted  in 
the '  Literary  Bemaina  of  the  Bev.  Thomaa  Price,  with  a  Memoir  of 
his  Life  try  Jane  Williams,'  in  two  volumes  <18M-S6),  the  oorre- 
spondwoe  m  which  presents,  it  has  been  nmaiked,  the  faUest.^ebire 
yet  drawn  of  a  Welsh  literary  life. 

One  of  the  few  instances  of  Welsh  scholars  who  have  obtained  dis- 
tinction in  some  other  walk  is  aSforded  hv  the  Bev,  John  Williams, 
arcbdeaoon  of  Cardigan,  aythor  oi  '  Homer  and  '  Gamer/  the  former 
a  treatise  on  the  Greek  poet,  and  the  latter  oo  the  Wekh  language. 
Bora  in  1792,  and  sent  from  the  school  at  Ludlow  to  BiUiol  College, 
Oxford,  Williams  was  fortunate  enough  to  meet  with  Lo<^hart  as  a 
fellow-student,  and  to  form  a  friendship  with  him  which  infiuenoed  his 
whole  future  career.  Kecomm ended  by  Lockhartas  tutor  to  the  second 
son  of  Sir  Walter  Sooit;,  he  obtained,  by  Sir  Walter's  support,  in  1824, 
the  rectorship  of  the  new  Edintnirgh  Aoademy,  a  sort  ot  rind  to  iba 
old  High  School  and  formed  one  of  the  cirble  of  the  great  poet  and 
romancer,  over  whose  remains  he  finally  rood  the  funeral  service  in 
Drybnrgh  Abb^.  His  suooees  as  a  teacher  was  marked,  and  -the  first 
'  Dux'  in  his  school  was  Arohibald  Tait,  the  present  bishop  of  London. 
After  twenty  years  of  life  in  Scotland,  he  returned  to  Wales,  to  the 
vicarage  of  Lampeter  and  the  archdeaconry  of  Cardigan,  and  continued 
a  career  of  authorship  till  his  death  at  Bndi^  Heath  in  December. 
1858.  His  best  known  woi^  was  a  life  of  Alexander  tiie  Gbwt,  ana 
as  arohdeaoon  of  Cardigan,  his  eccledastical  superior  was  the  Bishop  of 
St.  David's,  Dr.  Connop  Thirlwall,  author  of  the  celebrated  '  History 
of  Greece,'  Both  bishop  and  aichdeaoon  were  also  Welsh  scholars; 
but  Thirlwall  acquired  the  language  after  his  accession  to  the  bishopric ; 
Williams  had  always  been  noted  for  his  attaohment  to  his  country's 
language  and  liten^nie,  and  was  zealous  in  Scotland  lor  the  honour  of 
Wueo.  H3s  wrUings  on  Welsh  subjects,  however,  did  not  raise  his 
rqiutation.  In  '  G^ner,'  a  dissertation  on  the  early  forma  and  history 
of  the  language,  he  e^nessed  himself  with  Buch  poeitiveness  on  doubt- 
ful subjects,  aiul  such  vehemence  cm  unimportant  ones,  as  to  weaken 
his  authority.  He  had  announced  a  translation  of  the  poems  of 
Aneurin,  TaUeein,  and  the  other  ^inutive  barda,  with  a  critioiil  revision 
and  reWablidmient  of  the  text,  whidi  was  looted  for  with  mncb  in- 
terest; fant  though  the  Mmouneement  was  made  in  1841,  nothing  had 
been  done  toward  carrying  it  out  at  his  death  in  1858. 

Among  the  most  eminent  of  living  Welsh  antiquaries  is  another  John 
Williams,  the  Bev.  John  Williams  ab  Ithel,  rector  of  Llanymowddwy, 
Merionethshire,  and  editor  of  the  '  Cambrian  Journal,'  gainer  of  the 
prisce  at  numerous  Eisteddvoda,  and  author  of  numerous  works  on 
Cambriin  sul^jeats.  Ab  Ithel  k  an  ardent  belieVer  in  the  dtsoovoies 
and  disoloeures  <rf  ttw  last  seventy  yean,  with  r^;ard  to  Cambrian 
history.  In  the  year  1656  he  edited,  for  the  Welsh  Uanuscript 
Sode^,  the '  Grammar  of  Edeym  the  Golden  Tongued/  said  to  be 
composed  about  the  year  12?0,  and  to  which  Mr.  Williams  added  a 
translation  and  copious  notes.  The  first  note  is  as  follows : — "  The 
British  alphabet  is  said  to  be  of  divine  origin.  God  in  the  beginning 
announoed  Hianame^ and  said  iriiereapon all thinga sprang  simul- 
taneously into  life  and  being,  and  responded  in  a  shout  of  extatio  joy, 
/|\ .  At  tiw  same  time  there  appeared  three  rays  of  Ught,  fotmii^  the 
divine  name  and  the  three  first  letters,  which  were  also  the  source  of 
all  letters  and  scienoes,  Einigan  Gawr,  who  was  favoured  with  thia 
sight,  todc  three  rods  of  mountain  ash,  and  inscribed  upon  them  the 
name  of  the  Dei^,  but  the  people  that  saw  them  mistook  the  rods, 
thus  bearing  His  name,  for  God  himself,  which  caused  Einigan  to  die 
of  gfief,  ^ee  Codbnn  y  Beirdd,  pp,  6,  7,  I(do  Manuscripts,  p.  424.) 
After  his  decease,  Menw  ap  y  Tturgwaedd  received  a  knowledge  of  the 
primary  alphabet,  and  developed  it,  as  it  would  seam,  to  tiie  extent  of 
tan  letters.  These  letter*,  or,  as  they  were  originally  twnned,  awgrym- 
mau  (signs),  ooelbrai  (omeu-niarks),  or  yBtorrynau  (cuttings),  wen 
kept  a  secret  by  the  Barda  until  the  time  of  BcJi  Mawr,  or,  as 
Llywelyn  Son  says,  even  unto  his  own  day.  (UAo  Manuscripts,  pp^ 
S17,  618,  628.)"  As  Llewelyn  Sion,  of  Llangewyd,  of  whom  we  have 
so  often  had  occaswn  to  speak,  died  about  the  year  1616,  it  must  be  ac- 
knowledged that  thia  was  the  best  kept  secret  on  record.  Mr.  Williams, 
it  will  be  observed,  spealu  of  these  statements,  in  regard  to  the  British 
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alpbibei,  not  m  the  dreamB  <A  iioKiiity,  but  aa  diaclosurea  to  be  reoeived 
with  respect.  He  adopts  the  same  seiioua  tone  in  the  prefaoe  to  the 
'  Brut  f  TywysogioD,  or  the  Chroniole  of  the  Frinoes,'  ecuted  by  him  in 
IffiO,  and '  published  by  the  authority  of  the  Lords  Commisstonen  of 
Her  Uajes^B  Treasuiy,  under  the  direction  of  the  Master  of  the 
Bolla.'  *'  The  voice  of  tradition,"  he  begins,  "  woald  not  lead  us  to 
nippoae  that  the  ancient  Britons  paid  any  ynj  particular  attention  to 
the  rtudy  of  ohronology  previous  to  the  era  of  Fiydain,  son  of  Aedd 
the  Great,  which  is  Tarioushr  dated  from  the  year  1780  to  480  before 
the  nativity  of  Christ."  The  remarks  which  follow  are  of  a  aimilar 
character.  Ab  l^el  is  now  (1861)  publishing  'The  Traditionaiy  Annals 
of  the  C>mry ;  reprinted  from  the  Cambrian  Journal,'  in  which 
many  of  the  statements  are  based  on  the  manuscript  of  Llewelyn 
Sion,  and  many  others  on  what  are  simply  quoted  aa  "  unpublished 
manuMnipts." 

A  Toare  complete  contrast  to  Ab  Ithd,  in  the  oharacter  of  his 
criticism,  can  hardly  be  imagined  than  Mr.  Thomas  Stephens,  of 
Uerthyr-Tydvil,  acknowledged  even  by  his  opponents  to  be  one  of 
the  first  of  living  Welsh  soholars.  Id  his  'Studies  on  British  Bto- 
gr^hy,'  printed  in  the  '  Cambrian  Journal '  in  which  the  editor  is  in 
the  haUt  of  speaking  of  Prydain  ab  Aedd  Mawr  as  a  personage  as 
hishnical  as  Llewelyn  ab  Jorwerth,  or  William  the  Conqueror,  Mr. 
Stai^ena  remarks  that  "it  is  seldom  that  a  name  can  be  clearly 
demonstrated  to  be  a  myth,  and  the  stages  of  its  growth  fuily  and 
satisfactorily  unfolded,  but  we  are  enabled  to  do  this  in  the  case  of 
Prydain  ab  Aedd  Mawr,  and  to  show  Uiat  the  name  is  one  of  the  best 
specimenB  of  a  myth  in  all  literature."  "  On  me  be  the  riiame,"  he 
■dda, "  if  the  statement  <s  not  bome  out  by  the  facts  aud  reasons  here 
following :  on  those  who  have  deluded  their  countrymen  with  dreamy 
speculations  and  hardy  mis-statemente,  if  the  proof  should  be  conolu- 
aive."  Mr.  Stephens  forcibly  describes  himself  at  the  end  of  his  article, 
as  one  "who  honestly  endeavours  to  unfold  the  real  history  of  his 
oouiiCry  and  countrymen,  and  who  aspires  to  teach  them  tikat  that  can 
be  no  true  pwtriotinn  which  upholds  as  veritable  history  a  tissue  of 
demonstrable  fietksw,  which  fears  to  realise  its  own  bout  of '  Truth 
against  the  world/  and  dreads  nothing  so  much  as  to  see  its 'traditions' 
subjected  to  a  rigorous  examination  '  in  the  face  of  the  sua  and  in 
the  ejQ  of  light.'"  The  most  important  work  hitherto  published 
^  Mr.  Stephens  is  his  valuable  v(dume  on  the  '  Literature  tiie 
Cmay  in  tne  Twelfth  and  following  Centuries.'  The  reader,  even 
wiiere  be  cannot  agree  witii  the  auth<M's  opinions,  feels  assured  that 
they  are  those,  not  only  ol  a  man  of  learning,  but  of  sincerity  and 
judgment.  A  complete  history  of  Welsh  literature  from  the  same 
pen  would  be  a  boon,  not  only  to  the  literature  of  England,  but  of 
Europe,  and  the  gratitude  of  men  of  letters  would  make  amends  to 
Mr.  Stephens  for  the  virulcnoe  with  which  he  has  been  sometimes 
assailed  by  the  mistaken  patriotism  of  ill-judging  countrymen,  who  do 
not  perceive  that  he  is  one  of  the  best  friends  and  aupporten  of  the 
real  honour  of  Wales. 

It  has  been  already  mentioned  tiiat  Mr.  Stephens's  general  viewe 
have  found  a  ppwerf lu  supporter,  and  in  some  cases  extender,  in  Mr. 
Jfsah  of  Cheltenham.  They  are  ^so  subetantially  thoae  a/iapttd  in 
the  able  '  History  of  Wales  from  the  earliest  times  to  the  incorpcM«- 
tion  with  Kngland,  by  Mr.  Bernard  Woodward,  Ubrarian  to  the  Queen. 
Much  ezceUent  eritidsm  on  Welsh  Dmidism,  Hw^i^m,  and  litera- 
ture may  be  fonnd  embodied  to  the  greatest  adwttage  in  »  vdome 
which  is  distinguished  for  the  vivaci^,  ss  well  as  the  general  sound- 
ness of  its  views. 

Tho  music  of  Wales  was  first  brou^t  before  the  English  pabUo,  ui 
connection  vrith  its  poetry,  in  the  'Belies  of  the  Welidi  Bsida,'  pub- 
lidiedin  1784, by  Edward  Jones, "Bard  to  the  Prinoe  of  Wsles,"  a 
native  Meriitmethshire,  who  died  at  London  in  1824,  The  woric  is 
valuable  from  the  specimens  it  contains  of  both  poetry  and  music, 
but  the  poetry  is  too  parai^insticaUy  rendered,  and  Uie  aoocmponying 
notices  are  little  to  be  relied  cm.  A  similar  collection  of  Welsh 
tunes  waa  made  by  John  Parry  (bora  at  Denbigh  in  1776,  died  at 
London  in  ISfil),  a  self-taught  musician,  who  became  composer  to 
Yauxhall  Oardens,  and  vras  moreover  honoured  with  the  degree  of 
"  Bardd  Alaw,"  or  Bard  of  Music,  at  a  oongreaa  of  Bards,  in  1821.  Mr. 
Parry  had  the  good  fortune  to  engage  Mrs.  Hemana  to  write  the 
Tenes  to  his  ooTleotion  of  melodies;  but  Mrs.  Hemaos,  though  she 
spent  part  of  her  childhood  and  much  of  her  life  in  Wales,  and  waa 
attached  to  the  country,  was  unacquainted  with  the  language.  An- 
other collection  of  Welsh  tunes  is  now  announced  as  in  preparation, 
with  Welsh  words,  by  "  Talhaiam,"  one  of  the  first  of  living  Welsh 
poete,  and  translations  into  Ene^iah  verse  by  Mr.  Thomas  Oliphant,  of 
the  Madrigal  Society,  author  ot  the  '  Musa  Modrigalesoa.' 

The  quantity  of  Welsh  poetry,  or  verse,  that  has  been  written 
during  the  last  hundred  years  is  very  remai-kable,  and  not  the  less 
remariuble  is  the  general  uniformity  of  its  character.  It  is  almost 
exclusively  lyrical  In  the  whole  range  of  Welsh  literature  for  many 
eenturiee  thoe  was  nothing  of  the  ejdo  or  narrative  kind,  not  even  so 
much  as  a  boUad,  while  the  moat  popular  volume  ot  Breton  poetry 
that  has  been  published,  the  '  Barzas  Breiz,*  consists  of  a  coUeotion  of 
ballads  gathered  amtmg  the  peasantry.  An  absence  of  fiction  in  prose, 
of  that  class  which  the  Oermaos  crauider  a  branch  ot  poetry,  is  also 
very  striking  in  Welsh  literature.  It  might  be  brought  as  an  argu- 
ment against  the  originality  of  the  ]blabinogi<Hi,  tiiat  the  only  other 


fictitious  narratives  that  have  been  popular  in  Wales,  even  down  to 
our  own  timee,  have  certainly  been  imported.  The  '  Pilgrim's  Progress  * 
is  simply  a  translation  of  Bunyan;  tiie  '  Sleeping  Bard'  of  BMs  Wynneie 
foimded  on  Quevedo ;  and  the  on^  book  of  the  kind  that  has  stirred 
the  mind  of  the  Welsh  in  our  daya  is  '  Unde  Tom's  QMn,'  which 
received  the  extraordinary  honour  of  four  diflerent  tnuwlations  and 
ad^tations.  All  tiiese  works,  it  may  be  renuvked,  partake  of  a  reli- 
gious character.  We  have  never  heard  of  a  Welsh  translation  cf 
'  Robinson  Crusoe,'  or  of  a  novel  by  Sir  Walter  Soott.  Some  '  Tempe- 
rance Tales '  have  lately  been  produced  in  answer  to  prizes,  and  we 
observe  that  with  the  present  year  (1861)  a  serial  was  commenced  at 
Uaoerchymedd  under  the  title  of  '  Y  Kofelydd,'  'The  Noveliat.'  U 
well  conducted,  we  heartily  wish  it  success.  The  "  Cymro  unluth 
the  Welshman  who  knows  no  language  but  Welsh,  has  been  left  sin- 
gularly deficient  in  means  of  literwy  recreation.  The  Saxon  can 
hardly  be  more  ignorant  oS  the  litnatnie  of  Wales  than  such  » 
"  Cymro  uniaiih  "  neoessarily  was,  till  ver^  reoentiy,  <A  the  litenitan 
of  England. 

Some  of  the  poete  of  the  more  recent  period  have  already  been  men- 
tioned in  giving  on  acoount  of  the  antiquaries, — Owen  Fughe,  Edward 
WilliMns,  and  his  son  TaliestD ;  of  the  others,  the  only  dramatic  one  may 
take  precedence,  "  Twm  o'r  Nant,"  says  Williams,  or  lolo  Morganwg, 
in  one  of  his  letters,  "  has  been  called  the  Shakspere  of  Wales,  What 
blasphemy  to  name  him  with  the  Shakspere  of  England  !  You  have 
most  probably  seen  a  foolish  crambo  sometimea  put  into  the  hands  of 
little  children  beginning  to  read.  *  Tliis  is  the  House  that  Jack  builL' 
It  is  much  furer  to  compare  this  to  the  writings  of  Shakspere  than 
anything  that  was  ever  written  by  Twra  o'r  Nant,  whose  interludes 
consist  uf  nothing  but  the  lowoat  and  froquentiy  the  most  indecent 
bufibonery  that  can  be  imagined."  "  Twm  o'r  Nant,"  or  "  Tom  of  the 
Valley,"  was  the  bardic  name  of  Thomas  liklwaide,  who  was  the 
originator  and  chief  of  a  buid  of  strolling  players  who  went  about  to 
the  Welsh  villages.  His  interludes,  "  Enterlutea,"  as  he  calls  them  in 
Welsh,  resemble,  if  we  may  judge  by  their  tities,  which  are  given  by 
a  oorreraondent  in  the  '  Cfwladj^rwr '  (vol  vL,  p.  144),  the  Mystmes, 
or  Monuities,  which  preceded  the  establishment  of  tiie  r^^ular  theatre 
in  most  oountriee  of  Europe.  One  of  them  is  a  dialogue  between  a 
Protestant  and  a  Dissentw;  anotiier  between  Pleasure  and  Misery. 
The  dates  of  these  are  1783  and  1787.  He  afterwards  advanced  newer 
to  the  regular  drama,  for  in  .1812  we  have  the  'Yatori  Biohard 
Whittington  yr  hwn  a  fu  dair  gwaith  yn  Arglwydd  Maw  Uundain ;'  the 
story  of  Whittington  thrioe  lord  mayor  of  London.  Their  merit,  we 
may  oharitaUy  suppose,  was  greater  than  Williams  allows  them,  since 
some  who  deny  him  the  name  of  the  Welsh  Shakspere  call  him  the 
Welsh  Aristophanes.  Edwards  was  born  in  Denbighshire  in  1738,  and 
died,  apparently,  before  1820.  Before  his  time  the  only  existing  speei' 
mens  of  the  Welsh  drama,  that  we  are  aware  of,  are  a  vtdume  of 
"interludes"  of  the  17th  century,  among  the  manuscript  of  the 
British  Museum.  Since  his  time  we  have  heard  of  no  attempt  to 
rerive  the  aoted  drams  in  Wales;  but  id  a  recent  number  of  'Y 
B«drniad,'  a  periodical,  there  is  an  adaptation  of  David  and  Goliath, 
from  the  original  of  Hannah  More ;  and  Talhaiam  gives  in  his  poems 
a  translation  of  a  Bc»ie  or  two  from  ShakQ>era's '  King  Lear.' 

The  poetiy  of  the  fourth  period  in  Wales  is  generally  of  a  serious 
character.  Three  Davids  ore  mentioned  as  distinguished  among  the 
bards  — David  Richards  of  Dolgelly  (1751-1827),  known  as  Davydd 
lonawr ;  David  Thomas  of  Caernarvon  (1769-1622),  known  as  Davydd 
DduEryri;  and  David  Owen  of  Eivion  (1784-1841),  by  his  bardic  name 
Dewi  Wyn.  Davydd  lonawr  is  aometimee  colled  "  the  Christian  poet 
of  Wales,"  his  chuf  productions  being  a  sort  of  epic  on  the  Trinity, 
and  a  paraphrase  of  tiie  history  of  Joeeph.  Dai^dd  Ddu  Eryri  was 
one  of  the  companions  of  lolo  Moiganwg  in  the  bardic  meeting  held  in 
1792  on  the  summit  of  Ftimrose  Hill,  and  in  1798  and  1794  he  was, 
vritii  his  rival,  Walter  Daviee,  ot  Qwallter  Meduun,  pndiibited  from 
contending  at  Eisteddvods  for  a  time,  because,  when  they  did  so,  their 
competitors  had  no  chance  of  suooess.  Dewi  Wyn  qwnt  hia  life  in 
rural  punuite,  end  his  poems  were  collected  in  a  volume  under  the 
tide  of  '  Blodau  Arfon,'  or  '  Flowers  of  Arvoo.'  Mr.  Thomas  Lbyd 
Jones  (Qwen&wd),  of  Holywell,  in  Flintshire,  who  emigrated  to 
America,  and  died  in  Alabama  in  1834,  in  bis  twen^-fourth  year, 
published  a  small  but  useful  volume,  *  Ceinion  Awen  y  Cymry,'  *  the 
Beauties  of  Welsh  Foetiy,'  an  acceptable  guide  both  to  Uie  stranger  and 
native.  A  larger  volume  of  this  description,  with  biogtsphical  notioee 
of  the  poets,  on  the  plan  of  Mackenzie's '  Spedmens  of  Qaelio  Poetry,' 
is  much  required  in  Welsh  literature.  Lloyd  Jones  had  also  translated 
into  Welsh,  Thomson's '  Seasons,'  and  the  '  Deserted  Village,'  and  tiiUB 
set  an  example,  which  has  been  f<dlowed  by  Daniel  Silvan  Evans  and 

by  Jones  (Talhuorn),  of  enabling  the  Welsh  reader  to  taste  some 

of  the  beauties  of  the  bards  of  England.  Merthyr-Tydvil  at  one  time 
boasted  of  three  poets— Taliesin  Williams,  already  repeatedly  men- 
tioned ;  Edward  Williams,  an  innkeeper,  who,  to  distinguish  him  from 
the  more  famous  Edward  Williams,  or  lolo  Morganwg,  waa  eaUed  lolo 
Mynwy;  and  John  Thomas,  said  by  bis  admirers  to  be  the  best 
minstrel  in  South  Wales.  Two  eminent  Welsh  bards  were  resident  at 
Oxford  together— the  Rer.  Daniel  Evans,  of  Jesus  College,  who 
BBBumed  the  name  of  Daniel  Ddu  o  Geredigion,  from  his  native 
Cardigan,  and  the  Rev.  John  Jones, of  Christ  Church,  who  took  that  of 
Tegid,  from  having  been  bora  near  Llyn  Tegid.   A  oirilaction  of  poems 


Digitized  by 


y  Google 


877  WELSH  LANO^AaE  AND  LITEBATUBB. 


by  thB  former  was  publuhod  at  LlandoTery  in  1881,  under  the  name 
of  •  awinllan  y  Bardd/  '  The  Poet'B  Vineyard.'  The  produotiona  of  the 
other  have  not  yet,  that  we  are  aware,  been  oollected,  though  the 
death  of  Tegid  took  place  some  years  ago,  and  hia  poenM  are  ouch  as 
hia  oQuntrymea  vould  not  willingly  let  die.  The  Bev.  Walt«r 
Da  visa,  caUod  OwiiUter  Hechain,  from  his  birthplace,  Llanrechain, 
In  Montgomeryshire,  waa  bom  in  1761,  and  died  in  1849,  in  hia  eighty- 
ninth  year,  atill  an  active  contributor  to  Welsh  periodicala,  for  which  he 
had  then  been  in  the  habit  of  writing  for  more  than  halt  a  century. 
Ab  a  Welah  poet  he  was  more  remarkable  than  his  ftiuid  lolo  Morgan  wg, 
asdhia  influence  at  the  Eisteddvod  of  1819  was  Btrong  BRainst  Cyngtib- 
nedd.  The  Bar.  Jamea  Horiiea,  bom  in  1779,  at  Eret  a  peasant  in  (Jbi- 
digruiBhlre.theti  a  woifa&an  In  Deptford  dockyard  from  his  twenty-first  to 
his  forty-fifth  year,  became,  in  1  ilO,  a  CalvinisfcicMethodiBtpreacher,  was 
for  many  years  minifiter  in  Jewin  CreBoent  Cbapel«  and  died  in  1846. 
His  Welah  commentary  on  the  New  Testament  is  in  hig^  esteem,  and 
he  was  also  considered  a  good  poet  and  critic.  Among  hia  productioaa 
ii  a  translation  of  Gray's  'Bard.'  Some  WcJsh  vereea  are  inscribed  on 
his  tombatone  in  Buiuiill  Fii^  burying-ground,  in  full  view  of  the 
passengera  along  the  busy  <Mj  Boad,  whose  oye  they  often  catch.  The 
Her.  William  Kees,  of  Liverpool  (Qwilym  Hiraethog),  ia  a  poet  of  hi^ 
reputation,  who  generally  ezerciBea  hia  jien  on  serious  subjects,  and  the 
ohief  production  in  whose  volume  of  poems  is  a  paraphrase  on  the 
Book  of  Job.  The  Rev.  William  Williams,  of  Caemarvon  (Qwilym 
Caledfiyn),  authw  of  '  Qrawn  Awea '  ('  'ITie  Treasure  of  tiia  Muse'), 
and  oUier  volnrnM  of  poetiy,  has  been  for  the  last  forty  years  one  of 
the  kadera  of  the  poetical  choir.  It  is  somewhat  remarkable  that  we 
hear  of  no  "tenth  Muse,"  no  poetess  whatever  in  the  Welsh  Parnassus, 
though  of  late  even  female  preachers  and  female  lecturers  have  been 
numerous  in  the  country,  and  its  history  and  literature  owe  permanent 
obligations  to  the  Englishwoman  Mrs.  Hemans  and  the  Scotchwoman 
Lady  Charlotte  Quest.  A  poem  entitled  '  Wales,'  which  has  appeared 
in  America,  ia  a  tribute  to  her  native  countfy  by  Mise  Maria  James, 
irho,  when  she  left  the  Old  World  at  the  age  of  eight,  was  acquainted 
with  no  language  but  Welsh,  and  whose  first  leason  in  English  was  to 
leam  on  board  the  vessel  the  meaning  of  "  Get  out  of  the  way."  But 
even  in  her  tribute  to  Wales  she  adopted  the  English  language.  One 
good  effect  of  the  prizes  proposed  by  the  Welsh  sooietiee  has  Men  that 
w  late  some  versified  narrative  has  been  introduced  to  ^v»  a  littJe  more 
variety  to  Welah  poetry.  It  Is  singular  to  observe  with  what  unde- 
viating  constancy  the  notional  mind  has  run  for  centuriea  in  the  track 
of  funeral  elegies  and  eulogies,  so  that,  even  in  modem  timea,  scarcely 
any  respectable  clergyman  is  lost  to  his  oongre^tion  without  being 
oelebrated  in  verse.   The  poet  whose  Bardic  name  is  Talhaiam,  but 

whose  real  name  is   Jones,  seems  to  otteat  an  exception  in  many 

reapecta  to  the  general  course  of  his  countrymen.  He  writes  poetry 
In  Eogjish  as  well  as  Welsh ;  he  appears  to  appraoiate  and  enjoy 
litiiglinh  literature;  and  his  productions  are  of  a  lighter  and  more 
amusing  kind  than  usual.  A  long  residence  abroad,  not  onl^  in 
England,  but  in  Fiance,  in  pursuit  of  his  pnrfession  as.  on  architect, 
appears  to  have  emancipated  him  from  many  of  the  narrow  ideas 
tnuch  are  still  found  in  tiie  glens  of  Wales. 

The  cultivation  of  Welsh  prose  haa  lately  taken  a  much  wider  range 
than  formerly,  owing  to  the  great  wpnaa  of  periodical  publications. 
Of  B^aiate  woi^a  t£ere  are  few,  except  of  a  purely  theological  cast, 
and  Sieae  are  generally  commentaries  on  the  Scriptures,  in  which  the 
matter  is  taken  from  Englieh  commentatora,  and  only  arranged  ia« 
new  manner.  The  Bev.  Thomas  Price's  '  Hanes  Cymru,'  a  history  of 
Wales  which  haa  been  already  noticed,  ia  almost  txie  omy  volume  of 
orjginal  research.  A  volume  entitled  '  ftntusiana  sef  Caa^iad 
Dethdedig  o'i  Cyfansoddiadau  *  ('  Brutuaiana,  or  a  Select  Collection 
of  his  CompoBiticxis '),  by  David  Owen,  who  writes  under  the  signature 
of  Brutus,  ia  considered  to  contain  some  of  the  best  apecimena  of 
modem  Welsh  prose,  which  are  chiefiy  reprinted  from  the  periodical 
entitled  *  Yr  Haul,'  of  which  Mr.  Owen  was  editor.  The  subjeots  are 
mostly  religious.  Mr.  Hngh  WilUams,  known  under  the  bardic  name 
of  Codvan,  and  formeriy  e£tor  (tf  the  '  Cymm,'  a  newspaper  published 
at  Bangor,  is  also  celelwated  as  a  writer  of  elegant  and  idiomatic  Welsh 
proee,  and  was  presented  with  a  testimonial  on  that  account  by  his 
countrymen  in  London,  in  May,  1660.  Mr.  WilliamB  ia  one  of  the 
tranalatora  Into  Welsh  of '  Uncle  Tom's  Cabin.' 

The  spread  of  Methodism  in  Waleb  haa  been  referred  to  as  one  of  the 
causes  of  the  revival  and  extension  of  its  literature^  and  the  proof  is 
at  hand  in  the  foct,  tiiat  no  othw  literature  whatever  ia  ao  emi- 
nently aeotarian.  Methodiam  in  Wales,  as  elsewhere,  has  found  its 
chief  acceptance  among  the  lower  classes.  In  England  the  Hethodiats 
have  a  literature  of  their  own,  but  it  is  couched  in  the  common  lan- 
guage of  the  country ;  in  Wales  that  literature  is  In  the  peculiar 
language  of  the  peasantry.  The  peaaantiy  are  deli{^ted  beyond 
measure  to  hear  themselves  addressed  from  the  pulpit  in  their  native 
tongue.  The  two  popular  preachera  of  An^eaey,  Christanaa  Evana 
(1766-1838)  and  JohnEliaa  (1774-1841),  produced  wonderful  effects  on 
their  Welsh  congr^ationa.  Chriatmas  EvanB,so  baptised  because  he  ma 
bom  on  Christmas-day,  was  noted  for  his  fine  voice  and  hia  theatrical 
action.  John  Elias,  who  paid  a  visit  to  London  every  three  years,  and 
also  took  tours  through  England,  preaching  in  Welsh  in  towns  where 
no  other  Welsh  sermon  had  ever  been  heard,  was  a  sort  of  apostle  to 
his  aountcyman.   The  great  body  of  modem  Walah  literature  ia  thus 


of  a  theological  and  sectarian  cast,  and  it  is  supported  by  many  to 
whom  nationalii^r  and  national  traditions  are  a  matter  of  comparative 
indifllarenoa.  There  ara  also  many,  to  wfacun  theoh^oal  diaputea 
are  matters  of  less  interest,  but  who  are  enthusiaBtie  for  their 
nationality  and  thor  language.  Between  the  two  are  all  ahadee  of 
combinations  of  the  two  feelings — theolo^cal  and  national;  and 
the  progreas  of  both  is  more  faitiif ully  delineated  than  anywhere  else 
in  the  Welah  periodical  press.  In  almost  every  country  the  periodical 
portion  of  its  literature  has  now  assumed  an  impratance  unknown 
to  previoua  atagee  of  its  htatory,  but  fn  no  country  is  it  ao  predominant 
as  la  Walea. 

The  first  Welsh  periodical  of  any  kind  appeared  about  1770  :  its  title 
was  '  Yr  Eurgrawn  Cymraeg,'  or  the  '  Welsh  Treasure,'  and  it  was 
edited  by  the  Kev.  Peter  WilliamB,  of  Caermarthen,  and  Evan  Thomns, 
a  Welsh  poet,  from  Montgomeryshire,  then  resident  in  that  town. 
Allusion  has  already  been  made  to  '  Y  Qreal,'  or  '  The  Miscellany,' 
which  was  set  on  foot  liv  Owen  Jonetj  under  du  edltonhip  of  Owen 
Pughe,  in  180S,  and  did  not  proceed  further  than  one  volume.  The 
'  Seren  Qomer,'  or  '  Star  of  Oomer/  waa  the  flrat  periodical  that 
achieved  a  decided  auocesa  in  Wales.  There  are  three  different  stages 
of  ita  career, — as  a  weekly  newspaper,  a  monthly  magazine,  and  a 
quarterly  miscellany.  The  first  number  of  it  appeared  at  Swansea,  on 
Saturday,  the  1st  of  January,  1814,  and  waa  the  first  Welsh  newspaper 
ever  printed.  Its  object  was  stated  by  the  eiUtor,  in  his  opening 
address,  to  be  to  arreet  or  [owent  the  extinction  of  the  language, 
which  it  appears  waa  then  expected  by  many  not  to  survive  that  gene- 
ration. The  editor,  the  Uev.  Josepn  Harris,  a  B^)tist  minister  of 
Swansea,  was  a  self-taught  man,  who  carried  hia  admlratioa  of  hia 
native  lajiguage  to  a  fanatical  extent.  The  '  Scrcn  Qomor '  new8pa])er 
was  at  first  very  successful,  but  its  supporters  soon  began  to  cool  and 
fall  off,  and  it  came  to  a  cloaa  with  "So,  85,  in  181.^,  tiie  proprietora, 
six  in  pumber,  suffering  it  ia  said  a  loas  of  1000^,  by  the  enterprise. 
In  1818,  it  waa  resumed  as  a  monthly  magacine  at  Caermarthen,  under 
the  same  title  and  with  the  same  editor ;  but  this  time  it  had  more 
of  a  Bectarian  character,  and  it  stmck  deep  root.  Even  the  loss  of  its 
editor,  Harris,  did  not  check  its  eucceas  :  he  died  in  18^5,  of  a  broken 
heart  at  the  loss  of  hia  only  son,  who  had  died  tiie  year  before  at  the 
age  of  twenty-one,  and  waa  already  known,  under  tiie  name  of  Jeuan 
Glan  Tftwy,  as  a  poet  of  merit.  The  '  Seren  Qomer '  continued  to  be 
for  many  yean  the  most  popular  magaElne  in  Wales,  though  ita  success 

five  birth  to  several  rivals.  Ita  general  character  was  that  of  the 
nglish  magazines  of  the  early  part  of  the  19th  century,  tiie  contents 
consisting  mainly  of  articles  from  chance  contributors,  and  every  num- 
ber comprising  a  digest  of  foreign  and  domestic  news,  with  the  state  ot 
the  markets,  ao  as  to  give  the  reader  the  advantage  of  a  monthly 
newspaper.  Queetiona  of  theology  and  bhuroh  govemmoit  took  how- 
ever such  a  prominence  in  ita  columns,  as  would  have  caused  it  to  be 
classed  in  England  among  the  religious  magazines,  such  as  the  '  Evan- 
gelical,' or  the  '  Baptist.'  Its  price  as  a  monthly  magazine  was  sixpence; 
it  is  now  raised  to  a  sliilling,  and  the  'Seren  Gomer*  of  1801  is  a 
quarterly  publication. 

Several  of  the  other  periodicalB  which  arose  In  consequence  of  ita 
succeaa  were  connected  with  religious  bodiea.  '  Y  Dryaorfo,'  or  '  The 
Treasury,'  edited  by  John  Pany,  and  commenced  in  1831,  was  under 
the  superintendence  of  the  Calvinista.  '  Y  Diwygiwr,'  or  '  The 
Beformer,*  commenced  at  Llanelly  in  1836,  was  conducted  by  a  com- 
mittee of  the  Independents;  and'Y  Dysged^dd,'  or  'The  'I'eacher, 
published  for  the  lost  thirty  years  at  Dolgelly,  is  edited  by  six  or  seven 
C<mgregationd  ministeia.  Most  of  the  other  "■■g^"'"**  are  organs  td 
Weuejitna,  Independents,  Baptists,  or  UniverasliBtfl.  The  '  Oylch- 
grawn,'  or  'Circulator,'  coneiating  principally  of  translationa  from 
tiie  pubUoations  of  the  Society  for  the  Difiusion  of  Useful  Knowledge, 
in  particular  the  '  Peony  Magazine,'  and  '  Penny  Cyclopaedia,'  hod 
a  very  short  career,  in  consequence  of  the  diabmte  of  the  Welsh 
public  for  all  but  religious  pubUoations.  It  was  commenced 
m  1884,  and  discontinued  in  1835.  Its  editor  was  the  Bev.  John 
Blaokw^l,  oi  Hold,  in  Flintshire,  who  had  raised  faimaelf  from 
the  poaition  of  a  shoemaker  to  tlut  of  rector  of  Meiaordeifi,  in 
Cardiganshire,  and  had  some  poetical  reputation.  Other  publicaliona 
were  more  successful,  which,  though  not  excluding  sectarian  matter, 
had  a  strong  tincture  of  literature.  '  Y  Qwladgorwr,'  or  '  The  Patriot,' 
published  at  Chester  and  Liverpool  from  18^  to  1841,  under  the 
editcaahip  original^  of  the  Bev.  Evan  Evans  (Jeuan  Glou  Qeirionydd), 
contuna  amusing  and  inatmctive  biographical  articles.  '  Yr  Haul,*  or 
'  The  Sun,'  publtahed  by  Bees  of  Llandovery,  though  espousing  the 
interests  of  the  EstablUhed  Church,  was  ctUted  by  a  layman,  David 
Owen,  and  contained  some  valuable  and  nou-eccleaiaaUcal  matter. 
But  the  leading  literary  organ  of  Wales  for  some  years  has  been  a 
quarterly  periodical  entitled  '  Y  Traethodydd,'  or  '  The  Essayist,'  com- 
menced in  1845  at  Denbigh.  TUa  ia  a  production  of  a  class  answering 
to  the  English  quarterly  reviews,  the  articles  in  it  being  all  of  a 
superior  character,  and  supplied  by  pud  contributors.  It  takes  a 
widM-  and  freer  range  than  its  predecessors,  and  is  the  only  Welsh 
psriodiool  wliich  contains,  for  instance,  an" essa^"  on  Goethe's  '  Faust,' 
and  Snother  on  Kant's  '  PhiloBophy.'  Many  of  its  articles  well  merit 
tranalatioD  :  we  may  cite,  as  an  instance,  a  curious  account  of  the 
French  invasion  at  Finhguord,  mueh  fuller,  we  believe,  than  any 
that  has  yet  appeared  in  Englieh.   Sinoe  18^  a  oompaDitn  baaarista 
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to  the  *  Traethodydd '  in  '  Taliesiii,'  a  quarterly  magazine  issued  at 
Ruthyn,  which  publisheB  the  productions,  both  poetical  and  in  prose, 
which  have  received  the  prizes  at  the  Eisteddvods,  in  addition  to 
reviews  of  new  books  and  miscellaneous  articles.  The  Welsh  pe- 
riodicals form  oltf^eUier  the  most  striking  and  attractive  feature  in 
their  modem  Itteratnre.  Their  number  is  astonishhig,  and  they  are 
issued  even  in  secluded  towns  aud  villages.  In  the  catalogue  of 
the  periodical  publications  in  the  Library  of  the  British  Museum,  we 
find  two  Welsh  magazines  published  at  Llangollen,  three  at  Llanidloes, 
and  four  at  IJanelly,  An  interesting  notice  of  them  was  given  in  some 
articles  of  the  'Atbenteum'  (8th  and  15th  N'ovember,  185lt),  whidk 
enumerated  sixteen  magazines  and  six  newspapera.  The  leading  news- 
p^>er  is  the '  Amserau-  (tiie  *  Times '},  pubUshed  at  Liverpool,  whose 
circulation  was  computed  in  the  'Athenajum,'  but  no  doubt  very  erro- 
neously, at  100,000.  Penny  newspapers  are  now  numerous  and  well 
conducted.  '  Yr  Herald  Cymraeg,'  published  at  Caernarvon,  and  '  Yr 
Udgom  y  Bobl*  ('The  People's  Trumpet'),  publislied  at  Denbigh, 
contain  letters  from  correspondents  at  London,  Liverpool,  Dublin, 
Htrwaun,  ftc,  &0.,  which  though  not  renuubUe  fco-  purity  of  language, 
furnish  much  more  amusing  reading  than  was  formmv  -mthin  reach  of 
the  Welsh  reader.  It  was  mentioned  in  the  'Athenseum'  that  a 
selection  of  extracts  from  the  Welsh  periodicals  was  issued  at  New 
York,  under  the  title  of  '  T  Detholydd,'  or  '  The  Selector,*  and  that 
there  were  also  original  Welsh  periodicds  in  America :  '  Y  Cenhadwr ' 
('  The  Messenger '),  •  Y  Seren '  ('  ITie  Star '), '  Y  Cyfaill  o'r  Hen  Wlad ' 
(' The  Frioid  from  the  Old  Conatay'),  "and  many  others,"  Samuel 
Jenkins,  of  Philadelphia,  who  contributes  a  letter  on  eminent  Welsh- 
men to  a  book  by  Alexander  Jones  on  the  Welsh  in  America,  entitled 
'  The  Cymry  of  '7fi,'  published  at  Xew  York  in  1855,  mentions  tJiat  of 
four  Welsh  magazines  then  published  in  the  United  States,  one  was 
ieaued  in  the  city  of  New  York,  two  in  towns  in  Oneida  county,  and 
l^e  other  in  Pottaville,  Penn^lvania.   We  have  also  seen  mentioned 

•  newspaper  at  New  York, '  Y  Cymro  Americanaidd '  {'  The  American 
Welshman which  is  said  to  have  SOOO  subscribetB.  In  an  enume- 
ration of  tiie  newspapers  published  in  America  in  1861,  it  is  stated 
that  there  are  five  in  the  Welsh  buiguagt^— Mul,  we  believe,  exactly 
four  thousand  in  the  English. 

One  of  the  greatest  enterprises  of  Welsh  publishing  is  the  Welsh 
En<7clop3!dia,  commenced  by  Mr.  Gee,  of  Denbigh,  in  the  year  1856, 
under  ^uio  editorship  of  the  Rev.  John  Party,  of  Bala.   Its  title  is 

*  Encyolopibdia  CambrenBis-Y  Ov^rddoniadur  Cymreig.'  It  is  divided, 
on  the  plan  of  the  *  English  Crclopgedia,'  into  several  sections,  of  which 
the  first,  which  is  now  publisning,  is  that  of  Divinity,  Philosophy,  and 
Antiquities.  The  first  number  of  the  fourth  volume,  just  issued  (in 
August,  1861),  carries  it  to  the  article  Dyfnwal  Modmud,  in  which,  as 
in  the  article  on  Bai-dd,  which  occupies  86  dosely-printed  pages,  a  full 
and  impartial  account  in  given  of  the  views  of  both  of  the  purtiea  in 
Welsh  antiquities,  but  in  a  manner  which  leaves  no  doubt  that  the 
writer'a  judgment  is  adverse  to  the  sup^rters  of  Bardic  tradition. 
The  Encyclopiedia  is  a  work  which  in  its  literary  character  does  honour 
to  Welsh  literature,  and  in  its  t3rpograpbicaI  execution  does  honour  to 
tiie  Welsh  press. 

This  is  perhaps  the  most  appropriate  place  to  mention  that  some 
the  mciit  valuable  information  in  print  wiUi  regard  to  the  literature 
of  Wales  is  oominised  in  five  penbdicals  in  t^e  English  luguage, 
devoted  exclusively  to  Welsh  suojects.  The  earliest  of  these,  '  The 
Cambrian  Register,'  extends  to  three  volumes,  the  first  of  which  was 
published  in  1796,  the  second  in  1799,  and  the  third  in  1818.  It 
would  be  difficult  to  name  three  volumes  of  a  periodical  publication 
more  rich  in  original  information  of  interest.  The  letters  of  distin- 
guisbed  Welsh  ontiquarieB,  which  form  a  portion  of  its  contents,  are 

rrticularly  entertaining ;  and  a  history  of  Wdsh  poetry,  which  appean 
the  first  volume,  contains  more  information  on  the  subject  of  its 
recent  authors  than  will  be  found  elsewhere.  Dr.  Owen  Fughe  was 
one  of  its  principal  contributors,  and  is  said  to  have  been  its  editor, 
'llie  Cambro- Briton  and  General  Celtic  Repository,'  also  in  three 
Tolumee,  published  in  the  years  1819 — 1822,  isan  excdlent  periodical, 
n^eto  with  information  of  erety  kind,  and  rematfat^  free  from 
frivolous  or  unimportant  matter.  Its  editor  was  Mr.  John  Humffreya 
Parry,  secretary  to  the  C^mmrodorion  Society,  author  of  the  '  Cam- 
brian Plutarch '  and  other  works  of  reputation.  The  *  Cambrian 
Quarterly  Magazine,'  in  five  volumes,  published  from  1829  to  1838,  is 
unfovourably  distinguished  from  its  predecessors  by  the  admission  of 
articles  of  mere  light  reading :  but  some  of  these  ore  extremely  well 
vrritten.  The  present  successor  to  these  woi^  is  the 'CambiiuiJoun]^, 
published  under  the  auspices  of  the  Camlnion  Institute,'  and  edited 
by  the  Rev.  John  Williams  ab  Itbel.  It  was  commenced  in  1854, 
and  the  four  quarterly  numbers  form  a  volume  each  year.  The 
articles  are  of  a  very  varied  kind,  and  of  extremely  different  degrees 
of  merit,  and  opinions  of  the  most  opposite  character  are  freely  and 
■trongly  expressed.  The  'Aroheeologia  Cambrenua,'  or  'Journal  of  the 
Cambrian  Archieological  Association/  though  of  oonrse  less  dmroted 
to  literary  subjects  than  the  other  periodioala,  contains  a  good  deal 
that  bears  upon  them.  It  has  produced  an  annual  volume  of  four 
quarterly  numbers,  with  occasional  supplements,  since  its  commence- 
ment in  18i6.  The  editor  is  the  secretary  of  the  society,  the  Rev. 
Longueville  Jones.  The  volumes  of  these  periodic^,  now  about 
thirty  in  ntunber,  should  find  a  place  in  every  puUio  librwy  in 


I  England,  where  the  litemture  of  ancient  Britain  and  the  modem 
literature  of  a  considerable  portion  of  it,  are  not  objects  of  indiffer- 
ence. They  comprise  almost  all  the  information  on  the  subject  at 
present  accessible  to  the  English  reader — defective  in  many  respects, 
it  is  true,  and  scattered  over  many  Ttdumes;  but  we  can  scaroely  com- 
plain of  the  defiden<^  of  a  genwal  and  saitisbotory  survey  of  tiia 
literature  of  Wales,  while  as  yet  we  have  nothing  of  a  similar  kind  for 
our  own. 

In  speaking  of  the  periodicals  we  have  anticipated  some  of  our  infoi^ 
mation  with  regard  to  societies.  The  literary  sMociationa  of  Wales, 
though  not  ver^  successful  at  first,  have  been  in  the  long  run  most 
effectual  in  reviving  tiie  taste  for  its  literature.  The  earliest  xA  them 
seems  to  have  been  die  Cymmrodorion  (Associates)  or  Mebxqmlitan  Cam- 
brian Institution,  which  was  originally  established  in  London  in  1 7M.  Its 
immediate  purpose  was  to  cultivate  the  language  and  literwtnre  of  Wales, 
and  its  members  were  also  to  "  contribute  their  endenvours  towards  the 
instruction  of  the  ignontnt  and  the  relief  of  the  distressed  part  of  their 
conntiymen."  It  collected  soma  scarce  boobs  wd  manuscripts  relating 
to  Wues,  whidh  were  afterwards  deponted  in  the  library  of  the 
Welsh  sbhool  in  Gray's  Inn  Lane,  but  did  Uttle  (dse  in  a  literary  point 
of  view,  and  after  an  existence  of  thirty  years  appears  to  have 
gradually  expired  of  inaction.  Its  place  was  more  vigorously  occupied 
by  the  Owyneddigion,  or  Society  of  the  Men  of  Qwynedd,  or  North 
Walw,  which  was  established  in  London  in  1771,  by  ^at  indefatigable 
patriot  Owen  Jones  of  Myvyr.  This  association  at  diffwent  timea 
intronised  various  literary  works  oonneoted  with  the  prininpality,  bat 
its  chief  aim  was  to  keep  alive  the  attachment  to  the  national  munc 
and  poetry.  With  this  view  it  revived  the  ancient  congresses  of  Uie 
bards,  and  distributed  medals  among  the  best  performers  on  the 
national  instrument,  the  harp,  and  the  writers  of  the  best  Welsh 
poems  on  subjecta  selected  annually  for  ULe  occasion.  In  1798  an 
"  Eisteddrod  "  was  held  tmder  the  auspices  of  Owen  Jones,  at  Caerwys, 
in  Flintshire,  which  tnepared  the  way  for  the  "  Eisteddvods  "  of  mora 
recent  times.  The  Loudon  Cymreigyddion  Society,  founded  in  1795, 
was  intended  to  place  the  natives  of  Wales  on  something  of  an 
equality  with  the  natives  of  Great  Britain,  in  respect  of  tiie  oppor- 
tunities of  acquiring  useful  knowledge ;  and  for  this  purpose  its 
meetings  once  a  month  were  to  be  devoted  to  the  delivery  of  lectures 
in  die  Welsh  language  on  scientific  Mid  useful  subjects,  many  of  whidi 
were  printed  and  published.  This  society  now  ai^ears  to  be  extinct, 
and  one  of  its  last  public  acts  was  to  reward  in  1840,  the  Rev.  J. 
Bray  for  his  'Essay  on  the  Means  of  Promoting  the  Literature  of 
Wales,'  in  which  he  recommended  the  systematic  discouragement  of 
the  Welsh  language.  The  second  "  Cymmrodorion"  Sodety  was 
formed  in  1820,  at  a  meeting  held  at  the  Freemasons'  Tavern,  and 
has  similar  objecte  with  the  first.  It  commenced  the  publication 
of  its  'Transadiona'  in  1822,  and  completed  a  second  volume  in 
1848,  aftu*  whkh  it  t^ipearv  to  have  come  to  a  stand-stilL  The 
"Society  for  the  Publication  of  Ancient  Welsh  Manuscripts,"  was 
founded  at  Abergavenny  in  1837,  and  was  announced  in  ite  prospectus 
to  be  acting  in  conjunction  witii  the  "Cymmrodorion  Society,  foimded 
at  London  in  1750,"  by  which  tJie  second  Cymmrodorion  Society  was 
probably  meant,  thou^  the  date  given  is  anterior  even  to  tiie  for- 
mation of  the  first  The  Manuscript  Sooiely  after  issuing  the  *  Liber 
Landavensii,'  or  the  'Ancimt  Register  of  the  CaUiednu  Church  of 
Llondaff,'  in  Ijatin  and  English,  under  th^  editorship  of  the  Rev.  W. 
J.  Reee,  the  '  Heraldic  Visitation  of  Wales,'  the  '  Lives  of  the  Welsh 
Sainte,'  and  other  valuable  publications,  the  lolo  Manuscripts,  and  the 
'  Grammar  of  Edeym,'  appears  to  have  fallen  into  a  state  of  languor. 
It  was  recently  announced,  however,  as  already  stated,  that  meoaurea 
are  about  to  be  taken  for  restoring  its  vigour. 

The  Cambrian  Institute,  founded  in  1868,haalieldafewocoairional 
meetings  in  London,  and  has  a  number  of  sectional  committees  and 
local  secretaries,  but  ite  activity  is  chiefly  displayed  in  the  publication 
of  tiie  '  Cambrian  Journal,'  which  is  circulated  among  its  subscribers. 
It  is  remarkable  that  one  of  ite  earliest  patrons  and  its  present  presi- 
dent is  Prince  Louis  Lucien  Bonaparte,  nephew  of  Napoleon  I.,  and 
cousin  of  the  ncsent  Emperor  of  the  fVench,  who  has  in  many  ways 
distinguished  nimseU  as  a  cultivator  and  student  of  the  Celtic  hm- 

fuages  as  well  as  of  othen  of  the  less  known  tongues  of  Europe.  The 
rinoe  was  bom  in  England,  aod  on  the  Welsh  border,  at  the  time 
that  his  father,  Lucien  Bonaparte,  was  resident  in  this  country,  during 
the  reign  of  the  first  Napoleon.  Another  distinguished  name  in  the 
list  of  the  Institute  is  raat  of  tiie  poet-laureate,  Alfred  Tennyson — a 
peculiarly  appropriate  one,  not  oq]^  because  Tennyson  has  givm  firesh 
brilliancy  in  our  time  to  the  legaids  of  King  Arthur,  but  because  the 
office  he  holds  is  one  peculiarly  in  keeping  witS  Cambrian  notions  of 
privileged  bards  and  poete  named  by  authority.  The  first  poet-laureato 
of  the  Englidi  court  was  appointed  in  the  reign  of  Edward  IV,,  who 
is  said  in  some  Welsh  Guide-Books  to  have  been  bom  in  Wales. 

While  the  Societies  have,  as  a  general  rule,  been  somewhat  inert, 
a  tffilliant  saoeeas  baa  attended  the  revival  tA  the  Eisteddvodau 
(literally  'sessions'),  or  meetings  for  poetry  and  musit^  sudi  as  were 
first  re-inaugurated  in  1798  by  Owen  Jonee,  who  seems  to  have  had  a 
happy  tact  in  disoovering  what  was  likely  to  succeed,  though  he  was 
himself  in  advance  of  his  time.  Their  progress  was  obscure  till  1819, 
when  one  was  held  at  Coennarthen,  under  the  preaiden<^  of  Dr. 
Burgess,  then  bishop  of  St.  David's,  but  in  reali^  prompted  and  sup- 
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ported  by  Dr.  Josa[A  Harria,  the  fiaptirt  editor  of  th« '  Seroa  Qomer,' 
and  oondocted  sod  enUToned  by  lolo  Mogrganwg,  who  oompletely  took 
the  lead  and  put  in  raactioe  toany  of  the  ideia  which  appear  In  the 
notes  to  Ua  'OdsonPrimroaeHilL'  Thia  Eisteddrodwaa  00  euooeeaful 
us  to  form  an  ^xioh  hi  their  hietoiy,  and  ever  aince  they  have  been 
beooming  more  boquont  and  more  popular.  The  idea  at  the  bade  of 
auch  meeting!,  that  bolding  a  aort  of  Fair  for  pocptry  and  miudc,  ia 
one  that  waa  practised  in  the  "  dnger^  festirals  "  of  the  Hinne-dngera 
and  Uie  floral  games  erf  the  Troubadours,  and  eren  among  the  Arabs 
before  Mdaanuoed,  whose  poetioal  riralries  at  the  fair  Ooadh  gave 
rise  to  the  '  Moallakat,'  wluoh  are  some  of  the  most  claaaical  com- 
poeltiuia  of  Arabio  Uteratm%  ~  The  same  prineiple  reoaiyed  a  new 
ap^ioation  in  the  Fairs  tor  Soienoe  Introduced  Okcn  in  Gwmany 
in  1622,  on  the  model  of  a  meeting  of  naturaluta  in  Switeerland 
in  1812,  and  the  idea  was  imported  from  G«Bina&y  to  England  by 
the  foui^ation  of  Uie  British  Awodation  in  188L  Heetinge  of  agn- 
eultnrista»  azohiBologiats,  orientalisti,  bmb  oI  aoieiioo,  and  others,  are 
now  hdd  in  mat^  parts  of  Eun^j  but  fairs  for  po^y  and  author- 
■hip  appear  to  be  still  peculiar  m  modem  times  to  Wales  snd  Pro- 
Tenoe.  A  distinct  idea  of  the  nature  of  an  Eisteddrod  may  be  most 
readily  obtained  by  obseorving  the  proceedings  at  one  of  the  most 
snecessful  of  them — that  hela  at  Lhuogolleii  in  the  aatmnnal  eouinoz 
of  1868.  The  meeting  to<^  place  at  the  equinox,  in  obedience  to  alleged 
bardie  eustom,  and  was  ocMuequmtly  ntW  too  lata  in  the  year,  so 
that  there  were  sererat  days  of  rain.  A  pavilion  was  erected  on  the 
bowling-green  adjacent  to  tiie  Ponsonby  Arms  Hotel,  at  Llangollen, 
so  spacious  ss  to  be  ci^ble  of  oontainiog  five  thousand  persons ;  and 
at  the  last  meeting  it  is  stated  that  thia  pavilion  was  "literally 
crammed,  with  such  ui  assembly  as  was  soaroely,  if  ever,  wittMaed  in 
the  I^dpalify."  On  the  first  day  the  proceodings  oommenoed  with 
a  procession  of  Bards,  Druids,  Ovates,  and  others,  with  the  members 
of  the  three  orders  attired  in  their  distinctive  ooatumes— the  bards 
in  a  loose  habit  of  blue,  the  druids  in  snowy  white,  and  the  ovates 
in  green.  The  prooomon  led  to  a  spot  where  three  hiu^  stones  were 
placed  in  the  order  /{N.  ''These  lines,  or  pendb of  li^t, as UiCfy 
are  termed,  form,"  we  are  told  in  the  Report,  "  the  mystic  symbol 
Imown  amongst  the  bards  and  druids  as  tiie  name  of  God — the 
'  Wrad'  or  atbibute  of  creation — it  being  held  by  the  bards  that  God 
created  the  universe  by  showing  and  pronounong  His  own  name." 
It  will  be  remembered  that  seven^  yean  ago  this  tndition,  such  as 
it  is,  was  onheard-of  in  Wales,  and  only  existed  in  an  tmpaUiahed 
msnosoript  The  Bev.  John  Williams  ah  Ithel,  presiding  bard  of 
the  Eisteddvod,  stood  on  the  central  stone  within  a  drole,  and  de- 
livered an  address,  reoeiTed  with  "  frequent  marks  of  apidause,"  to 
the  efTect  thai  the  Cymiy  succeeded  beyond  all  other  nati<nis  in  keep- 
ing the  anoient  relirion  of  Ncah  onoormpted  till  the  coming  of 
the  Heeuah,  when  "  mm  received  tiie  Gos^  as  tlw  superstructure 
or  oon^letifai  oJ  Druuusm,  and  their  anoent  system  was  clothed 
with  Ouistiantty."  A  oeramony  then  took  daoe  of  reoeiviog  and 
adrntttiog  oandicwtes  for  tiM  ordoi  of  batds,  oruid^  and  ovates.  In 
the  oonnw  of  the  day,  speeches  wen  delivered,  and  various  essays 
were  resd  which  had  been  determined  to  be  the  best  sent  in  to 
oonqtete  for  {ains.  One  of  these  prises  was  of  twenfy-flve  pounds, 
offered  by  the  young  men  of  Llsngollen,  for  tiie  best  treatise  on 
the  minaial  resources  of  Wales,  inth  the  stipulation  that  if  the 
successful  oompositioD  should  be  in  Emdish,  it  should  be  tnoalated 
into  Welsh  st  the  antbor's  erpense.  llie  prise  was  adjudged  to 
snesM^  signed  "Didsscslos;"  and  the  autluirMns  called  for,  sppeared 
in  the  person  of  the  Rev.  John  Jones,  Bi^rtist  mmister  ot  Llongollai, 
who  was  publicly  presented  with  ^  prize  by  Miss  Willioma  ab 
ItheL  The  proowdings  of  theday  terminated  with  a  concert,  at  which 
about  three  thousand  persona  attended,  to  admire  IS1,  Ellia  Roberts's 
Maformaooe  on  the  harp,  laugh  at  Owen  AlaVs  oomic  song  of  "  Hen 
Poma  W  1  Wiaig"  (Old  Horgan  and  his  Wife),  snd  mjoj  similar 
tmmtiM,  On  we  Meood  day,  an  En^ish  gant^man,  Hr.  Kenward, 
recited  sonie  lines  of  »  poem  tm  '  BngUdi  l^mpathy  with  Wales  y 
but,  say  the  reporters,  "a  lonHng  ol  iinpatienoe  being  manifested  Iqr 
the  Welsh  portion  of  the  audimoe  who  did  not  understand  Eq^uh, 
Hr.  Kenward,  felt  reluctant  to  read  the  whole,  and  retired  from  the  plot- 
fonn,"  Another  Eodidi  gentleman  rentmsbated,  and  Ab  Ithd  came 
formid  to  inform  the  iiiiiiilliin  that  Mr.  Kenwatd  was  a  person  who 
pre-flminoitly  "  loved  oar  nation  "  and  had  been  most  jodMaUgable  in 
odleeting  subsoriptitnis  for  the  Eisteddvod,  on  whicb  he  was  allowed 
to  proceed  throu^  'about  twenty  stansas.  H<Mre  qteeches  and  Fennil- 
Uon  sindng  followed,  and  an  adjudicatim  of  the  prise  of  SOi  for  an 
Ode  in  WeUh  on  "the  Battle  of  Bosworth  Field,  W  which  the  Cymry 
recovered  tlie  monarchy  of  Uie  isle  of  Britain."  (a  anotlier  day  the 
maia  tmbm  mm  tlio  presentation  of  a  "  Osmbiian  goid  torque  of 
valoar"  to  Cosporal  Shields,  of  the  Welsh  Fiuilaeis,  who  had  fourfit 
in  the  Crimea.  Close  to  LlaBtDlle&,  on  the  summit  (d  a  bfll,ars  the  nuns 
of  Dinas  Bran,  a  name  sometimes  tranalated  "  CroVa  Cai^"  Bran  being 
the  Welsh  word  for  "crow,"  but  supposed  to  tske  its  origin  from  ta> 
mountain-torrent,  Bran,  which  runs  beneath.  Some  anturuariea  have 
absoKQy  smposed  the  oastle  to  be  named  after  SMumi^  king  of  the 
Gauls,  aad  the  ReT.R.W.llarRan,  in  preMDtliig  the  torque,  took  oooasion 
tonMttionittiins :  "CorpovJShieldBis^QinBUHivthermtewn^ 
a  taoe  that  from  the  eariieet  amhasbeen  tttingiiidwd  by  twoj^and 
«haiacteristic»-~profonnd  reli^ous  fwlins^  and  dUvaliy  m  tin  fidd. 
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Towering  above  us,  frown  the  ruins  of  Uie  castle  of  one  of  the  earliest 
of  the  gnat  conquenns  of  mankind,  BrAn  or  Brennus,  Ute  captor  ot  the 
Eternal  City,  the  founder  of  the  Oiiwlpinft  empire  and  ita  dviliaation, 
the  first  general  that,  long  antecedent  to  Hannibal,  crossed  the  riader* 
and  snows  of  the  Alps,  and  vanquished  the  opposing  bulwarks  of  Nature 
harsell  (Loud  cheers.)"  Choral  singing,  contentions  with  the  harp, 
impromptu  poetical  oonteats,  reoitations  of  the  speech  of  Caractocus  by 
boys,  competitions  of  the  beat  female  taagen  to  the  hup,  and  the  beet 
femde  hatpists,  filled  up  the  remainder  cd  the  four  days  during  which 
the  Eisteddvod  lasted,  each  d^  conduding  with  a  maoert  The 
devotion  to  the  ohsrms  of  poetty  and  mude,  lAidi  ma  shown  by  so 
laige  apopulation,  many  of  the  peasant  dasa,  was  certiOnlyahi^mark 
of  dvihsmon  and  refinement  of  character ;  but  the  patriotism  of  many 
of  the  speeches  was  of  the  spurious  kind,  which  is  as  ready  to  boast  of 
the  false  as  the  true,  snd  tiie  semi-religious  duuvcter  of  many  of  the 
proceedings  javsented  still  graver  matter  of  objeotioii.  Thwe  seems 
too  much  resemblanoe  between  the  adherents  of  the  Book  of  Llewelyn 
Sion  of  Llangewyd  and  Uie  betteren  in  the  Bode  of  Honum,  wlw  am 
unhqipily  numerous  in  Wales. 

One  roeeoh  at  an  Eisteddvod,  of  a  difibrent  character  from  those 
usually  delivwed,  contains  some  remarks  whidt,  tiiough  expressed  in 
rough  and  homdy  terms,  it  would  be  wdl  for  Cymric  patriots  to 
conidder.  They  occur  in  the  Welsh  portion  of  the  wonu  of  the 
modem  TBlhoiom,  in  the  report  of  a  speech  ddivered  at  an  Eis- 
teddvod at  Uan&irtalhdani :— "  It  is  the  greatest  folly  in  us  to  dunit 
out  that  we  are  at  tite  heed  of  the  world  in  poetry  and  prose.  It 
is  a  very  great  mistake ;  for  the  fact  ia  tiie  Saxons  beat  us  all  to 
pieoee  in  poetry,  philos(^>hy,  and  all  kinds  of  learning.  Do  you  think 
1  say  thia  to  hurt  or  insult  my  country  or  my  nation  T  Nothing  of  the 
kind.  I  reverence  and  love  them  both,  nor  will  I  ever  go  about  to  seek 
to  find  fault  with  either.  Ndtiier  will  I  soil  my  lips  wiUi  an  untrutii 
to  please  ai^  man,  nor  will  I  do  on  injustice  to  my  neighbour  by 
boasting  of  what  is  really  nothing  to  boast  of.  If  you  could  all  read 
Shakspeare,  Milton,  Byron,  and  Bums,  tiie '  Times,'  and  '  Blackwood's 
Msgawne,'  and  some  otlkM-  authors,  magosiQes,  and  newspe^mrs,  you 
would  all  bdiere  with  me  that  the  Saxons  are  much  our  auperiora. 
Wdl,  you  will  say,  and  have  not  we  a  literatore  t  Tes,  most  certahi^, 
and  an  exedlent  literature  too,  considering  that  Wales  is  but  a  little 
oomer  of  the  world.  Hy  only  purpose  was  to  wean  you  from  tlw  sID^ 
boast  that  we  ore  at  the  head  of  the  world  in  litet^ure ;  there  never 
was  such  nonsense." 

The  fbrmation  of  a  libnty  of  anoient  Welsh  manuBoripts  on  a 
libend  and  extensive  scale  in  the  poaaeBu<Hi  of  a  public  establishment 
swears  an  object  greatly  to  be  desired.  The  history  of  the  fate  of 
Wdah  manuscripts  during  the  last  two  centuries  aflbras  ample  proof 
of  the  danger  to  odleotiona  of  tiui  Und  In  private  banas,  to  s^ 
nothing  of  the  fact  that  in  many  oases  all  access  to  the  monusmpte 
has  been  denied  to  the  very  men,  such  ss  Lhuyd,  who  would  have 
msde  the  best  use  of  them,  and  that  in  all  cases  there  is  necessarily 
a  delicacgr  oi  intniding  m  the  oonrtemr  of  a  private  pnqprietor.  The 
number  oi  libraries  destroyed  by  fire  hss  been  unusually  large  in  the 
case  of  the  country  gentlemen  of  Wales.  The  ooUection  of  transcripts 
by  Lhuyd,  whioh,  after  his  death,  was  unfortunate^  dedined  both 
ixj  the  university  of  Oxford  and  by  Jesus  College,  passed  into  the 
hands  of  Sir  Th<»nas  Sebright,  by  purchase,  and  was  long  aftermrds 
divided  If  sde  between  the  libraries  of  Hafod  and  ^^mut^.  Tht 
portioii  in  the  splendid  ocDaetioa  at  Cdond  Jobnea,  at  Hafbd,  peridwd 
with  that  oonedion  in  the  fire  of  1807.  The  waHaa  bdmu^  te 
the  Wynnes  was  almost  entire^  destroyed  by  a  fire  at  a  bookbinder's 
in  London,  and  the  oonfisgmtion  of  Wynnstay  itself,  in  1658,  probably 
consumed  the  remainder,  as  on  that  ooosdon  only  the  books  that  hod 
been  casually  sent  to  a  bookbinder's  in  London  were  saved.  In  the 
prefaoe  to  me '  Jfynrian  Arobaiology '  is  givenalist  of  the  libraries 
{nbUsaiid  private  m  Wdas,  London,  and  Oxford,  in  wUdi  vduaUe 
Wddi  oollectkoa  inrB.presemd,  amounting  to  twenty-five  in  numbn^ 
Four  <rf  these  Ubnuies  were  in  London,  that  of  the  British  Museum, 
of  the  Welsh  Bdiod,  in  Gray's  Inn  Lone,  of  lb-.  Owen  Jones,  the 
orifdnatn'  of  the  '  Myvyrisn  Archaiologv,'  and  of  Hr.  Edward  Jones, 
author  of  the  'Rdios  of  British  Bards.*  Three  of  these  m  now 
united,  the  odlections  of  the  Wddi  Sdiod  and  Owen  J<Hies  having 
been  presontad  to  the  British  Musenm  In  1848.  Hiese  books  are  tbus 
preserved  in  one  ooUection  under  public  cere,  and  it  would  be 
most  oondudve  to  the  interests  of  literators  if  ouiera  were  to  fdlow. 
Boma  of  the  psrpAud  dlmutes  about  the  acoura^  of  the  tzans- 
oripts  of  lolo  Hotganwg  which  agitate  Welsh  literature  mig^t  be 
settled  at  oooe  if  the  '  Book  of  Aberpeigwm'  were  in  a  coUeotion 
whwe  any  one  mi^t  examine  it.  It  is  stated  in  the  'Myvyrisn 
Ardiddcoy/ ID  1801,  that  the  editot  had  icme  hope  that  the  Eari  of 
Maodaiftdd  woold  dmdt  in  the  Mussom  the  eollaoam  of  mai^^ 
made  by  the  learned  Moses  Williams,  and  which  Williama  had  be- 
queathed to  Mr-  JoDH,  fsther  td  the  oeldHrated  Sir  ^ilUsm  Jones, 
who  bequeathed  them  to  the  then  Bsri  at  MaodesfieM,  with  the  singular 
injonotion  not  to  show  them  to  any  person  whatever.  These  manusoriptB 
bowsTW  are  still  jn  the  poawioo  of  the  noble  family  ol  Macdesfldd. 
11w  fimoDi  libtHT  <tf  the  Tsugban^  at  BangwiV.in  Marionethahire, 
is  now  united  with  the  ooUeotko  of  Mr.  W.  B.  Wynne,  of  Peoiarth, 
ILP-fbr  Marionstli,  to  wbum  ft  VM  beaimrt)wd  bvhia  friend  tha 
lBte8irB.W.Taug^b 
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There  Ib  no  cdlection  of  Wdoh  vdafead  bot^  ^mroadiing  to  ena* 
pleteDflM,  the  beit  In  eKirtenro  oeiog  probably  that  ia  the  Britiali 
which  coDtmiu  an  Mimmh^pt  of  TtwgMinee  andneweptpen  in 
that  language,  to  which,  though  £v  frotp  per&ct,  it  would  be  difficult  to 
find  a  rival.  Walsh  books  were  fint  ooIUcted  at  the  U uMum,  about  the 
year  1S38,  and  the  praaeiitation  of  the  litnariea  of  the  Welih  School, 
and  the  Cymmrwlorion  in  1S43  made  aome  augmentation  to  the  stodt 
j^nofchar  WoUh  ooUection  of  aome  extent  is  to  be  found  where  it 
would  acarcely  be  looked  for,  in  the  libraty  of  Brown  UniTarHibr,  at 
Providence,  in  Bhode  Island^  to  which  it  waa  beaueathedin  1818  by 
the  Kev.  WilliEun  Richards,  of  Lynn,  in  Norfolk.  Tha  botdu  are 
auumen^ed  in  the  excellent  catalogue  of  that  library  published 
Frofeaaor  Jewett. 

The  bibliogiai^  of  Wales  was  first  cultinted  by  the  Ber.  Moses 
Williams,  the  able  and  indefatigable  antiquary,  who  has  bean  men- 
tioned as  having  nearly  anticipated  the '  Myryriaa  Archaiology.'  Owen 
says  of  him,  in  his  '  Cambrian  Biogru^y,'  that  "  he  published  nothing 
of  owaequanoe  besides  an  index  to  the  Welsh  poets,"  but  in  this  he 
is  mistaken.  In  addition  to  the  '  Repertorium  Foeticumi  sive  Poema- 
tum  Walliconun,  quotquot  hactenus  videre  contigit  Index  Alpfaa- 
betious'  (London,  1726,  8vo),  which  cimtaiiis  an  index  of  pieoes  ot 
Welsh  poeti7,  according  to  their  first  lines,  and  the  fullest  oatalwue 
of  poets  wa  have  seen,  Williams  issued  a  '  Cofrestr  o'r  hoU  lyStta 
Fimtiadig  gan  mwyai  a  gyfansoddwyd  yn  y  Jaith  Qymraeg,  neu 
a  gyfjeit£wyd  iddi,  l»d  y  Flwyddyn  1717'  (London,  1717,  8vo) — 
A.  catalogue  of  all  we  books  that  have  been  printed,  and  several 
Jut  have  been  composed,  in  the  Welsh  Lai]^[usge,  or-  translated 
■nto  it,  up  to  the  year  1727.'  This  catalogue  does  not  extend 
to  mwe  uiao  a  sin^  sheet,  but  it  is  veir  closely  printed.  The 
(oiginsl  edition  is  now  vet?  scarce,  but  the  whole  of  it  was  reprinted 
in  the  periodical  entitied '  T  Gwyliedydd,'  for  1632.  In  the  '  Gwlad- 
garwr '  for  1840  a  list  of  Wddi  publications  is  given,  from  the  eariiest 
time  to  tiie  year  1799 ;  but,  though  valuable,  it  is  probaU;  very 
imperfect,  as  it  omits  eveii  sane  of  the  votkM  inserted  in  WiUisms's 
catalogue.  The  number  of  articles  it  enumerates  is  620,  but  these 
include  a  few  wwks  relating  to  Wales  in  otho-  languages  than  the  Welah. 
In  the  volume  of  the  '  Traethodydd  *  for  1862,  was  oommenced  a 
valuable  series  <^  attides  on  Welch  Inbliography,  '  Lly&yddiaeth  y 
Cymry,'  contuning  not  only  the  tities  of  the  books  but  bibliographical 
notes  and  obaervatifHia^  but  it  waa  not  oootinued  so  Ions  as  MbUo- 
graphers  would  have  desired.  A  work  of  the  same  kind  m  English, 
-  from  the  pan  ot  the  Bev.  Bobert  Jones,  of  Botheriiithe,  a  sohdar 
ttuinently  qualified  for  the  task,  was  epc^ra  of  some  time  ago,  but  has 
not  yet  appeared.  A  ve^  useful  Ubliogtaphidd  list  of  vro^  <m 
Wales  and  its  literature  is  to  be  found  in  the  Oerman  work, '  Das 
alto  Wales,'  (Bonn,  1859)  by  Ferdinand  Walter,  a  continental  scholar 
who  has  lately  studied  the  subject  with  Qenosn  diligence.  A  bU>lio- 
gmphical  periodicsl  intended  to  be  quarterly,  'The  Cambrian  Book 
Kt^ter,'  was  commenced  in  June,  1857,  by  Mr.  Frvae,  a  bookseller  <^ 
Lluiidloes  and  Bhayader,  but  never  advanced  we  believe  bt^ond  the 
first  number. 

The  earlieet  attempt  at  a  collection  of  Welsh  lives  is  Owen  Pu^ie's 
'Cambrian  Bio^;raphy,  or  Historical  STotioes  of  celebrated  men  among 
the  Ancient  Bntons*  (Iioodon,  1808,  12mo),  but  the  notioes  sra  so  sx- 
trsmely  brief,  averaging  four  or  five  to  a  pi^B,  that  the  book  can  hardly 
be  r^Euded  in  any  other  light  than  an  iodax.  The  dates  are  also  very 
&r  from  accurate.  The  *<^inbriaa  PlutMch '  of  John  Humfteys  Farry 
(liondon,  1824,  8vo),  is  mudi  more  satis&ctory,  but  embraoes  only 
twenty-two  lives.  A  biogi^hioal  diotitmary  under  the  name  of '  Lives 
of  Eminent  WeUhmen,'  was  oommenoed  in  numbers  in  1848  and  oom- 
pleted  in  1652,  by  the  Bev.  Bobert  Williams  of  Lku^adwaladr.  The 
artiolasare  toobri^,and]u>tiQent«rtiiDjiu  m  tluj  have  bean 
made  by  the  use  of  tbe  matsriMs  axUng  m  WeUi;  bat  tha  volume 
is  indispansable  in  erery  WsUi  libnij,  and  ons  to  whaab.  we  have 
been  mxu^  indebted  in  this  fanenl  soninaiy  of  the  hiatoiy  of  WeUi 
literature. 

WEll,  the  name  of  those  tumonra  oocurring  on  the  human  body 
which  assume  the  form  of  a  bog  or  cryst,  ud  contain  a  varia^  of 
oonteota.  Thsaa  mto  have  bom  named  aoewding  to  the  aharaoter 
of  their  contents.  When  the  eontailMd  mstter  resemUss  fat  or  siu^ 
the  tumor  is  called  Steatoma;  when  it  resembles  honey  in  con- 
sistence, ifsftoeru;  and  when  it  ii.lik«a  poultice  or  pap,  it  is  called 
Atheroma.  These  however  are  mare  artaiioial  distinctions,  and  can 
aeldom  be  satisfaotorily  applied.  Tlusee  tumours  consist  Msentially  of 
a  serous  or  mucous  bag  varying  in  siae,  and  the  ocmtMits  are  of  an 
•xcoedinc^Tii;^ and SMuetimei anomalous chaimatsr.  Thosewhich 
are  commonly  oaUed  maa,  and  which  are  usually  situated  immedwtely 
under  the  skin,  are  mostly  enlargements  td  the  sebaceous  follicles 
which  naturally  exist  in  the  skin.  Sir  Astley  Cooper  asn  that  in  wens 
a  dark-coloured  spot  may  be  oftsn  seen  on  the  skin^  the  centre  trf 
the  tumour,  and  sudi  spot,  he  says,  is  caused  by  the  oonstruetiMi 
of  theorifloeof  meol  tbesebaeeonsglaodaof  theskin.  Suobslso  is 
the  on^  uf  many  nl  the  oapito  of  the  mMnm^  whioh  oooiist  of 
dilated  laotiferDM  duett.  Bat  tUa  fa  not  the  origin  of  many  of  the 
larger  forma  of  encysted  tamoun,  as  ttwee  of  the  onu7,fte.  Then 
are  many  forms  of  eoi^sted  tonwor  oocurring  in  the  interaal  visoera. 
in  whioh  the  lining  membtaiw  ii  ooD^oaed  of  aeroua  tiasue,  as  those  ol 
the  hver,  lung^  fto.   Those  tumoui*  alao  oaUedpnglions,  lAich  oanar 


Wittiin  the  sheaths  ct  tendons,  have  a  serous  lining,  but  ought  not  to 
be  referred  to  undn  the  character  of  wens. 

The  oysU  of  wvsm,  especially  those  of  the  atheromatous  kind,  vary 
jaack  in  tiiicknees.  When  situated  on  the  head«  baci,  and  trunk,  they 
are  very  dense;  but  when  oa  the  face,  often  very  ^tin.  Scnnetimes 
the  qnU  beoians  hardened  by  the  dqioiition  of  eartilsginoaa  and  eren 
oaaifto  matter,  is  from  this  proosm  that  many  of  theas  qyata  haive  a 
tenden<^  to  assume  tile  hardnaas  and  even  the  fwm  of  honv-  These 
homy  formations  are  however  the  result  of  the  ulceration  of  the  cyat, 
and  the  homy  matter  is  produced  by  the  secretion  from  the  walls  of 
the  cyst  These  horns  mostiy  grow  on  the  forehead  or  some  part 
<A  the  Boslp.  They  sre  generally  small,  but  instances  are  on  record  ot 
their  being  eight  or  nine  inches  long  and  two  or  three  in  einHUnferenoe. 

In  ordinary  oases  tiie  cyst  has  only  one  cavity,  but  U  not  nnfre- 
quentiy  happens  that  there  are  partitions  in  i^  dividing  its  interior 
into  cdls  oi  difibrent  aiaes.  The  contents  of  the  ^ts  sre,  as  before 
stated,  frequently  very  anomalous.  Some  are  filled  with  a  thin,  fetid, 
brown  fluid,  mixed  with  flakes  of  the  fibrinous  pacts  of  the  blood ; 
Bomee<mtaia  serum;  some  a  matter  of  gelatinous  consistenoe;  sDmea 
calcareous  matter ;  some  a  Uaok  fluid ;  and  otben  hair,  teeth,  and 
other  organic  substances.  Those  ctmtuiiiiig  bar  are  modi^  found  in 
the  neigbbouibood  of  the  eyebrovrs  or  eyelids. 

On  dissecting  these  tumours,  some  yart  of  their  sur&oe  is  found 
firmly  adhering  to  the  akin,  while  other  parts  are  oomnected  with  it 
hy  oeJlular  membiaue.  The  cyst  is  always  more  or  leas  embedded  in 
cellular  membrane.  In  aome  cases  tbeae  cTsts  are  oMigenital.  and 
penons  who  have  them  are  frequently  tnnUed  with  a  great  number 
ui  various  parte  of  their  body. 

In  the  treatment  of  wens  two  modes  may  be  bad  recovm  to ;  the 
<aie  by  punetnre,  the  other  by  removaL  When  the  cyst  is  small  and 
presents  a  small  black  point  on  its  centre,  it  may  be  cfwned  and  the 
oontents  imased  out,  when  it  will  sometimes  get  welL  But  it 
frequentiy  happens  when  these  tumours  are  punotored,  that  aevere 
inflammatory  action  ia  the  result,  so  that  painful  siqipuration  occurs^ 
and  lib  is  put  in  danger,  and  aomettmes  a  bleedii^  fungus  has  pn>- 
trmhid  itself  through  the  aperture.  The  safest  mode  of  treatment  on 
the  whole  is  to  remove  them  with  the  knife,  where  their  ntuation  will 
pmnit  of  it  Wh«i  this  ia  done,  tha  cyst  mi^  either  be  dissected  out 
entire,  or  it  may  be  cut  into  two  halves,  and  each  half  may  be  dissected 
out  sepaiatd,y.  In  botii  oases  great  care  should  be  taken  to  remove 
the  whole  of  the  mL 

WEBST,  or  TEBST,  the  Buatian  itinerary  measure,  bung  SfiOO 
^gfg'"'^'  taet,  or  nesriy  two-thirds  of  a  mile.  li^rom  tiie  uuiwwr  of 
worsts  subtract  its  third,  ud  also  me  for  ever^  250  weiab^  and  the 
result  will  be  near  enough  to  the  answer  in  Enghah  miles. 

WESTKIKBTER  ASSEMBLY  OF  DIVINES.  One  of  five  bills 
to  which  it  vras  proposed  by  the  Pariiamentary  CommiasionerB  tiiat  the 
Eing  (Cbaries  L)  snonld  give  his  consent  in  the  migotiationa  at  Oxford 
(from  80th  January  to  17th  April.  164S)  was  entitied  'A  Bdl  for  calling 
an  Asasmbly  of  learned  and  godly  Divines  and  others  to  be  consulted 
with  by  the  Parliament  for  the  sstAling  of  the  government  and  litur|gr 
of  the  Churoh  of  Enj^aod,  and  for  Uia  vindicatiuMl  and  (dearing  of  tiie 
doctrine  of  the  s^  ohurdi  from  false  aspersions  and  interpr^^tious.' 
This  bill  was  afterwards  converted  into  '  An  Ordinanoe  of  tiie  Lords 
and  Commons  in  Failiament,'  and  paned  12th  June,  1648. 

The  persons  nominated  in  the  ordinance  to  constitute  tiie  ssaembly 
eonsisted  of  a  hundred  and  twenty-one  cWgymen,  together  with  toi 
lords  and  twenty  oooim<Hiers  ss  lay  asaesaora.  Among  the  com- 
moners were  John  Selden,  Francis  Bouse,  Sir  Henry  Vane,  senior  and 
junior,  Jdm  Qlynn  (tha  recorder  of  London),  John  Whyte,  Bulstrode 
Wbitelock,  S^eant  Wild,  Oliver  St  John,  J<^  Pym,  and  John 
Maynard.  Among  the  most  distinguished  of  the  clerioal  members 
were.  Dr.  Bslfdi  &x>wnrigKe,  bishop  of  Ezetw ;  Mr.  Anthtmy  Barges 
(ocmsidered  the  head  of  the  Puritans),  Edmund  Calamy,  Dr.  Francis 
Cheynel,  Thomas  Coleman,  Thomas  Qataker  <the  editor  of  '  Marcus 
Antoninus '),  Dr.  IliomaB  Qoodwin,  Dr.  John  Hadcet  (aftMrwarda  bi^op 
of  Lii^ekl),  Dr.  John  Li^rtfoot,  Dr.  Qeoige  Morlsy  (afterwards  bishop 
of  WincheUer),  Dr.  WiliSm  Nioholaon  (afterwards  bishop  of  CHouoes- 
ter),  Philip  Nye,  Dr.  John  Prideanz  (bishop  of  Woroeater),  Dr.  Edward 
Beyadds  (afterwsrds  bijriiop  of  Norwich),  Dr.  Robert  SaundsnKm 
(afterwards  bishop  of  Linebha),  Dr.  Jamas  Uaher  (arohbiihop  of 
Arma«^),  Oeorge  Walker,  Dr.  Samuel  Ward,  and  John  Wallis  (the 
mathema^ioiaa).  Several  other  persons  (sbout  twen^  in  all)  were 
appointed  by  uie  Parliament  from  time  to  time  to  supply  vaoanciea 
occasioned  by  death,  aeoesnon,  or  otherwise,  who  vrere  called  super- 
added divines.  Finally,  two  h^  assessors,  John  Lord  Maithnd  and 
Sir  Archibald  J<4mson  of  Warmtoo,  and  four  ministers,  Alexander 
Henderson  and  Oeorge  Qillespie  of  Edinburgh,  Samuel  Euthertord  ot 
8t  Andrews,  and  Robert  BaiUie  of  ak^;ov,  were,  on  the  15th  of  S^ 
tembM-,  1648,  admitted  to  seats  and  votes  in  the  aasemblv  by  a  wanant 
from  tiie  Piriiament  as  commissioners  from  the  Churou  vt  Scotland. 
Tber  hsd  been  deputed  by  the  Oeneral  Assembly,  to  yrbioii  body,  and 
to  m  Scottish  Convention  ol  Estates,  oommiiaraMn  had  ben  ssnt 
from  the  two  houses  of  tiie  En^ish  Parliament,  and  abo  firam  the 
Assembly  of  Divines,  scriiottfa^  a  union  in  the  droumstanoes  in  whldi 
they  wore  placed.  This  nee^iiBtion  betwesn  the  suiMme  tdvil  and 
eeoUaiaatloM  aothoiitisa  ^  tiM  two  ooontriaa  gave  rise  to  th«  fidrnua 
Lamias  and  CionnaDt^vrtiiah  waa  dr»m  19 HendsnMi,  noderator 
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((V  iweddent)  die  Qenerkt  Awemblj,  and,  having  ban  adopted  bra 
unanimona  vote  of  that  body  on  the  17th  of  Auffoat,  ma  then  for- 
warded to  the  English  Parliament  and  the  Aaaemt^  of  Divines  at 
Westminster  iat  ^eir  oossideration. 

The  meeting  of  the  Assembly  of  Divines  had  been  forbidden  by  the 
king  in  a  {HTOclamation  dated  the  22nd  of  June,  The  only  effect  how- 
ever  of  that  prohibition  had  been  to  induce  the  greater  number  of  the 
members  of  episcopalian  prindplee  to  refrain  from  attending.  On 
Saturday,  the  let  of  July,  the  day  named  in  the  ordinance,  siity-nina 
clerical  members  assembled  in  Henry  the  Seventh's  chapel,  in  West- 
minster Abbey.  Thw  appeand,  it  is  recorded,  not  in  their  canonical 
halnts,  bnt  mostly,  after  the  laddon  of  fordgn  FwteataQt  olergymen, 
in  black  coats  ud  bands.  At  subsequoit  sittings  Um  attendanoe 
appears  to  have  ranged  between  uxty  and  eighty.  About  twenty-five 
of  the  persona  who  had  been  nominated  members  of  the  Aaaranbly 
(including  one  or  two  who  had  died)  never  took  thdr  seats ;  and  even 
of  the  sixty  or  seventy  who  attended  pretty  regularly,  only  from  twelve 
to  twen^  were  frequent  qMaketa. 

In  theological  doctrine  the  divines  of  the  Westminster  Assembly 
were  almost  to  a  man  of  one  mind.  They  were  all,  or  nearhr  all,  Cal- 
vinistie  or  anti-Anninian.  But  upon  the  subject  of  church  govern- 
ment tiiey  were  divided  into  severu  violently  hostile  secttonsi  Episco- 
pacy, even  of  the  most  mitigated  kind,  comd  scarcely  be  said  to  have 
any  repreeentatire  in  the  synod  as  aictually  oonstituted;  the  great 
nutjori^  were  FreBbyterians;  but  there  was  a  small  parij  who  passed 
under  the  name  of  Erastiana ;  and  there  was  a  more  nnmerons  and 
also  a  more  aotivo  body  of  Independents,  or,  as  they  called  themselves, 
CongregaiKanaliBta,  wno,  formidable  from  the  perseverance  and  ability 
of  war  leaders,  were  stall  more  so  from  the  ascendani^  which  then: 
princlplee  were  bst  acquiring  in  the  Parliament,  in  the  army,  and 
throughout  the  nation.  The  chiefs  of  the  Independent  party  in  the 
Assembly  were  Dr.  Thomas  Goodwin,  ndlip  Nye,  Jeremiah  Burrouduj 
William  Bridge,  and  Sidraoh  Simpson,  often  apokm  of  aa  the  Kve 
DisBsnting  Brethren :  their  followers  might  smotmt  to  About  as  many 
more.  The  heads  of  the  Ersstian  psr^  were  S^en,  and  the  two 
divines,  Lightfoot  and  Thomas  Coleman;  the  only  other  steady  mem- 
bers of  the  sect  being  the  laymen  Whitelock  and  St.  John.  In  the 
Parliamoit  however  Erastiaiilsm  was  nearly  as  strong  aa  Ind^)6ndency : 
indeed,  however  much  the  two  systems  might  difto  in  the  grounds  on 
which  they  professed  to  stand,  they  came  pmetically  to  very  nearly 
the  same  thing,  or  at  least  were  eaaifyrecMidleaUe;  and  some  persons 
were  ^bably  to  be  classed  aa  adherents  of  both. 

This  pootion  of  parties  explains  and  makee  intelligible  the  history 
of  the  proceedings  of  the  Westminster  Assembly,  and  the  results  of  its 
deliberationB.  The  ordinaooe  of  the  Lords  and  Commons  by  whiah 
the  Assembly  was  constituted  only  authorised  the  memben,  until 
further  order  should  be  taken  by  the  two  houses, "  to  confer  and  treat 
among  themselyoe  oS  suofa  matters  and  things  tonching  and  etmoeming 
the  lotnigy,  discipline,  and  government  of  the  Church  of  England,  or 
the  vindicating  and  clearing  of  the  doctrhie  of  the  same,"  km.  as  should 
be  "proposed  to  them  by  both  or  either  of  tiie  said  housee  of 
Parliament,  and  no  otlier,"  and  to  deliver  their  opinions  and  advices  to 
the  said  houses  from  time  to  time  in  such  manner  and  sort  as  by  tiie 
said  honsBS  should  be  required.  They  were  not  empowered  to  enact  or 
settle  atqrthing.  It  was  expressly  pro^hled  that  the  Anonl^  should 
not  assume  to  exercise  any  junsdiotion,  power,  or  autiiori^  eccle- 
siastical whatsoever,  or  any  other  power  except  merely  this  right  of 
delivering  their  opinion  and  advice  up<m  the  matters  submitted  to  It 
As  its  discussions  proceeded,  a  discordance  of  principleBsnd  views  upon 
various  points  between  the  ruling  Prest^rterian  p«ri?  in  the  Assembly 
and  the  growing  Independmit  or  Erastian  majoi%  m  the  Parliament 
became  more  and  more  evident;  while  the  taogrees  of  events  also 
tended  to  separate  the  two  bodies  more  widely  every  day,  and  at  last 
to  idaoe  them  almost  in  opposition  and  hostih^  to  each  other.  The 
Assembly  of  Divines  continued  to  sit  under  that  name  til]  Uie  22nd  of 
Febroary,  1649,  having  existed  five  years,  six  mtmths,  and  twenty-two 
days,  during  which  time  it  had  met  1168  times.  The  Scottish  com- 
missioners had  left  above  a  year  and  a  ludf  brfoie.  Tlfose  of  the 
members  who  remained  in  town  were  then  changed  an  wdinanoe  tk 
the  Parlisment  into  a  committee  for  trying  and  ftTMttiniwg  ndnisters, 
and  continued  to  hold  meetings  for  this  purpose  every  Thursday 
morning  till  Cromwell's  dissolution  of  the  Long  Parliament,  2fith  of 
Mardi,  1658,  after  which  they  never  met  again. 

An  the  important  work  of  the  Assembly  was  performed  in  the  first 
threeor  four  years  of  its  existoice.  On  the  12th  of  October,  1618,ths 
Parliament  sent  them  ui  order  directing  that  they  i^ould  "  f<nthwith 
confer  and  treat  among  themselves  of  such  a  discipline  and  govumnent 
as  mi^  be  most  agreeable  to  Qod'e  holy  word,  and  most  apt  to  procure 
and  preserve  the  peace  of  the  church  at  home,  and  nearer  agreement 
witii  the  Ghnroh  ol  Bootland  and  other  Beformed  churches  acax>ad,  to 
he  settled  in  this  church  tn  stead  and  place  of  the  present  church 
government  archbishops,  bishops,  ftc.,  which  is  resolved  to  be  taken 
aw^;  and  touching  and  ooneerning  the  directory  ot  worship  or 
liknxgv  hereafter  to  be  in  the  church."  This  otder  produced  the 
AasemUy'a  Directory  for  Public  Wwship,  which  was  submitted  to 
parUament  on  the  20th  of  April,  1844 ;  and  their  Confession  of  Faitii, 
the  flnt  part  of  which  was  laid  before  F&rliament  in  the  beginning  of 
Ootober,  1646,  and  the  ranaindw  oa  1h»  2eth  of  November  In  the 


same  year.  Their  Shorter  Catechism  was  presented  to  the  House  of 
Commons  on  the  Ah  of  November,  1647 ;  UMir  Larger  Catechism'  on 
the  IStli  of  Septembw,  1648.  The  other  publioationa  of  the  Assembly 
were  only  of  tonporary  importance,  suoh  ss  admonitory  addrosnoq  to 
the  FkriuHneoit  and  the  nation,  letters  to  forcdgn  churMtes,  and  some 
controversial  tiacta.  What  are  called  their  Annotations  oa  tiie  Kble 
did  not  proceed  from  the  Assembly  at  all,  but  from  several  members 
of  the  Assembly  and  other  clergymen  nominated  hj  a  committee  of 
Parliament,  to  whom  the  bunness  had  been  entrusteiL 

The  Directory  of  Public  Worship  was  approved  of  and  ratified  by 
the  General  AssMnUy  trf  the  Chnroi  of  Soouand  held  at  Edinburgh  in 
Febraary,  1646 ;  the  Coofsaaion  of  ]^th,  by  that  held  in  August, 
1647 ;  the  Larger  and  Shorter  Gateehfsms,  by  that  held  in  July,  1648 ; 
and  theSQ  formularies  still  oontinue  to  constitute  the  auUioTised 
standards  of  that  establishment.  The  Directory  of  Public  Woiatdp 
was  siso  ratified  by  both  booses  of  the  En^iah  Parliament  on  the 
2nd  of  Octobw,  1644 ;  and  so  was  the  doetriiuil  not  of  the  ConfssmoD 
of  Faith,  with  some  slig^  verbal  altemtions,  in  Hareh,  1648.  On  the 
ISth  of  Ootober,  1647, 1^  House  of  Commona  passsd  ut  (wder  that 
the  Presbyterian  fcmn  of  chnrdi  government  encnild  be  tried  for  a 
year;  but  it  was  never  oondosively  estaUished  in  England  by  leg^ 
lKtiveauthoii<7;  and  even  what  was  done  b^  the  parliament  in  partial 
confirmation  of  the  proposals  of  the  Weelminflter  Assembly  of  IHvinee, 
having  been  done  without  the  rt^al  assent,  was  all  regained  as  of  no 
validity  at  tiie  Bestontion,  mm  whidi  event  ^soopacy  resumed  its 
anthonty  without  any  act  bsmg  pSMsd  to  that  eibct. 

UismawkaUe  ttit  Uisn  n  not  fai  aistmee,Ml>r  is  is  known, 
any  compete  aooount  ctf  the  prooeedfaigi  of  the  Westminster  Assemb^ 
of  Divines,  either  printed  or  in  mannsoript  The  ofBdal  record  is 
commonly  supposed  to  have  perished  in  the  fire  of  LcHidon.  Three 
volumes  ,of  jiotee  by  Dr.  Thomas  Goodwin  sre  preserved  in  Dr.  Wil- 
liams's Liiwaiy,  London:  and  two  TOlumes  1^  George  GiUeside  in  the 
Advoestsi^  LnnaiT,  Bttibuis^  B^Uie's  Letters,  however,  oontain 
very  fall  detalb  <d  what  was  done  during  the  period  of  Us  ottuidanos ; 
and  a  Journal  kept  hf  lightfoot  has  also  been  printed.  Uuch  in- 
ftamation  is  to  be  found  scattered  in  various  works,  snch  as  Reid's 
'IfemofaiBof  the  Weebninster  Divines;*  Orme's ' Life  of  Owen ; '  and 
especially  Neal's '  History  of  the  Puritans.* 

WESTPHALIA,  TRBATT  OF.   [TliBavaB,  CHaoMOLOOKUL  Table 

Xeit.  [WsraBTS  ADD  H uavsn.] 

WHALE  FISHING.  [Fishkrie8.1 

WHALEBONE  is  t^e  homy  laminated  substance  found  In  the 
mouth  of  the  whale.  It  is  not  really  whale-Aon«,  but  bears  a  nearer 
resemblanoe  to  horn  in  its  strueture :  in  commerce  it  is  usually  termed 
v^te-fin.  There  are  In  the  moutit  of  a  whale  two  extensive  rowa,  each 
oonrirting  of  upwards  of  800  Uades  or  ^Mes;  and  each  of  these  blades 
is  a  piece  of  intalebone.  The  Uades  are  on  an  average  aboot  10  feet 
long,  but  some  attain  a  length  of  IS  feet.  The  substance  is  naturally  of 
a  bluish  or  brownish-blaek ;  but  In  some  at^im^ln  ig  gtriped  longitudi- 
nally with  white.  Three  principal  kinds  are  known  in  conuneroe — the 
Greenland  whalebone,  from  the  North  Atlantic  and  Icy  Seas ;  the  South 
Sea,  at  Uaek  fish ;  and  the  North-W«st,  from  the  North  Pacific  and 
Belu^ng*!  StrdtM.  [Cetaou.,  cols.  895-^8,  in  Nat.  Hut.  Div.]  Some- 
times  aa  mudi  as  6,000,000  llML  have  been  imported  in  one  year ;  hut  the 
suroly  is  generally  from  2^00,000  to  8,000,000  lbs.  All  the  kinds  of 
whalebone  sre  near^  alike  in  conrtHution.  It  eonsiats  chiefiy  of  albu- 
men hardened  by  a  small  proportion  of  phosphate  of  lime.  Toe  surface 
of  each  blade  is  compact,  and  takes  a  hij^  polish.  The  texture  is  lamellar 
or  fibrous  in  the  direction  of  its  length,  so  that  the  substance  easily 
nUts  aiKl  dMdesL  The  middle  of  eadi  blade  la  of  looser  texture  than 
the  endi^  pressnting  the  appearance  of  coarse  bristly  ludrs.  When 
whalebone  naa  been  boiled,  it  takes  a  harder  texture  and  deeper  colour 
than  before. 

The  peculiar  structure  of  whalebone  renders  it  applicable  to  many 
useful  purposes.  It  is  cut  Into  quadrangular  sticks  for  the  ribe  or 
stretchers  of  umbrellas  and  porasolB,  ranging  in  length  from  20  to  40 
hudieB.  It  la  made  iatio  ■tqr-beue*,  from  ^tba  to  1}  inch  in  width, 
and  from  12  to  16  inches  long.  It  is  out  into  leu^cths  irf  what  is 
called  bristle-bone,  ot  (Afferent  thieknesaes,  for  mdong  brushes  and 
brooms,  chimney-sweeping  machines,  and  road-sweeping  machines.  It 
is  used  in  thin  strips  for  covering  whip-handles,  walking-sticks,  teles- 
copes, and  other  articles.  In  thinner  waving  it  is  plaited  like  straw 
into  lis^t  hats  and  bonnets ;  while  the  waste  shavings  are  employed 
u^idsteren  as  a  stufBng  tar  oushionB,  lor  filling  fire-grates  in 
sammer,  and  for  other  purposes  Oooasionally  solid  pieces  of  mixed 
tints  are  twisted  Into  walkug-^oka.  And  wh«i  all  uie  useful  frag- 
ments have  been  rendered  available,  the  rsEuae  sells  as  manure. 

The  nature  of  whalebone,  something  midway  between  hom  and 
hair,  points  to  the  mode  in  which  tt  is  worked.  It  cannot  be 
soldered  or  joined  like  tortoiseshell,  but  must  be  used  in  distinct 
pieces.  When  boiled  in  water  for  several  hours,  it  becomes  soft 
enough  to  be  cut  up  into  ideoes  of  various  ozes  and  shapes.  With- 
out being  heated  and  softened,  it  is  easily  cut  into  strips  and  fibres 
1^  means  of  a  compound  guarded  knife.  The  different  qualitiea  in 
dlff^nt  parts  of  eat^  blade  are  dosely  examined  hf  the  workmen, 
in  order  to  apply  each  part  to  the  best  use.  Wulebone  takes  a 
very  good  jet-black  dye,  but  ia  not  well  fitted  for  cueing  in  I^ht 
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eoloure.  It  ia  generallf  polislied  by  being  acraped  with  a  tteel  edge 
or  a  piece  of  gUsa,  rubbed  -with  eoien-paper,  and  finally  rubbed 
with  a  woollen  cloth  dipped  in  tripoli  pcnmer;  or  Itjrk  paHdun^wlinl, 
M  in  the  cue  of  horn  or  tortoisesheU. 

Comnton  horn,  if  iteeped  for  several  daya  in  »  eolntion  of  gdatine, 
and  then  in  « liquid  eontaining  aereral  ingredients,  aoquirea  propertiee 
which  enable  it  to  be  uied  for  tome  purpoeea  aa  a  cheap  aubvtitute  for 
whalebone. 

WHABF,  a  plaoe  oonrtracted  or  set  apart  for  the  loading  and 
unloading  tk  gooda.  In  this  sense  the  word  includes  the  quam  of  all 
sea-poita  at  i^ch  goods  are  required  to  be  shipped  or  landed.  The 
■earbmch,  or  natural  gnnmd  on  the  banks  of  a  river  or  canal,  is  not  a 
wharl  Wharfs  in  docks  and  nmilar  situations  are  made  legal  bj 
special  acts  of  parliamoit,  as  the  London  I>ookB,  Ac ;  and  there  are 
•ome  plaoee  which  are  deemed  wharb  from  immemorial  usage,  as  at 
Chepstow.  For  the  use  of  a  wharf  certain  rates  of  ctHnpans^ion  are 
UKiaDy  diaiged,  wUoh.  are  called  wkarfage;  and  tlie  act  22  Car.  It, 
0. 11,  allowi  aiqr  one  to  load  or  unload  goods  on  paying  wharfoge  at  the 
rates  wpcdnted.  T\m  wfasrfk  ot  the  port  of  London  were  established 
in  1658,  in  the  flnt  year  of  the  reign  of  Queen  Elizabeth.  Several 
mfferana  vharfa  have  been  since  added  to  l^ese,  under  the  authority 
of  the  Commissioners  of  Customs,  sad  other  sufferaace  wharfs  are  ooca- 
sionally  authorised  for  the  landing  and  keeping  of  goods  by  the 
Ciutom-House  till  (he  dutJea  an  paid  or  the  goods  bonded. 

"So  goods  exoept  and  bullitni,  £di  fish  of  BrStash  taking, 

and  turbota  and  lobsters  fresh,  however  ti^en  or  imported,  are  allowed 
to  be  onabipped  from  any  ship  arriving  from  foreign  parts  beyond  aeas, 
or  landed  or  put  on  shore,  except  at  1^^  quays  ^ipointed  by  her 
Majesty  for  Viv^iTig  of  goods,  or  at  some  wharf  appointed  by  the  Com- 
missitmers  of  Customs.  Goods  entitled  to  drawback  or  bounty  are 
(Htfy  to  be  shipped  in  Great  Britain  by  wfasxflngen  appointed  by  the 
Commiaiaonars  of  Customs. 

WHEAT,  The  botanical  chancten  of  wheat  will  be  found  under 
the  word  TBTriouu,  in  Nat.  Hist.  Div.  Some  botanists  have  divided 
wheats  into  diSerent  species^  from  some  marked  peeuliari^  in  their 
fcsmatiML  Others,  ocnuidering  that  they  most^  form  hybrids  when 
mixed  in  the  sowing,  and  that  their  peculiarities  vary  with  the  soil  and 
climate,  have  looked  upon  all  the  cultivated  wheats  as  mere  varieties. 
There  are,  however,  three  principal  varieties,  bo  different  in  appearance 
that  they  claim  peculiar  attention.  These  are  the  hard  wheats,  the 
soft  wheats,  and  tiie  Polish  wheats.  The  hard  wheats  are  the  produce 
of  warm  dimatei^  suoh  as  Ita^,  Sknly,  and  Barbery,  ^le  soft  wheats 
grow  in  the  northern  puts  of  Eonme,  as  In  Belj^um,  England,  Den- 
muk,  and  Sweden.  The  Polish  wheats  grow  In  the  country  from 
wUdi  th^  derive  th^  name,  and  are  also  hard  wheats.  It  la  from 
their  extonal  form  that  thcj  are  distinguished  from  other  wheats. 
The  hard  wheats  have  a  compact  seed  neany  transparent,  which,  when 
bitten  through,  breaks  short,  and  shows  a  veiy  white  flour  within. 
The  soft  whttts  are  those  usually  cultivated  in  Britain ;  thqr  have  an 
opaque  coat  or  iUn,  which,  iriien  first  raided,  giTes  way  leauly  to  the 
pressure  of  the  finger  and  thumb.  Thne  wheats  require  to  be  well 
dried  and  hardened  before  they  can  be  conveniently  ground  into  flour. 
The  Pelish  wheat  has  a  long  chafif  which  is  much  longer  than  the  seed, 
a  large  oblong  hard  seed,  and  an  ear  cylindrical  in  appearance.  It  is  a 
deliuhte  spring  wheat,  and  not  very  productive  m  the  climate  of 
England :  henco  it  baa  only  been  occasionally  cultivated  by  way  of 
expaiment 

The  following  cuts  represent  some  peculiar  varieties  of  wheat  The 
first  is  a  compomid  ear,  common  in  Egrpt.  The  second  is  Uie  spelter 
wheat,  of  which  the  chafT  ia  so  stron^y  attached  to  the  grain  as  to  be 
separated  only  1^  pasung  throng  a  milL  It  is  an  inferior  variety, 
but  grows  in  leas  lertile  soils.  The  third  ia  the  FoUsh  wheat,  with 
very  long  chaff  and  bard  jraina.  The  fourth  is  a  variety  which  only 
ripens  one  seed  ihi  each  n^dst,  and  is  not  much  cultivated.  The  fifth 
it  eommoQ  soft  bearded  wheat.  If  the  awns  of  this  kind  are  oblite- 
Tuted,  it  forms  our  ocnnmon  soft  wheat.  The  drcumstanoe  of  awns 
seems  not  to  affect  the  nature  of  the  wheat,  and  they  differ  so  much  in 
length  that  the  varieties  of  smooth-eared  and  bearded  wheata  run 
inintdbly  into  eaoh  oOiar. 

The  distinction  brtween  the  winter  and  summer  wheats  is  me  which 
arises  entirely  from  the  seastm  in  iriiich  they  have  been  usually  sown ; 
for  they  con  readily  be  converted  into  each  other  by  sowing  earlier  or 
later,  and  graduaUy  accelerating  or  retarding  their  growths.  The 
original  difference  in  colour  between  red  and  white  wheats  is  owing 
chiefly  to  the  soil ;  white  wheats  gradually  become  darker  and  ulti- 
matdy  red  in  some  stitF  wet  amis,  snd  the  red  wheats  lose  their  oolour 
and  become  first  yellow  and  12ien  white  on  ridi,  li^^t,  and  mellow 
soils.  It  ia  remariuble  that  the  sooner  chaiwea  oolour  than  the 
chaff  and  straw.  Hence  we  have  red  wheats  with  white  chaff,  and 
white  wheats  with  red  chaff,  which  on  the  fon^ing  principle  is  readily 
accounted  for.  The  diaff  retiuns  the  ori^nal  oolour  when  the  "Utr  of 
the  grain  has  already  changed  to  another.  We  state  this  on  our  own 
experience.  The  soil  best  adapted  to  the  growth  o|  wheat  ia  a  deep 
loam  inclined  to  clay,  with  a  dry  snbeolL  Utbii  Is  not  diy  naturally^ 
it  must  be  drained  artificially,  to  ensure  good  crops  of  wheat  In  suoh 
a  soil  wheat  may  be  sown  every  third  year,  with  proper  intermediate 
crops.  FormerW  the  preparati<m  for  a  wheat  crop  was  goietaUy  by  a 
pkan  naked  &Uinr,  with  a  oertain  addition  of  nuunu^  theremaimof 


which  were  thou^t  sufficient  for  a  crop  of  barley  or  oats,  after  which 
the  fallow  reouired.   It  was  soon  found  out  that  by  tiiis  means  a  crop 


1.  BCTptUn  Wlicat  (TriUcum  EgTptiaoom) ;  S,  Bpelter  Wheat  (Triticam 
Sptfta);  S,  Lonr>chafted  PoUitL  Wheat  (Trltteam  Polonionm);  4,  Single- 
Brained  Wheat  (Trltieam  moDocoeonm) ;  5,  Common  Bearded  Wlicat 
(Tritlovm  tnrgldtun}. 

of  wheat  could  never  be  forced  beyond  a  certain  average ;  for  if  more 
than  the  usual  portion  -  of  manure  was  carried  on  theland  the  wheat 
failed,  hy  being  hud  before  it  arrived  at  maturity.  Thus  a  limit 
appsaied  to  have  been  aat  to  its  increase.  Sew  modes  of  cultivatioi 
have  shown  that  this  was  not  without  its  remedy,  and  that  it  waa 
recent  manuring  which  caused  the  wheat  to  lodge :  but  that  an  in- 
oreased  fertility,  produced  by  judicious  pieparation,  enUiled  the-land 
to  bear  onm  <a  whtiA  far  superior  to  what  It  ever  oonld  before^ 
WhMt  requttet  a  floa  in  whidi  ttw  osganle  matter  is  intimately  udxed 
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with  ib«  earthy  Ingredieota ;  where  it  can  luve  a  firm  hold  by  its  roota, 
moA  out  ftt  the  aame  time  ibdke  tiie  fibm  of  them  downwaras,  as  well 
as  around,  in  search  of  food.  Whan  it  meets  with  such  a  soil  and  ii 
deposited  at  a  vropw  d^Ui,  it  vegetates  slowly,  pushing  to  the  sorhoe 
cme  oylindiiou  flument,  while  numerous  Sbrn  strike  into  the  soil 
from  the  seed.  These  supply  the  plant  with  regular  noaiishment,  and 
in  due  time  a  knot  is  formed  ai  the  surface  of  the  scdl,  from  whioh 
several  roots  and  stems  branch  out.  This  is  called  the  tiUaing  of  the 
wheat.  The  new  roots  near  the  surboe  soon  become  the  cium  source 
of  nourishment,  and  In  a  rich  oompact  soil,  where  there  is  room,  nume- 
rous stems  arise,  forming  a  tuft,  and  each  of  these  in  time  bean  a  large 
ear  wdl  filled  with  seeds;  so  tliat  from  a  vety  moderate  quantity  of 
seed  a  great  return  is  prodooed.  The  stnmg  stems  stqipwting  esoh 
other  are  well  aUe  to  reaist  the  effect  of  stonns  and  rains,  ■wta6k  would 
by  weaker  plants  level  with  l^e  ground.  The  eflbet  of  surfaoe  manur- 
ing immedute^  before  the  seed  is  sown  is  to  produce  too  r^pid  a 
growth,  weakemng  the  stnw,  and  inoreaaing  its  quanti^  often  at  Ulc 
expense  of  Quo  ear,  which  dow  not  attain  its  proper  development 
TUs  is  called  running  to  straw.  AmmoniaoaJ  and  nitrogenous  manured 
have  tUs  effect ;  which  is  eorroborated  by  late  ezperimentB  with  sul- 
phate of  ammonia,  raltpetre,  and  nitrate  of  sodftr 

Lime  hss  been  often  ooniddered  as  the  most  efficadoiui  manure  for 
wheat,  even  more  than  dung.  As  long  as  there  is  oigsnio  matter  in 
the  soil,  Ihne  acts  beneficially,  and  the  richer  the  land,  whioh  does  not 
oontain  carbonate  of  lime  abeady,  the  more  powerful  tiie  efieot  of 
liming.  But  ezpexienoe  has  proved  that  lime  has  little  effect  on  poor 
soils,  until  tiiey  are  first  manured  with  animal  and  vegetable  tubstancesi 
To  produce  good  whmt  than,  the  land  ahould  be  gradually  brought 
to  the  proper  degree  of  fertiliiy,  by  abundant  manuring  for  preparatory 
cccm,  whimi  will  not  suffer  from  an  over-doao  of  dtmg,  and  will  leave 
in  the  soil  a  Bufficient  quantity  of  humus,  intimately  blended  with  it, 
for  a  crop  of  wheat.  Clover  is  a  plant  whudi  will  bear  a  c<»i&iderable 
foreio^  and  so  are  beuu,  and  both  are  an  excellent  prepantion  for 
wheat  The  roota  left  in  the  groimd  from  a  Mod  crop  ol  either,  decay 
dowly,  and  thus  furnish  a  regular  supply  of  food  for  the  wheat  sown 
in  the  nest  season.  Potatoes  also  aiunit  of  much  forcing,  but  the 
necessary  loosming  of  the  seal  for  this  crop  renders  it  less  fit  as  a  pre- 
paration fco-  wheat  Enerienoa  has  iully  proved  tha^  as  a  general 
role,  it  is  better  to  sow  Mrief  tad  dknrar  after  potatoes,  and  M  them 
be  socoeeded  wheat 

Altiiongh  wheat  thrives  beet  on  heavy  soils,  and  without  doe  pre- 
paration produces  only  scan^  and  uncertain  crops  in  those  whicdi  are 
natnralljr  light  and  loose,  it  may  be  made  to  give  a  very  good  return  in 
soils  whuh  would  onoe  have  been  thoo^t  fitted  only  for  the  growth 
of  rye  and  oata.  But  then  the  texture  and  compoettion  of  these  soils 
must  have  been  greatly  improved  by  judicious  tallage  and  manuring. 
While  the  heavy  snk  are  repeatedly  ploug^ied  and  puLvarised  to  rendsr 
them  mellow,  the  liditer  are  rendered  more  oompaot  by 
where  this  can  be  reacu^  dme,  adding  oomposto  m  whiott  the  prin- 
dpd  earth  is  day,  and  espeoiaUy  by  such  plants  ss  have  substantial  sod 
long  rooto,  by  which  tiie  stnl  ia  kept  together,  such  as  dover,  luoem, 
sainioin,  and  other  grasBee.  If  these  plants  have  been  well  manured, 
and  cover  the  ground  well,  keeping  in  the  moLeture,  the  soil  will  have 
becconesuf&oientlyoDmpaiOt  to  Dear  wheat  Oneploug^Ungisthenqtdte 
sufficient,  and  if  a  heavy  land-preesar  is  made  to  follow  two  plou^ 
and  press  in  the  fmxows,  so  as  to  leave  deep  smooth  drills  sq^t  or 
nine  inohea  wart,  in  which  seed  can  find  a  ixiid  bed,  there  will  be 
flVfliy  probal^ty  of  a  good  crop^  of  Wheat,  whioh  will  come  up  in 
ngolsr  rows,  the  roots  being  at  such  a  depth  as  to  run  no  risk  of 
wanting  moisture  till  the  item  has  arisen  to  its  full  height,  and  the 
ear  is  formed :  a  few  showers  at  that  critical  time  will  nuke  the  grain 
swell,  and  Inauze  a  good  erop. 

On  some  soils  it  may  not  be  jndidoiis  to  attempt  to  sow  wheat;  but 
these  are  the  poorest  loose  san^,  which  naturally  would  bear  only  oats 
and  buckwheat;  on  these,  unless  they  can  be  abundantly  maried,  it  is 
much  better  to  sow  lye.  When  wheat  is  sown  on  light  scnla  in  good 
heart.  It  grows  vigorously  in  spring,  if  it  has  not  been  injured  by  the 
frost,  which  is  very  apt  to  laiae  up  the  roota  and  throw  them  out  of 
tiie  ground.  The  dnving  of  Aoap  over  the  field  jesses  the  roota  into 
the  ground,  and  prevents  this  throwing  out ;  bnt  a  vigorous  growth  of 
■tnw  is  not  always  a  sure  rign  of  a  good  crop  at  harvest,  as  many 
formers  know  by  sad  experience :  whi^  would  be  advisable  in  heavy 
soils  is  not  always  so  in  lighter.  A  heavy  rolling  in  noing  after  a 
light  harrowing  is  very  useful  at  a  time  whco  the  siu&ce  is  moist  It 
doses  the  -pores  snd  checks  the  evapontitm:  and  the  tijgbter  the 
soifMia  can  be  made  the  better  the  chanoe  there  is  of  ft  &ir  orc^  ^le 
Norlolk  rotation,  as  it  Is  generally  called,  in  which  wheat  la  sown  aftw 
dover,  is  the  only  one  well  adapted  for  wheat  on  light  soils.  The 
manure  having  been  put  abundantly  for  the  turnips,  and  Uie  land  being 
freed  from  weeds,  the  barley  which  f oUows  is  getwrally  a  good  crop ; 
the  dover,  wluoh  is  sown  in  this,  ia  trodden  in  the  reaping  and  carry- 
ing of  the  bsriey :  and  there  ia  (mly  one  ploujddiu  from  the  time 
the  barley  ia  sown  to  the  sowing  of  the  yihmi.  If  this  be  dibbled  on 
the  trnned  award  of  the  olovar,  ua  lud  will  reodve  another  treading 
bf  the  dibblers,  the  seed  will  be  r«galai^  deposited  at  a  proper  depth, 
and  no  preparation  of  light  land  can  be  more  likeh^  to  produce  good 
wheat  On  heavy  sofls  the  prooesi  must  be  vaned;  the  sumoe, 
faiataad  ct  bdng  randend  more  oompaot,  will  often  be  ao  bound  aa  to 


require  to  be  stiired  1^  harrowing  or  hoeing  before  the  wheat  plant 
can  properly  tiller.  If  a  farmer  ia  anxknia  to  nave  good  crops  of  wheat, 
he  must  not  rest  satisfied  after  he  hsa  ploughed,  manure^  and  sown : 
he  must  watoh  the  growth  of  this  important  crop  daily,  and  use  the 
means  which  experience  and  obBervstion  have  suggested  to  ssdst  the 
growth  and  to  remove  the  causes  of  failure. 

In  either  cose  it  is  <rf  importance  to  bow  the  proper  quantity  of  seed 
per  acre  in  rows  br  enough  tptxi.  One  budid  aere  is  enough  on 
well-cultivated  soils — two  buahds  are  not  too  much  whoa  there  is 
liability  to  loss  by  water,  wireworm,  and  weather.  If  sown  1^  drill 
from  10  to  12  inches  is  a  proper  interval  between  the  rows. 

In  heavy  soils  nothing  is  more  detrimmtal  than  excess  of  moisture. 
Even  in  well-drained  fields  the  water  will  stand  too  long  in  t^e 
furrows  ii  there  is  not  a  proper  outlet  for  it  The  fiirrowi  uould  be 
well  cleared  out  with  the  spade  as  soon  as  the  seed  Is  sown,  drilled,  or 
dibbled,  the  earth  bdng  thrown  evenly  over  the  surfaoe  ^  the  stttt^oa, 
and  not  left  in  an  unsightly  ridge^  which  crumbles  down  with  tiie 
furrow  at  the  first  frost  In  proper  places  and  at  renilar  distances 
deeper  water  furrows  should  be  dug  oui  after  the  plougtL  has  ploughed 
a  deep  furrow  in  the  intended  line ;  and  this  diould  then  be  finished 
as  ia  said  above :  so  that  if  a  heavy  &11  of  zam  should  come  suddenly, 
the  water  would  have  a  regular  oourse  and  outlet  into  the  ditohea 
yUnob.  lie  in  the  lowest  part  of  the  land,  without  soaking  into  the  sdl, 
which  is  already  too  retentive  of  moisture.  It  is  oluefly  in  qtring  and 
when  snow  melta  that  there  ahould  be  a  daily  inspection  of  the  vHieat- 
field.  An  experienced  eye  going  along  the  bottom  of  the  ridges  of  a  large 
field  will  discover  at  onoe  wheuer  there  is  any  stoppage  of  the  water ; 
and  by  means  of  a  spade  or  shovel  it  will  be  remedied  with  litUe 
trottbw.  When  the  aurface  binds,  sa  it  does  in  amnea^,  and  prevents 
the  aocesa  of  air  to  tite  roots,  the  land  ia  faanowed  or  hoed,  and  in  a 
few  days  the  effect  will  be  apparent 

It  is  a  very  oommon  notion  that  good  wheat  and  beui  ^a-nH  is  not 
well  adiqited  to  the  growth  of  roota,  eepedally  of  such  as  are  ueuidly 
fed  off  the  land  by  sheep,  because  the  treading  of  *iiiiT»ajii  is  ii^urious 
in  winter  and  spring,  when  these  crops  are  luually  wanted;  and  if 
they  are  carted  off,  the  wheels  and  the  noraea  moke  enoh  imnrassimin 
as  are  equalfy  detrimental  or  more  so.  Bat  alt  roota,  even  tne  white 
turnip,  will  grow  luxuriantly  on  heavy  soils  well  prepared  a^d  manured ; 
and  thi^  may  be  so  managed  as  to  be  taken  off  befcm  the  winter.  The 
land  being  ^ou^ed  immediately  on  the  removal  of  the  roots,  will  be 
well  prepared  for  wheat,  cur,  when  mellowed  by  the  winter's  frost,  may 
be  sown  in  qiring  with  beaiui,  barlty,  or  oats.  The  manure  wUl  be 
incorporated  wiu  the  soil,  even  if  it  has  been  put  on  in  a  very  fresh 
state  for  the  roots,  whioh  can  only  be  recommended  on  vary  oompact 
soila.  If  the  root  crops  are  wall  cleaned,  fallowa  m^  be  avdde^  or 
at  least  recur  very  seldom,  and  then  only  when  root  weeds  have  aocu- 
mulated  from  n^Ieot 

When  the  wheat  has  blossomed,  and  the  gnin  in  the  ear  is  fully 
formed,  it  should  be  watched,  and  as  soon  as  the  seed  feels  of  the  con- 
aistenoe  of  teufi^  dough,  and  the  straw  is  dry  and  ydlow  below  the 
ear,  it  should  be  reaped.  The  skin  of  the  grain  will  be  thinner,  and 
ite  substance  will  harden  readily  by  mere  drying,  while  the  stmw  is 
betto*  fodder  for  the  cattl&  It  is  found  by  experience  that  the 
increase  of  flour  by  adopting  tfaia  method  is  very  considerable.  The 
opmtion  of  reafiing  is  now  beet  done  by  the  reaping  machine. 

The  cfaooaing  of  wheat  for  seed  is  a  matter  of  great  importance. 
Some  fanners  like  to  change  their  seed  often;  others  sow  the  pro- 
duce of  tlieir  own  load  continually,  and  both  seem  persuaded  tiiat 
their  method  is  the  best  The  fact  ia,  that  it  is  not  always  the 
finest  wheat  which  makes  the  best  seed;  but  it  depends  on  the 
nature  ot  the  land  on  whioh  it  grew.  Stmie  soils  are  renowned  far  and 
wide  for  prododng  good  seed,  and  it  is  well  known  that  this  seed 
degenedratea  in  other  soila,  so  uat  the  original  soil  is  resorted  to  for 
fresh  seed. 

While  the  wheat  is  growing  it  Is  exposed  to  various  aoddents,  which 
it  is  often  difficult  to  foresee,  and  more  difficult  te  guard  against  The 
smut  and  burnt-ear  ore  diaeaaes  whidi  may  be  generally  prevented  by 
a  proper  preparatJon  of  tiie  seed  before  it  is  sown.  Many  coiroeiTe 
substances  luve  been  recommended  te  steep  the  seed  in,  such  as  blue 
vifaiol,  one  pound  to  a  quarter  of  a  grain,  dueolved  In  water  enough  to 
wet  every  seed.  It  seema,  however,  that  wadiing  the  aeed  well  with 
plain  water,  or  with  salt  and  water,  and  aftwwarda  drying  it  irtthqui<^- 
mne,  sufficienUy  destroys  the  germ  of  the  smut  to  prevent  ite  propa- 
gation. The  most  oommon  ste^  is  water  in  which  so  much  aalt  has  been 
dissolved  as  will  enable  it  to  float  an  egg.  In  this  the  seed  may  bo  left 
for  twelve  hours  or  more,  and  then  spread  on  a  floor  and  mixed  with 
as  much  ^uieUima  as  will  abaorb  the  moisture,  and  allow  it  to  be 
sown  or  drilled,  without  the  gnuns  adhering  to  one  another. 

In  the  second  volume  ot  the  '  Journal  of  the  Royal  Sodety  of  Agri- 
culture ot  England,'  Fart  I,,  is  a  valuable  paper,  by  the  Rev,  T.  S. 
HensloWfOn  the  diaeaaes  wheat  He  describes  the  different /wnj^i 
which  produoe  the  various  diBMaea  of  peiq>er-bnmd,  dust-lnmod,  mat, 
and  mudew.  The  ergot  in  wheat  ia  an  excreaoance  from  the  ear,  like  a 
■mall  horn,  into  iriiich  the  aeed  ia  transformed.  It  has  a  poisonous 
qnality  and  a  medicinal  one.  The  canae  of  this  monstrosity  in  the 
aeed  is  not  fully  known.  It  is  supposed  to  be  caused  by  the  puncture 
of  stane  inaee^  introducing  a  virua  w^iloh  haa  entirety  i^tared  the 
fuBOtiana  of  tite  genn,  and  made  it  podnoe  lUi  ergo^  Initead  ot  a 
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beiilthy  iwd.  Another  aiiBMa  ot  the  wad  k  oaDed  mmoiUm,  and 
it  eauMd  by  extiema^  mhnito  huaeta  liia  aela,  whiA  fill  tha  akin  of 
the  weda,  tnatead  of  flour.  Tbia  iaeeci,  whidi  la  eallad  Vibrio  iritiei, 
ia  daaoribed  Mr.  Bauer  in  Uia'PUkaoj^iioal  TnuwACtkaa'  for  1839. 
Thia  diseaae  is  nut  to  oommon  aa  tha  smnt  and  tha  pepper-brand.  It 
ia  probable,  according  to  Mr.  Henilow,  that  the  animaioula  may  be 
kiUad  by  txpamag  tha  grain  to  a  certain  heat,  ao  as  not  to  deatroy  its 
power  of  ▼cfjetation,  but  aufKidMit  to  fcUl  the  Tibria  The  wheat- 
midg*  {Oeeidomyia  Intio)  is  aaotbar  aztamat  anemy,  which  doea  mora 
hann  to  die  crop  than  is  generally  known.  It  dnxnlta  iia  eggs  at  the 
root  of  the  gain  in  the  ear,  and  piwenta  the  filling  of  the  grain,  tha 
maggot  li^ng  on  the  nntritiTe  jnioea  which  should  ^x>dnoe  ue  iiuina. 
Tlie  Heniau  fly,  which  caused  aueh  d^iredationa  in  America  and 
Canadaat(HWtime,iaadiffi)raiti9eoieaof  thesamefly.  Thia  depoeita 
ita  agga  in  die  atnv  near  tfaa  root,  and  thna  daitnya  tha  whole  plant. 
We  moit  rate  t^  raate  tor  fnrtiiCT  partienlan  to  the  pqter  abore 
mratifloed. 

Great  attention  haa  been  lately  paid  to  the  introduction  of  the  beat 
and  most  ^x^Mo  varietiea  of  wheat,  and  by  merely  observing  what  ean 
appear  much  superior  to  othan  in  a  ftdd  of  ripe  wheat,  and  collecting 
these  to  be  sown  aqiarately  in  a  gNiden  or  pwticai  of  a  field,  the 
variety,  which  may  have  been  prodooad  aome  fortoitoaa  im^nffiar 
tion,orsomepe(niliari^intheqtoiwheraftgraw,iBperpetaatad.  Bj 
carefully  eeleeting  the  seed  which  ia  beat  ad^iied  to  tlw  soil,  by  a  more 
cu-eful  and  gatdm-like  oultivstioa,  and  by  adding  thoae  manurea 
which  are  fuirod  moat  adapted  to  &Tour  ita  perfect  vegetation,  cropa 
of  wheat  have  been  raised,  which,  at  cue  time,  would  have  been  thought 
marrdiouB ;  and  the  avenge  produce  oi  thia  important  gnun  baa  been 
inaroaaad  on  all  adlfc 

WHEEL.  A  maebanioal  oontrivaniw,  by  nkaana  of  which  tiie  inter- 
mittent and  limited  action  of  the  lever  is  extended  to  any  distance, 
and  made  to  act  continuously  and  uniformly.  The  direction  and  the 
velocity  of  movement  of  a  machine  are  oommoDly  regulated  by  the 
diapoeition  and  character  of  the  wheelwork  which  enters  into  ita 
otnnpoeition ;  but  die  principle  upcm  which  all  wheels  really  act,  oon- 
aiata  in  the  qiplioation,  in  a  oonttamoua  manner,  and  in  a  einmlar 
direction,  of  the  power  obtained  by  kveiagB. 

Wheels  are  either  of  the  kind  known  as  eorrwifK  wheels,  or  Jrietimt 
wheels,  or  Uethed  wheels ;  including  nnder  the  second  diviaton  hand 
wheela,  and  under  the  third  the  vnrioua  kinda  of  ecg,  tniiidU,  yur, 
crown,  and  hevilUd  wheels.  Id  a  ayatem  of  wheelwork  the  wlftda 
may  be  either  mtdHplyiMg  or  dimimidting,  aaaadaag  to  thdr  retative 
iiaea;  diey  may  eiuiOT  perform  complete  revolutiona,  w,  aa  in  tha 
eaaa  of  balance  wheels,  only  revolve  ovm-  small  area;  they  m^ 
revolve  either  horistrntally  or  vertically ;  thw  may  be  used  to  produce 
motion  or  to  oommunioAte  it ;  or,  finally,  ute^  may  be  used  for  the 
purpose  of  regulating  the  velocity  of  the  madunaiT  to  whudi  thqr  are 
annexed,  aa  in  tha  caw  of  fy  wheds.  Watw-wheela  oonatikiite  a  awa- 
nto  daas  of  maebiaeiy,  known  under  the  same  ganoio  name  of  wheels, 
in  which  the  power  is  produced  by  the  direct  action  upon  the  wheel 
itself.  [WATiB-WnkKLS;]  In  ordinary  wheela  the  power  ia  a[^Ued 
ori^nally  to  the  shaft  bearing  them,  aj  the  intervention  of  crauka, 
handlea,  winches,  ot  levers. 

In  carriage  wheels  the  object  aougfat  to  be  attained  is  to  convot  a 
alidiag  ftiotion  into  a  xtdling  one,  m  ordar  to  £idUtate  the  horiaontal 
movement  ot  heavy  loada.  The  efficioney  of  a  carriage  wheel,  there- 
fore, consiBtB  in  t£e  length  of  the  lever  it  ofl^  (or,  in  other  wwda, 
uxH>n  its  diameter) ;  upon  the  direction  in  which  the  power  is  ^jdied 
to  it ;  and  upon  the  small  extent  of  aur&ce  produdng  friction ;  uways 
provided  that  the  surfsce  should  be  sufficient  to  prevent  the  load  from 
forcing  the  wheels  into  the  materials  ovw  wbkdi  they  run.  It  is  for 
tha  avowed  object  of  iniuring  the  nppSaal^an  of  tha  powvr  aaraiaed 
by  a  hone,  in  drawing  a  oart  or  eamage,  okew  the  horisontal  line 
paedng  through  the  oentre  of  the  fore  wlieela,  that  they  are  made 
smaller  than  the  hind  wheels ;  but,  aa  aa  abatiaot  proposition,  it  may 
be  stated  that  the  larger  a  wheel  is,  the  greater  is  the  useful  effect  it 
produces,  provided  the  line  of  draught  pass  horizontally  throuf^  ita 
centre.  Another  ababact  proposition  with  respect  to  carriage  wheels 
ia,  that  the  narrower  thur  aurCaoeB,  the  len  frictiDn  they  muit  d«- 
Telopa ;  but  evidently  the  cbaiactar  of  the  roadway  over  which  the 
load  travels  muat  re-act  upon  this  condition,  for  upon  a  soft  surface  a 
narrow  wheel,  heavily  laden,  would  oompreea  the  road  materials,  and 
thus  create  a  contimuUy  occurring  aerioe  of  obstacles  to  its  own  pro- 
gress. Upon  soft  roadways,  under  heavy  loads,  carriage  wheela  must 
therefore  be  made  wide  upon  the  &oe  of  the  felloes;  for  quick  traffic, 
im  hard  roads,  when  the  oamagaa  do  not  convey  heavy  kids,  narrow 
wheels  are  generally  reaorted  to. 

In  the  earlieet  wheeled  carriages,  the  wheela  were  made  of  solid 
planka,  and  the  axles  were  fastened  to  them,  so  that  wheel  and  axle 
turned  together;  the  load  in  such  cases  being  borne  upon  coUan 
worked  upon  the  axlee.  Rude  carta  of  thia  deecripUon  have  been 
used  in  England  wit^dn  a  very  abort  period,  and  they  may  still  be  seen 
npcm  the  provindal  roads  ot  such  countries  aa  Spain  or  soudiem 
Italy.  When  the  roads  are  haUtuallr  of  a  superior  character,  how- 
ever, carriage  wheels  are  made  as  ught^  as  the  work  they  are 
required  to  perform  will  admit  (tf ;  and  they  consrst  usually  of  a  nave, 
orontre  boM,  into  wludi  the  qmIm  or  radiating  amia  are  fistraed  at 
OBO  and,  whilst  the  apc^  at  thdr  odiereBds  bear  the  fdtmj  the 


whda  aasembiage  being  bound  tonthar  by  an  inn  fwv,  nailed  to  tha 
feUoes  wfaikt  it  ia  hot,  fn  order  that  die  ahrMkage*of  die  in»  in 
cocdingmoy  "foroe  tJie  various  jtdnte  home,"  as  workmen  say.  The 
nave  Is  nsuaUy  bored  ont  to  receive  a  box  ot  iron  (or  (A  gnu  metal  in 
some  oasee),  in  which  the  ooUar  of  the  axle  la  inserted,  so  that  the 
wheeb  on  tiie  respective  aidea  ot  the  carriage  can  revolve  independently 
of  one  another  in  their  horicontal  poeitiona,  but  are  maintained  at  fixed 
diatanoes  ^lart  horiKontal^.  In  wheeled  oarriagea  the  bodka  are 
sttai&ed  to  the  axlea,  imkm  widi,  or  without,  the  Interrention  of 
Bprinp;  in  fcrai^wheeled  carriages  the  front  jMirof  wheels  ia  uanally 
made  to  Tevolre  on  a  {Avot  fixed  under  dw  ton  part  of  the  bo^,  (H 
course  the  dimendona  of  all  the  details  of  carriage  wheels  muat  depend 
upon  the  wdghts  they  are  intended  to  transport,  and  upon  the  velocity 
at  wh»di  they  are  intended  to  fnvel}  in  railway  earrii^  the  naves, 
qKAe8,Mloes,aiid  tfarMe(tiiew4iedsareexeeut«d  of  irrai,  <v  of  sbeel ; 
in  eommon  caniagas,  wood  is  tba  material  principally  used. 

The  friction  wheels  of  mill-wtvk  are  inteoduoed  for  the  samepDipcBB 
that  wheels  are  adapted  to  ordinary  carriages ;  that  ia  to  say,  lor  the 
purpoee  of  converting  sliding  friction  into  rolling  fricticn.  They  are 
used  to  facilitate  the  hMuontal  or  vartieal  movement  of  tmveniiig 
beds,  of  guide  rods,  Ae.,  and  therefore  tha  only  ecnditions  they  are 
required  to  fulfil  are,  dmt  tbty  akoold  ravolva  frae^  on  their  own 
axles,  snd  nresmt  nooolb  snrfliesa  (aUe  to  retifai  a  Inbrkattng  finid) 
to  the  bodies  mortng  over  diem,  or  over  whi^  diey  may  moveu 
Driving  band-wheda,  cm  die  oontrary,  are  fixed  on  their  bearing  shafts, 
and  have  th^  surfaoes  fcmned  in  such  a  manner  aa  to  oanse  the  stnuiB, 
or  bsikh^  to  adhere  to  them  by  their  mere  friction  upon  the  asperitwe, 
and  thus  to  produce  motim  in  the  secondary  bwid-wiieela  of  the 
madkinen  to  wldoh  dkaf  m  iffliad,  hj  the  ntadfln  ot  the  firafe 
wheels.  In  boom  eases  also,  motaa  In  oonranurieatad  by  mesm  tA 


wheels  whose  surhces  are  in  contact,  and  which  act  upon  one  another 
by  the  more  unevenneaa  of  those  surfaces ;  if,  however,  any  ssrlous 
reristance  should  be  enoountered,  the  wheels  would  be  likely  to  aUde 
over  one  aDother,and  th^  an  therefore  only  need  fai  li^  wddsUeato 


machinery.  Indeed  all  descriptions  band-wheels  are  exposed  to  the 
same  objection,  because  they  only  communicate  motion  bv  the  friction 
of  the  bands  upon  tba  respective  surfaoea,  and  when  the  reeiatance 
exceeds  that  fri^cm,  the  bands  must  slide  over  ihe  wheels ;  but  they 
preaent  so  many  fiwilities  tor  the  introduction  of  ipeed  pulleys,  (that  is 
to  say,  of  pulleys  by  means  of  which  the  rate  of  revolution  may  be 
modined  at  will)  that  t^ey  are  constantly  resorted  to  in  machinery, 
especially  when  it  is  desirable  to  avoid  making  a  noise.  Band-wheels 
ore  commonly  arranged  ao  as  to  present  on  die  same  axle,  and  in 
immediate  proximity  to  (me  anotJaer,  what  are  called  fast  and  loose 
pulleys ;  the  fast  puUna  being  fixed  upon  the  axle,  bo  that  the  two 
must  turn  together,  whUsb  theloose  piiUey  turns  freelyupon  the  axle, 
and  does  not  oommunioate  any  motion  to  the  latter.  When,  therefore, 
it  is  desired  to  put  band-wlwels  with  fast  and  loose  pulleys  out  of  gear, 
all  that  is  required  to  be  done  is  to  past  the  band  upon  the  loose 
pulley,  and  tht  eommmdottion  of  the  movement  bnmedataly  oesMS 


Band-whedi  also  present  great  advantagea  from  the  ease  with  which 
they  admit  ot  the  change  in  the  direction  at  the  motion.  If,  for 
ins&nos,  it  be  dflrirad  to  xmm  dM  Bwtion,  die  bud  is  smplr  cr^^ 
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nd  «ndleaB  ^lf"<^|^  may  be  made  to  oommimicate  moti<m  id  erery 
poMible  diiMtioo  with  nspeet  to  the  driTing  puUey.  hoag  banda  are, 
Lnrarar,  rtrieetinnahl>»,  w  thn-lum  a  tendcnejr  to  itretch;  and  it 
moat  alio  be  obwrred  that  tbe  arcamferano»  of  band-whe^  (bould  be 
lakdm  diAHf  rounded,  booaoM  ihu«  is  a  tendanoy  is  buds  runniiiK 
over  pDlien  to  woA  towards  the  portiona  of  thow  pulleye  which  are  of 
the  largoit dkmeter ;  and  ihus,  perhape,  to  "cMtoff."  Thefrictioa 
eaim,  need  bjr  Tap^Boaam,  maT  be  oiled  m  amongrt  the  most  vala* 
aU» illiwtraticma oi theuse  of  thaw  modifieationB (d  whsal-wcak ;  m 
mwalu  be  cited  the  need  poUm  ot  Utheiy  the  ewiTiiw-bHidi  of 
printing  maohin^,  the  Metion-Ttdbn  upon  wUdi  the  e&dkai  neres 
of  paper-makioff  machinea  trayene,  Ac 

U  teeOud  wfieela,  a  aoriea  of  projectioDB,  or  feetk,  'are  formed  on 
the  oiit«r  tim  oC  one  wheel,  which  work  into  oomiepondiiig  projectiona 
upon  the  oater  rim  of  tiie  whed  ommeoted  with  it,  in  luch  a  manner 
as  to  allow  the  teeth  al  the  former  to  oommimicate  their  motion  bj 
the  ilidiitf  cr  rubUng  their  aorfaoea  npoo  the  aoriaoea  of  the  teetn 
of  the  second  wheel  Ot^-wheeLi  are  tfaoee  in  whkh  the  teeth  are 
made  of  a  different  material  to  the  wheel  itself,  bat  the  coea  are  never- 
theltfis  of  the  same  outline  in  principle  as  co-dinary  teeth.  TrundU- 
wheels  are  those  in  which  the  teeth  are  formed  oylindera  of  small 
diameter^  and  short  lengths,  fixed  between  two  discs;  they  are  much 
used  in  ooane  quU-wotk,  on  account  of  the  smoothness  of  uieir  actaon, 
and  Ihe  small  frieti<m  to  whi^  they  give  rise.  Pta-wbeda  aze  th<»e 
in  which  "Ttiilnf  (finders  are  placed  upon  the  surface  oC  a  reTolTing 
diac  i  (TOUR- wheels  are  those  in  whidi  the  teeth  are  cut  out  of  the 
rim  of  the  wheel ;  annular- wheels  are  those  in  which  the  teeth  are  cut 
upon  the  iimer  lui&ce  of  the  rim;  benKed-whedb  an  thoee  in  which 


the  faoea  of  the  teeth  are  portions  of  cones  whose  wlces  meet,  and  are 
inclined  BO  as  to  allow  the  motion  of  the  first,  or  driving-yrhetl  to  be 
ohaiijged  in  its  direoUon ;  ipur-wheela  are  those  which  ttansmit  motion 
in  directions  parallel  to  that  <tf  the  rendution  of  the  driving-wheeL 
The  first  wheel  in  all  theee  instances  bears  the  name  of  the  Jint  SKXton 
or  iMniy  wheel ;  the  secondary  wheel  is  called  the  foBmoa;  or  tiie 
fnuM  in  the  case  of  o(w-wfaeels,  but  sometimes  it  is  called  the  tsoUotwr, 
in  the  ease  of  trundle-wheels.  The  wheels  themselves  are  composed  of 
the  oentnl  boss,  the  arms,  and  the  rim,  bearing  the  teeth ;  sometimes, 
however,  in  small  pinions  (he  aims  are  replaced  by  a  solid  plate,  and 
then  th^  are  known  bj  tike  name  of  pArt»irheels;  the  inner  rim  of  a 
first  motion  annular-wheel  is  known  by  the  name  of  the  aanului. 
When  it  is  eesent^  that  no  sliding  ^uld  take  place  on  tike  surfaces  of 
wheels  the  faces  are  broken  into  what  are  called  cotnpvwHd  or  combined 
whetiB,  which  ooneist  of  a  series  of  paralld  concentric  rangee  of  teeth, 
so  placed  that  the  contact  of  any  ^kut  of  teeth  should  only  be 
momentary.  Dr.  Hooke  introduced  this  kind  of  wheel,  and  indeed  it 
ia  at  times  known  by  his  name;  but  it  ia  too  com]^loidied,and  too 
liable  to  fractore,  for  ordinary  -work. 

hk  setting  out  a  whed,  Itie  basis  of  the  openrticn  is  tiie  p&tA  eirck, 
or^woinngefatsunite«Me;  tiie  term  pifcA  itadf  meaaa  the  distance 
Kf»xt  of  the  centres  of  the  teeth  apMt  that  drole.  Vbv  only  condition 
which  regulates  the  jdtch  is,  that  the  material  should  be  strong  enoi^ 
tobearueefforttowhichitiatobeei^Kwed;  andintoacticeitiBfound 
that  east-irm  vheela  work  aatiafaotoi%  with  j^tohes  vai^nng  between  1 
uid  8  InehcB  in  large  wheels,  and  befciraen  aquartwof  anincnandthree 
qoarten  ot  an  inch  in  very  small  onea.  The  numbv  of  teeth  depends 
■ajpaa  tiw  dieumievBnee,  and  npon  th»  pitch;  or  oilling  the  nnmbw  of 

c 

teetti  n,  tiie  circumference  e,  and  tixe  jntdi  p;  Uuai  «=— ,  allthe 

dimeosuHia  being  in  iuchei ;  iv  the  diamdiertiwiU  be  found  ^making 
p  It 

d  =  g.-^-^^^.   The  vdooitiea  at  wliich  the  various  wheola  of  a  piece  of 

machinery  are  required  to  revolve  determines  their  respective  diameters, 
and  thOT  are  oalculated  npon  the  prinoi|dea  to  be  described  in  the 
sequel;  but  it  is  to  be  observed  that  the  irw  ladii  Mm  ilways  rather 
larger  than  the  pr^iitive  radii,  whidi  latter  serve  to  define  the  pitch 
circle ;  the  true  radii,  on  the  contrair,  define  the  extremities  of  the 
teeth.  Another  general  law  ia  that  the  numbw  of  teeth  in  the  ipur- 
(or  driving-)  wheel  is  to  the  number  of  teeth  in  the  pini&n  (or  follower) 
in  the  ratio  <d  their  respective  radii ;  txc  calling  the  diameter  of  tiie 
jq»ur-wheel  A  B ;  the  diameter  of  the  pinionOD;  and  the  number  of 
teeth  on  the  ftmnar  v ;  than  the  number  <A  teetSi  on  the  pinion  will  be 
found  thus  ;—AB  :  OD  : :  ■  in.  The  outUnea  of  fbe  teeth  are  ascer- 


tahiad  by  dividing  the  pitdi  oirde  into  equal  parti  camespondhig  with 
the  (vopoeed  nuiaber  <a  teeth ;  the  pitdi  ia  then  subdivided  into  four 
parts,  to  obtain  the  centres  of  the  intervals,  and  also  the  flanks  oi  the 
teeth  within  the  line  of  the  pitoh  oirde.  Beyond  that  line  the  flanks 
of  the  spur  teeth  are  formed  by  portions  of  an  epM^oloid  generated  by 
the  revdution  of  a  circle,  whoee  diameter  is  equal  to  the  radius  of  the 
pinion  pitch  oirole  around  the  pitch  drde  of  the  spur ;  and  the  flanks 
of  the  eitranity  ol  the  teeth  the  pillion  are  temed  l^portiiniB  of 
a  hypocjn^d  generated  by  the  rerolution  of  the  oirde  bcoore  named 
on  toe  interior  of  the  pitch  circle  oS  the  pinion  itself.  The  projecticn 
of  tiu  teeth  beyond  their  respective  pitcb  circles  is  regulated  by  the 
condition  that  tiie  epioydoidal  and  hniocycloidal  curves  shall  be  suffi- 
dently  long  to  cause  the  Utter  to  bear  upon  tiie  nde  of  the  teeth, 
through  an  extent  of  droumferential  movement  equal  to  the  length  of 
the  pitch.  FracAiaBlly  tiiislaigthinw  befound  by  desoiUng  a  di^ 
of  a  diameter  equal  to  the  radius  of  the  pinlMi  upon  the  line  of  oentiea, 
and  at  the  point  where  it  inteisects  the  radial  line  fumung  the  flank  of 
the  second  tooth,  describing  the  true  radius  of  the  spur.  The  depth 
of  the  intervals  is  made  so  as  to  leave  a  small  space  between  the 
extremity  of  the  teeth  and  the  rim,  and  it  is  customary  to  leave  a  Utt^ 
{day  between  the  teeth,  equal  to  about  ^th  or  ^th  at  the  pitch ;  the 
interior  sngles  of  the  teetii  are  rounded  off  in  order  to  increase  their 
strength.  In  setting  out  a  pinion  intoided  to  drive  a  lantecn-wheel, 
the  teeth  murt  still  be  made  portions  of  efritydoids ;  but  in  the  case 
1^  racks  driven  by  teethed  pinions  the  ourvea  must  be  invduteo  oi  the 
pitoh  oirole,  and  in  """i"  wheels  the  teeth  of  the  annulus  must  be 
portions  of  a  hypot^doid.  The  portion  of  the  tooth  beyond  the  pitdi 
circle,  to  which  the  above  peculisr  forms  are  given,  is  oocasiooally 
known  by  the  name  of  the  adrfmdust,  and  it  is  usually  about  ^ths  « 
the  i^tdi  emjd^ed.  In  ooDunon  OMHtruotion  the  proportitHis  of  the 
variouB  puts  of  a  pair  of  teethed  wheds  gearing  into  one  another  are 
Mfolknra: — 


Depth  ol  addendnm        .      .      .      ,      ■      of  pUeb. 
WwUng  depth,  from  addendoin  In  fUnk     •   •  n 

WiDle  depth  A  M 

Tbkkncai  of  tooth  on  pitoli  Una  .      •      •  • 
Breadth  of  ^Boe  on  Otto       .      .      •      . -jf^  „ 

In  small  wheds  with  few  teeth  the  depth  of  the  addendum  must  be 
increased  above  the  proptxtira  above-mentioned. 

Bevilled  gearing  consists  of  frustra  of  cones,  which  are  supposed  to 
roll  upon  one  another,  and  whose  uficee  are  supposed  to  meet  In  one 
pdnt ;  and  in  this  case  the  form  of  the  addenda  ouj^  to  be  a  portion 
of  a  qheriflBl  qiqjdoad,  aconding  to  strict  tlieory,  but  in  praotioe  a 
mnoh  mm  riniMXbini,  devlMd  by  Telford,  and  deeolbed  in  Budianan's 
'  Treatiee  on  UUl-work,*  p.  S8  (1841),  is  used.  Indeed,  it  is  very  rarely ' 
that  the  faces  of  towels  an  made  with  wdoidal  forms  of  any  descrip- 
tion ;  and  pncticsl  men  adopt,  instead  of  them,  rimpler  d^uutr  forms. 
Professor  Willis,  in  his  '  Ftinciplas  oi  Ueohsnism,'  has  described  an 
iufltrmnent  of  his  own  invention,  for  dntwing  the  teeth  (rf  wheels  by 
arcs  fd  cirolea;  and  hM  aooompanied  the  deinriptioa  hf  tabUs  Ulns- 
trating  its  use.  The  reader  is  wtoired  to  tiie  various  books  above 
mentioned,  sod  to  Warr's  '  Construction  of  Machinery,*  Camus  '  On  the 
Teeth  of  Wheels,'  Hachette's  'Tiaitd  des  Machines,'  Armeogaud's 
'  Dessin  Industrie!,'  and  W.  Johnston's  '  Practictd  Mechanic,'  for  more 
^eoifio  details  with  reqieot  to  the  i»inci[deB  upon  which  teethed  wheels 
<^  tiie  various  kinds  enumcnted  are  designed.  Professor  Willis's 
'  FriniaplaB  ot  Meahmiim '  nunr,  perhaps,  be  oited  aa  oontaiiutig  the 
most  vdnahle  infomiation  on  tue  subject 

It  ii  neoeasary  here  to  add  that  in  s<nne  cases  it  Is  deurable  to  pro- 
duce in  madunery  an  intermittence  in  its  action,  or  a  certain  altema- 
ttm  <A  motion  and  <d  rest,  in  the  wheels  gearing  into  one  another, 
"niia  is  effbcted  by  leaving  a  portion  of  the  circumference  of  the 
driving-whed  without  teeth  for  a  length  correeponding  with  the 
dsdied  period  of  repoaa;  yeoantions,  nowever,  must  be  taken  to 
insure  that  the  teeth  dunud  fall  into  their  proper  places  when  contact 
is  restored,  for  which  ptirpoae  pins  and  guides  on  the  face  of  the 
wheel  are  oommonly  introduced.  JZofdief-wheela,  or  those  whidi  only 
rerdve  in  one  direction,  and  have  a  species  of  sttemate  reciprocating 
action  on  the  driver  (in  this  sense,  that  th^  are  raised  gradually  for  a 
certain  portion  of  the  revolution,  and  are  wen  suddenly  released),  are 
introduced  for  the  purposes  either  ot  joeventing  the  wheel- work  fiom 
revdving  in  more  than  in  the  direotion  orij^oally  selected,  or  for  ob- 
taining utemate  vertical  or  horisontal  motitm  in  the  shafts  of  a  piece 
of  madiineiy.  The  pin  which  prevents  the  alteration  of  the  rotation 
of  a  ratchet-wheel,  is  usually  placed  on  a  pivot,  and  is  able  to  be  thrown 
out  of  gear  at  will :  it  is  oommonly  known  by  the  name  of  a  paxdl. 
Mill  work  of  all  kinds  may  either  be  kept  perawnentiy  in  gear,  or  it 
may  be  oxistruoted  so  as  to  allow  anjr  of  its  parts  to  worii,  or  to  rest, 
ind^iendently  of  the  general  oomnnation,  oy  means  of  ooupUngs, 
dutoh-boxee,  friction,  or  revwaing-gear.  In  the  oonstruotion  of  ma- 
diinery,  wheeb  play  very  important  parts  by  the  action  of  drivers 
upon  the  various  combinations  for  producing  change  of  motion,  such 
08  racks,  endless  ecrews,  came,  eccentrics,  teethed  arcs,  &c. ;  but  the 
^ooouderation  of  theee  functions  of  wheels,  as  also  of  those  b^  which 
tfaej  Biv  mads  to  regolatB  tite  motumof  the  maohineiy  to  iriiidi  thegr 
are  attadted^  by  reason  of  their  power  of  ntaiidng  momentum,  bdongs 
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especiallj  to  the  prorinoo  of  mliMl  medutidoi.  Before  doeiiig  thii 
•itide,  Dowever,  it  is  enentul  to  allude  eunorfljr  to  some  cf  the 
mechanical  ooaditiona  inrolTad  in  the  application  of  wheels. 

The  umpleet  manner  in  which  thoee  contrivances  for  the  tnaa- 
nuBuon  of  power  are  used,  is  the  one  known  by  the  tenn  of  tiie  wheel 
and  axle.  rWBEEL-AMD-AixLK.]  In  the  Ktndlau  the  power  is  applied 
to  the  axle  by  means  of  a  cranked  lever  revolving  in  »  cdrculv  paUi, 
infltead  of  l»r  ft  wheel;  but  the  princhda  trf  the  action  of  thii  fimaof 
lever  is  preouely  the  aune  as  that  of  the  wheel,  with  only  the  differenoe 
that  the  moments  of  inertia  of  the  moving  machinery  are  slightly 
changed.  {WnwhAM.'}  In  tread^eketU  the  power  is  obtained  by 
causing  the  men  or  animals  who  act  upon  the  machinery  to  ezerciae 
their  effect,  by  Uie  application  of  their  wei^^t,  upon  the  periphery  of 
the  wheeL  When  equable  motion  is  required  to  be  produced  a 
wheel  soimated  by  a  variable  power,  it  la  obtdnad  by  theinterpontioa 
of  a  oone,  or  of  some  nudi  oontriwioe  for  inoraaaing  the  leverage  of 
the  power  in  proportion  as  the  power  itself  dintinishea ;  as,  for  inaiance, 
in  the  spiral  springs  and  fusees  of  watch-work. 

The  powtx  of  a  combination  of  two  c(^-wheel8  is  ascert»ned  by 
multiplying  the  distance  at  which  the  power  is  applied  from  the  centre 
of  the  flrrt  wheel,  by  the  radius  of  the  second  wheel ;  and  dividing 
thai  sum  by  the  sum  of  Ute  distance  at  which  the  reaiatanoa  acta  from 
the  centre m  the seocmd  wheel,  multiplied  by  tiMTadinactf  tin  first:  tite 
quotient  will  repreeent  the  ratio  of  the  power  to  the  resistance  it  is 
able  to  overcome.  In  a  combination  of  any  number  of  teethed  wheels 
the  poww  of  the  system  may  be  ascertained  by  taking  the  radii  of  the 
wheels  as  the  even  terms  of  a  series,  and  tiie  distances  at  which  the 
power  and  reaistaooe  act  frcon  the  cenbes  of  their  respective  wheels  as 
the  odd  tetnu  (os  the  intermediate  ones)  ot  the  aeries ;  then  the  pro- 
duct of  the  odd  terms,  divided  by  the  product  of  the  even  terms,  will 
represent  the  ratio  of  the  power  to  the  resistance.  The  even  .terms 
will  in  this  case  represent  the  flyers  or  drieert,  and  the  odd  ones  the 
fdlowert,  and  the  product  of  the  former  will  give  the  velocity  of  the 
power,  whilst  that  of  the  latter  will  give  the  velocity  of  the  weight 
or  resistance. 

Very  good  piaoticBl  roles,  and  ezunplea  tm  thdr  anilioatini,  ttie 
relaticaui  oi  the  various  parte  of  a  mtem  of  wheu-work  are  to  be 

found  in  the  Memorandum-hook  in  Mr.  Telford,  inserted  in  his 
'  Biography,'  and  re|ainted  in  the  *  Engineer's  Pocket  Book ; '  but 
none  of  these  easy  practical  solutions  of  the  mechanioJ  problems 
involved  in  this  bruich  of  applied  mechanics,  can  dispense  the  engineer 
from  the  study  of  their  prinaplee.   Theae  are  disoussed  at  oonnderable 


Hachinery ; '  Borgnis,  '  Traits  complet  de  U^canique  appliqu^  auz 
Arts;'  Dupin's ' Q^metrie  et  Mtomique  des  Arts;'  I^ma  et  BAan- 
court,  'EsuxBur  la  Composition  dee  HacbiiM^*  fte. ;  and  to  them  Uia 
student  is  eamestiy  referred. 

WHEEL-AND-AXLE;  is  a  machine  condhUiw  umallT  td  a  ^^Under 
to  which  a  wheel  is  finnbr  united,  so  that  a»  malhematioal  axes 
of  botb  are  oi^neideiit  ^le  wheel  and  ciylioto  are  (rf  wood  or 
metal,  and  the  diameter  of  the  finrmer  ia  greatCT  than  that  of  the 
Utter. 

A  cylinder  on  the  circumference  of  which  are  fixed  exteriorly  tKMwds 
whose  planes,  if  prodooed,  would  pass  thrcug^  tiu  axis,  and  which 
(being  turned  by  the  force  of  numing  water,  or  fay  tha  mif^  ot  men 
in  the  act  of  stepping  from  one  board  to  the  next  abov«  H)  is  smi^qyed 
to  raise  a  heavy  body  by  means  of  a  rope  passing  over  a  smaJler 
cylinder  on  the  same  axi^  as  in  the  treadmill,  is  a  mafde  machine  ot 
kind :  the  same  may  be  said  of  a  hollow  cylinder  whioh.  with  its 
axle^  is  made  to  revolve  by  men  or  wiimftls  walking  in  the  direction  of 
its  droumferenoe,  in  its  interior  surface.  The  capstan,  the  windlk^ 
and  the  helm-wheel  ot  a  are  on^  so  many  dinbrent  forms  td  the 
nme  class  of  machines.  F9equen%  also  the  axle  is  made  to  osiry  a 
wheel  with  teeth  on  its  circumfereooe,  in  order  thati  lyy  nvclTb^ 
motion  may  be  commimicated  to  machinery  :  such  are  the  wind  and 
water  mills  whioh  are  em|doyed  far  grinding  com. 

When  it  is  nqulied  to  ezhlMb  the  PMwhfminal  propertifls  of  the 


whed.and-ade,  a  weis^t 
duutgrenitfof  • 


the  moving  powar  is  appKed  at 
other  extteiDi^lB  rtitftohed  to 


round  the  omnuufspanee  of  tiie  wbael;  and  a  w«ig^^  ngn- 
the  reristanee  to  he  overcome,  b  qipUed  fai  like  manner  at  one 

end  of  a  string  which  passes  round  the  axle  or  trrlinder.  Let  un 
(in  .^.1)  be  a  section  passing  through  the  wheel  and  cylinder  perpen- 
dicularly to  their  common  axis,  and  let  oa,  or  ox',  and  OB  be  the 
semi-diunetora  of  the  cirotee  in  that  section :  let  f  repreeent  the 
moving  power  and  w  a  woght  to  be  raised,  or  held  in  equilibrio ;  AF 
or  a'p*,  and  bw,  bring  the  direotiona  of  the  atriDga  to  which  thoae 
weights  are  attadied;  and  for  simplicity,  let  these  lines  be  in  one 
^ane  and  coincident  with  tangents  to  the  cirdes  at  a,  or  a',  and  at  b. 
Here  it  is  evident  that  the  mechanioal  power  of  the  wheel-wod'axle  is 
the  same  as  that  of  a  lever  of  the  first  kind ;  for  (the  thicknea  of  the 
ropee  and  the  wei^t  and  inertia  of  the  materials  being  disregaidad) 
the  forces  p  and  w  acting  perpendicularly  to  the  arms  oa  and  OE^  the 
eSsct  is  the  same  as  if  those  fbroeawate  amdiod  IsunediBta^  at  (he 
extremities  of  the  atxai^  Une  ai^  or  of  the  bent  line  a'cb,  and  a 
being  the  fulcrum  or  pomt  of  support,  we  have,  by  the  natore  of  the 
lever,  in  (ha  case  of  eqnilOiiittm, 

BO 

p  :  w  ;  :  Bc  :  AO  (5=A'c),<»r  p=!vr .  — . 

The  whed-aiid-axle  has  manifestly  however  a  great  advantage  over 
the  simple  lever,  since  the  weight  w  may  be  raised  to  any  awght 
which  is  consistent  vrith  the  lengths  of  the  ropes,  by  winding  the  rope 
rotmd  the  axle. 

If  the  power  f  or  f'  do  not  act  in  the  diieotiim  of  a  (aogmt  to 
the  circle,  but  in  some  otlw,  as  af";  then  letting  fall  on  perpen- 
dicnlarfy  on  r"  A,  prodnoad  if  neoessaiy,  we  have^  hj  the  knrj 

f"  :  w  :  :bo  :  OD. 

If  the  nwa  to  which  theweij^  are  attaohed  have  leiMiUs  thick* 
neeses,  and  it  Is  thought  proper  to  take  those  thiekimsses  into 
oonsideration,  the  ropes  may  be  conceived  to  be  reduced  to  tiieir 
mathematical  axes,  and  these  to  pass  over  the  circumferences  of  the 
wheel  and  cylinder  at  distances  equal  to  the  semidiameters :  thus,  if 
r  and  b  be  tiie  semidiuneters  of  the  ropee  passing  over  thoee  cdroum- 
f erenoee,  respectivdy,  we  obtain,  in  the  case  first  supposed, 

p  :  V  : :  Bo  +  B  :  AOf  r. 

If  it  be  required  to  determine  the  pressures  on  the  supports  of  a 
wheel-and-axle  when  the  wei^ts  applied  to  it  are  in  eqtmibrio,  and 
the  whole  machine  is  at  rest,  the  mvestigation  may  be  coodocted  in 
the  foUowing  manner : — Let  ttte  w«{dit  ot  the  wheel  be  represented 
by  A  and  (hat  ot  (he  qrlinderby  b;  dso  let  h  and  s  (in 2}  be  the 


o 

^ — h 

prints  on  which  the  two  jnTOta  rest ;  then  ^b  ia  evidently  the  pressure 
supported  on  each  of  the  points  it  and  H,  arising  from  the  wright  of 
the  cylinder  aUme.  Let  the  weif^t  A  be  supposed  to  act  at  o,  the 
oentreof  (hevrtied,andlefcoil=«sollB)i;  thep,  bymeohanio% 

»+«  :  m  : :  A  :  pressure  rtv,  — 

in  like  manner,        a  expresses  the  pressure  at  x;  earii  ot  (hesa 

pressures  anting  from  the  weight  of  the  wheri  aUme. 

In  order  to  find  the  pressures  arising  from  tiie  weights  P  and  w,  t^e 
sum  of  tiiose  wei^ts  must  be  oonsiaered  as  appliea  at  a  point  o  in 
the  axis  of  the  machine,  where  that  axis  would  be  cut  by  a  vertical 
jdana  passing  through  tiie  common  centre  of  ^vi^  ot  the  two 
Wrights ;  let  c  and  &  be  points  in  whioh  the  ana  is  eu(  by  vertioal 
{janes  passing  through  the  respective  centres  of  gmvityot  Paadv; 
then,  in  ordac  to  find  o,  we  have,  meohanios, 


P-l-W  :  00*  :  ;  F  :  00 


/  p.oo'x 


p. 00'  P.OO'+«(P-fW) 

hanoa  -.i-irzr  +»,  or  , 


and»  — 


tt(F-HW)— P.OO' 


P+W 


'HQ, 
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thenfon,  «g&ln  by  medumics, 


p.oo'  +  m(p  +  w) 
»+«:  ^^-^  ::P  +  w:pMBni»0B 

p.oo'  +  m(p+w)\ 


,  .  _  «(p+w)-p.oo' 
wbA,  in  like  mumor,  ezprcMM  the  proMura  on  M. 

Coowquently  tbe  wliole  pressure  on  h  is 

nA  +  n(p  +  w)-p.  co' 


4b+ 

and  on  K,  is  4b+ 


mi.+w(p+w)+p.co' 
m-fn 


If  tbe  vhecd  and  ^linder  are  in  a  state  ot  motion  about  tbelr  matlie- 
matioal  axis,  the  pressure  on  tbe  stqipoTta  will  eridoitijr  be  diminished 
by  tiie  force  viiSx  which  the  oommon  centre  of  gravity  of  the  weights 
p  and  w  tends  to  descend;  the  value  of  this  foroe  la  iuTaatigated  in 
treatises  on  dynamics. 

If  two  wheels  and  oylindan  are  ocmnaoted  together  by  a  string 
hadf  (injfa.  1),  or  by  teeth  in  the  drcumfcrenees,  as  in  moat  forma 
ci  raok-w^nt,  the  ratio  between  the  power  p  and  Ihe  resistance  w,  in 
the  case  of  equilibrium,  may  be  determined  by  the  aame  rule  as  would 
be  employed  if  those  weights  were  at  the  oppoate  extremiljee  of  a 
double  lever  of  the  firat  or  second  kind.  For  the  power  p  may  be 
conceived  to  be  applied  at  a.  perpendicularly  to  tbe  semidiameter  oa, 
and  it  wlU  be  in  eqnilibrio  with  a  resistance  at  a,  perpendicular  to 

CA 

aa,  which  may  be  expressed  by  p .  —  :  let  this  be  represented  by  p. 

Vow  this  force  at  a  may,  in  consequence  of  the  string  passing  round 
the  axle  on  and  the  circumference  of  the  wheel  bs,  be  conoeivod  to  be 
a  moving  power  applied  at  b  perpendicularly  to  Ki and  this  will  be  in 
eqoilibrio  with  a  reeiat&nce  w  at  r,  acting  perpendicularly  to  pi,  which 

Kb 

may  be  expressed  by  ji  —  ;  therefore,  substituting  in  it  QxB  above 

value  of  |),we  have  «p=p.  ~  .  ~.   And  in  like  manner  may  the 

relation  between  the  power  and  resistance  be  found,  in  the  cose  of 
equilibrium,  whatever  be  the  number  of  wheels  and  axles. 

It  is  to  be  understood,  in  the  above  description,  that  tiie  axlea  of 
the  two  wheels  mn  and  bs  are  supposed  to  be  parallel  to  one  another 
and  to  the  horizon;  and  that  the  parts  of  the  string  badf  are  in  a 
vertical  plane  perpendicular  to  those  axes,  in  order  to  avoid  the 
reductions  whioh  would  be  necessary  on  account  of  a  loss  of  powar 
resulting  from  an  oblique  action  of  the  foroee  at  a  and  6.  The  forces 
acting  m  ap  and  BW,  or  rw,  are  also  suppoaed  to  be  exactly  or  very 
nearly  in  one  vertical  plane,  in  order  to  avoid  the  strain  on  the  axle 
which  would  otherwise  take  place.   [Matebials,  Stbbnoth  o?.] 

If  the  string  passing  over  the  circumfer^ce  of  the  wheel  na  and 
the  axle  OB  were  to  cross  itself,  as  represented  by  the  lines  bdaf,  the 
relation  between  the  powen  would  be  the  same  as  before,  but  the 
weight  w'  would  be  raiaed  in  tiie  direction  ip'r'  instead  of  ww. 

It  u  easy  to  perceive  that  (aa  in  tiie  lever  and  other  meohanical 
powers)  the  spaces  described  by  the  weights  b  and  w,  in  a  given  time, 
when  in  motion,  are  to  one  another  in  the  inverse  ratio  of  those 
weights ;  for  the  spaces  described  are  respectively  equal  to  tbe  lengths 
of  the  strings  whidi  pass  over  tbe  circuntferencee  of  the  wheel-and-axle 
in  the  given  time ;  and  these  lengths  are  proportion&l  to  the  drcum- 
fereuces,  or  radii,  that  is^  invoaely  ai  the  weights  acting  at  the 
circumferences. 

Hence  the  advantage  in  ttie  wheel-and-axle  may  be  increased  either 
by  increasing  the  radius  of  the  wheel,  or  by  diminishing  that  of  the 
axle.  In  the  latter  case,  of  course,  the  axle  would  soon  become  too 
weak  to  sustain  the  weight.  This  is  beautifully  avoided  by  the  use  of 
a  coBtpotmd  axle,  one  part  of  whioh  iB  of  sntaller  radius  than  the  other. 
One  end  tit  the  cord  carrying  w  is  wound  round  the  Mdcer,  and  the 
oiher,  in  a  contrary  direction,  round  the  Ainner  part.  Ab  f  desooidB, 
some  of  tiie  cord  unwinds  from  the  thinner  axle,  while  another  port  is 
wound  up  round  the  thicker ;  but  as  the  latter  part,  of  course,  exceeds 
the  former  in  leugth,  the  weight  is  raised  in  tins  proportion.  Thus 
we  may  have  an  axle  of  virtually  vanishing  radius,  and  may,  oon- 
sequenUy,  almost  indefinitely  increase  the  power,  but,  of  course,  only 
aithe  expense  of  time. 

Taking  the  measurements  as  in  1,  and  representing  the  radiun  of 
the  thicker  axle  by  bo,  and  that  of  the  thinner  by  a  quantify  a,  less 
than  BO;  since  the  whole  weight  w  is  supported  by  the  too  parts  of 
the  cord,  the  tMision  of  the  cord  =  (w. 

Heno^  by  meobanioa,  taking  moments  about  o,  we  ^tt, 

p,CA  +  iwa=Jw.CB 
.*.  p.  oa=Jw(cb— a) 
.*.  p  :  w  : :  J(cb— o)  :  ca. 

WHEEL-CUTTIXQ,  a  term  applied  to  a  particular  branch  of  prac- 
tical meobanioa,  which  comiNrehendB  the  modes  of  cutting  the  teeth  tn 
the  wheels  used  by  watt^  and  clock  makers  and  for  otlwr  mechanical 
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purposes.  The  engines  uaed  for  this  purpoRe  vary  in  their  construc- 
tion according  to  the  wants  or  caprice  of  the  artists  who  use  them. 
We  shall  content  ourselves  with  giving  a  description  of  the  engine 
commonly  employed,  irith  a  few  remarks  on  the  kmd  of  tools  used 
for  cuttinig  the  spaces  between  the  teeth,  which  operation  is  usually 
termed  cutting  the  teeth  of  a  wheel,  although  in  reality  the  teeth  arc 
those  portion!  of  the  metal  which  an  left  standing.  We  shall,  however, 
em{Joy  the  common  phrase,  as  it  will  perhaps  be  best  understood  by 
ail  who  feel  an  interest  in  tiie  art. 
I}eacrq>tlon  of  the  engine  ccnomonly  used : — aaaa  a  strong  frame 


of  cast-iron  consisting  of  two  parallel  plates,  the  stouter  the  bettor 
firmly  oonneot«d  tog^er,  but  so  that  the  platea  are  from  3  to  5  iuohes 
apart,  to  allow  the  dividing-plate  pp  to  rerotve  between  them.  The 
plate  pp  is  fixed  firmly  to  ^e  axis  c  (about  8  or  9  inches  lonj^),  which 
works  at  it«  upper  end  in  a  ooUar  d,  in  the  upper  plate,  and  its  lower 
end  in  the  centre  of  a  screw,  B  :  this  axis  e  has  a  hole  down  from  its 
upper  end,  about  three-fourths  of  Its  length,  to  receive  the  smaller 
axes,  arbors,  or  pinions  of  the  wheels  which  are  to  be  cut.  x  is  a  hori- 
zontal sMe,  of  which  tiie  vertical  part  is  formed  into  a  dov»-tail,  on 
whioh  alidea  the  vertical  slide  r,  to  which  is  securely  attached  a  frame 
a,  having  two  projecting  sides  through  which  pass  two  acrewa,  one  of 
which  is  seen  at  H.  These  screws  have  female  centres  to  receive  the 
ends  of  the  arbor  which  carries  the  cutter  i:  pulley  on  the  cutter- 
arbor  which  receives  the  band  by  whioh  motion  is  communicated 
to  the  cutter  i ;  I,  the  handle  of  a  lever,  whose  centre  of  motion  is  at 
r  on  a  piece  projecting  from  the  back  of  the  fixed  dovetail  b',  to  whioh 
is  attached  the  ocmiweting-Tod  m,  for  depressing  the  slide  r,  and 
therein  pMsing  the  cnttw  through  tiie  wheel;  o,  a  piece  attached  to 
the  back  of  the  dovetail  £',  for  the  purpose  of  fixing  the  spring  »,  one 
end  of  which  is  attached  to  the  slide  p,  and  opeiat^  to  bring  up  the 
slide  after  the  cutter  has  passed  through  the  wheel.  The  slide  B  is 
for  the  purpose  of  bringing  the  cutter  to  the  requisite  distance  from 
the  centre  of  the  wheel  to  be  cut,  and  haa  a  screw,  not  seen  in  the 
drawing,  for  the  purpose  of  setting  it  fut  when  Iwong^t  by  the  screw 
Q  to  its  proper  place.  The  divkling-|date  pf  has  on  its  surface  a 
number  of  concentric  circles,  which  occupy  that  portion  of  the  plate 
nearest  its  circumference:  these  circles  are  each  accurately  di^ed 
into  such  a  number  of  equal  parts  as  are  likely  to  be  suitable  for  the 
wheels  required  to  be  cut ;  the  outer  circles,  being  the  largest,  gene- 
rally oontain  hi^  numbers,  such  aa  400, 860, 192, 168, 160,  IfiO,  140, 
186^  ISO,  Aa,  imd  with  theao  almost  any  oommon  nnmbn  of  teeth  can 
becut.  Firmly  fixed  on  a  more^de  centre  or  joint  attaciied  to  the  frame 
of  the  engine  is  an  index  u,  capable  of  a  motion  on  its  joint  paralld  to 
the  plate  pp,  and  having  at  its  end  a  pin  i,  with  a  rather  long  conical 
point.  On  tiie  plate  pp,  at  the  intersection  of  each  division  with  its 
corresponding  cirde,  is  drilled  a  hole;  and  if  these  holes  ar^ drilled 
quite  through  the  plate  tdl  the  better.  The  pin  it  is  attached  to  the 
index  u  by  a  moveable  piece  which  is  acted  upon  by  the  screw  t,  and 
serves  the  purpose  of  shifting  the  plate  pp  any  small  quantify  leas  than 
the  distance  of  a  dngle  division  on  tbe  i^te;  and  10  is  a  nut  to  set 
the  pin  k  fast  in  any  required  position. 

The  index,  being  plated  with  its  conical  point  2  in  one  of  the  hqles 
in  any  circle  by  means  of  slit  v  (say  that  of  360  divisions),  is  screwed 
fast  by  the  screw  t,  and  the  elastioify  of  the  index  keeps  it  sufficientiy 
tight  in  the  hole  to  prevent  tbe  {date  and  arbor  from  moving  round : 
if  the  end  of  the  spring  or  Index  be  now  lifted  up  by  the  hand,  and  the 
idate  ba  moved  round  till  the  next  division  or  hole  in  tbe  same  circle 
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cooes  uadftr  the  conical  point,  and  the  point  it  be  then  dropped  into 
it,  the  distance  moved  over  bj  the  plate,  and  also  by  the  wheel  which 
ia  Bcrswed  or  otherwiae  fixed  an  to  iix»  end  of  the  arbor  c,  will  be 
^th  part  of  a  circle.  The  cutter  having  been  adjurted  to  Buoh  a  dis- 
tance from  the  centre  of  the  arbor  earn  reqouvd  to  cut  a  proper 
depth  into  the  wheel,  Uie  operation  of  cutting  k  perforroed  hj  bnnging 
down  the  dide  T  whieh  oarriea  the  cutter-arbor  by  the  lever  I,  the 
arbor  being  earned  round  W  the  band  which  paasee  round  the  pulley 
j,  and  a  wheel  aimilar  to  a  lathe-wheel,  which  the  operator  keepa  kt 
motion  by  the  foot  acting  co  a  treadle  In  the  awwway  aa  hi  a  oommon 
lathe.  Afi  soon  as  the  cutter  has  paaaed  through  the  thickness  of  ihe 
whe^  ihe  preesure  is  taken  off  the  lever  Inr  which  the  catting-frame 
or  alida  has  been  depreeaed,  and  it  is  brought  back  to  the  position  it 
had  before  by  the  spring  n,  the  plate  is  shifted  one  division,  and  t^e 
operation  of  cutting  is  repeated.  It  will  be  perceived  that  any  number 
can  be  cttt  from  each  circle,  provided  the  required  number  is  an 
aliquot  part  of  the  diviaions  in  the  circle  used :  thus,  on  the  circle  of 
860,  by  paning  ovw  two  diviaionB  between  each  catting,  180  will  be 
cat;  uirise  diviaiona,  120;  foar  divisions,  90;  and  so  on. 

In  some  engines  the  edge  of  the  dividing-plate,  or  mther  a  rim  just 
within  the  edge  on  the  under  side  of  the  plate,  has  a  screw  cut  upon  it, 
into  which  a  tangent-screw  is  made  to  act ;  and  tiie  head  of  this  screw 
consists  of  a  smdl  wheel,  or  dividing-plate,  removeable  at  pleasure,  in 
order  to  substitute  another  of  a  difl^«nt  number.  By  such  an  arrange- 
ment as  this  juat  described,  not  only  may  number  (even  pime 
numbcm)  be  cut,  but  the  plate  itHU  may  be  divided.  Thia  cutbng  of 
wheels,  or  rather  shiftine  Oie  plate  by  the  screw,  would  take  too  much 
time  for  ordinary  wheel-cutting ;  hence  the  numbers  most  in  use  are 
drilled  in  Uie  p^te  as  above  described.  A  great  many  ingenious 
methods  are  resorted  to  in  wheel-clitting  for  the  purpose  of  cutting 
odd  numbwB,  for  moving  the  plate  over  any  number  of  diviuons  rapidly 
without  the  poMibility  of  making  a  mistake,  the  detaib  of  which  our 
limits  wiU  not  allow  ua  to  go  into  :  what  we  have  said  above  we  deem 
sufficient  to  iUustiate  the  principle.  It  is  neceasaiy  here  to  observe 
that  the  cutter,  previous  to  commencing  to  operate,  should  be  odj  usted 
BO  that  a  plane  passing  through  the  centre  of  its  cutting-edge,  and 
parallel  with  its  aides,  uiould  pass  also  through  the  centre  of  the  arbor 
on  which  the  wheel  is  fixed;  otherwise  the  teeth  will  not  be  out  in 
■tndght  to  the  centre,  and  vrill  have  the  mteonuice  of  bdng  bani 
on  one  ride.  It  is  also  nacessaiy  that  the  downward  motion  of  the 
slide  oontuning  the  cutter-arbor  should  be  perfectly  at  right  angles 
with  the  plane  of  the  wheel.  We  have  hitherto  spoken  of  the  wheels 
as  being  screwed  to  the  arbor  c,  but  we  have  also  said  the  arbor  c  is 
hpUow,  for  the  purpose  of  receiving  the  axes  of  the  wheels  to  be  cut. 
Xliis  hollow  arbor  is,  in  fact,  capable  of  receiving  end-pieces,  which  are 
flnnly  fixed  therein ;  and  it  is  on  tiuse  latter  pieces  that  the  wheels 
whion  hava  no  axes  of  their  own,  but  simply  a  nole  through  them,  arc 
screwed.  But  when  the  wheel  to  be  cut  is  already  fixed  on  an  axis, 
the  hoUov  arbor  is  tised  with  an  apparatus  shown  in  the  figure,  which 
ire  shall  now  describe : — I,  1,  part  of  a  very  firm  bar  atta^ed  to  the 
lower  frame,  and  extending  homontally  across  the  centre  of  the  engine- 
plate,  the  extremities  of  which  bar  terminate  in  two  pins  or  pivots ; 
2,  3,  one  of  vrliich  is  not  seen,  extending  a  ^lort  disbmce  beyond  the 
•d^  of  the  dividing-plate ;  on  to  these  pms  are  hooked  two  pieces,  3, 3 , 
which,  at  their  upper  ends,  pass  through  slits  in  the  piece  of  iron,  4, 4, 
which  has  a  screw,  5,  passing  through  Its  centre.  (In  all  this  apparatus, 
except  the  screw,  5,  there  must  be  no  nice  fitting,  but  perfect  freedom,) 
The  screw  6  has  a  centre,  either  male  or  female,  by  which  it  presses 
down  the  hollow  cone  y  ;  but  the  foregoing  apparatus,  called  we  gai- 
lowii.will  be  beat  understood  by  deaoribing  the  mode  of  putting  on  a 
wheel  having  an  arbor  in  it :— Remove  the  gallows ;  on  to  the  end  of 
axis  c  drop  a  fiange  x,  a  UtUe  less  in  diameter  than  the  circle  which 
corresponds  with  the  bottom  of  the  teeth  to  be  cut :  through  the  centre 
of  this  fionge  drop  the  longer  paj-t  of  the  arbor  of  the  wheel  u,  to  be 
cut,  so  that  the  wheel  reets  on  the  flange  x  ;  then  over  the  wheel  drop 
the  flange  or  collar  (of  the  same  diuueter  as  a;);  over  the  shorter 
part  of  uie  axis  of  wheel  w  ^ac«  the  hcdlaw  cone  y  .-  bring  the  goUows 
over  the  cone ;  screw  down  screw  5  just  Bufficienuy  tight  to  hold  the 

rllowB  in  its  portion,  but  nof  to  set  the  wheel  w  fast ;  remove  ^e  pin 
from  the  plate  p  p,  and  cause  the  Utter  to  revolve  rapidly  1^  the  hand 
or  otherwise ;  the  wheel  w  will  in  idl  probability  be  fax  from  concentric 
with  the  plate,  as  vrill  also  the  centre  of  cone  With  the  hand  slip 
the  wheel  w  or  cone  y,  or  both,  aa  may  be  required,  together  with  the 
flange  o^,  as  nearly  concentric  witli  tlieplate  rr  as  the  lumd  and 
eye  will  enable  yon  in  one  or  two  seconds  to  do;  next  slide  the  idece  6 
BO  as  to  bring  «ie  screw  8  to  a  convraiient  distance  from  the  whed  m, 
and  set  fast  b^  screw  7 ;  then  by  revolving  the  plate  rapidly,  and 
gradually  bringing  the  end  of  8  to  the  edge  of  whed  w,  it  vrill  be  got 
perfectly  concentric ;  next  screw  down  5  sufficiently  ti^bt  to  prevent 
the  wheel  from  moving,  and  set  fast  screw  5  by  tig^tenmg  nut  9  :  the 
,  oatter  being  then  adjusted  ao  ai  to  out  the  teeth  a  proper  d^th,  the 
cutting  proceeds  aa  before  described.  This  operation  lO.  setting  the 
wheel  perfectly  concentric  will  not  occupy  an  experienced  h«id  more 
than  fifteen  seconds. 

Qf  f**,^^***"*)  of  making  and  vmng  Am.— The  cutters 

ytrj  with  the  nature  of  the  work  to  be  done,  and  much  depends  upon 
luraig  good  ones  and  well  adapted  for  the  purpose.  The  first  kind  we 
■hall  describe  is  used  for  the  commonest  -moA,  that  is,  merely  for  cut- 


ting spaces  whose  sides  are  parallel  through  thwr  whole  length  (in 
which  case  the  teeth  have  to  be  rounded  up  afterwards),  and  the  cutter 
is  merely  a  circular  disc  of  steel  with  teeth  on  its  edge,  similar  to  a 
circular  saw,  the  two  sides  being  slightly  undercut,  as  seen  in  the  sec- 
tion Ko.  1 :  this  aUows  the  cutter  to  pass  freely  throu)^  the  metal 


No.  I. 


without  olog^ng,  which  it  would  do  were  the  sides  parallel.  These 
teeth  in  the  cutter  are  sometimee  made  with  a  file  by  hand,  but  they 
are  much  better  made  in  the  engine.  Cutters  of  this  description  are 
generally  tempa«d  so  low,  after  having  bemi  hardened,  as  to  allow  of 
the  teeth  being  renovated  with  a  S-aquare  file  when  they  become  dull, 
and  answer  the  purpose  well  enough  for  common  purpoeee.  A  better 
Bort  of  cutter,  and  more  lasting,  is  made  with  from  six  to  nxfteen  or 
eighteen  teeth,  aa  in  No.  S,  whi&  gtrae  a  ude-view  and  Motion :  these 


No.  3 


o 


ere  left  very  hard,  bong  tempered  only  to  a  lif^t  elnw-ookmr,  and  are 
sharpened  with  emery  and  oil  on  a  metal  mill  or  Iw ;  "Utese  take  much 
longer  maUng  than  those  first  described.  When  tbaee  0DBii«t  of  not 
more  than  six  teeth,  eooh  tooth  is  g«ierally  reUeved  in  direotion  abown 
in  section  8,  but  not  on  the  sidee,  tnr  which  means  the  cutter  frees 
itself  better,  and  out*  on  ItB  HdeB  to  t&e  vety  root  of  its  tooth,  wUeh 
can  be  kept  sfauper  and  in  much  better  wouing  condition  than  the 
foregoing. 

Cutters  are  also  made  having  hut  one  tooth,  others  with  two,  three, 
and  four ;  but  these  are  more  frequently  used  when  the  teeth  are  to 
be  cut  and  rounded  up  at  one  operation,  in  which  case  the  ude  view 
and  aeotion  Ko.  S  irill  represent  the  form  in  which  they  require  to  be 

A 

H 
I 

made  to  produoe  the  necessary  curve  for  the  wheel-teeth :  and  great 
nicety  is  required  to  produce  two  curves  on  each  side  of  the  cuttinj- 
tooth  exactly  similar,  for  unless  they  are  ao,  the  teeth  in  the  wheel  cu^ 
therewith  will  have  a  very  unsightly  appearance. 

It  will  be  necessary  to  say  a  few  words  on  the  difibreot  kinds  of  work 
to  which  the  various  cutters  above  described  are  appUoable.  No.  1  is 
used,  when  tempered  low,  for  soft  metal,  such  as  gold  and  brass  and 
gun-metal ;  if  left  hard,  th^  should  be  sharpened  with  oilstone  dust  ur 
very  fine  emeiy,  and  they  can  then  be  used  for  harder  metals,  such  aa 
iron  and  steeL  No,  2  may  also  be  used  for  the  same  purpgsea,  but 
when  used  for  the  harder  metals  should  have  a  greater  aumbOT  of  teeth, 
from  20  to  30  not  being  too  many  in  a  cutter  of  three-quarters  of  an 
inch  in  diameter.  In  general,  the  harder  the  metal  to  be  out  the 
greator  the  numbw  of  teeth  required  in  the  cutter ;  and  with  some 
metals,  such  as  steel  and  bell-metal,  it  is  requisite  to  keep  the  cutter 
well  sui^lied  with  oil,  and  in  all  cases  where  hard  metals  are  under 
operation  the  cutter  should  have  a  slow  motion.  Cutters  withfrom  one 
to  six  teeth  may  revolve  front  10,000  to  20,000  times  in  a  minute  in 
outing  the  Boiter  metals,  and  those  with  10  to  20  teeth  from  5000  to 
8000  or  10,000 ;  in  foot,  outten  with  few  teeth  oannot  be  used  for  the 
harder  metals  with  advantage,  and  the  others  should  not  have  more 
than  from  60  to  100  revolutions  in  a  minute.  Theee  obaervatioos 
apply  to  cutters  whose  diameter  is  about  three-quarters  of  an  inch ;  if 
the  cutters  are  larger,  they  must  have  a  proportionably  lees  number  of 
revolutiona.  Cutters  ore  sometimee  made  for  cutting  steel,  and  indeed 
for  all  the  metals,  having  very  fine  teeth,  from  200  to  300  in  the  inch ; 
but  the  use  <rf  them  is  now  almost  obsolete :  in  fast,  the  prooeas 
appnndniatea  very  dosely  to  filing,  and  such  cutters  may  be  recorded 
as  circular  files.  One  great  disadvantage  is  that  the  keen  edges  are 
soon  lost,  and  they  cannot  be  renovated  without  softening. 

Wheel-cutting  is  one  of  those  operations  in  which  much  depends 
upon  the  Tn^nii«!i  dexteri^  oikI  jud^ent  of  the  operator ;  iox  it  some- 
timea  happens  that  ateel,  (»w  of  the  hardest  nwtols,  mw  be  out  with  a 
mors  lapu  motion,  and  a  leas  number  of  teeth  is  the  oatter,  than 
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is  stated  abon;  but  U  is  only  when  the  metal  is  of  a  partioulBriy 
mild  qualily,  or  has  been  prepared  especially  tat  ths  purpose  I:^ 
softening.  The  following  mode  of  softcoiing  the  steel  to  be  cut  is  a 
very  good  ime,  and  may  be  frequently  adopted  with  gi«»t  adTantage; — 
Envelope  the  aitioles  in  a  maas  of  loam,  clay,  or  lime,  with  suffitasnt 
moisture  to  make  it  adhesive,  taking  oare  that  ths  articles  to  be 
softened  have  a  oonuderaUe  thickness  ot  the  material  all  round  them. 
Heat  the  mass  gradually  to  »  tdeodred  lieat;  ksqp  it  a*  tUi  heat  as 
long  as  oonvenient,  and  let  It  Taoudn  in  the  fire  to  oool  gndnally  aa  the 
fire  goes  out,  after  which  the  artidea  may  be  removed,  and  will  be 
found  more  uniform  in  texture  aod  easin-  to  be  out  than  before  being 
Bubjected  to  the  operatitOL  la  mAUng  cutters,  as  w^  indeed  as  any 
other  edge-tools,  the  aaseeptibiUty  of  receiving  and  retaining  a  keen 
edge  wiU  be  oonriderably  inoreased  by  sitbjaotaDg  ths  steel  to  great 
etrndsDsation,  br  o(dd  luumnMing^  pnrioaB  to  tiw  proesBs  of 
aod  mon  emaully  if  ths  seals  Mt  after  foigfng  m  fint  ramoved  wi& 
a  file.  HatdsD  in  watsr,  but  do  not  heat  your  sksel  too  hot;  lor  tmry 
decree  that  steel  is  heated  above  its  hardening  point  detsrioimtas  its 
qoality. 

WHEEL  MANUFACTURE.  The  simplest  form  of  wheel  that  can 
be  used  f  w  any  purpose  is  that  of  a  plain  drenlar  diss,  aoidi  as  might 
be  ^oenred  by  s  traaavena  seotHn  of  the  toonk  d  »tna  of  tolanubfy 
regular  fwm.  Solid  wooden  whsris  are  still  occarionaHy  need  m 
maciiineiy,  but  if  large  they  we  usually  formed  of  two  or  three  tfakk- 
neasea  of  phnking  fastened  together,  with  the  grain  eroMing  in  variona 
direotionB.  Wooden  wheels  for  millwork,  when  not  reqitired  to  be 
solid,  usually  have  the  peri[diery  formed  of  segments,  ihe  inner  sides 
or  edges  of  which  are  left  straight.  The  pniphery  may  ooiunst  of 
tiiraa  tMAneaaes  d  plaoUngi  eau  oomposed  of  six  or  eipit  such  sag- 
mnits ;  and  if  the  time  thicknosaoe  are  {n-operly  break-jointed,  a  whe^ 
of  conriderable  strength  may  be  tiius  produced.  The  amu^  or  radii,  ot 
the  wheel  ar«  fitted  to  the  inner  or  stmight  sides  of  the  sagawnta  by 
bolting  or  other  modes  at  fastening.  Wooden  wheels  are  oonsicoally 
morticed  into  their  riiafts  or  axes ;  but  a  prsferabls  plan  is  to  use  four 
armi^  ami^;ed  in  two  paira  arosmng  at  right  anglin,  and  halved  mto 
each  other  nt  tin  ^t/atn,  -whan  their  intensstionHwraa  a  aqnare  afeor 
ing  for  the  shaft.  This  opening  ahouM  ba  aWwiriial  laager  than  the 
shaft  itself,  and  the  difference  of  rise  diould  be  made  up  by  tlte  inser- 
tion of  wedges,  which  afftnrd  the  means  of  adjusting  tns  wheel  psiv 
fectly  true  upcm  the  axis.  In  very  large  wheels,  such  as  water-wheels, 
two  complete  sets  of  dssp  arms,  one  on  each  side  of  the  wheel,  are 
used.  In  mounting  faoe-wneela  it  ia  not  nnuaual  to  add  stajs  or  braoea 
from  the  baA  of  the  whed  to  a  pi^  at  somo  diitHue  iloiig  the  shafL 
to  resisl  tiw  tsBdanqr  of  the  trundle  or  plnitm  to  ioras  tiw  wheel 
out  d  its  troe  poeitiai  at  rl^  angles  with  the  abaft.  Hombaam 
is  oonsidflted  to  be  the  best  kind  d  wood  for  the  odgi  or  teetii  of 
wheelL 

In  modem  macbineir  caetinm  has  almost  entirely  superseded  the 
use  of  wood  for  oog-wheels  of  evwv  deeoription.  If  they  do  not  ex- 
coed  dc^t  or  ten  feet  in  diameter,  wj  nunr  be  east  in  <me  piece ;  but 
if  above  that  size  it  is  dealraUe  to  form  them  into  two  or  mon  parts, 
because  of  the  difficulty  of  oooling  a  very  large  casting  without  unequal 
contsiwtion.  Where  the  diameter  does  nob  exoeed  twdve  or  fourteen 
feet,  the  rim  may  still  be  formed  in  one  jneoe,  and  the  centre  uid  arms 
in  another,  the  two  to  be  united  by  bolts ;  but  when  those  dimensions 
are  exceeded,  a  further  subdivision  is  neoeesary.  The  rim  mi^  then 
be  cast  in  tiiree  s^mettti,  the  box  or  eeiitve  in  one  pieoe,  and  the  arms 
in  several  pieces,  each  terminating  in  a  rib  forming  half  tlie  tiiiolcneeB 
of  an  arm,  for  oonvemence  of  bolting  together.  Large  iron  wheels  are 
adjusted  acooratdy  on  their  axes  by  wedges  or  keysj  but  small  ones 
may,  in  many  oases,  be  adjusted  by  turning  the  perifAeij  in  a  lathe 
after  mounting. 

Caniage-wheela  are  those  in  which  the  groat  uet  ii^fennity  oi  oaa- 
struotion  ia  called  for,  as  they  are  e^Maed  to  afcraiua  fkr  greater  for 
their  aise  and  weight  uiaa  almost  any  othen.  The  peculiar  nature  of 
these  strains  requires  not  only  Chat  the  wheels  be  made  exceedingly 
strong,  but  also  that  they  poaseea  a  degree  of  elasticity  sufBeient  to 
enable  them  to  bear  tiie  violent  concussions  to  which  they  are  con- 
tinually exposed,  without  risk  of  fracture  or  wiUiout  the  starting  of 
any  of  their  numerous  joints.  An  ordinary  carriage-wheel  consists  of 
the  note,  a  oylindrical  block  of  wood,  usually  elm,  wliiah  forms  the 
aentra  M  the  wheel,  and  ia  pierced  longitudinally  with  a  hole  to 
receive  the  axle  ■,  the  tpohcB,  which  are  nKUatiog  arms  framed  into  the 
nave  at  equal  distances ;  oivl  the  ftiloet,  which  are  drcular  segments 
framed  on  to  the  outer  extremities  of  the  spokes,  and  forming  collec- 
tively the  peri^iery  or  rim  of  the  wheel.  The  external  surfooe  of  the 
felloes  is  usua%  {votacted  1^  a  covering  of  iron,  called  the  Urt,  which 
magr  either  be  put  <m  in  amral  piBoes,  en-  tiraka,  the  joints  of  which 
are  made  to  alternate  with  those  ot  the  f^oes,  or  in  a  sin^e  inece, 
forming  a  hoop-tire.  The  simplest  form  in  which  such  a  wheel  as  here 
alluded  to  could  be  formed,  would  be  that  in  which  the  spokes  would 
stand  at  right  angles  with  the  axis,  and  would  form  a  flat  or  plane 
figure  when  the  wheel  is  viewed  edgewise ;  but  such  a  wfae«l  would  be 
ill  adapted  to  meet  the  latoal  shocks  to  which  a  fiarriage-whed  is 
exposed.  The  moraoonimon  form  is  that  called  the  tfii&cd-wheel,  in 
which  the  centre  or  nave  is  made  to  foil  bai&  a  littls  frotn  the  {Jane  ot 
tin  fdloesy  so  tluit  the  face  d  the  wheel  ia  not  fla^  bat  Bli|^%  oon- 
cafti  The  dasticity  of  this  fona  ia  a  Teiy  great  ncommiBuation. 


It  poasessM  atoo  this  advantage :  that  if  the  axle  be  rtighUy  bent 
downwards  towards  Its  exlranity,  so  aa  to  bring  the  spokes  ot 
Uie  lower  half  of  the  wheel  into  a  nearly  vsrUcai  poattion,  which 

^,  ^  "PPa- 
naU  at  the  wheel  will  have  such  an  inclination  outwuda  as  to  leave 

more  room  for  the  body  of  the  carriage,  and  to  throw  partiales  of 
dirt,  caught  up  in  its  nvotution.  away  foom  it.  Yoiy  strong  whe<^ 
are  oooanonaUy  made  in  a  doubfe-didted  tatm,  or  with  the  spokes 
altonalely  uudining  oatwardaand  towarda  from  the  feUoes,  so  th^  the 
centre  or  nave  of  tdie  wheel  fonns  (ha  base  ot  a  imimid  of  whieh  the 
feUoe  forms  the  j  but  sodt  irikeele  an  vaty  d^elent  in  elaatidity 
and  crajsequenUy  will  not  bear  mooh  ooncussion.  In  ordinary  dishwl 
wheels  the  spokes  are  arranged  in  two  sets,  being  attematoly  more  and 
less  molined  or  dished;  and  in  atwie  caaaa  ev«7  alternate  spoke  ia  set 
abaohttely  strai^  or  aquare  with  the  navo.  The  dished  form  of 
wheel,  togrtherwltii  the  bendlag  of  the  axle,  involves  some  increase 
of  axle  friction,  and  also,  if  the  wheal  be  wide,  the  use  of  a  conical 
tare,  which  cannot  poanl^  roU  in  a  atraigfrt  line  without  a  degree  cl 
rubbmg  friction  most  injurious  to  the  road,  and  whldi  also  increaaea 
the  draught  Some  years  ^  the  use  trf  conical  wheda  for  wmkotib, 
ocmbiued  with  the  inndinato  breadth  of  tire  eneounged  by  iniudlcioos 
Ugislatioo,  WM  oanied  to  a  meat  abmtd  extent,  aad  braad-wheeled 
waggcQs  were  used  wUdk  wan  for  bettvadaptsd  for  grinding  stones 
into  dust  and  mud  than  for  the  puipoae  ot  looomotion.  Hub  extivva- 
gance,  however,  is  now  seldom  seen. 

The  ordinaty  mode  of  making,  a  ooach-wheel  Is  as  foUowa.  The 
ineoe  of  elm  for  the  nave  ia  tomed  hi  a  lathe  to  the  proper  rise  and 
shape,  and  is  heaved  within  to  receive  the  axis.  It  Is  then  fixed  lb  ft 
groove,  and  holsa  are  chiselled  out  for  the  reosption  of  the  ends  of  the 
spokes.  Theve  is  nothing  but  the  [MMtfoed  eye  of  the  workman  to 
guide  him  in  maUng  these  boles  in  t^e  proper  position  for  produdnc 
tbe<2uMii9of  thewheelsi— half  of  the  spokes  are  near  one  end 
nave,  and  half  near  the  otiier,  and  the  holsa  have  to  be  regnhted 
accordingly.  The  i^ecea  of  oak  fcv  the  api^  ahmed  1^  hand  •  a 
aoudl  cutting  tod,  called  a  veito^tow,  being  the  diief  instrument 
employed.  One  and  ot  eaeh  spolM  is  femied  toto  a  toum  to  fit  the 
mottiee-hflle  in  the  nave.  The  spokea  are  fixed  into  the  hdes  by  driv- 
ing with  a  mallrt,  and  are  finally  shaped  after  fixing.  The  rim  befog 
fumed  of  seml/sttoea,  and  oaeh  felloe  being  large  enough  to  noalve 
the  ends  of  two  spdus,  the  pieces  of  ash  toforta  tiiem  require  to  be 
wrought  into  ssgmente  of  curves ;  this  is  done  by  means  of  pattern- 
boards  snd  varioua  cutting  tods.  Ilie  fdloea  an  driUed  with  holes  to 

join  them  together  by  means  erf  dowel%  with  other  holM  to  reodre  the 
ends  of  the  spokes. 

Few  met^anioal  t^Mratkms  of  equal  oomplexitT,  and  teqnblng  aa 
equal  amouirt  of  ^eoidon,  have  recdved  so  little  sid  from  mattery 
aa  the  manufacture  of  carriage- wheels ;  thou^  wfaeds  made  by 
machinery  are  said  to  be  superior  in  truth,  firmness,  and  durabUily  to 
any  othoa.  In  ordinary  wheds  the  neatoeaa  and  strength  are 
incnaaed  the  ^^ieatlon  of  a  hoop  of  irm  to  each  end  of  the  nave, 
to  enable  it  the  better  to  redst  the  atraia  ot  the  spokes.  The  spoken 
whidi  are  umally  formed  of  oak  aaj^ings,  are  wrouriit  into  the  pnmer 
form  after  being  driven  into  the  nave,  uid  are  usuaSy  out  to  a  narrow 
edge  in  front  to  lighten  thdr  appearanoe.  Wheels  have  been  made 
with  the  periphety  in  <Hie  or  two  pieoes,  bent  into  the  required  form 
after  being  softeaied  1^  boiling  and  steaming ;  but  the  {dan  has  not 
been  found  successful,  because,  anumg  other  disadvantages,  the  wood 
is  injured  by  the  long  bdling  required.  In  ordinary  ooach-wheds, 
from  4  feet  8  inches  to  4  feet  6  indies  hi^,  there  are  fototeen  apokea ; 
and  in  fore-wheels,  wbidi  ure  about  a  foot  lower,  th«e  are  commonly 
twdve  sp<Aes ;  and  the  usod  arraagement  ia  to  have  h«1f  oa  many 
felloee  as  there  are  spokes.  The  mtroductdon  ot  solid  or  hoop  tirasu 
a  great  imiwovonent  upon  the  former  system  ot  wheel-making,  as  it 
affinda  the  msaas  o<  tuidmg  (he  whde  of  the  whed  toRethor  with 
inedstible  Sane.  The  tire  is  made  vary  hot,  aad  tiie  whed  is  made 
ot  such  a  size  as  only  just  to  receive  it  when  it  is  thus  expanded;  but 
BO  aetm  as  the  hoop  is  brought  into  its  proper  place,  water  is  thrown 
upon  (he  wheel  to  oool  the  tire,  and  to  prevent  the  wood-woik  from 
catching  fire,  aad  the  result  of  the  sudden  contraction  of  the  hoop  is 
to  cnnpresB  the  felloes,  and  to  force  each  spoke  foto  a  slightly  curved 
form,  BO  (hat  when  complete  tibe  whed  fomu  a  flat  dome-shaped 
figure,  admiraUy  adapted,  by  ito  oomlnned  strengtti  and  elasticily,  fw 
the  purpose  for  which  it  is  oeeigned.  The  tire  ia  further  secured,  after 
coolfog,  by  a  fow  pbu  drim  throng  it  and  the  fdloee,  and  riveted 
inside  the  tatter. 

Having  found,  during  his  enieriments  on  steam  locomotion  upon 
common  roads,  that  wheels  <a  the  ordinary  construction  were  not 
stamg  eaongh  for  hia  pmpose,  Ur.  Hancock  contrived  and  patented  a 
whed  in  whioll  Ihe  nave  is  abandoned  altogether,  and  (he  inner  ends  ot 
the  Bpokee  sre  framed  into  wedges  which  abut  against  each  otoer,  and 
form  a  kind  of  arch  surroonding  the  axle-box.  They  are  firmly 
secured  in  their  places  by  an  iron  plate  on  each  aide  of  ^e  wheel,  and 
a  bolt  passing  throuj^  each  spoke.  Though  too  rigid  fia  vo-y  rapid 
motion^  this  whed  ia  exoeediuf^y  strong,  and  its  simplidty  of  construc- 
tion forma  a  great  leoommradation. 

The  tafiA  motim  ot  railway  carriages,  coupled  with  their  great 
wdght,eogreBi^  inoKasea  the  oSbct  of  cuoh  oonouesions  aa  mna^ 
oooor  on  vnn  the  Bmootheet  xoad,  that  wooden  wheels  have  been  fonud 
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utta^  uiuaitabk  tct  Uma.  Ouijron  vhedi  lure  bMn  mtioh  vbsA 
on  otaiierf  raUways,  and  in  lome  casM  vfaers  T«pA  motion  u  required; 
but  while  they  may  be  made  abundantly  strong,  ai  &r  aa  direct  prea- 
flure  is  concerned,  tiieir  brittleneas  renders  them  very  unsuitable  fc^ 
paasenKer  carriages.  Many  ingenioua  plana  for  the  oombination  of 
wroii^t<iron  and  caft-iron  in  the  same  wheel  have  been  devised ;  but 
whU>  some  of  thaae  have  been  Iwought  into  operation,  wheels  entirely 
ooxopoMd  of  wnnig^izon  hare  been  by  &r  tb»  most  ganerdly  adopMl 
The  fadlity  witti  wfaidi  that  material  may  be  woAed  into  form  has 
lad  to  endless  variefy  of  plana,  some  of  wmoh  are  highly  ingenious,  for 
eombining  the  requisitd  d^;reea  of  strength  and  elastioity.  In  some 
wheeU  the  annular  space  between  the  central  boss  or  nave  uid  the  rim 
is  Ailed  up  by  a  series  of  eUipttcal  loops,  formed  of  tbin  bars  of  iron, 
abutting  against  each  other ;  in  others  there  are  qxdces,  but  instead  of 
ooDsisting  of  ain^e  rigid  bars^  each  oonnsti  of  two  halTes,  bavins  a 
■li^t  d^ee  of  curvature.  By  these  and  rimUar  oontrivanoea  elastidty 
ia  msured  without  dishing  the  wheels,  whi^  would,  for  railway 
carriagesj  be  inconvenient.  In  some  cases  a  portion  of  the  Antiiilar 
space  above  described  is  filled  with  sesmental  blocks  of  wood,  resem- 
bling  tlie  felloes  of  a  common  wheel;  but  while  this  arrangement 
claims  some  advaotagee,  ita  a{q>earance  is  very  inferior  to  that  of  the 
li^t  and  often  degant  wheels  formed  entirely  of  wrons^t-irtm.  One 
kmd  <^  iron  wheel  which  claims  notdoe  is  that  patented  by  Ur. 
Theodore  Jones.  These  wheels  may  be  compared  to  doublfr<iiahed 
wheels  in  general  appearance,  but  their  principle  is  very  different. 
They  consist  of  an  iron  rim  faeroed  at  intervals  with  coni«u  holes,  the 
largest  apertoree  of  which  are  on  the  outside  ;  two  teta  of  round  rods 
or  spokes,  with  pyramidal  heads  to  fit  in  the  conical  boles  of  the  rim, 
the  two  sets  ranting  or  inolining  alteni^nly  inwarda  and  outwards, 
like  Uie  spokes  of  a  doubl»4ished  wheel;  and  a  OMt-inm  naTe^  whidt 
is  formed  hollow,  with  holes  to  receive  tiie  inner  enda  of  tbs  spokes, 
which  are  secured  by  nuts  screwed  on  to  them  within  the  nave.  The 
peculiarity  of  this  construction  is,  that  instead  of  the  weight  resting 
almost  entirely,  as  in  a  common  whed,  upon  those  i^kes  which  happen 
to  be  below  the  nave,  it  Is,  as  it  were,  suspended  by  means  of  the  rods 
or  spokes  which  are  above  the  nave,  from  the  top  of  tibe  wheel,  the  rim 
of  which  is  oonndered  ss  an  inflexible  arch.  On  this  aooount  the 
wheels  are  called  nspauhn-vAedt ;  and  as  strength  of  wreught- 
iroD  to  resist  tension  is  far  greateo-  than  its  strength  to  resist  oompres- 
sion,  a  wheel  on  this  principle  may  be  made  to  bear  a  much  greater 
load  in  proportion  to  its  buUi  and  weight  than  any  other. 

Am  an  example  of  railway-wheehi,  we  may  advert  to>  that  of  Uessrs. 
HoUia  ft  Lee.  It  a  built  together  in  four  parts,  of  wudi  each  com- 
raisea  two  spokes,  a  quadrant  of  rim,  and  one  fourUi  put  of  the  nave. 
The  nave  thus  formed  is  square.  Toe  rim^pieaaa  are  a  continuation  of 
the  i^kea,  bent  round  to  a  carve,  and  fin«t^iri  at  the  wptike  ends  by 
tenon  and  morMoe  joints. 

Patent  neitdm  irtieels  have  been  made  with  tires  of  india-rubber,  and 
with  various  eontrivanoee  for  ensuring  durability  while  obtaining 
elaaticity  and  noiselessnees ;  but  they  have  not  eome  eztenBtvely 
into  use. 

The  wheels  used  by  cuUers,  la^ddaries,  seal-engravers,  and  glass 
engravers,  under  the  names  of  brush-wheels,  buff-wheds,  olotii<wheeIs, 
composition-wheel%  crocus-wheels,  emery-wheeU,  l^v^eels,  tec,  are 
mostlv  made  <A  metal  oe  wood,  coated  with  some  other  mbstanoe  at 
tbeei^  Their  manufacture  needs  no  description. 

WHETSTOXB,  a  smooth  flat  stone  used  for  teheUing  or  sharpenii^ 
edged  instrument!  by  friction.  Whetstones,  wfaich  are  sometimM 
called  hojut,  are  made  of  various  kinds  of  hsrd  olose-gndned  stone,  and 
are  mourtened,  when  in  use,  with  either  oil  or  water.  The  latter  is 
prefened  by  some,  for  giving  a  keener  edge  to  outting  instruments ; 
but  as  it  allows  okeer  contact  between  the  stone  utd  the  metal,  it  does 
not  appear  eo  well  adapted  for  producing  a  toit  smooth  aurfaoe.  The 
proper  use  of  a  whetstone  involves  adcgree  of  aUll  and  deztoity  whidi 
can  only  be  obtained  by  mudi  practioe. 

WHEY.  J;Chm«wJ 

WHIG.  This  term,  like  that  of  Tort,  wu  adopted  as  a  term  of 
rwroaoh,  althou^  its  origin  is  by  no  means  certain.  North,  in  his 
'  Ezamen,'  am  it  "  was  veiy  ajgoiflaatiTe  aa  well  as  ready,  being  ver- 
naeular  in  Sootland  (from  whenoe  it  mm  borrowed)  for  corrupt 
and  sour  wh^."  In  point  of  fact,  wft^,  aooordii^  to  the  Soottish 
b^t^m^"*'     not  whey,  but  ita  sU^itly  acidulated '  aemm  of 

Quite  a  different  account  from  this,  however,  is  given  by  Burnet,  in 
his' History  of  his  Own  Time,"  under  the  year  1648.  That  writer  says, 
"  The  Bouth-weat  oounties  of  Sootland  btve  seldom  com  enough  to 
serve  them  round  the  year ;  and  the  northmi  parts  producing  more 
than  they  need,  those  in  tiie  west  came  in  the  summer  to  buy  at  Ldth 
the  stores  that  come  from  the  north ;  and  from  a  word  vhiggim,  used 
in  driving  their  horses,  all  that  drove  were  called  vASggamon  and, 
shorter,  the  vkioffi.  Now.  in  that  year,  after  the  news  came  down  of 
Duke  Hamiltmis  defeat,  the  ministers  animated  thdr  people  to  rise 
and  march  to  Edinbni^g^;  and  they  came  up  marching  on  the  head  of 
their  pariahee,  with  an  unheard-of  fury,  preying  and  preaching  all  tiie 
way  as  they  came.  The  Uarquis  of  Ar^t  and  his  party  came  and 
beardad  them,  thOT  being  about  6000.  Tlids  was  caUed  the  whigga- 
man'  inroad;  and  ever  after  that  all  that  opposed  the  ooort  oame 
in  oontempt  to  be  called  iMggi;  and  from  So^Uod  the  word  wh 


brooght  into  ^tfy™*,  where  it  le  now  one  of  our  unhai^  terms 
of  distinctitn." 

Probably  this  is  the  true  onjpn  of  the  name  AVhig,  and  tbat  it  was 
really  its  previous  application  to  the  Scotch  Covenantera  which  led  to 
its  revi'nl  as  a  designation  for  the  opponents  of  the  court  in  England 
in  1679.  Kirkton,  m  his  '  History  of  the  Church  of  Scotland  from  the 
Bestoralaon  to  167S'  (edited  C.  K.  Shaii>e,  Esq.,  4to.,  Edinb.,  1817). 
isya,  under  the  year  1667, "  l^e  poor  peajJe,  who  wore  in  otmtempt 
called  WhiffiB.  beoame  nam»-fat£eta  to  all  that  owned  one  honest 
interest  in  Britam,  w}io  were  called  Whiggs,  after  them,  even  at  the 
court  of  Eng^d :  so  strangdy  doth  providenoo  inqnove  man's 
miatskea  for  the  furthering  of  the  Lcord's  purposes." 

With  regard  to  the  party  opinions  of  the  Whigs,  it  is  scarcely  neces- 
sary to  add  anything  to  what  has  been  stated  under  the  word  Tobt. 
The  Whigi  of  the  last  centuiy  and  a  half  are  gcnetally  viewed  as  the 
representatives  fd  the  friends  of  reform  or  chsiwB  In  the  ancnent  con- 
stitution of  the  country,  ever  since  the  popular  element  beoame  active 
in  the  legislature,  wbethv  th^  were  called  puritans,  nonconformirts, 
round-heads,  covenanten,  or  by  any  other  name.  Down  to  the 
Kevolution  oi  1688  the  object  of  this  reform  party  was  to  make  such 
change ;  sinoe  that  event,  at  lesst  tUl  recenUy,  it  has  principally  been 
to  the  principles  of  the  duoKe  then  made.   Of  course,  how- 

ever, this  party,  like  ul  other  partiea,  £as  both  shifted  or  modified  its 
professionB,  pnnciples,  and  modes  of  action  within  certain  limits  from 
time  to  time,  in  ronformity  with  the  continual  variations  of  circum- 
stances, and  has  seldom  been  without  several  shades  of  opinion 
among  the  persons  belonging  to  it  in  the  same  age.  These  differ- 
ences have  been  sometimes  leas,  sometimes  more  distinctive ;  at  one 
time  r^erring  to  mattem  of  apparently  mere  tempramty  pdi«y,  as 
was  thoo^  to  be  tiie  ease  when  ne  Wmgs  of  the  last  age,  soon  titer 
the  breaung  out  of  the  French  Bevolution,  split  into  two  sections, 
which  oame  to  be  known  as  the  Old  and  New  Whigs ;  at  another,  seem- 
ing to  involve  so  fundamental  a  diso<nxlanoe  of  idtimate  views  and 
objects,  if  not  of  first  principles,  aa  perhaps  to  make  it  eq>edient  for 
one  extreme  of  the  party  to  drop  tke  name  of  Whig  altogetiier  and 
to  call  itsdf  something  eke,  aa  we  have  seen  the  Radicals  do  in  our 
own  day.  All  psrties  m  politics  indeed  are  UaUe  to  be  thus  drawn 
or  f<»ved  to  suft  their  ground  from  time  to  time ;  even  that  party 
whose  general  object  ia  to  resist  change  and  to  preserve  what  exists, 
althou^  it  has  no  doubt  a  more  df£nite  course  marked  out  for  it 
than  the  opposite  party,  must  still  often,  aa  Burke  expreeees  it,  vary 
its  means  to  secure  the  unity  of  its  end ;  besideo,  upon  no  {oinoiplfle 
will  laedMly  the  same  objeots  seem  the  most  desirable  or  impor* 
tant  at  all  tunes.  But  the  innovating  party,  or  party  ot  the  move- 
ment, is  more  especially  subject  to  uum  change  of  views,  aims,  and 
diaraoter :  it  can,  properly  speaking,  have  no  fixed  principles ;  as  soon 
aa  it  begins  to  assume  or  profess  such,  it  loses  its  true  character  and 
really  pssaes  into  its  opposite.  Aooordingly,  in  point  of  fact,  much 
of  iniat  was  once  Whugism  baa  now  become  Torjvaa.  or  Ckntserva- 
tism,  the  dangee  in  ue  oonstitution  whidi  were  former^  sou^t 
fw  being  now  attained;  and,  on  the  other  hand,  aa  new  objects 
have  presented  themadves  to  it,  WUgg^am  ha^  in  so  br  as  it  retaina 
its  proper  charaoter,  pot  an  new  a^wots,  and  even  taken  to  itsdf 
new  nuaea. 

WHIRLINa-MACHINE  ia  an  apparatus  invented  by  Mr.  Robins  for 
the  purpose  of  determining  the  reeistanoe  of  the  air  agsinst  bodies 
movtbg  with  vdodties  lea  ttan  thoae  for  whidi  the  realstanoe  can  be 
determined  by  the  BaUiatio  pendnlnm. 

It  oonsiBts  of  a  brass  cylinder,  2  inches  in  diameter  and  about  6 
inches  long,  which  is  fitted  in  a  frame  so  as  to  be  capable  of  turning 
hwiy  with  ita  axis  in  a  vertioal  position  betwem  tiie  base  of  tiie  frame 
and  a  horizontal  plate  of  wood  or  metal  which  is  sui^rted  above  the 
base  by  four  nnul  pillars.  The  axle  of  the  cylinder,  which  is  of  sted, 
passes  throus^  that  plate,  and  terminatee  about  i  inches  above  it^  To 
this  Is  attached  horizontally,  and  immediatdy  upon  the  plate,  a  thin 
arm  of  wood  or  metd  about  4  feet  long,  and  formed  with  what  is  called 
a  feather  edge  on  each  side :  to  the  extremity  of  this  arm  is  affixed  the 
object  which  is  to  be  used  in  the  experiment,  and  a  wire  {OXMeeding 
from  tile  top  of  the  sted  axle  to  the  extremity  of  the  ann  ■erres  to 
prevent  the  latter  from  bradiog  by  ita  weight. 

A  silk  line  made  fast  at  one  end  to  tiie  sorfMW  of  the  i^lindcr  is  in 
part  wound  round  the  latter;  the  line  then  jwes  overs  {tulley  fixed 
m  a  verticd  poution  at  the  oppoute  extiemi^  of  the  madiine,  and  to 
its  lower  end  is  attached  some  given  weight :  the  descent  of  the  wdght 
causes  the  cylinder,  end  oonsequentiy  the  object  at  the  extremity  of 
the  arm  above  mentioned,  to  revolve  about  the  vertical  axis  during  the 
experiment  The  wei^t  at  the  end  of  the  line  being  acted  on  by 
gravity  deeeands  at  first  with  an  accelerated  motion,  and  coneeguentiy 
the  ciroular  movonent  of  the  object  at  the  extremitgr  of  tiie  baria  also 
sooderated ;  but  after  a  few  rovolutiona  the  reaistance  of  tiie  air  against 
the  object  becomes  very  nearly  equal  to  the  weight  of  the  descending 
body,  and  from  that  time  the  descent  of  the  wdght  and  the  revolving 
motion  of  the  object  become,  as  to  sense,  uniform.  When  this  uniform 
or  termind  vdooity  is  obtained  in  any  experiment,  the  descending 
weight  evidentiy  expresses  the  amount  ot  the  air^  renstsnce  together 
with  the  inertia  of  tne  madiinei 

An  instrument  of  this  kind  was  mnoh  nied  by  Or.  Hutton,  of 
WodwkJi,  during  the  yean  1786  and  1787,  in  bii  reaeirdwi 


Digitized  by 


Google 


90s 


WHIBIiINO-MACHINB. 


WHIRLPOOL. 


MS 


ing  the  ronstanoe  coperioDced  by  iaiUtu7  projootiles  in  pMung 
through  the  air ;  and  the  object*  which  this  mathematicuai  applied  at 
the  eztevmity  of  the  revolvug  arm  were  hemispberea  of  paateboard. 
Any  one  of  theae  be  could  at  pleoanre  dispose  so  that  either  ita  ooa- 
Tex  or  plane  earCace  might  be  reeiflted  the  air :  there  was  alao 
provided  a  flat  plate  of  lead  equal  in  weight  to  the  hemiqthere 
emidc^,  which  could  be  fixed  to  the  arm  when  the  hemiaphere  was 
removed,  for  the  putpose  of  aBceitaining  the  resiatance  opposed  by  the 
air  to  the  motion  of  the  arm  itaelf. 

The  radius  of  the  circle  deeoribed  by  each  hemisphere  in  ita  revolu- 
tion is  measured  from  the  axis  of  the  cylinder  to  the  centre  of  the 
sphere,  of  whioh  the  revolving  object  is  the  half,  and  the  radius  ot  the 
cylinder  is  measured  from  the  same  axis  to  the  middle  of  the  silk  line 
passing  round  the  Bur&oe :  let  the  latter  radius  be  refweaented  by  r, 
and  the  former,  when  any  one  of  the  hemiaphera  is  ap^ied,  by  B. 
The  time  is  marked  by  a  Rtop-watoh  at  the  end  of  eadi  revMuticm,  and 
the  differences  between  them  are  taken  for  the  times  of  the  revolu- 
tions. After  a  few  revolutions  the  difierencea  are  very  nearly  constant ; 
and  a  mean  of  tenor  twelve  of  ^eae  nearly  constant  differencaa  may  be 
considered  as  the  time  of  revolutioti,  when  the  motion  ia  uniform  in 
oonsaquenoe  of  the  eqaaUty  of  the  reuatanoe  and  inarUa  to  the  wdght 
of  the  deecending  body ;  let  this  weight  be  rwresented  by  w. 

In  order  to  diaoover  the  reustanoe  due  to  toe  inertia  of  the  machine 
and  the  action  of  the  air  upon  tiie  arm  (the  plate  of  lead,  with  ita 
plane  in  a  horizontal  position,  being  fixed  the  end  of  the  arm), 
diflEerent  weighta  are  attached  to  the  silk  line,  till  some  one  is  found 
whfdi  causea  the  arm  to  revolve  uoitomly  in  the  same  time  aa  tba 
hemiqihere  may  have  been  obaerved  to  rerolve  when  its  motion  was 
uniform.  This  weight,  whioh  may  be  represented  by  w,  is  evidenUy 
the  equivalent  of  that  redatanoe  and  inertia ;  and  the  diflerenoe  w — u 
LB  the  value  of  the  air's  resistanoe  wainat  the  autaiior  surface  of  the 
revolving  hemisphere  only.  The  velocity  of  the  latter  is  measured  by 
the  lengui,  io  feet,  of  the  arc  cteaoribed  by  ite  oeotre  in  one  aeoond,  and 
the  weigfat  or  reuatanoe  w— w  ia  anppoaad  to  be  ^fiUed  at  the  cir- 
cumferraca  oC  tba  cij^nder,  io  whiou  tlie  dlk  fine  !■  a  tangent  This 

term  mot  oonaequeBtly  be  mtdt^tlied  by  -,  in  order  to  reduce  it  to 

B 

the  value  of  that  which  would  be  equivalent  to  it  if  applied  at  the 
centre  of  the  revolving  object 

From  a  mean  <^  mtmerooi  eqwrimsnti  vith  »  betniq^me  whose 
diameter  was  6'87S  inohea,  and  whioh  revolved  witb  Telodties  varying 
from  8  feet  to  20  feet  per  seoond,  Dr.  Hutton  found  that  the  renatance 
of  liie  air  against  the  flat  tide  was  to  the  redatance  against  the  convex 
tide  aa  2*48  to  1 :  W  tiieoiT  it  should  be  aa  2  to  1  only.  From  experi- 
ments made  with  hemiqiberes  of  difierent  magnitudee,  also  with  a 
wh<^  sphere,  a  oone,  and  a  very  short  cylinder,  it  waa  found  that  the 
rei^ituioe  eqierienced  fay  sinuliir  sorboee  (the  velootiei  vaiying  from 
10  leet  to^  feet  per  second)  were  nearly  jvoptntioDal  to  the  wxnbae§, 
increasing  a  UtUe  above  that  proportion  witli  tne  greater  aurfaoea;  uid 
that  the  renstancee  on  the  same  surface  varied,  at  a  mean,  with  the 
2*04  power  of  the  velocity,  gradually  increadng  with  the  inoreaaiDg 
velocities.  Whea  a  hemispherieal  or  oonical  ai^&ce  waa  acted  on  by 
the  air,  the  redatance  waa  leaa  than  that  whioh  waa  experimoed  a 
plana  im&ee  of  equal  diametor;  but  the  iharper  ain&oe  bad  not 
ahrm  leaa  redatanoe  than  one  which  waa  round :  the  convex  aurfiwe 
of  a  neinis[diere,  for  example,  nperienoed  leas  resistanoe  than  that  of 
a  cone,  oootrary  to  tbe  result  of  theory.  The  reaiatanoe  on  the  base  of 
a  cone  waa  to  the  reaietaoce  on  the  convex  surface  aa  2*3  to  1 :  by 
theory  it  ahould  be  aa  4  to  1.  The  resistance  on  Uie  base  of  a  short 
cylinder  waa  leea  than  that  on  the  base  of  a  ooaa,  though  the  areas 
ven  equal;  also,  on  aooount-of  tha  diflteent  mumar  in  whioh  air  acts 
on  the  poaterior  snrfsoea,  the  base  of  s  hemisphere  axpecienoed  less 
resistance  than  that  of  a  oone,  and  the  convex  surface  of  a  hemisj^ere 
less  than  that  of  a  whole  sphere  of  equal  diameter. 

The  whirling-machine  invented  by  Ferguson  is  a  frame  or  box  of 
wood,  contuning  a  wheel  about  2  feet  in  diameter,  on  each  side  of  which 
ia  a  jpuUey  abcmt  6  indiea  in  diameter;  the  axes  of  all  are  in  vertical 
poaiuoni,  and,  by  strings  pawing  over  the  wheel  and  pnllsya,  the  latter 
aremade  torerwve  cm  tnrnhur  tiw  wheel  bjrnwaiM  ofahaiidla.  The 
machine  waa  bitended  to'eaEhimt,  in  a  pc^ulir  manner,  the  principal 
efiecta  of  centripetal  or  oMtrifogal  foraea,  when  bodiaa  rendva  In  ue 
circumferenoea  of  drclea. 

On  the  axle  of  each  pulley  there  is  fixed,  at  its  middle  point,  a  bar 
of  wood  in  a  horizontal  podtum,  and  on  this  a  small  ^ate  or  oarriage 
of  bnai  is  made  to  alida  eadly  al«u:  two  horinntal  wirea  extending 
from  the  omtre  to  ooo  extranti^  of  the  bar :  a  silk  Une  attaohed  to 
this  plate  passes  under  a  small  bnae  pulley  near  the  centre  of  the  bar, 
and  over  a  similar  puUey  fixed  in  a  brass  frame,  about  6  inches  above 
the  first  pulley ;  the  line  is  afterwards  attached  to  a  braaa  plate  or 
carriage,  which  is  capable  of  sliding  up  or  down  in  the  braaa  frame, 
according  aa  tiie  first  plate  mores  from  or  towards  the  centre,  along 
tite  vires  on  the  horiaootal  bv.  A  given  wd^t  ia  cdaoed  on  this  firat 
carnage  at  any  distanee  from  the  centre,  and  the  puUy,  to  whose  axle 
the  bu-  is  fixed,  ia  made  to  revolve  by  turning  the  handle  on  the  axle 
of  the  wheel :  then,  on  pladng  such  a  wdg^t  on  the  oarriage  in  the 
brass  frame  as  will  juat  allow  tite  fbnnar  weight  to  recede  in  oonae- 
qnmoe  of  tiu  oantnfugal  force  wbioh  thft  iraig^^  wil^i  iti  oMriage 


acquires  the  revdutitm,  the  weight  in  the  frame,  indudiog  that  of 
its  carriage,  is  to  be  oonsiderad  as  the  equivalsnt  of  tiia  oentrifngal 

force. 

For  example,  M  tiu  two  pnlleva  be  of  equal  diauMters,  and  let  each 
be  mode  to  oarty  on  ita  axle  a  fuwitontal  bar  vrith  a  aUding  plate  or 
carriage :  then,  If  a  weight  of  6  ounces,  including  the  carriagcDe  planed 
at  8  uiohea  from  the  centre  of  motion  on  one  bar,  and  2  ounces 
including  the  carriage,  on  the  other  bar,  at  d  inches  from  its  centre  of 
motion;  upon  making  the  two  bars  revolve  rapidly,  the  centrifugal 
forces  will  cause  any  equal  weig^te  on  the  curiagaa  in  tiie  two  brass 
frames  to  rise  to  the  tops  id  than  frames  at  the  same  instant.  Here 
the  vdocftiea  of  rotation  are  represented  by  3  and  9,  and  iho  weighta 
by  6  and  2,  so  th^  the  ratio  compounded  of  tiie  vdocities  and  masses 
is  one  of  etjualily ;  and  this  is  considered  as  veri^ing  the  propodtion 
that  if  l>odiea  revolve  in  circular  orbits,  the  centrifugal  forces  are  equal 
when  the  products  of  the  masses  and  velocities  are  equal  Agwn,  let 
tiie  diameter  of  one  of  the  pulleys  be  twice  as  great  as  that  of  tlxa 
other,  so  that  when  the  bars  are  placed  on  the  oxCsa  and  are  made  to 
revolve  by  turning  the  wheel,  the  angular  velooi^  of  one  may  be  half 
the  anguuo'  velo^y  of  the  other :  uien,  if  any  equal  wdgfata,  for 
example,  be  fixed  on  the  carriages  which  slide  on  the  two  bars,  at  equal 
distances  from  the  centree  of  motion,  and  it  there  be  placed  on  the 
carriages  in  the  brass  frames  above  l^ose  centres,  wei|^ta,  including 
those  of  the  carriages,  such  that  the  wei^t  above  the  laiger  puUey 
may  be  «i»-foarth  of  that  whioh  ia  above  the  smaller  pulkyi  tlu  oea- 
trif  ugsl  forces  arising  from  the  revolutions  vriU  allow  theae  vtSf^biB  to 
be  rdsed  at  the  same  instant,  proving  that  both  the  revolving  bodiea 
are  retained  in  circular  orbits.  Here  the  angular  velocities  of  the 
revolving  bodies  are  as  1  to  2,  and  the  weights  in  the  frames,  which 
represent  the  centrifugal  forces,  are  as  1  to  4 ;  and  the  experiment 
shows  that  when  equal  bodies  revolve  in  equal  circular  orbits,  the 
centrifugal  or  ooitripetal  fonsea  are  to  one  aurther  as  tiie  aqnaiw  of 
the  ang^ar  vcdodtlea. 

It  is  easy  to  understand  that  such  experiments  may  be  varied  ao 
to  exhibit  alt  the  phenomena  of  circular  movements. 

WHIRLPOOL,  a  place  in  a  river,  or  in  the  sea,  where  in  con- 
sequence of  obstructions  from  banks,  rocks,  or  islands,  or  the  oppo- 
dtitm  of  winds  and  currents,  the  watos  acquire  a  reviving  motion. 

The  agitation  ol  the  waters  whioh  is  Oonstan^  obaerved  near 
Haasitta,  and  which  ia  usually  dedgnated  the  whirlpool  of  Chaiybdis, 
is  now  well  known  to  be  unaccompanied  by  any  vertiginous  motion  by 
whioh  vessels  might  be  absorbed,  and  is,  rather,  an  incessant  undula- 
tion of  the  water.  The  agitation  is  add  to  exist  in  several  difierent 
places  at  the  same  time,  within  the  oircumferenoes  of  circles  whose 
diametws,  when  the  wind  ia  moderate,  do  not  exceed  100  feet,  and  is 
cuiaed  by  the  wind  aotiiu  oUh»iely  on  the  rapid  current  wMck  aets 
towards  the  faro,  or  lighthouse,  from  the  north  during  six  hours,  and 
from  the  south  during  the  next  dx  hours,  and  so  on  alternately ;  the 
ohanges  taking  place  respectively  with  the  rising  and  setting  of  the 
moon.  Sp^lsiiBUU,  who  waa  rowed  over  the  spot  when  the  wind  waa 
lights  emerienoed  no  danger,  though  tiie  boat  was  much  tossed  by  the 
wsvee :  he  was  infimned  however  that  when  the  wind  is  high,  the 
BwalUng  of  the  waves  la  mora  violent  tnd  extendve,  so  that  small 
vsMeb  whioh  an  driven  within  the  limitaot  the  agitation  may  be  sunk 
by  the  waves  breaking  over  them,  and  large  ones  may  be  driven  on  the 
Italian  shore,  whffi'e  they  are  sometimea  wrecked  on  the  rock  of  Scylla. 
The  dashing  of  tiie  vraves  on  the  hoUow  rocks  about  Cape  PMoro 
produces  a  noise  which  is  said  to  resemble  the  barking  of  doge ;  and  It 
ts  probaUe  that  theae  sounds  gave  rise  to  the  fable  that  a  female 
nuHUtarauTOunded  by  farodoua  dogs  and  vrolvei  lay  there  in  wait  to 
devour  the  mariners  vnto  ntls^  be  wrecked  on  tiie  coast. 

Some  of  the  descriptive  particulars  of  the  Qalo&ro,  the  supposed 
Charybdis  [Caubru,  coL  280,  in  Oeoq.  Div.],  just  given,  are  ^rived 
from  Captam  (now  Admiral)  W.  H.  Smyth's  account  of  Sicily  and  ita 
islands.  We  now  add  the  following,  as  given,  from  that  work,  in  the 
author^  aubaequent  memoir  on  ^e  Medifanranean,  pp.  181, 182 : — 
"  To  the  nndeekad  boata  of  the  Rheg^ana,  Loorians,  Zanideana,  and 
Ghveka  it  must  have  been  formidable;  tor  even  in  the  in-esMitdur 
small  craft  are  sometimes  endangered  hj  it,  and  I  have  seen  severw 
men-of-war,  and  even  a  74-gun  smp  (the  Queen,  bearinff  tie  Jlag  of  Rear- 
Admiral  Sir  Charlet  Penrote),  whirled  round  on  ita  sur&ce ;  but  by 
using  due  cauti<m  there  is  generally  very  little  danger  or  inconvenience 
to  be  apprehended.   The  Qaklsro  appeara  to  be  an  agitated  water,  of 

from  70  to  90  &thoms  in  depth.  li  is  owing  probably  to  the 

meeting  of  the  harbour  and  lateral  ourruita  witii  the  mdn  one,  the 
latter  being  forced  over  in  titis  direction  by  tiie  o^podte  point  of  Pexza 
This  agrees  in  some  measure  with  the  relmon  of  Thuoydides,  who  calls 
it  a  vident  ledprocation  of  the  Tyrrhene  and  Sicilian  seas ;  and  he  ia 
the  only  writer  of  remote  antiquity  I  remember  to  have  read  who  has 
aadgned  thia  danger  its  true  dtuation  and  not  exaggerated  ita  efFects. 
Many  wonderful  stories  are  ttHA  re^Mcting  this  vortex,  particularly 
some  said  to  have  been  rdated  by  the  oderaated  diver,  0>las,  who  at 
last  lost  his  lite  here.  I  have  never  found  reason,  however,  during  my 
examination  of  this  spot,  to  believe  one  of  thenL  The  formation  of 
the  Tangdora  shoals,  atretohing  out  on  each  aide  of  the  littie  kind  of 
bay  off  whidi  the  QakCuo  iainaatad,  is  probaUy  owing  to  the 'eddies 
of  Chanrbdii.* 

The  lUel^tooai,  betiraan      idai)4B  <4  VoAer  and  Wane  on  4h* 
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coast  of  ISlmmy,  ^>ean  to  be  of  &  nmilsr  nature :  the  tide  there  forma 
a  ounent  which  ruzw  iritii  Titdance  attenwte^  from  north  to  south, 
and  in  a  contrary  direction ;  and  when  thin  is  opposed  hy  the  winda, 
tJhere  is  created  an  agitation  of  the  water,  the  sound  oi  which  is  heard 
at  sea  to  the  distanoe  of  many  lesgnea.  At  high  and  at  low  water, 
in  moderate  weather,  ships  pass  wrough  Uie  stout  without  danger ; 
but  during  strong  gales  they  keep  at  a  conrideiable  distance  in  order 
tw  aroid  being  drawn  into  the  cotreDt,  in  consequence  of  which  they 
mikht  foD^sr  among  the  wstsb,  or  be  otharwisa  destroTed.  Whales 
sod  fish,  it  is  said,  an  t^tsn  foand  dead  on  th«  rimes,  agMnst  which 
tliey  have  been  dashed  by  the  Tiolenoe  with  which  the  waters  rush 
through  the  <diannel. 

WlSrlpools  are  produced  among  the  Orkney  Islanda  by  the  actions  of 
winds  and  currents ;  but  boats,  it  is  said,  pass  over  the  spots  in  safety, 
a  log  wood  or  a  bundle  of  straw  {Hrenouriy  thrown  into  tiie  water 
bilDg  fufflcient  toairest  its  revolTing  mottoi. 

The  droolar  or  spiral  motion  of  the  wato*,  which  etmstitates  a 
whiripool  or  eddy  in  a  river,  is  produoed  by  flexuree  of  the  banks  or 
cotttmotions  ol  the  bed ;  ia  oensequence  of  which  the  current,  instead 
of  cootinaing  parallel  to  the  general  direction  of  the  river,  is  turned 
obliquely  towuds  the  middle :  the  particles  of  water  b^weeu  this 
oblique  current  and  the  bank  by  which  the  waters  from  tiie  upper 
Mrt  of  the  mm  are  reflected,  are  acted  upon  by  forces  in  difiwent 
direotuKDs;  and  the  oeutrifugal  force  resulting  from  the  currllinear 
motion  causes  the  centres  of  tiie  wfairipoola  to  be  on  a  lower  level  than 
the  general  auifaoe  of  the  water  in  the  river. 

Let  A  B  be  the  (Ustance  between  the  two  banks  of  a  river  at  a  part 
where  a  eontraetion  of  the  bed  be^ns  to  take  {dace,  and  let  a  ft  be  the 
narrowest  part  of  the  chaondL  m  the  vicinity:  the  water  in  part 
arnatad  by  the  bank  a  o,  risas  above  the  general  level  of  the  water  in 
the  river  at  that  idaoa,  Mid  being  roAeetM,  will  be  made  to  take  an 
oUiqne  direetioD,  as  a  e ;  at  the  same  time,  tiie  veloa^  in  the  oon- 
traotod  aaeticm  beoome^  by  the  laws  of  hydnxtynaiaiefl,  greater  tiiMi  that 


of  the  river  above  as.  Then  the  parttelas  of  water  within  the  space 
aoe,  rushing  towards  ac,  the  surface  within  that  spaee  becomes 
depressed,  and  the  particles  about  D  descend  into  the  ^Mce  by  their 
pivity.  It  follows  that  there  is  a  constant  tendeney  of  tite  mten 
from  D  towards  C  a,  and  firomo  towards  a  e,  beeidea  tiie  current  in  the 
directioaae,-  and  by  the  action  of  the  ioroea  in  these  diraotiotM  tiie 
revolving  motion  takes  place.  Whiripools  are  oontinual^  beuig  formed 
in  tiiis  manner,  and  are  carried  to  some  distance  downuie  river  bj  the 
general  current. 

Whirlpools  may  in  like  mannn-  be  formed  at  the  same  time,  betew 
b,  on  the  opposite  bank  of  the  river,  if  this  shoukl  have  a  similar  form 
to  the  bank  between  A  and  o ;  or  the  stream  a  e  may  be  refleoted  from 
E,  should  there  be  a  conbaction  at  that  plaoe,  and  wUripools  may  be 
formed  in  the  «i]ataement  beyond,  aa  shown  in  the  diagram,  fneiaely 
in  like  manner  are  formed  the  whirlpools  or  eddies  at  the  shoulders  of 
the  piers  of  a  bridge,  when  the  breadth  of  the  river  is  ao  much  oon< 
tracted  as  to  cause  its  surfaoe  above  the  bridge  to  be  oonsidetably 
higher  than  the  surface  below.  Under  these  whiripoob  the  bed  (rf 
the  river  must  evidently  sustain  less  {mssure  tiian  ta^es  place  on  the 
parts  about  them :  oonaequenUy,  tiie  water  under  the  bed,  acting 
hydroatatically  ui|wards,  may  lift  up  the  earth  and  atcmea,  and  thus 
undermine  the  piers;  or  it  may  blow  up  the  pilea  driven  for  the 
formation  of  dama.  fiy  this  cause  the  aooidfltitB  vrtuoh  ooeur  in 
hydraulic  opemtions  are  frequentiy  produced. 

Inequalities  in  the  depth  of  the  bed  (rf  a  river  must  evidently  give 
rise  to  verticJ  whirlpools  by  the  redezion  of  the  water  from  the 
ucending  elopes ;  the  particles  then  ti^  an  oUiqne  direotion  upwaida, 
w  as  to  rise  like  a  wave  above  the  general  aurlaoe :  also,  a  sudden 
depression  of  the  bed  will  produce  a  vertical  whirtpool  in  the  lower 
part,  nearly  aa  the  horizontal  whirlpoola  beirae  mentioned  m  suppoeed 
to  nave  been  formed. 

WHIRLWIND.  [WiMD.] 

WHISKEY.   The  mpatation  of  this  spirit  is  suffldentiy  described 
under  Distilmet  ;  while  the  taade  and  the  taxation  connected  with  it 
■re  no^ed  ouder  WniB  AHD  SFiBiT  Tbadk.  The  name  ia  derived  from 
the  Inflh  word  «^7u«,' water;'  and  iti{a«fta^  tiie  name  of  a  oonilal 
at  one  time  in  much  request,  is  derived  from  the  IiUi  uitgm  Uatha, 
water  of  life.'   We  may  here  nanark,  among  the  disooveriw  of  the 
psctifiers,  that  a  few  drops  of  creosote  and  fusel  oU  will  give  a  whiAcy 
*^         gallons  of  good  London  gin,  if  long  kept. 
.^HISPEB^Q  PLACES  are  vaults  or  galleries  in  wSch  the  sound 
of  wwda  uttered  witii  a  low  voice  is  augmmted,  so  as  to  become 
«idiUe  at  a  considerable  distance  from  the  speaker. 

When  the  air  is  agitated  by  any  impoUe,  aa  tiie  utteranoe  of  a  word 
at  some  apol^  the  undoUtione  extend  apbskelly  in  eveiy  dlreation. 


and  thus  give  rise  to  perosptions  of  sound  which  Himin'ih  twidly  in 
intend^  as  the  distance  «  the  auditor  increasea;  but  if  tlu  impulse 
be  given  at  one  of  the  extremities  of  a  tube,  it  is  evident  that  the 
undulations  will  be' prevented  from  spreading  laterally,  and  the  whole 
eff^t,  augmented  in  consequence  of  the  condensation  of  the  particles 
of  air  in  the  tube,  will  be  experienced :  in  this  manner  may  be  explained 
the  increase  of  the  intensity  of  sound  in  a  trumpet  or  a  q>eaking'pipe. 
[Pipe.]  A  like  effoct  takes  plaoe  ia  a  leas  d^ree  when  sound  ascends 
from  the  bottom  of  a  deep  well,  or  when  words  are  uttered  at  one 
extremity  of  a  long  craridor  or  passage  in  a  building.  It  ia  add  that  if 
apin  be  dropped  -into  the  well  in  Carisbrooke  (£stle,  in  the  Isle  of 
Wi^t,  the  sound  produced  when  it  strikes  the  watu-  is  distinctly 
heard  at  the  mouth :  the  well  is  above  200  feet  deep.  The  sound  of 
words  spoken  near  the  surface  of  any  long  wall  is  sinularly  augmented 
in  the  mreotion  of  the  length  of  the  wail ;  the  latter,  in  acHne  measure 
preventing  the  undulation  from  being  difl^iaed  in  the  atmoa^iere.  The 
effect  in  a  oomdor  b  frequentiy  increased  when  the  oorndor  faae  bends 
in  its  length,  or  when  it  is  smaller  at  <Hte  extremity  than  at  the  other. 

When  the  place  ia  in  the  form  of  a  dome,  the  undulations  of  the  air, 
which  are  produced  by  a  sound  emitted  near  the  concave  sur&ioe,  at 
any  part  of  t^e  base  of  the  dome,  are,  by  continual  deflections  from 
every  part  of  the  concave  aurfaoe,  transmitted  to  a  point  in  the  base 
diamelrioally  opposite  to  that  from  whence  the  sound  proceeded ;  and 
there  the  wsvea  are  conoentndied  ao  as  to  eauae  the  perception  of  a 
sound  many  times  louder  than  that  which  was  emitted. 

The  whispering  gallery  in  Gloucester  Cathedral,  which  is  described 
in  Birch's  '  History  of  the  Royal  Society,'  vol.  L,  is  a  passage  leading 
txom  one  aisle  to  the  opposite,  behind  the  east  window  of  tiie  cboir :  it 
is  8  feet  wide,  and  about  6^  f^  high;  itawfaolelengthisabout  75feet, 
and  hs  bma  on  the  phui  is  half  an  irregular  octagon :  the  walls  and 
ceiling  are  of  freestone,  and  the  latter,  vriiidi  is  flat,  is  uneven^r  wrought. 
If  two  peraons  are  placed,  one  at  each  «id,  near  either  wall,  and  one 
oonveraes  with  the  other  in  the  lowest  wUsper,  the  words  are  as  dis- 
tinctiy  heard  aa  if  the  persons  were  cloee  ti^etiier.  The  whispering 
gallery  in  St  Paul's  Cathedial,  London,  is  that  vhitk  surrounds  the 
base  in  the  concave  surface  of  the  interior  dome:  here  a  person 
^leaking  in  a  whli^  near  the  aurboe  of  the  vault  ia  heard  distinctly 
b^  a  person  also  near  the  aur&oe  and  at  the  opposite  extremity  of  a 
diameter,  jperscsia  in  any  othw  part  not  being  able  to  hear  the  aoimd. 

WHITE  ARSEXia  A  popular  name  toe  ane&ioiH  acid.  [ABsnna 
Arsmtou  Aeid.] 

WHITE  CANOys,  ao  called  from  their  habit,  which  was  a  vriute 
oa8SD<^  witii  a  rochet  over  it,  a  Long  white  cloak,  and  white  caps, 
belonged  te  the  Premonstratensiaa  Order  of  the  Augustine  Hooks. 
Th^  were  brou^t  into  England  shortly  after  1140,  wd  settied  flrst  at 
liewhouse  in  Idncolnshire.  Tbey  had  in  England  a  conaervator  of 
their  privilegea,  but  -wen  nevertheless  often  visited  by  their  superiors 
of  Premonstre,  who  raised  great  eontributiona  out  of  them,  as  the 
generals  or  forngn  heads  of  the  Cluniacs  or  Cistennana  idso  ^d  &om 
their  order,  till  restauned  from  it  by  the  pariiament  of  Cariisle,  in  the 
last  year  of  S!dvardl.,1307.  They,  however,  continued  under  the 
jariadietion  of  the  Abbot  of  Premonstre  and  the  g^eral  chapter  of 
the  order  till  1512,  when  they  were  exempted  from  it  by  a  buU  of  Pope 
Julius  II.,  oonflnned  by  King  Henry  VIII.,  when  the  superiority  of  all 
the  houses  of  this  order  in  Et^land  and  Wales  was  given  to  tiie  Abbot 
of  Welbeck,  in  Kottaoriuunshire.  Tanner  reckoned  about  thirty-five 
houses  of  this  order  in  England.   (Tanner,  Notit,  MonaH. ;  Dugd., 

WHITE  FLUX.  A  substance  used  in  metallurgical  operations  on 
a  small  scale.  It  consiste  diiefly  of  ca^xmate  (Mf  potadi,  a&d  ia 
prepared  by  calcining  bitartrate  of  potaah  (eretm  of  itxriar')  with  twioe 
its  weight  of  nitnite  of  potash. 

WHITE  GUNPOWDER.  A  compo^tion  consisting  of  three  parte 
of  ehlorato  of  potash,  one  part  of  white  sugar,  and  one  of  ferrocyanide 
of  potassinm.  The  ingredients  must  be  t^wraiely  reduced  to  fine 
powder  and  then  intimately  mixed  in  a  wooden  mortar  with  a  wooden 
pestie.  Ita  explosive  force  is  much  greatw  than  ordinary  gm^wder. 
and  the  ingredients  may  be  kept  a^ierate  until  the  powder  ia  wanted, 
which  would  prevent  sll  danger  of  the  accidental  explodon  of  luge 
quantities.  Ite  manufacture  ia,  however,  attended  with  conaldenUe 
risk,  aa  it  explodes  by  friction  and  percusBion,  and  several  serious 
accidents  have  already  resulted  even  from  its  preparation  on  a  small 
scale.  Contact  with  a  minute  drop  of  sulphuric  acid  cauaas  it 
instantly  to  explode. 

WHITE  LEAD,  fLuD.] 

WHITE  PRECIPITATE.  [Mebcdrt.  Wiitt  predpUatc] 
WHITE  SWELLING,  a  disease  of  the  joints,  so  mllad  on  account 
of  tiie  unaltered  colour  of  the  akin.  Under  this  term  are  included 
nearly  all  those  diseases  of  Oie  joints  which  are  the  result  of  chronic 
inflammation  in  the  bonee,  cartilages,  or  membranee  constituting  the 
jont.  These  inSammatiooB  are  constantly  attended  with  awdling. 
which  is  dicumscribed ;  the  part  la  sometimes  hard,  resisting  the 
pressure  of  the  fingers,  and  thus  leading  to  the  impression  that  the 
bone  is  swollen  and  diseased ;  or  it  may  be  elastic,  and  yielding  to 
preesure ;  or  so  soft  as  to  produce  the  impression  of  the  presence  of 
fluid.  Sometimes  these  awellings  are  attended  with  no  pain;  at  other 
times  pain  ia  one  ci  the  eariiest  nmptoms,  and  ia  oonstantty  preaent, 
and  greatly  aggntvitted  by  the  motion  <Kf  the  Hmb.   In  aome  easee  the 
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motions  of  the  joint  are  bat  little  impeded,  -whilst  in  others  the;  are 
entirely  deatroyed.  These  general  symptonui  howerer  admit  of  dia- 
tinotion,  and  semnl  forms  of  vhite  swelling  can  now  be  traced  to 
difibrent  parti  of  the  joint  u  their  Mat. 

Amongst  old  writers  theee  dlseaaea  h&n  been  deaoribed  under  the 
names  of  spuw  vmtota,  fimgUM  artie«U,  lymphatio  tumour,  and  ot^er 
names.  A  common  divuion  of  these  dimases  is  also  into  rheumaUo 
and  acrofulousj  according  as  they  were  supposed  to  have  their  ori^  in 
a  rtienmatio  or  wrofulous  state  ot  the  ayatem.  The  more  active  were 
referred  to  the  former  wod.  tiio  ohnmio  to  the  latter.  Many  other  dis- 
tinctions an  founded  more  upcm  the  age,  temperamant,  and  constitution 
of  the  patient,  than  upon,  essential  difl^venoea  of  the  disease.  The 
following  are  the  diaeases  of  the  joista  which  ve  generally  denominated 
white  swellings, 

1.  Infiammation  of  the  Synovial  Membrana. — This  disease  may  be 
uther  acute  or  chronic.  When  acute,  the  skin  is  generally  red,  and  the 
joint  very  painful  and  tender.  It  commences  with  pain  at  one 
parfefeular  spot,  and  in  a  day  or  two  after,  swelling  takes  place.  The 
swelling  may  be  felt  at  first  to  undulate,  from  the  effusion  of  fluid  into 
the  membrane ;  but  tins  becomes  less  evident  as  the  disease  advances, 
from  the  thickening  of  the  membranes  and  also  from  the  effbaion  of 
lymph.  The  swelling  always  aaeumes  the  form  and  direction  of  the 
^novial  membranes.  In  a  few  days  tiie  disease  subsides  altt^ether 
or  assumes  the  chronu:  form,  the  Inflammation  is  cfinmio 

from  the  be^nning,  the  pain  aitd  tenderness  are  much  lesi,  ao  that  the 
patient  it  able  to  walk  about  withont  mnoh  difficulty.  There  is  little 
or  no  fever,  tite  skin  retuns  its  natural  colour,  the  swelling  increases 
only  slowly,  and  the  ^mptoms  are  rendered  worse  by  exposure  to  cold 
and  exertion.  In  these  cases,  although  the  dffVued  fluid  may  at  length 
become  abatn-bed,  the  synovial  membrane  remains  thickened,  and 
■welling  and  stifEaess  of  the  joint  are  the  comeqtienoe,  conatitating  a 
▼ny  common  form  of  white  swelling.  The  causes  of  this  disease  are 
both  flonstitatlonal  and  local  It  may  arise  as  an  efitsct  of  phlebitis, 
gout,  rheumatism,  syphilis,  or  mercury ;  or  it  may  be  produced  by 
nmins,  contusions,  wounds,  dislocations,  or  fracturea  of  the  heads  <» 
the  bones. 

The  treatment  of  this  disease  must  vary  according  as  it  is  acute  or 
chronle,  or  dependent  on  local  or  oonstitutiaDal  oausea  In  the  acute 
and  local  form  of  the  dbease  perfeot  qnietude  must  be  insisted  on, 
cupi^ng  and  leeches  to  the  part  should  be  had  recourse  to,  with  salme 
purgatives  and  diaphoretics.  When  the  skin  is  tense,  fomentations 
and  poultices  may  be  used ;  but  where  not,  cold  lotions  will  be  best 
In  the  early  stage  of  the  chronic  form,  leeches  and  cold  lotions  to  the 
part  may  be  applied  and  perfect  quietude  enjoined.  In  the  iaiAa 
stages,  eounter-lrritanto  may  be  used,  such  as  bliatara,  the  savlne  cerate, 
ointment  of  ttutarised  antimoOT ,  fta  When  persons  are  well  enough 
to  move  about,  the  joint  should  be  kept  from  movement  by  strapping 
it  with  soap-plaater,  or  coveting  it  with  a  bandage  or  a  cap  of  leather 
or  other  materia!  made  to  fit  tight.  Bathing  with  cold  siQt  water,  or 
pouring  on  the  part  cold  water  may  be  recommended.  For  the 
removal  oi  tiie  stimiess,  shampooing,  the  vapour-bath,  or  friction  with 
the  hand,  may  be  employed.  When  the  *iifl*nniii«HAn  arises  from 
rheumatinn  or  syphilis,  the  treatment  should  be  the  same  as  for  those 
diseases. 

S.  Pulpy  Thiekming  of  the  Sjpional  Jfemfinme.— This  disease 
generally  occurs  in  young  persons  between  the  ages  of  sixteen  and 
twenty.five,  and  is  mosiJy  confined  to  the  knee-johit.  There  is  not 
much  pain  in  the  joint,  but  swelling  and  rigidity  come  on  slowly. 
The  jmnt  on  being  touched  appears  to  have  fluid  in  it.  This  disease 
goes  on  sometimes  for  years,  till  at  last  it  destroys  the  joint ;  and 
unless  the  limb  is  amputated,  hectic  symptoms  ensue  and  destroy  the 
patient.  This  disease  consists  in  a  total  oisorganisation  of  the  synovial 
membrane,  which  is  converted  into  a  brownish  or  lightish  brown  pulpy 
substance,  varying  from  a  quarter  of  an  inch  to  h^f  an  inch  in  thick- 
ness.  In  its  advanced  stages  the  cartilages,  bones,  and  ligaments  of 
the  joint  become  implicated  in  the  disease. 

The  well.mat^ed  cases  of  this  disease  must  be  looked  upon  as  incur- 
able, and  only  amputation  will  give  a  chance  of  reliel  In  mild  or 
doubtful  cases  the  only  plan  that  seems  to  o^er  success  Is  perfect 
quietude  of  the  joint,  which  may  be  secured  by  pasteboard  or  other 
splints,  or  by  soap- plaster.  The  general  health  should  be  attended  to, 
and  local  applications  made  according  to  the  iqymptoms.  Inflammation 
should  be  subdued  byleeohes,  and  gentle  oounter-irritanta  may  be 
kept  constant^  applied.  ' 

8.  UlcentiuM  ^  the  Cartilaget.—Tioii  disease  occurs  chiefly  in 
children  or  adults  under  the  middle  age.  It  is  freq^uentJy  a  conse- 
quence of  the .  preceding  diseasss,  but  OTten  occurs  alone,  althou^^  in 
its  progress  it  may  involve  the  whole  joint.  The  joint  in  which  it  is 
most  frequently  seen  is  the  hip.  producing  the  greater  amount  of  the 
diaeaseB  known  by  tiie  name  oilu|i- joint  disease.  When  it  occurs  in 
the  kne^  it  diSfen  from  inflammation  of  the  synovial  membrane  by 
the  pain  at  the  commencement  of  the  disuse  being  sUj^t,  and  its 
going  on  increaaing  in  intensity.  The  pain  is  alao  present  sometunes 
tour  or  five  weeks  before  any  swelUng  is  perceivei  The  swelling, 
when  it  does  occur,  arises  from  inflammation  of  the  cellular  tissue  out- 
side tiiejoint,  and  often  appears  much  laiger  than  it  really  is,  from 
the  previous  wasting  of  the  leg  from  want  ot  use.  In  many  otsea  an 
effusion  takes  place  into  the  synovial  membnne  and  inoreases  the 


swelling.  In  the  progress  of  the  diaeassabscesses  form,  having  fistulous 
connections  with  the  synovial  membrane  and  the  surrounding  inflamed 
tissue.  As  the  oartilaginoua  tissue  is  renewed  with  diffloully,  the 
most  favourable  termination  of  this  dinTwtft  is  geneoally  attmded  witii 
anchylosis  of  the  joint. 

In  the  treatment  of  tliis  disease  rest  is  essential ;  whatever  moves 
tiie  Umb,  aSecte  the  diseased  oartilage.  The  limb  may  be  placed  iu 
splints,  or  bandaged  up  with  soap^pkater,  or  perfect  quietude  of  the 
joint  may  be  aecured  by  M'Intyre'B  fracture-splint,  which  has  the 
advantage  of  being  easUy  removed  for  the  purpose  of  mitking  ap^iea- 
tioDS  to  the  part  affeoted.  Where  the  joint  ia  hot,  oold  lotions  and 
leeches  may  be  applied ;  but  where  it  ia  oool,  counter-irritants,  blisters, 
issues,  moxas,  antimon^  ointment,  or  oroton  oil.  On  the  continent 
the  actual  cautery  is  reoommanded.  For  the  swelling  and  rigidity 
which  so  constantly  remain,  relief  may  be  sought  in  the  eold  dooohe, 
shampooing,  or  friction  wiUt  the  hand. 

4.  SerofiuoM  IXtem  of  tk*  Jointi,  banning  in  the  Bmtea. — ^At  one 
time  all  white  swellings  were  supposed  to  involve  the  bones,  and  tiii> 
on  account  of  tiie  apparent  enla^ment  of  tiia  bones  of  the  affected 
joint.  That  this  is  not  the  case  the  existence  of  the  above  forms  of 
disease  proves,  but  even  the  fact  on  which  the  supposition  was  founded 
is  not  correct.  So  far  from  the  bones  being  always  enlarged  in  theae 
oases,  there  are  only  a  very  few  on  record  in  which  dissection  haj 
shown  the  bones  to  be  enlarged.  The  bone  has  been  supposed  to  be 
swelled  from  the  hardness  of  the  part  and  its  sise :  but  the  former 
arises  from  the  natural  texture  of  tiie  parts,  and  the  latter  is  maAa  to 
appear  greater  by  contrast  with  the  wasting  diaeasad  limb.  But  tho 
lx>uea  are  subject  to  disease  which  begins  in  their  cancellous  texture. 
The  phosphate  of  lime  is  removed  from  them  or  deposited  iu  less 
quantity,  and  a  yellow  caseous  substance  is  secreted  iu  its  place.  The 
heads  m  the  bones  ore  altogether  weakened  and  softened,  and  deposits 
of  bony  matter  of  an  irrqpilar  form  are  found  on  their  outside. 
Whilst  this  ohange  is  going  <m  the  patient  experiences  pain ;  the  knee, 
which  is  the  joint  it  most  commonly  attacks,  swells ;  the  motions  of 
the  joint  are  affected,  and  it  becomes  more  or  less  contracted,  so  as  to 
prevent  it  being  stndghtened.  In  the  course  of  time  matter  Is  formed 
in  the  cevity,  and  makes  its  way  out  by  ulceration  through  the  qrnovial 
membrane,  or  abaoessae  form  on  the  outaida  nl  the  joi^  Somstimes 
sinuses  oconr,  and  run  to  a  oonsidetalda  extent  from  the  joint  under 
the  fasoia,  or  between  it  and  the  akin. 

This  condition  of  a  limb  is  generally  connected  with  a  scrofulous 
constitution,  and  the  more  decided  the  scrofulous  disposition,  the  more 
difficult  will  the  disease  bs  to  treat.  However,  whatever  may  be  the 
state  of  the  constitution,  this  must  be  attended  to  primarily  in  the 
treatment  of  thsse  eaaas.  [ScBoruu.]  Thekosltnatmentmustbethe 
same  as  tat  other  oases  of  white  swellutg.  Quietude  of  the  joint  should 
be  secured  on  some  of  the  plans  ^wiously  proposed ;  and  as  there  is  a 
constant  tendency  to  anchylosis,  care  should  be  taken  if  possible  that 
the  anchylosis  occurs  in  a  position  most  convenient  for  using  the  limb. 
Coimter-irritants  will  be  found  of  great  utility  in  these  cases,  such  as 
blisters,  antimonlal  oiutinent,  and  croton  oil.  Care,  however,  must  be 
taken  that  tiiey  are  not  employed  iriulst  there  Is  a  tandencr  to  inflam- 
matory action ;  and,  on  the  other  hand,  the  means  that  are  employed, 
such  OS  leeches,  odd  lotiraa,  ftc,  for  an  increased  activity  of  thsjwt, 
diould  be  immediately  abandoned  when  that  activity  ceases.  When 
the  morbid  process  nas  been  arrested,  shampooing,  friction,  and 
pouring  water  on  the  part  from  a  height,  should  be  had  recourse  to 
for  the  purpose  of  strengthening  it.  The  abscesses  whioh  form  in 
these  oases  should  be  opened  eaiiy;  if  left  to  themaelTea,  they  often 
leave  ulcerations  whioh  are  difficult  to  heaL 

(Cooper,  Firtt,  Linea  of  Surgery  ;  Burpieal  JXetioiuuy  ;  Brodie,  PiUk^ 
logical  and  Surgical  Obtervatioai  on  Diteatei  of  ike  Joa^) 

WHITE  VITRIOL.  [Vitbiol.] 

WBITINO.  An  impure  carbonate  of  Ume,  prepared  by  grinding 
and  then  washing  chalk,  eo  aa  to  separate  Um  coarser  and  heavier 
particles  from  the  li^iter  and  finer  ones,  wUbh  latter  are  then  col- 
lectedinto  msasei  and  dried. 

WHITLOW  is  an  inflammation  aSecting  the  phalanges  of  the 
Angers,  and  generally  proceeding  to  suppuration.  The  part  attaoktsd, 
however,  ia  not  conflned  to  the  fingers ;  the  same  disease  may  also 
appear  in  the  toes.  Paronychia  and  Onychia  are  terms  which  are  used 
to  express  the  same  disease,  Suigical  authors  describe  several  forms 
of  wBtlow,  or  pamiybbia,  aoowding  to  the  textures  which  the  inflam- 
matioi  attacks.  Thus  it  may  be  situated  in  the  sUn,  the  cellular 
tissue  under  tiie  skin,  the  tendons  or  theca  of  the  fingers  or  tOes,  hi 
the  periosteum,  or  it  may  be  seated  in  the  cellular  tissue  under  the 
naiL  When  the  inflammation  is  confined  to  the  skin,  vesicles  amear, 
which  quick^  advance  to  suppuration,  and  the  case  requires  little 
attention,  when  tiie  subcutaneous  cellular  tissue  is  afiected,  the  case 
is  more  serious,  though  it  seldom  extends  :  there  ia  throbbing  pain  of 
the  part,  and  there  may  be  severe  constitational  disturbance,  and 
suppuration  Is  a  less  or  greater  length  of  time  in  taking  place.  The 
whitlow  under  the  nail  differs  from  this  form  only  in  situation.  In 
these  cases  only  tiie  cellular  tissue  under  the  cutis  is  affeoted,  and  no 
great  danger  or  mischief  is  to  be  apprehended  from  the  whitlow. 
When,  howevo-,  the  inflammation  extends  to  the  tendons,  periosteum, 
and  bone,  then  the  symptoms  are  very  severe ;  snd  by  extending  from 
the  finger  sffbcted,  up  the  arm,  and  involving  a  large  extent  of  surface^ 
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ffttaJ  oooBcquenceB  inn  ■omatimet  been  the  reanlt.  The  oommenoe- 
ment  of  tuU  form  of  whitlow  u  indicated  bj  a  buining,  ehootmg, 
throbbiim  pain  of  the  finger,  with  a  varying  degree  of  oonstitutioiul 
distarbaaoe.  Sometimes  the  febrile  symptonu  are  very  violent ;  aod 
when  the  arm  is  inrolved,  delirimn  and  oUier  alarming  symptoms  come 
on.  At  first  Uiere  is  no  perceptible  change  in  the  part  affected :  at 
length,  however,  slight  swelling  eomes  on,  which  may  extend  up  the 
aim,  even  to  the  a^Ua.  la  these  cues  a  small  quantity  of  matter  ia 
ooUected  under  the  flexor  tendon  of  the  finger,  or  under  the  periosteum, 
in  which  latter  case  the  bone  ia  mostly  afflicted  with  caries. 

Whitlows  may  be  caused  by  some  external  injury,  such  as  a  prick 
&om  a  needle,  pin,  thorn,  or  otJier  pointed  object,  or  they  may  arise 
gpontaosoiuly.  The  latter  not  unfrequentJy  occurs  in  young  persona 
who  are  apparently  in  a  good  state  of  health. 

In  the  treatment  of  whitlow  the  inflammation  can  rarely  be  subdued 
before  it  proceeds  to  suppuration.  It  may  however  be  tned,  and  cold 
lotions  and  local  bleeding,  wiUi  general  antiphlogistie  treatment,  will 
sometimes  subdue  the  inflammation.  When  matter  is  formed,  the 
beat  thing  that  can  be  done  is  to  get  rid  of  it  as  soon  as  possible,  and 
this  must  be  done  by  cutting  down  quite  u|K)n  the  seat  of  inflanunaUon 
utd  pain.  When  matter  is  formed,  ease  is  immediatdy  given  by  its 
being  discharged ;  and  even  should  an  inoiBion  be  made  bebmauppara- 
tion  has  token  place,  it  will  alleviate  the  ^ym^itoms.  Where  matter  is 
formed  extenmvely  under  the  tendons,  free  mdrions  should  be  made 
wherever  it  is  collected.  Where  caries  of  the  bone  exists  in  whitlows, 
it  may  be  sometimes  a  question  as  to  whether  amputation  is  not  the 
most  effectual  treatment.  Where  whitiow  occurs  imder  the  nail, 
the  matter  may  be  discharged  either  by  an  incision  under  the  nail 
from  the  ude,  or  by  scraping  the  nail  and  making  die  indrion  from 
above. 

WHITSUKTIDE  is  probably  a  contracted  form  of  White  Sunday 
tide  or  time.  In  the  early  ages  of  Christianity  the  favourite  seasons 
for  administermg  the  rite  of  baptism  were  Easter  Sunday,  the  anni- 
versary of  the  resurrection  of  CnriBt,  and  Whitsunday,  that  of  ^e 
Jewish  feast  of  Pentecost,  when  tiie  iqKNrtlea  were  "  baptiaed  with  the 
Holy  Ohoet  and  with  Are,"  and  they  themselves  commenced  their 
pubUc  ministry  by  baptising  three  thousand  persona.  As  emblematio 
of  the  spiritual  purity  which  the  rite  of  baptism  ia  supposad  to  confer, 
those  who  received  it  were  clothed  in  white,  and  the  day  is  hence  con- 
jectured to  have  received  its  name  of  White  Sunday  {l)ominiea  alba). 
Other  etymologies  more  remote  and  less  probable  have  been  given. 
The  rite  of  baptism  was  performed  in  early  times  on  Easter  Sunday  eve 
and  Whit  Siinday  eve, utat is, on thepreoeding  Saturday  even^^ 
there  was  a'  ipeoal  ceremony  of  hallowing  the  fcHit  In  a  volume  of 
manuscript  homilies  in  the  Uarieian  Libnuy,  In  the  British  Museum, 
No.  2371,  it  ia  stated,  that  "  in  the  begynnyng  of  holy  chirch,  all  the 
children  weren  kept  to  be  crystened  on  thys  even,  at  the  font  bal- 
lowyng ;  but  now,  for  enchesone  that  in  so  long  abydynge  they  might 
dye  without  crystendome,  therefore  holy  chirch  ordeyneth  to  crysten 
at  all  times  of  the  yeare ;  save,  ey^t  dayea  before  these  evmyns,  the 
chylde  shalle  abyde  till  the  font  hallowtDg,  if  it  may  savely  for  peniU 
of  death,  or  ells  not." 

Our  ancestors  seom  to  have  indulged  to  excess  in  tlw  season  of 
Whitsuntide  in  all  kinds  of  exercises  and  amusements,  for  which  many 
of  the  parishes  provided  the  needful  stimulus,  and  out  of  which  they 
claimed  their  due  share  of  profit :  for  this  purpose  a  house  or  bam, 
wluch  was  called  the  chureh-honse,  was  set  apart,  and  a  quantity  of 
ale  was  brewed,  whieh  waa  called  WUtsun  Mo,  or  Cfanich  Ale,  and 
was  sold  to  the  porishionets  who  came  there  to  feast  and  drink,  and 
gamble,  and  the  profits  were  applied  to  the  repain  o£  tlw  ohuroh,  and 
sometimes  to  chuitable  and  other  porposet. 

(Brady's  Clavu  Caimdiuia  ;  Strutt'a  SpmiM  aiid  Pattima  by  Hone ; 
Brand's  Popular  AntimUiet,  by  Ellis.) 

WIPE;  HUSBAND  and  WIFE.  Many  of  the  1^  incidents 
attached  to  the  relation  of  husband  and  wife,  or,  as  they  are  c^led  in 
our  law  books,  Barm  and  Pmx,  have  been  already  noticed  under  their 
several  heads :  the  mode  of  contracting  the  connectioQ  may  be  found 
under  Marbiaqb,  and  of  dissolving  it,  under  Ditorck  ;  the  provision 
for  the  wife  out  of  her  husband's  real  eatatee,  mode  by  the  common 
law  and  modified  by  rtatutee,  is  treated  of  under  Dower  ;  and  the 
zi^t  dezirad  from  the  same  source  the  husband  to  a  life  interest  in 
his  mfe'a  real  estate  if  he  survives  her  and  has  had  a  child  amiable  of 
inheriting,  tmder  Coubtesy  or  EzroLAin);  the  voluntaiy  jffovision 
which  may  be  made  for  the  husband,  the  wife,  and  Uie  ofbpring  of  the 
marriage,  is  discussed  under  Settlbuiit  and  Joiktdbe;  and  the 
nature  of  the  property  which  Uie  wife  has,  if  not  independently,  of  her 
husband,  ccoicurrently  wiUi  him,  is  described  under  Pabaphebkalia 
and  Sepabati  Profkbtt.  The  article  Pakiht  abo  Child  shows  what 
little  ri^t  the  law  has  conceded  to  the  wife  withr^(prdto  the  childroi 
of  the  marriage.  It  is,  therefor^  otAj  naoemaxj  now  to  give  a 
general  sketch  of  the  subject,  so  as  to  Inntg  the  separate  parts  under 
one  view,  and  to  supply  such  information  as  may  not  yet  have  been 
given. 

The  eomnion  law  treats  the  wife  (whom  it  calls  a  feme  covert,  and 
her  oondition  coverture)  as  subject  to  the  husband,  and  gives  him 
laare  to  axsndse  over  her  reasonable  restntint,  and  It  has  been  said  to 
inflict  on  her  modcnte  chastisement.  The  wife  may  mm,  htmmr, 
obtain  security  that  the  huaband  shall  keep  tite  peace  tovarda  her.  It 


looks  on  the  husband  and  wife  in  most  respecta  as  one  person,  having 
Mily_  one  mind  or  will,  which  is  exercised  by  the  husband.  Hence 
a  wife  cannot  sue  separately  from  her  husband  for  ia  juries  do  no 
to  her  or  to  her  propoty,  or  be  sued  alone  for  debts,  unless  her 
husband  shall  have  abjured  or  been  banished  the  realm ;  or  she  has 
obtained  a  judicial  separation,  or  protection  for  her  earnings,  in  con- 
sequence of  hia  having  deserted  her;  or  unless  where,  by  particular 
customs,  she  is  permitted  to  trade  alone,  as  in  London;  but  erven 
hvn  the  husband  should  be  joined  as  defendant  by  way  of  conformity, 
though  execution  will  issue  against  the  wife  alone.  For  injuries  to 
the  wife's  person  or  property  toe  remedy  is  by  a  joint  acti<ni,  or  some- 
tdmes  by  uie  separate  action  of  the  huabend.  Hence  a^un  not  mily 
can  they  not  in  any  case,  by  the  common  law,  contract  witii  or  sue 
one  another ;  but  compacts  made  between  them  and  all  debts  con- 
tracted towards  each  other  when  songle  (unless  those  made  in  consi- 
deration  or  at  least  in  contemplation  of  marriage)  are  made  void  at  the 
common  law  by  their  imion.  This  rule  does  not,  however,  ap^  to 
debt«  due  from  the  husband  to  the  wife  in  a  representative  chaneto-, 
as  administratrix  or  exeeutoix,  for  instance.  They  cannot  make  giants 
<Hie  to  another  to  take  effect  during  the  joint  lives ;  nor  can  the  wife, 
excepting  in  the  exovise  of  a  power,  devise  lands  to  her  husband  or  to 
any  other  person  ;  but  the  husband  may  devise  to  his  wife  property 
to  DC  enjoyed  hy  h«r  after  his  death.  They  can  give  evidence,  however, 
touching  one  another,  except  in  criminal  cases,  or  prooeedings  arising 
out  of  or  relaling  to  adultery.  In  criminal  prosecutions,  however, 
founded  on  injuries  conmutt«d  by  either  party  on  the  penou  of  the 
other,  Uie  injured  party  may  (ex  neceititaU  ret)  be  a  witness.  Neither 
can  rob  the  other  in  the  contemplation  of  law.  The  property  of 
both  is,  with  some  modifications,  liable  to  the  debts  of  either,  and  with 
the  person  of  his  wife  the  husband  takes  the  liability  to  her  debts  con- 
tracted before  marriage ;  but  those  debts  are  only  recovarable  during 
the  wife's  life.  If  she  dies  before  him,  he  is  ruieved  from  that  re- 
roonsibility,  whatsoever  fortune  he  may  have  had  with  her,  excepting 
wat  he  must  apply  to  tiie  discharae  of  such  debts  any  assets  which  are 
received  by  him  as  his  wife's  adrnmistrator.  As  the  law  considers  the 
wife  to  be  under  the  perpetual  control  of  her  husband,  it  relieves  her 
from  responribility  for  offences  short  of  murder  md  high  treason  cgm- 
mitted  at  his  instigation  —  the  evidence  of  that  instigation  being  his 
presence  during  the  comnisdon  of  the  o&noe.  For  the  same  reaaon 
all  deeds  executed  by  her  are  void;  unless  in  fulfilment  of  powers 
vested  in  her  or  undn-  the  guarantee  of  certain  solemnities  to  ensure 
her  free  agency.  A  disposition  hy  a  woman  of  her  property  after  the 
oommencement  of  a  treaty  for  marriage,  without  the  jHivi^  and  oon- 
cnrrenoet^hw  intended  husband,  is  deemed  by  courts  of  equi^tobe 
fraudulent,  and  wHI  be  set  aside  after  the  marriage  as  an  injury  to  her 
husband;  a  will  made  before  marriage  is  also  revoked  bytiie  sub- 
sequMit  marriage  <tf  the  party  making  it.   [Will  and  Testaxeht.] 

This  legal  identity  cannot  be  dissolved,  whether  in  the  eyes  of  the 
civil  or  ecclesiastical  courts,  b^  any  voluntary  act  of  the  parties.  Thus 
no  deed  of  separation,  tmleas  it  contains  an  immaAtatj,  oertun  pro- 
vision  for  the  wife,  and  no  advertisement  or  other  puUio  notification 
will  relieve  a  husband  from  the  liability  to  provide  his  wife  witii 
necessaries  fitting  to  her  rank  in  life  (the  question  of  fitness  being 
decided  by  a  jury),  or  consequently  from  the  duty  of  paying  the  debts 
contracted  for  such  neceesaries,  if  she  has  been  driven  from  his  house 
by  his  misconduct.  On  the  other  hand,  a  wife  cannot  recover  at  law 
from  her  hnsbsnd  from  whom  she  lives  s^art  Miy  allowance  which  he 
has  contncied  with  heneU  to  pay  her  in  consitteration  of  the  separa- 
titm,  if  he  desires  tiiat  their  union  should  be  renewed.  Nor  agi^n  is  a 
deed  of  separation  a  auffioient  answer  to  a  smt  promoted  by  either 
party  for  restitution  of  conjugal  rights ;  far  less  is  it  an  answer  to  the 
chaige  of  adultety  committed  either  before  or  after  sepantion.  (Hag* 
gards  'CoQsistoiy  Reports,'  i.  Hi.) 

But  this  union  may  be  dissolved,  when  sou^t  lor,  bomd  JIde,  by 
dthcr  party  without  collusiou  with  the  other,  as  a  remedy  for  that 
other's  oonlnnl  offtaces  rDrvcROB};  and  the  dissolution  r^teres  the 
husband  of  nts  rMpcaii^bijity  for  his  wife's  debts  contracted  after  the 
decree  is  pronounced,  or,  in  case  of  his  wife's  adulteiy,  oontraoted 
after  the  disooveiy  of  the  adultery  and  the  consequent  separation ;  for 
if  no  separation  takes  place,  or  if  the  husband  abaodooa  his  usual 
residence  to  his  wife  and  her  paramour,  he  will  be  liabls  to  debts  oon- 
traoted by  her  with  tradesmen  1^0  are  ignorant  of  the  tuts.  So  too, 
by  the  common  law,  a  husband  is  not  liable  for  thfi  debts  of  his  wife 
contracted  after  she  has  quitted  his  house  without  sufficient  cause,  and 
he  has  given  particular  notice  to  the  tradesmen  that  ho  will  not  pay 
her  debts.  Still  leas  is  he  liable  for  debts  conlsw^ed  while  she  ia 
living  in  i^>en  adultery.  On  the  other  hand,  where  the  sq>aration  or 
divorce  is  obtained  the  wife  on  account  the  mielty  or  adultery 
of  her  husband,  the  court  continues  on  him  the  duty  of  maintaining 
her  (ii  her  separate  property  will  not  enable  her  to  live  according  to 
her  rank  in  life)  by  requiring  him  to  make  her  an  allowance  propor- 
tionate to  his  means.  [Aldiont.]  The  common  law  recognises  this 
right  of  the  wife  in  such  circumstances  to  an  allowance  under  the 
name  of  her  estovers ;  and  grants  her  a  writ  for  the  rcoovery  of  them ; 
but  this  remedy  is  now  never  resorted  to. 

Such  is  the  general  and  leading  [oinciple  of  the  common  law ;  but 
this  supposed  idratily  of  person,  of  interest,  and  of  property  hj  no 
menu  inTtdra  eq^ual  nf^ta. 
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WIPE. 


The  theory  of  the  law  ia,  that  the  htuib«ikl  haa  OTer  Ma  wife's 
penonal  fooperty  absolute  oontrol,  and  over  rral  propertv  a  control 
modified  partly  by  Ihe  general  rules  of  descen^  partly  by  statute, 
part^  ^yf  the  deouions  of  courts  of  equity,  which  always  lean  to-the 
I  protootion  of  the  wife's  property  and  the  maintenance  of  any  contract 

I  or  provifflon  made,  whetJier  by  her  husband  or  others,  for  her  benefit, 

even  so  far  aa  to  admit  a  suit  of  the  wife  in  the  name  of  har  next 
friend  against  the  husband  for  injuries  done  by  the  latter  to;^er 
pr(^)erty  or  for  the  recovery  of  rights  withheld  him.  To  this  end 
tiu^  iut^vet  the  Statute  td  Uses,  as  giving  the  wife^  by  the  inter- 
position of  trustees,  independetit  ririits  to  property  and  control  over  it 
ThoasJthoug^  shAcaouot  take  direct  grant  from  her  husband,  she 
may  avail  herself  of  such  a  grant  him  to  trustees  for  her  benefit, 
and  generally  she  may  take  hy  devise  and  by  descent  directly ;  and  by 
settlement,  or  hj  grant  throu^  the  intervention  of  1a*UBtees ;  she  may 
herself  be  a  truatee,  and  (although  that  position  has  been  oontroverted) 
she  may  devise  her  Ixiists.  Again,  the  common  law  veafaa  in  her 
hasband  not  only  har  penonal  proper^  (essoplang  her  paraphomlia), 
but  her  chattels,  real  or  leasehold  interests;  yet  if  a  settlement  has 
not  been  made  on  her  expressly  in  oonsideration  of  her  fortune,  tiiose 
portions  of  her  personal  property  which  oonstst  of  securities  for  money 
or  boi^oial  contracts,  uid  ner  chattels  real,  survive  to  herselt  pro- 
vided the  securities  have  not  been  realised,  and  the  chatteU  real  have 
not  been  aliened,  during  his  life  by  her  husband ;  to  arrears  of  rent 
doe  on  the  wife's  separate  estate,  the  husband  is,  however,  entitled  by 
atatate  82  Beo^  VIIL  o.  S7.  [Chobib  in  Aotjon.]  Nor  does  the 
settlement  dqnive  her  of  this  right  with  r^ard  to  things  in  action 
acquired  aubsequently  to  the  execution  of  the  settlement,  unless  it 
expressly  reserves  to  the  husband  future  as  well  as  present  jperaonalty. 
If  a  husband  rac^uiree  the  intervention  of  a  court  of  eqmty  for  the 
purpose'of  reducmff  into  possession  his  wife's  propw^,  tne  court  will 
require  him  to  make  on  her  a  settlement  propottiODate  to  the  benefit 
wnidi  he  derives.  UniaUy  one-half  of  the  fund  is  settled  upon  tiie 
wif6  and  ofaildren,  but  the  court  takes  all  the  circumstances  into  con- 
sideration,  espedaUy  whether  any  settlement  already  exists.  The 
adultery  of  the  wife  deprives  her  of  her  equity  (unless  she  has  been  a 
ward  of  court  married  without  the  consent  of  the  court);  but  her 
delinquent^  will  not  induce  the  court  to  vest  the  whole  of  her  pro- 
perliy  in  bw  husband,  because  he  does  not  ™^*"*""  her.  ^le  court 
will  seoure  the  property  for  the  bmefit  of  the  survivor  and  the 
obildren.  On  the  otKer  hand,  in  case  of  the  cruel^  of  the  husband  or 
his  desertion  of  Us  wif4,  the  court  will  award  to  her  and  her  children 
not  only  the  whole  principal,  but  the  interest  of  Uie  property  in 
question.  On  the  same  piinoiple,  if  the  husband  is  insolvent,  ih.«  court 
will  grant  to  the  wife  out  of  her  trust  property  an  allowance  usually 
equal  to  half  the  proceeds  of  that  property.  The  interest  whiidi  the 
husband  taksa  in  his  wife's  real  estate  oi  which  she  is  seised  in  fee 
vests  the  profits  in  him  during  her  life,  but  it  g^vee  him  no  power  over 
i  the  inheritance.   By  the  common  law  a  husband  might  alien  his  wife's 

real  eetate,  or  lease  it  for  her  life  or  that  of  the  tenant,  and  she  was  left 
to  her  remedy  if  she  survived  him,  or  her  heir  at  law  had  his  remedy  if 
the  husbatid  survived :  if  they  n^ected  that  remedy,  alienation 
by  the  husband  was  good;  bnt  by  tiie  32  Hennr  VIIL,  &  28,  the  wife 
or  her  heir  may  enter  and  defeat  the  husband^  act.  By  that  statute 
the  lease  of  lands  held  by  a  man  in  rig^t  of  his  wife,  or  jointly  with 
her,  is  good  against  husband  and  wife  if  executed  by  boui ;  the  lease 
may  be  for  years  or  for  life,  but  it  must  relate  to  land  usually  leased, 
it  muRt  not  be  by  anticipation  or  in  consideration  of  a  fine ;  it  must 
reserve  a  fair  yearly  rent  to  the  husband  and  wife ;  and  the  husband  is 
rostcicted  from  aliening  or  dischKrajing  the  rent  for  a  longer  term  than 
his  own  life.  If,  however,  the  win  receives  rent  after  her  husband's 
death  upon  any  lease  of  her  estate  improperly  granted  by  him,  she  con- 
firms that  lease.  A  wife's  copyhtdd  estates  are  forfeited  to  the  lord  by 
any  such  acts  of  her  husband  as  are  ruinous  to  the  estate  {ior  KEomplc^ 
.waste),  aa  destroy  the  tenure  (Cor  example,  an  attempt  to  convert  it 
into  a  freehold),  or  otherwise  deprive  the  lord  of  his  rights,  as  a  posi- 
I  tive  refusal  to  pay  rent  or  perform  servioe.   But  courts  of  equity  will 

I  rdiere  the  tenant  when  the  forfeiture  is  not  wilful  or  can  be  com- 

pensated. 

The  husband  may  mortgage  his  wife's  real  property  during  their 
jcdnt  lives  and  during  his  life  in  addition,  if  he  survives  her,  and  become 
tenant  b7  the  oonrtenr ;  if  the  wife  jwns  in  tiiat  mortgage,  and  recog- 
nises {tana-  ber  husband's  death,  she  will  be  bound  by  it;  bat  she 
may,  if  she  ttiinka  fit,  repudiate  it.  Before  fines  were  abolished,  her 
levying  a  fine  rendered  a  mortgage  a  good  security  against  her  and  her 
heirs ;  and  since  the  act  abolishing  that  form  of  assurance,  a  deed 
acknowledged  by  her  aa  the  act  prescribes  efiects  the  same  object. 
[FniB  or  }ja.ndb.]  A  mortgage  made  by  a  wife  of  her  eetate  for  the 
sole  benefit  of  her  hosband,  and  not  to  discharge  a  debt  of  her  own, 
l^ves  her  a  right  at  equity  to  compensation  out  <h  his  assets. 
Such  are  the  principal  rights  wluch  a  hnsbuid  acquires  in  his  wife's 
'  propsrty,  and  the  limitations  of  those  rights.   On  the  otiier  huid,  the 

common  law  gives  to  her  if  she  survives  him  an  estate  for  life  in  a 
third  part  of  adl  such  estates  of  inheritance  as  he  was  toldp  ta»ed  of 
during  the  marriage,  and  as  any  childrm  of  the  marriage  might  pos- 
sibly hare  hiherited.  [DOWKB.]  ^trightof  dowarmajybef<»feited 
in  various  ways,  and  it  may  be  defeated  by  a  porovinon  lor  her,  made 
before  marrftige,  in  the  shape  of  jointorei   [JonnmuL]  Since  the 
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stat.  8  ft  4  Wm.  IV.  c  105,  in  marriages  subsequent  to  Ist  Jonuarr, 
1834,  dower  does  not  attach  thB  ku^and  died  pomemd  ;  and  it 

does  accrue  on  estates  disposed  of  by  the  husband  duiug  his  life  or  1^ 
will,  while  it  may  be  defeated  by  a  declaration  of  the  husband  deed 
or  wiU,  that  his  estates  are  not  to  be  subject  to  dower. 

The  Statute  of  Distributions  (22  ft  23  Cah  IL  &  10)  gives  to  the 
widow  of  an  intestate  husband  (if  her  clahn  has  not  been  barred  by 
settiement)  one-third  of  hia  personal  property  where  there  is  issue  of 
the  marriage  living,  and  one-half  where  there  is  none.  Harriiage 
revokes  powets  <^  attorney  previously  granted  by  the  wife,  and  die- 
ablea  her  from  granting  them ;  but  it  does  not  disaUe  her  from 
accepting  such  a  power,  or  from  acting  on  one  granted  to  her  btfore 
coverture.  She  may  too  be  attorney  for  her  huabuid.  She  cannot 
bequeath  her  persoiud  estate  by  will  xmlees  under  a  power,  or  with  the 
consent  of  her  husband. 

The  separate  property  of  the  wife  has  been  slready  treated  under 
that  head.   [Sefabats  Pbopbbtt  ;  Fih-mokey.] 

There  remains  only  the  aeparataon  of  husband  and  wife ;  which  may 
be  by  deed  or  by  decree  <rf  the  Court  for  Divorce  and  Matrimonial 
Causes.  The  ecclesiastical  courts  considered  all  deeds  of  separation 
and  all  covenants  in  the  nature  of  such  deeds  to  be  void.  The  courts 
of  law,  however,  not  only  have  supported  such  deeds  against  the 
husband,  but  have  enforcra  a  covenant  made  by  him  with  his  wife's 
trustees  to  pay  her  an  annuity  as  a  separate  maintenance  in  the  event 
of  their  future  separation,  with  the  approbatim  of  tiie  trustees.  But 
courts  of  equity  will  not  interfere  to  enforce  sudi  deeds,  though  by  a 
strange  inccmsistency  Uwy  will  enforce  tiie  husbuid's  covenant  tor  a 
separate  m^tenance  if  made  through  tiie  intervention  of  truateea, 
and  indeed  in  certain  rare  oases  if  made  between  the  huaband  and  wife 
alone.  Nor  is  the  adultery  of  the  wife  a  sufficient  answer  to  her  daim 
to  the  eepante  maintenance.  The  separation  decree  is  cither  a 
judicial  separation  or  a  divorce.  A  wife  when  deserted  by  her  husband 
may  obtain  on  order  to  jnoteot  her  earnings  from  him  or  his  creditors, 
and  she  will  then  be  abw  to  contract  as  if  she  were  a  feme  $ole.  But 
when  the  deeertitm  of  tbe  husband  extends  over  a  period  of  two  years, 
or  when  he  treate  her  with  cruelty,  or  commits  adiUtery,  the  wife  may 
obtain  a  judicial  separation.  [Shpajiation.]  When,  again,  the  hus- 
band commits  incestuous  adultery,  or  to  adultery  adds  the  crimes  of 
bigamy  or  rape,  orudty  or  deeertiou  for  two  yenn»  or  is  guil^  besides 
the  adultery  of  an  unnatural  ofibnce,  tiie  wife  may  obtain  a  dissolutttm 
of  the  marriage.  [DtvoBOE.] 

WIFE,  {Scotland.)  The  moveable  or  personal  eetate  of  a  huaband 
and  wife  Is  under  the  administration  of  t^e  husband;  according  to  the 
phraseology  of  the  law  it  is  called  "  the  goods  in  communion,"  because 
on  the  dissolatiou  of  the  marriage  hj  the  death  of  wther  part^  it  &ll8 
to  be  so  divided  that  if  there  be  issue  of  the  maarlage  a  wIrcC  taA  if 
there  be  no  issue  a  half,  goes  to  the  nearest  of  kin  or  to  the  l^atees  of 
the  deceased,  whether  husband  or  wife,  the  remainder  bdng  the  pro- 
per^ of  the  survivor.  During  the  continuance  of  the  marriage  the 
husband's  right  as  administrator  is  in  all  (espects  equivalent  to  the 
right  of  a  proprietor,  and  whether  the  common  property  has  been 
acquired  by  nimself  or  by  the  wife,  it  is  entirely  at  his  dispoeal,  in  so 
far  as  that  diqtossl  is  intended  to  have  efifoct  during  his  lifmme.  His 
rteht  of  bequeathing  it  is  limited  by  the  Scottish  law  of  suceasslon. 
nrlLL.]  Aa  the  husband  has  the  administration  of  tiie  wife's  property, 
he  is  reeponaible  not  only  to  the  extent  of  the  goods  in  commimion, 
but  personally,  for  tiie  frife'a  obligations,  whether  contracted  before  or 
after  marriage.  No  suit  can  be  broijy;ht  i^jainst  a  married  woman 
unless  the  huaband  be  made  a  party.  The  wife  cannot  of  hersdf  enter 
into  a  contract  exigible  1:^  execution  against  the  ^oods  in  communion 
and  the  person  of  her  husband,  unless  in  oertajn  oases  in  which  by 
general  law  or  by  practice  she  holds  an  agenoy.  To  this  eSeot  she  is 
praponla  negoliU  dometUdt,  and  whatever  dabt«  she  incurs  for  house- 
Aold  purpoeee  are  debts  ag^nst  the  husband ;  but  the  husband  may 
dlstduove  himself  from  reroonidbility  for  debts  so  incurred  by  obtaining 
an  **  inhibition"  against  ber.  A  wife's  agenoy  may  be  extended  like 
that  of  any  other  a^ent ;  but  it  does  not  extend,  without  special  autho- 
rity, to  the  borrowmg  oiE  money. 

Heritable  property  (a  term  nearly  equivalent  to  that  of  real  property 
io  England)  belon^ng  to  either  party  is  in  the  administration  of  tiie 
husband.  Se  can  however  gmnt  no  lease  of  ids  wife's  heritable  pro- 
perty, to  laeb  beyond  his  own  life,  without  her  eononrrenca  On  the 
other  hand,  from  the  date  of  the  proclamation  of  the  banns  all  deeds 
grsnted  W  the  wife  are  null  if  th^  do  not  bear  the  husbood'a  concur- 
rence. His  right  of  administration,  including  the  necesn^  for  his 
oonourrence  in  the  wife's  deeds,  ma/  be  exeluded  by  his  resigning  hia 
jut  vutriii  in  sn  antenuptial  contiact  of  marriage,  or  by  the  special  ex- 
clusion of  the^W  mariti  in  the  titie  of  any  esb^  conveyed  to  the  wife. 
Eveny  deed  exeonted  1^  »  wife  Is  prestuned  to  have  been  exeouted 
under  tiie  oosnaon  of  her  htaiband,  and  may  be  aet  aside  Tmleos  the 
irife  ratify  it  by  oath  before  s  magistrate. 

A  separation  married  parties  may  take  place  either  by  judicial 
interference  or  voluntary  contract  Personal  riolence  or  acts  physi- 
cally or  morally  injurious  on  the  part  of  the  husband,  will  juatify  a 
judicial  separation  at  the  suit  of  the  wife,  in  which  an  alimentary 
allowance  is  awarded  to  her  proportioned  to  hia  means.  A  voluntary 
separation  may  take  plaoe  by  mutual  agreement,  but  in  such  a  case  an 
alimentary  allonuQe  will  u^t  b^  ainrd^d  uplfss  it  bM  been^s^olatad 
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for.  The  hiuliaad  whose  wife  is  edther  judidaUy  or  voluntarfly  Bern- 
nted  from  him  ceuea  to  be  raponuble  for  the  debts  incurred  by  her 
aftw  the  date  of  the  ■epuatiim.  Her  own  proper^  is  liaUe  to  ezeou- 
tim  itx  her  oblirataona,  but  not  hsr  person,  unloa  hw  husband  be 
lining  out  of  Scotland,  in  whii^  esse  it  bu  been  decided  that  &  wife 
trMMctiiig  busineas  on  her  own  seeoont  is  liable  to  diligence  against 
her  peraon,  w  arrest  and  imprisonmenL  The  huabaud  hu  tite  uncon- 
trolled ouBtody  of  the  children  of  the  marriage  during  pupDlarity.  The 
court  <d  seMion  will  interfere  for  thedr  firotectiai  in  the  oaae  of  their 
pnsonal  ill-uaagaf  or  of  danger  of  oontanunation,  but  not  on  the  ground 
of  a  special  estate  being  settled  on  a  child     a  third  party. 

On  the  diaaolution  of  a  marriage  by  the  death  of  either  party,  an 
anterior  quGetion  to  that  of  the  distribution  of  the  property  is,  whether 
the  marruge  was  pennanenb.  A  permanent  marriage  is  one  which  bas 
lasted  for  a  year  and  part  of  a  day,  or  of  wbit^  a  living  diild  has  been 
bom.  hi  the  case  of  dissolotion  by  death  of  a  marriage  not  pomsnent, 
there  is  a  question  of  accountings  and  the  property  of  the  parties  ia,  as 
nearly  as  droumstances  will  permit,  bo  distributed  as  it  would  have 
been  bad  no  marriage  between  them  been  solemnised.  In  the  case  of 
a  permanent  marriage,  the  moveable  property  ia  divided  as  above 
sUted,  the  survivor  getting  a  half,  if  there  is  no  issue,  and  »  tinrd  if 
there  is  issue.  Of  any  ml  propw^  in  which  a  wife  diet '  inf  eft,  if 
-there  hsve  been  a  living  child  bom  of  the  marriage,  and,  if  there  Is  no 
surviving  issue  of  the  wife  by  a  former  marriage  the  widower  enjoys 
the  life-rest  use ;  this  is  called  "  the  oourtesy  of  Scotland."  A  widow 
enjoys  the  life-rent  of  one-third  port  of  the  lands  over  which  her 
husbuid  baa  died  infeft,  b^  way  of  "  Terce."  The  distribution  of  the 
property,  personal  or  hentable,  may  be  otlurwise  arranged  by  ante- 
nuptial  eontracb,  or  equivalents  to  the  properly  to  whioh  a  party  would 
succeed  m^  be  uiade  oy  the  settlements  m  the  deceased. 

On  the  dissoltttum  of  marriage  by  div(nY»,  Reoffending  parfy  forfeits 
whatever  provisi<ms,  legal  or  conventional,  he  or  she  ml^it  be  entitled 
to  from  the  marriage;  and  the  innocent  par^,  at  whose  instance  the 
suit  of  divorce  ia  brought,  retains  whatever  benefits,  l^al  or  conven- 
tionil,  he  or  she  may  nave  become  entitied  to  by  the  marriage.  It 
fidlows  that  when  the  divoroe  pmoeeds  at  the  suit  of  the  win,  she 
obtaioB,  «t  the  date  of  the  decne  of  divoroe,  tiie  provimons  lAidi,  as 
above,  she  would  be  entitled  to  on  the  death  of  her  husband ;  and  that, 
on  tiie  other  hand,  if  the  suit  be  at  the  instance  of  the  husband,  the 
wife  not  only  loses  her  right  to  such  [wovinons,  but  forfeits  to  the 
husband  whatever  property  she  may  have  brought  into  the  goods  bx 
communion.  • 
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WILL  AND  TESTAMENT.  Before  the  passing  of  the  32  Hen. 
VIIL  c.  7,  conmionly  called  the  Statute  of  Wills,  and  the  84  ft  86 
Hen.  VIIL  o.  S,  there  was  no  general  testamentary  power  of  freehold 
land  in  England,  but  the  power  of  making  a  will  of  personal  property 
appears  to  We  existed  from  the  earliest  period.  Yet  this  power  did 
not  oripnally  extend  to  Ih«  whole  of  a  man's  personal  estate ;  but » 
tiuHi's  goods,  after  paying  his  debts  and  funeral  ezpeusea,  were  divisiUe 
into  throe  equal  parts,  one  of  which  went  to  Ma  cbilthen,  another  to 
his  wife,  and  the  third  was  at  his  own  disposal.  If  he  luid  no  wife  or 
no  children,  he  might  bequeath  one  half,  and  it  be  had  neither  wife 
nor  obUdren,  the  w4iole  was  dlnosable  ^  will  (2  BL  '  Comm.,'  522, 
Mr.  Ken's  edit. ;  Fitdwrbert,  *  Nat  Brev.,'  122).  The  law,  however, 
was  gradually  altered  in  other  parts  of  England,  and  in  the  province  of 
Tort  the  pnnoipaUty  of  Wales,  and  in  the  city  of  London  more  lately 
b^  statute,  so  as  to  give  a  man  the  power  of  bequeathing  the  whole  of 
his  pwsonal  propettj.  At  present  by  Ui«  1  Vict  o.  26,  for  the  amend- 
ment of  the  law  with  respect  to  wills  (ndkereby  the  former  statutes 
tiure  enumerated,  with  rsepeot  to  wills  are  rep«aled,  except  bo  far  as 
the  same  acta  or  any  of  them  reniectiTclyrdate  to  any  wills  of  estates 
pur  avtn  vie  to  which  this  act  does  not  extend),  it  is  enacted  that  it 
8hall_  be  lawful  for  every  person  to  devise,  bequeath,  and  dispoeo  of, 
by  his  will,  executed  as  required  by  that  act,  all  real  and  pwsonal 
estate  which  he  shall  be  entitied  to  either  at  law  or  in  equity  at  the 
time  of  his  death.  Great  alterations  have  been  introduced  into  the 
law  of  wills  by  this  statute ;  but  as  it  does  not  extend  to  any  will 
made  before  the  Int  of  Januaiy,  18S8,  it  is  neeenry  to  consider  the 
law  as  it  stood  previous  to  the  act 

In  general  all  persons  are  capable  of  disposing  by  will  of  both  real 
and  personal  estate  who  have  sufficient  understanding.  The  power  of 
tiie  ung  to  make  a  will  is  defined  by  the  89  A:  40  Geo.  III.  c  88,  s.  10. 
By  the  former  Statute  of  Wills,  married  women,  persons  within  the 
«e  of  twenty-one  years,  idiots  and  persons  of  mm  aane  memory,  were 
declared  moapable  of  making  wills  of  real  estate.  These  disabiUtias 
also  appUed  to  a  bequest  of  personal  <«taie,  except  that  infants  of  a 


Act,  no  will  made  by  any  person  under  the  age  of  twenty-one 
years  Is  v^;  and  no  will  nude  by  any  married  woman  is  valid. 
Mcept  such  a  wiU  „  might  have  been  made  by  a  married  woman 
before  the  passing  of  Uie  new  act.  The  disability  of  a  married  woman 
u  not  ^ute.  She  may  make  a  will  of  her  peraonal  property  if  her 
husband  oonsenfe  to  that  particular  will,  and  it  wiU  be  o^tive  If  he 


survive  her.  Hie  nlidily  of  a  hmatitf  s  will  depends  wxa  tite  state  of 
his  mind  at  tiu  time  of  maUng  it  F«rsaBs  bom  deal  snd  dumb  8i« 
presumed  to  be  incapable  of  ntakiDg  a  will,  but  l^e  presumption  may 
be  rebutted  by  evidence.  Kindness  and  deafness  alone  do  not  produce 
incapacity.  Devises  of  lands  by  aliens  are  at  least  voidable,  the  crown 
being  entitied,  aftw  office  found,  to  seize  tiiem  in  the  hands  of  the 
devisee,  as  it  might  have  done  in  those  of  the  alien  during  his  UE& 

Freriousfy  to  flie  act  1  Tiet  &  26,  die  genenl  power  ot  testston 
was  subject  to  exceptinii.  Castomaiy  beuudds  and  c<^holds  wsrv 
not  Tvithin  tiie  Statute  <A  Wills,  and  therefcne,  unless  where  devisaUa 
by  special  custom,  could  in  generd  be  passed  only  by  means  of  a  sur- 
render to  the  use  of  a  wilL  By  the  55  Geo.  IIL  c.  192,  the  want  of  a 
surrender  was  supplied  in  cases  where  it  was  a  mere  form,  but  the  act 
did  not  apply  to  oases  where  there  was  no  custom  to  snnender  to  tbtt 
use  of  a  will,  nor  to  what  ire  oslled  cutOBUvy  freeholds.  A  devise* 
OT  Biurenderoe  of  copyholds  could  not  devise  betofe  admittsnoe,  thou^ 
an  hor-at-law  might  Conditions  were  not  devisable,  nor  were  ri^te 
of  entiy  or  acti<m,  nor  contingent  interests  when  the  pareon  to  b« 
entitled  was  not  aacertuned :  lands  aoqutred  after  the  execution  ol  th« 
mil  also  did  not  puss  by  it;  but  by  section  8  of  1  Vict  c.  86,  th« 
power  of  disposition  by  vnll  extends  to  ^dl  real  and  personal  estate,  and 
to  all  estates,  interests,  and  rights  to  Tt^di  the  testator  may  be 
entitled  at  the  time  of  blB  death,  thouj^  acquired  subsequently  to  the 
execution  of  his  will.  There  is  no  restriction  as  to  the  persons  to 
whom  devises  or  bequests  may  be  made,  except  undo*  the  84  &  85 
Hen.  VIII.  c  6,  which  forbids  devises  of  lands  to  bodies  politic  and 
corporate.  Exertions  to  this  statute  have  been  itttrodu<xd  by  the 
43  Geo.  III.  0. 107,  and  43  Geo.  IIL  c.  106,  which  authwise  devises  oi 
lands  to  the  goreniotR  of  Queen  Amu^  Bounty,  and  for  the  ereotioa 
or  repair  of  churches  or  ehapde,  the  enlargement  oi  churchyards  or 
of  the  residenoe  or  glebe  for  mimsters  of  the  Church  of  England. 
Alienage  cannot  be  properiy  called  an  incapacity  to  take  by  devise,  as 
the  demised  lands  remain  in  the  alien  till  otfice  found,  when  they  veat 
in  the  crown.  By  the  9  Geo.  II.  a  86,  no  lands  or  personal  estate  to 
be  laid  out  in  the  puix^iase  of  or  chai^i;ed  on  land  can  be  givm  to  any 
charitable  use  hy  way  of  devise.  [UOBnunr.1  By  the  40  Geo.  III. 
0.  98,  no  dispoaitian  of  property  can  be  made  oy  wul  or  otherwise,  so 
as  to  accumulate  the  income  for  a  longw  period  than  for  twenty-one 

fears  after  tiie  death  of  the  settior,  or  during  oertun  minoritien 
AcodxdutiobI  ;  and  by  what  is  called  the  rule  against  pupetuitiee, 
no  property  can  be  settied  by  deed  or  will  so  as  to  be  inalienable  for 
more  than  a  life  or  lives  in  being,  and  twenty-(me  years  afterwards. 

Before  the  1  Viet  c  26,  wills  of  personal  estate  mi^t  even  be  nw^ 
oupative,  thai  ia  to  say,  mif^t  be  declared  the  testator  without 
writing  before  witnesses,  provided  they  were  made  in  conformi^  with 
the  directions  contained  in  the  Ifitii  section  of  the  Statute  of  Frauds 
(29  Car.  II.  c  8).  A  will  of  freeholdlands  of  inheritance  vras  required 
to  be  executed  in  the  manner  prescribed  by  the  5th  section  of  the 
Statute  of  Frauds,  which  required  it  to  be  signed  by  the  party  devising 
<a- by  some  other  penon  in  his  presence  and  by  his  express  direction, 
and  to  be  atteetea  and  subembed  in  the  preeenoe  of  the^deviaw  by 
three  or  more  credible  witeesses.  The  term  "  credible,"  which  gan 
rise  to  much  discussion  under  t^e  old  law,  is  omitted  in  the  1  Vict  & 
26,  tmd  it  is  enacted  in  the  1. 4th  section  that  no  will  is  to  be  void  on 
account  of  the  incompetency  of  any  attesting  witness.  By  the  15th 
section  gifts  to  attesting  vritneesee  or  their  wives  or  husbands  are 
declared  void.  This  is  an  extension  of  the  25  Geo.  II.  c.  26,  which 
related  only  to  wills  whidl  at  ^tat  time  required  the  attestation  of 
witnesses,  that  is  to  say,  to  wUIb  of  real  estate.  The  words  aa  to  wives 
or  husbaiids  are  new.  The  signature  of  the  testator  vres  not  required 
for  the  validity  of  a  will  of  personalty  or  of  oopyhokU,  whether  the 
instrument  was  in  his  own  hand-writing  or  in  that  of  another.  Bat  by 
the  9th  section  of  1  Vict,  e.  28,  no  vnll,  whether  of  real  or  pRsood 
estate,  is  to  be  valid  unless  it  be  in  writhig,  and  signed  at  the  foot  or 
end  \ij  the  teat&tor  or  by  some  pweon  in  his  presence  and  by  his 
direction ;  and  such  signature  must  be  mode  or  acknowledged  ly  the 
testator  in  the  presence  of  two  or  m<«re  witnesses  present  at  the  same 
time,  awi  such  witnesses  must  attest  and  subscribe  the  will  in  the 
presence  of  the  testator,  but  no  particular  form  of  attestation  is  neees- 
sary.  Section  10  «oaotl  that  all  appointments  mads  will  are  to  be 
executed  in  the  manner  above  prescribed,  and  are  to  be  valid  wh«i  so 
executed  notwithstanding  the  non-observance  of  any  other  ceremonies 
required  by  the  power  under  which  the  appointment  is  made.  By  the 
11th  and  12th  sections,  it  is  declared  that  the  act  is  not  to  a&ect  the 
wills  of  soldien  <hi  actual  servioe,  or  <^  mariners  at  sea,  vrttich  are  to 
mnain  aubjeot  to  ita  paztioular  proriaions  made  respscting  them  by 
the  II  Oea  IT.  and  1  will  lY.  o.  80.  Questitms  fimnarly  sross  aa  to 
what  was  a  puUication  of  a  vrill,  but  seotioa  18  of  I  Viot  c.  80  snaets 
that  no  other  publication  shall  be  requisite  than  execution  in  the 
manner  prescribed. 

It  is  the  rule  in  England,  that  a  vrill  of  lands  is  regulated  by  the 
law  of  the  country  in  which  the  lands  are.  The  plaoe  where  and  the 
language  in  whidi  such  a  will  is  written  are  unimportant :  the  loaality 
of  ue  buds  is  the  only  point  to  be  considered.  A  vrill  made  in  f^saoa 
and  written  in  VVenofa,  of  lands  in  Eogluid,  must  contain  expreesioDs 
whidl  when  truubtMl  into  English  vronld  properly  deeigoate  tbe 
lands  in  question,  and  must  be  executed  aooording  to  tbe  forms 
required  1^ tile  English  law.   Luds  in  Englsad  whiidi  bdongto  an 
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Engjiah  nibjeat  domicdled  abroad  and  dying  intestate,  will  descead 
according  to  the  English  l^w.  With  respect  to  personalty,  on  the 
other  hand,  in  cases  both  of  testacy  and  intestacy,  the  law  is  different. 
If  a  British  subject  becomes  domiciled  abroad,  the  law  of  his  domicile 
at  the  time  of  hu  death  is  the  rule  which  the  Engti^  courts  follow  in 
detenniuiag  the  validi^  of  his  will  and  administering  his  personal 
property  in  England,  and  vice  wrti  in  the  case  of  a  foreigner  dying 
doniciled  in  England.  Cases  sometimee  arise  in  which  it  is  difficult  to 
determine  what  was  the  domicile  at  the  time  of  the  dea^  of  the  party, 
and  consequently  what  rule  is  to  be  followed  in  tiie  distribution  of 
his  personal  estate.  If  an  Englishman  domiciled  abroad  has  real  pro- 
perty in  England,  he  ought  on  account  of  the  difference  of  the  doctrine 
with  respect  to  real  and  personal  property,  to  make  two  wills,  cne  duly 
executed  according  to  the  i^'giia*'  law  for  devisiDK  his  real  estate,  and 
another  framed  aocordingto  ue  bw  tA  his  domicue  for  the  diBpoMl  <rf 
lui  penonal  proper^. 

A  win  is  a  revocable  instrument  It  was  on  established  rule  of  law 
that  the  will  of  a  feme  tole  was  rcTolted  by  her  marriage,  but  marriage 
alone  was  not  considered  a  rerocation  of  the  will  of  a  man ;  thou^ 
marriage  and  the  birth  of  a  child,  whom  tiie  wilt  would  disinhent, 
conjointly  were  admitted  by  the  courts  to  have  that  ^ect,  on  the 
{Sound  that  these  circumstances  together  produ<»d  such  a  chtuige  in 
we  testator's  litua^n,  that  it  could  not  be  presumed  he  could  intend 
any  previous  dispoution  of  his  property  to  continue  unchanged.  By 
section  18  of  the  act  1  Vict.  c.  every  will  made  by  a  man  or  woman 
is  revoked  by  marriage,  except  a  will  made  in  exerdse  of  a  power  of 
appointment  when  the  real  or  personal  estate  thereby  appointed  would 
not,  in  default  of  appointment,  pass  to  the  heir,  personal  representative, 
or  next  of  kin  of  uie  i^pointor.  And  by  tiie  19th  secUon  no  wiH  ia 
to  be  considered  as  revoked  by  any  presumption  of  intention  on  the 
ground  of  an  alteration  in  ciroumstanoee.  ]^  the  20th  section  no 
will  or  codicil  is  revocable  except  as  above  mentioned,  or  by  another 
will  or  codicil  executed  in  the  manner  required  by  the  act,  or  by  a 
writing  declaring  an  intention  to  revoke,  executed  in  the  same  manner, 
or  by  burning,  tearing,  or  otherwise  destroying  tihe  will  by  the  testator 
himself,  or  hj  some  other  person  in  his  presence,  and  by  his  direction, 
with  intent  to  revoke.  By  the  21  st  section  no  obliteraUon,  interlinea- 
tion, or  other  alteration  made  in  any  will  after  execution  is  to  have  any 
effect,  except  in  so  &r  as  the  words  or  effect  of  the  vdll  previous  to  the 
alteration  cannot  be  made  out,  unless  the  alteiation  be  execated  as  a 
will,  such  execution  to  be  in  the  maigin  opposite  or  near  to  the  altera- 
tion, or  to  a  menkorandum  referring  to  the  alteration.  By  the  Statute 
of  Frauds  witnesaea  to  a  will  were  required  to  sign  in  the  testator's 
presence,  but  It  was  not  necessary  that  he  should  sign  in  their  presence, 
whereas  by  section  S  of  that  act,  a  mere  revocation  in  writmg  must 
have  been  signed  by  the  testator  in  presence  of  the  witnesaeo,  but  they 
were  not  required  to  sign  in  his  presence.  This  inconsistency  is  now 
removed.  The  Slst  section  alters  the  law  as  to  the  effect  of  obliteiu- 
tioDS  where  the  words  remain  legiUe,  and  of  cancellation  by  drawing 
lines  aoron  the  whole  or  any  part  of  tiie  wiU.  These  acta  will  now  be 
of  no  effect  .unless  properly  executed  and  attrated.  By  the  23rd  section 
no  conveyance  or  other  act  made  or  done  subsequently  to  the  execution 
of  a  will  of  real  or  personal  estate,  except  an  act  of  revocation,  is  to 
prevent  the  operation  of  the  will  upon  such  estate  or  interest  as  the 
testator  has  power  to  dispose  of  at  tne  time  of  his  death  :  and  by  the 
24th  section  every  will  is  to  be  construed  with  reference  to  the  real 
•nd  penonal  estate  oomjoiaed  fai  so  aa  to  take  effect  as  if  it  had  been 
executed  immediately  before  the  death  of  the  testator,  nnleea  a  con- 
trary intention  appear  on  the  wilL 

_  Republication  of  a  will  is  in  fact  a  re-execntiou  of  i^  being  a  repeti- 
tion of  the  ceremonies  required  for  its  original  validity :  before  the  act 
1  Vict.  c.  26,  a  devise  of  lands  could  only  be  republished  by  signature 
and  attestation  by  three  witnesses,  while  with  respect  to  copyholds  and 
penonal^  a  will  might  be  republished  without  any  fmnal  exeootion, 
and  even  by  the  mere  parol  acta  and  declarations  of  the  testator. 

The  22nd  section  of  the  act  provides  that  no  will  or  codicil,  or  any 
pert  thereof,  wfaidi  shall  have  been  in  any  manner  revoked,  shall  be 
revived  otherwise  tlian  by  the  re-execution  thereof,  or  by  a  codicil 
executed  in  manner  required  by  the  act,  and  showing  an  intention  to 
revive  the  same ;  and  when  any  will  or  codicil  which  shall  be  partly 
and  afterwards  wholly  revoked,  shall  be  rerivecU  the  revival  ia  not  to 
extend  to  such  parts  as  had  been  revoked  before  the  revocati<m 
of  the  whole,  unless  a  contrary  intention  appear.  Under  the  old 
law,  if  a  second  will  or  codicil  which  revoked  a  former  will  was 
afterwards  cancelled,  the  first,  if  it  had  been  kept  undestroyed,  was 
held  to  be  revived.  It  had  previously  been  determined  (4  Ves.,  610) 
that  a  subsequent  codicil,  merely  for  a  particular  porpoee  and  con- 
firming the  will  in  other  respectSj  did  not  amotmt  to  a  republication  of 
parts  m  the  will  revoked  by  a  former  oodicU.  ^lis  section  extends 
the  doctrine  to  the  oose  whrae  a  will  had  been  first  partially  and  after* 
vards  wholly  revoked. 

Estates  or  interests  in  proper^  created  by  way  of  executory  devise 
or  bequest,  that  is  to  say,  such  as  are  made  expectant  on  the  determi- 
nation of  prior  estates  in  Ute  same  property,  may  be,  like  estatee 
created  by  way  of  remainder  in  a  deed,  ^ther  vested  or  contingent. 
So  far  aa  dqienda  upon  the  nature  of  the  lunitationa  thenualvM,  the 
aame  rules  are  in  general  applicable  to  executory  devises  or  bequests  as 
toremainden;  bat  tflstamentaty  inatrumcData  an  not  oonstnud  nith 


the  same  striotoess  as  deeds,  and  in  determining  the  question  of  vesting 
or  contingency,  nmay  eonaidOTatums,  depending  on  expressions  in  the 
will  or  other  circumstapoea  appearing  upon  the  face  oi^an  admitted 
as  affording  imsumpti<HiB  of  the  httention  of  the  testator.  It  ia  im- 
possible here  to  give  any  enumerati<m  of  tiie  nnmeroaa  rales  whidi 
nave  been  laid  down  on  this  subject,  and  which  are  of  ooune  habl*  to 
be  modified  according  to  tiie  circumstances  of  eadx  portibular  csae.  It 
may  however  be  observed  generally  that  when  a  future  gift  is  preceded 
by  a  gift  of  the  immediate  interest^  it  is  to  be  preanmed  that  the  Mnoy>- 
ment  only  is  post^ned,  and  that  the  futore  ^  ia  vested  in  intareal; 
whereas  when  there  is  no  gift  of  the  immediate  interest  the  OMtnir 
presumption  obtamg :  and  a^in,  that  when  the  enjoyment  of  a  gift  b 
poBtfMmed,  not  on  account  m  drcumstanoea  personal  to  the  object  of 
the  gift,  bat  with  a  view  to  the  circumstanoea  of  the  eatate,  the  gift  b 
to  be.preaumed  veated.  With  respect  to  peenniary  Iwadee,  some  die- 
tinctiona,  borrovred  from  the  dvil  law,  are  aihnitted  whic^  have  no 
idace  as  to  real  estate.  One  of  thMe  distinctions  ia  that  where  fntari^ 
h  annexed  to  the  nbitance  of  the  gift,  the  vesting  ia  in  ttie  mean  time 
suspended :  but  where  the  time  ^  payment  only  is  future,  the  legacy 
'Ksts  immediately.  If  however  the  only  gift  is  contained  in  the  direc- 
tion to  pay,  this  case  is  to  be  regarded  as  one  in  yihltAx  time  is  annexed 
to  the  substance  of  the  gift  When  a  futore  gift  of  a  principal  sum  ia 
coupled  with  a  gift  of  the  interest  in  the  mean  time,  a  atrong  jveaump- 
tion  exists  in  favour  of  resting.  It  ia  generally  eouidered  that  a  veiy 
clear  expresrion  of  intention  most  exist  in  order  to  postpone  the  Tast- 
ing of  residuary  bequests,  on  the  ground  that  intestacy  may  often  be 
the  consequence  of  holdii^  them  to  be  oontingent 

Great  changes  have  been  introduced  in  thelaw,  aa  to  tiie  interpi«t». 
tion  of  wiUa  by  the  above-mentioned  S4th  section  of  the  act,  which 
dedana  that  mis  are  to  be  construed  to  speak  aa  if  they  were  executed 
immediately  before  the  death  of  tiie  testator,  and  by  um  nx  following 
clauses,  ^e  2Sth  section  enacts  that,  imless  a  contrary  intantttn 
appear  on  the  wiU,  a  residuary  devise  shall  include  all  estates  com- 
prised  in  lapsed  and  void  devises.  This  atters  the  former  law,  wheret^ 
such  estates  devolved  on  the  heir.  The  26^  clause  enacta  that  a 
genaial  devise  of  the  testator's  lands  shall  indode  copyhold  and  kue- 
hdd  as  wen  as  froeboH  lands,  unlses  a  oontrary  intenti<«  appear. 
This  also  effects  a  considerable  alteration  In  the  law  of  devises. 
Formerly  neither  copyholds  (unless  surrendered  to  tite  nse  of  the  will) 
nor  leaseholds  would  pass  by  a  general  devise  of  lands  or  other  general 
words  descriptive  of  real  estate,  unless  the  testator  had  no  freehold 
lands  on  wiueh.  the  devise  mig^t  operate.  Since  the  statute  of  the 
55  Qeot.  in.  e.  192,  which  dispenses  with  the  necesrity  of  surrenders 
in  certain  caow^  ec^hokls  stood  u|ksi  nearly  the  nune  footing  as  free- 
holds, in  respect  to  a  general  devus;  but  leaseholds  still  continnad 
subject  to  the  old  rule  of  law.  By  the  S7th  section,  uideos  a  contraiy 
intention  appear,  a  general  devise  of  real  eatate  and  a  general  bequest 
of  personal  estate  are  respectively  to  include  estates  and  prqwrty  aver 
whudi  the  testator  has  a  geasral  power  of  appointeient  It  was  never 
considered  neoeemiy  in  Uie  execution  of  a  povrer  of  wipi^nting  real 
estate,  whether  general  or  special,  to  refer  expressly  to  we'  power.  It 
was  sufficient  if  the  intention  to  exercise  it  appeared  from  a  description 
of  the  property  in  the  will  or  1^  other  means.  It  the  testator  had  no 
other  knds  which  answered  the  description,  a  general  devise  would 
have  been  a  good  execution  of  the  power;  but  it  was  otherwise  if  he 
had  any  other  famda  which  would  aatia^y  tiie  terms  of  the  deviae.  The 
enactment  ap^ies  only  when  the  testator  has  a  general  power  of  ap- 


pc^tment  ^ere  the  power  Is  Bnuted  or  special,  it  ifirmis  that  m 
old  rule  of  construction  wiU  still  hold.  As  to  pemmal  piupeitj  the 
role  was,  that  there  must  be  some  letBrraee  to  tiie  power,  on  the 
somewhat  unsatisfactory  ground  that  as  any  person  most  be  supposed 
poesessed  of  some  personalty,  there  was  enough  to  make  a  general 
bequest  operative  without  reference  to  the  proper^  eomptiaed  in  the 
power.  With  reqMot  to  devnea,  tt  asema  that  the  old  rule  must  atiU 
prevail  whsre  the  power  is  specU  or  limited.  &y  the  28tit  section  a 
devise  of  real  estate  without  words  (rf  fimitaticn  is,  nnleas  a  contrary 
intenti<Hi  appear  by  the  will,  to  be  ocmstraed  to  pass  tiie  fee.  This 
clause  introduces  a  ver^  etninulerable  alteration  of  the  old  law,  under 
which,  in  accordance  with  the  doctrine  that  the  hdr  was  not  to  be  dis- 
inherited hv  implication,  it  was  settled  that  a  devise  of  luda  irttiiont 
words  of  limitation  confored  on  tiie  deriaee  an  estate  tor  life  only, 
notwitiistaiidicig  the  appeanuoe  of  a  ocmtrary  intention  in  other  parte 
ot  the  wHL  The  29th  eection  enacts,  tint  in  any  devise  or  bequest  of 
real  or  peiBona]  estate  the  words  "  die  without  issue,**  "  die  withont 
leaving  usue,"  or  "  have  no  issue,"  or  any  other  words  of  tiie  Uke  im- 
port)  snail  be  construed  to  mean  a  want  or  failure  of  issue  at  the  time 
of  the  death,  and  not  an  indefinite  failure  of  issue,  unless  a  contrary 
intention  appear;  except  in  easea  where  tndi  words  mean,  if  no  iaBue 
described  in  a  preceding  fdtt  shall  b«  bom,  or  if  there  shall  be  no  issue 
who  shall  Hve  to  attain  ute  age  or  otherwise  answer  tiie  descriptitRi 
required  fer  obtaining  a  vested  estate  by  a  preceding  gift  to  such  issue. 
Under  the  old  law,  when  a  testator  gave  an  estate  to  A  and  his  hein, 
and  directed  l^t  if  A  ^ed  without  inue  it  should  go  to  B,  though 
his  meaning  in  most  cases  ma  that  B  should  hare  H  unless  A  had  issue 
fivii^  at  the  time  of  Iiia  death,  the  word  "  iaane  '  waa  held  to  comrniaa 
desocndaats  of  every  degree  existing  at  any  dtstanoe  <A  time,  and  tin 
oonaeqnenee  vras,  taut  wliare  the  aubjeot  of  tin  devise  waa  real  estate 
A  todt  an  ertate  tail  and  acquired  the  abidate  dominion  ovar  tiie  pto* 
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perty,  And  where  it  was  penKnulty  the  ulterior  dispoBition  to  B  wa» 
void  for  remotenesa.  ■  , 

By  the  30th  section  every  devise  of  real  estate  (not  being  a  right  of 
presentation  to  a  church)  to  a  trustee  or  executor  is  to  be  construed  to 
pass  a  fee  simple,  unless  where  a  definite  term  of  years  or  on  estate  of 
freehold  less  than  the  fee  simple  is  ezprasBly  given  to  him.  And  by 
the  81st  seotion  trustees  under  ui  unlimited  devise  to  them,  when  the 
trust  may  endure  beyaoA  life  of  a  pereon  ben^ially  entitled  for 
life,  are  to  take  the  fee.  When  the  limitation  in  a  will  was  made  to  a 
trustee  by  way  of  use,  he  took  the  legal  estate  by  the  operation  of  the 
Statute  of  Usee,  without  reference  to  the  nature  of  the  trust.  But  in 
other  cases  the  question  was  determined  by  the  intention  of  the  testator, 
aa  collected  from  the  nature  of  tiie  trust;  and  Uie  trustee  was  considered 
totake  only  tiiat  quontily  ot  eetate  wUoh  the  ezigenciee  of  the  trust 
required.  Such  a  rule  of  crautavotion  was  obviously  of  very  difficult 
operation,  and  it  was  often  not  easy  to  determine  in  whom  the  fee  was 
vested  at  any  given  period,  and  therefore  who  vrere  the  proper  parties 
to  deal  with  Uie  property  and  to  join  in  a  oonveyanoe  of  It,  The 
enactments  contained  m  the  two  last- mentioned  aectiona  will  in  a  great 
measure  remei^  Uus  inoonTeniencei 

It  iollowfl  from  the  nature  of  vilk  that  the  devises  and  bequests 
contained  in  them  are  1hjt>le  to  failure  from  the  death  of  the  devisee 
or  legatee  before  the  testator.  This  is  called  the  doctrine  of  lapse.  It 
applies  equally  to  devises  of  real  estate  and  to  bequests  of  personalty. 
It  is  a  general  rule  that  words  of  limitation  to  heirs  or  executors 
superadded  to  a  gift  have  no  effect  in  preventing  lapse  in  case  of  the 
devisee  or  legatee  dying  before  the  testator,  for  they  are  crauudered 
not  as  words  of ^ft,  but  merely  as  indicating  the  l^d  devolution  of 
the  property.  When  the  gift  is  to  several  persons  as  joint  tenants, 
imless  all  the  objects  die  before  the  testator,  there  can  be  no  lapse; 
for  as  joint-tenants  are  each  takers  of  the  whole,  anv  one  existing  at 
the  death  of  the  testator  will  be  eoMUed  to  the  whole.  The  same  is 
the  case  where  the  gift  is  to  a  olaes,  unleea  where  the  individuals  of 
the  class  were  ascertained  before  the  lapse.  Two  chaogea  have  been 
introduced  into  the  law  of  lapse  by  the  new  act  The  S2nd  section 
enacts  that  devises  of  estates  tail  shall  not  l^we,  hut  that  where  the 
devisee  in  tail  dies  during  the  life-time  of  the  testator,  leaving  issue, 
the  devise  shall  take  effect  as  if  he  had  died  immediately  after  Uie 
testator,  xmleas  a  contiary  intention  f^^>ear  by  the  will :  and,  by  the 
88rd  section,  gifts  to  diildrra  or  other  issue  who  shall  die  before  the 
testator,  having  iasoe  living  at  the  testator's  death  are  not  to  lapse, 
but,  if  no  contrary  intention  appear  by  the  will,  are  to  take  effect  as  If 
the  persons  had  died  immediately  after  the  testator.  As  a  will  of 
personalty  operated  upon  all  the  [ooperty  of  that  kind  belonging  to 
the  testator  at  the  time  of  his  decease,  there  could  obviously  be  no 
intestaoy  with  regard  to  anypart  of  the  personal  estate  while  there  was 
a  valid  reaiduaiy  bequest,  Ijie  same  is  now  tme  of  wiUs  of  real  estate 
in  whidi  there  is  a  valid  renduaiy  devise,  so  that  there  is  no  longer 
room  for  many  of  the  questions  th^  arose  as  to  whether  the  residuary 
devisee  took  beneficially  or  as  a  trustee,  and  as  to  the  devolution  A 
real  estate  directed  to  be  sold. 

If  an  ambiguity  exists  on  the  foce  of  a  will,  or,  as  it  is  technically 
termed,  is  patent  parol  evidence  cannot  be  admitted  to  remove  it, 
because  to  admit  evidence  to  explain  what  the  will  has  left  uncertain 
would  be  in  efibct  to  make  a  new  vrill  by  paroL  If  Has  ambiguity  is 
not  apparent  on  the  face  of  the  vrill,  but  ariaea  from  oiroumstancee 
diBcl<»ed  when  an  attempt  is  made  to  carry  the  will  into  efibot,  it  may 
be  removed  by  evidence  of  the  same  nature. 

(Jarman,  On  WUU,  and  Jannan  and  Sweet's  Nottt  to  ByHuwood's 
Pncedentt,  Willa.) 

WILL.  ijScotlemd.)  The  rig^t  of  bequest  in  Sootland  la  confined  to 
moveaUe  or  penonal  property.  It  does  not  extend  to  heritable  or  real 
property— which  comprehends  lands  and  tenements,  fixtures,  those  ap- 
purtenances of  afamily  nianMon  (sudi  aa  the  pictures, pIMe,aadlibtHry) 
which  are  called  "  heirship  moveables,"  the  machinety  in  mines  and 
manufactories,  the  stock  on  farms,  and  every  description  of  security  or 
other  right  over  any  of  these  kinds  of  property.  Settlements  maj  be 
made  of  heritable  properly  in  the  mapner  which  will  be  described 
below,  but  it  is  a  principle  of  the  greatest  importance,  and  one  the 
neglect  of  which  is  often  productive  oi  the  most  serious  consequences, 
hat  no  such  settlement  can  be  made  in  the  form  ot  a  will.  All  pereons 
of  sound  mind  above  the  age  of  puberty  (fourteen  in  males,  and 
twelve  in  females)  may  execute  wills ;  and  persons  under  guardianship, 
as  wives  and  minors  who  have  curators,  may  do  so  without  the  consent 
of  their  guardians.  The  wiU  of  a  bastard  was  formwly  inefifectuil,  and 
the  moveable  goods  of  such  a  peiwm,l&paing  to  the  crown  on  his  death, 
were  distributed  by  a  gift  in  exchequer;  but  this  peouliarity  was 
abolished  by  6  &  7  WilL  IV.  a  22.  A  verbal  or  "  nuncupative  *  vrill, 
if  uttered  in  the  presence  of  two  witnesses  who  bear  testimony  to  it, 
is  valid  to  the  extent  of  a  hundred  pounds  Scots,  or  8/.  6j:  8d.  sterling. 
A  vrill,  sufficiently  formal  in  all  points  to  prove  its  terms  and  its 
"mst  be  executed  in  the  presence  of  iritnessea  and  attested, 
when  the  will  is  holograph,  or  written  by  the  granter  himself,  it 
does  not  requtto  to  be  attested.  If  the  party  cannot  write,  he  can 
execute  a  will  threugh  a  notary,  who  receives  authority  in  presence  of 
two  aubsoribing  witnesses  to  sign  for  the  testator,  and  describes  the 
transaction  in  his  notarial  docquet.  A  clergyman  of  the  Established 
Church  of  Sootiaod  may  aot  asa  notary  for  the  "igwing  of  a  will.  It 


is  usual  to  nominate  an  executor  of  Uie  will,  but  it  is  not  essential  to 
do  so ;  and  if  there  be  no  one  named,  an  executor  is  supplied  by  opera- 
tion of  law,  Willa  executed  by  persons  domiciled  out  of  Scot^ad,  if 
they  be  acooiding  to  the  form  which  would  carry  such  pn^erty  in  the 
place  where  they  were  executed,  will  be  effoctusl  to  convey  moveable 
property  in  Sotmsnd ;  but  no  will,  whatever  be  the  law  m  the  place 
where  it  is  made,  can  dispose  of  heritable  propo^  in  Scotland.  The 
last  dated  will  is  the  effectual  one,  and  all  others  are  oonaidered  as 
revoked  by  it  in  so  far  as  they  are  inconsistent  with  it. 

The  peculiar  feature  of  the  law  of  Bcotland  out  of  which  arises  the 
circumstance  that  heritable  or  real  property  cannot  be  bequeathed  ia, 
that  no  deed  oonv^liiigsuch  property  is  effectual  unless  it  Be  ei^ressed 
in  what  are  called  "dispositive  terms,"  or  terms  making  over  the  pto- 
perly  at  the  moment  of  the  signing  of  the  deed.  The  peculiarity 
arose  during  the  time  when  the  holder  tA  a  fief*  could  not  i»rt  vrith  it 
to  another  person,  unless  that  person  vrere  accepted  as  a  vassal  by  the 
feudal  superior.  But  to  accomplish  the  purposes  of  a  virtual  bequest, 
the  party  grants  a  convCTance,  reserving  power  to  alter,  and  dispenses 
with  delivery  of  the  deed.  The  fcnrnaUtieB  necesssnr  to  the  enoution 
of  vrills  carrying  moveableB  are  necessary  to  settlements  conveying 
heritable  property,  but  vrith  this  difference,  that  in  the  settlement  of 
heritable  property,  if  the  party  cannot  write,  the  deed  must  be 
executed  by  two  notaries  before  four  witnesses ;  and  in  this  case  & 
clergyman  cannot  act  as  notary. 

So  settlement  of  heritable  property  to  theraejudioe  at  the  heir-at- 
law  can  be  vaUdly  granted  on  a  death-bed.  Three  elements  are  neces- 
sary to -constitute  the  leg^  uception  of  death-bed:  Ist,  that  the 
granber  was  ill  of  the  disease  of  which  he  died  when  he  granted  the 
deed;  2nd,  that  he  died  within  sixty  days  after  executing  it;  and, 
8rd,  that  ~  he  did  not  go  to  chureh,  or  to  a  market,  unsupported, 
during  the  sixty  days. 

WILL,  BOMAH.  A  lUonan  will— called  Teetamsntum,  was  d^ned 
by  tiie  jurists  of  In^teiial  period  to  be  "a  1^1  mode  of  a  man's 
declazing  his  intention  in  due  form,  to  take  eSfeot  after  his  death." 

The  power  of  making  a  Roman  teetoment  only  belonged  to  Roman 
dtizens  who  were  sui  juris,  a  rule  which  excluded  a  gnat  number  of 
persons :  those  who  were  in  the  power  of  another,  as  sons  not 
emancipated,  and  daughten ;  impuberes ;  dumb  persons,  deaf  persons, 
insane  persons,  and  others;  and,  as  a  general  rule,  all  women.  The 
cireumstances  under  which  a  woman  could  make  a  will  were  peculiar ; 
and  th^  irould  require  a  very  particular  statement.  A  mue  of  the 
age  of  fourteen  years  complete,  unless  under  some  spedal  incapacity, 
oould  make  a  valid  will  A  female,  so  far  aa  respected  only, 
acquired  this  capacity  on  the  completion  of  her  twelfth  year. 

Originally  Roman  citizens  made  tiieir  wills  at  Calata  Comitia,  which 
were  held  twice  a  year  for  tUs  pui^wae.  It  is  not  said  that  these 
wills  were  made  in  vrriting ;  and  it  is  here  assumed  that  they  were 
made  at  the  Calata  C<nidtia  <nily  for  the  puipoee  oi  seeotii^  the 
propw  evidence  of  the  testator's  intention.  If  a  man  died  in  the 
intwval  between  two  such  Comitia  without  having  mode  ids  will,  be 
must  have  died  intestate.  But  wills  could  also  be  made  in  Frocincta, 
that  is,  by  a  soldier  under  arms  and  in  presence  of  the  enemy. 
Another  mode  of  testamentary  disposition  was  introduced^  appar«i^ 
f or  tiie  purpoee ot pevenlang  inteatacy.  llamaa,wa^  Gains  (iL  102), 
had  neither  made  his  will  at  the  Calite  Comitia  nor  in  Frocinctu,  siUl 
was  threatened  with  sudden  death,  he  tnuuferred,  \n  the  f<am  of 
mancipatio,  his  funilia^  that  is,  his  patrimonitun,  to  a  friend,  and  told 
him  woat  to  give  to  eai^  penwn  after  his  death :  this  vras  called  the 
testamentum  per  ees  et  Hbram,  because  the  transfer  was  effected  by 
mancipatio.  Thus  it  spears  that  the  testamentum  per  tee  et  libram 
was  a  formal  transfer  of  the  pnqperty  during  the  lifetmu  of  the  owner 
to  a  person  who  undertook  to  dispose  of  it  as  he  was  directed.  As  it 
was  a  substitute  for  the  testament  made  at  the  Calata  Ccnnitia,  it  is  • 
probable  inference  that  it  only  differed  from  the  testament  made  at 
the  Comitia  in  wanting  that  publicity.  The  two  old  forms  of  testa- 
mentaiy  disporition,  adds  Qaius,  fell  into  disuse,  and  that  per  tea  et 
libram  became  the  common  form.  Originally  tho  fomud  purchaser  of 
the  teatsitOT's  estate  (familiie  emptor)  occupied  the  place  «  the  heres 
at  a  later  time;  when  Chuus  wrote,  and  long  before  his  time,  the  old 
form  of  testamentary  disporition  wasrotuned  aa  to  the  familite  emptor, 
but  a  heres  was  appmnted  by  the  will  to  carry  into  effect  the  testKtmr'a 
intention.  The  xoimal  puraiaBer  was  only  retained  out  of  r^;ard  to 
ancient  custom,  and  the  initituticHi  of  a  hares  became  neoeswy  to  the 
vaUdity  of  a  will. 

The  form  of  testamentary  tnuu&r  per  sbb  et  librua  is  daeoribed  by 
Qaius  (ii.  104).  Written  wills,  as  already  obserred,  were  not 
neoe8^ry,for  neithra  mancipation  nor  the  institutiw  of  a  heres  require 
a  writing.  But  written  wills  were  the  common  form  during  the  later 
republican  and  the  imperial  period.  WiUs  were  written  on  tablets  of 
wood  or  wax ;  hence  the  word  "  oera  "  (wax)  is  often  used  as  equiva- 
lent to  tabula.  A  Roman  vrill  was  requhwl  to  be  in  the  Latin 
language  ontU  aj>.  480,  when  it  was  enacted  that  wills  might  be 
written  in  Greek.  A  Bnnan  will  in  the  later  periods  was  sealed  and 
rigned  by  the  vritnesses.  The  sealbg  oonsisted  in  making  a  mark  with 
a  ring  or  something  else  on  the  wax,  and  the  names  vten  added.  The 
seals  and  names  were  on  the  outside,  for,  according  to  the  old  law, 
there  was  no  occasion  for  the  vritnesses  to  know  the  contents  of  the 
vriU.  The  old  practice  was  for  the  testator  to  show  the  mil  to  the 
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wiinessea,  and  to  call  on  them  to  witness  that  what  he  bo  presented  to 
them  was  his  -will.  It  was  not  luiuaual  for  a  man  to  make  seveiul 
copies  of  his  will,  and  to  depoaii  them  in  some  safe  keepiiiK.  At  the 
opening  of  the  will  the  witoessee  or  the  greater  part,  if  aJiTe  and  on 
the  spot,  were  present,  and  after  acknowledging  their  signatures  the 
will  was  opened. 

It  has  been  mentioned  that,  in  order  to  make  a  Roman  will  vahd,  it 
must  apjxunt  or  institute  a  heres.  The  herea  was  a  person  who  repre- 
sented the  testator,  and  who  paid  the  l^;iiciee  which  were  left  by  the 
wilL  He  stood  in  the  plaoe  of  tihe  familin  emptor,  or  formal  purchaser 
of  the  property  in  the  old  form  of  w3L  A  hens  might  be  appointed 
in  such  words  as  follow :—"  Titioa  heres  eeto"  ("letTitius  be  m; 
herea"),  or  "Titium  heredem  ease  jubeo"  ("I  will  Titius  to  be  my 
heres  ").  Generally,  all  Roman  citizens  who  could  make  a  will  oould 
be  herodes ;  but  persons  could  be  heredea  who  could  not  make  a  will  — 
slaves,  for  instance,  and  others  who  were  not  aui  juris. 

Fraud  in  the  ease  of  wills  and  oHisc  instrummts  iras  ptmishsd  ^7 
severe  penalties  onder  a  Lex  Cornelia. 

The  development  of  the  Ediotal  or  Pnotorian  law  at  B<Hne  intro- 
duced a  lees  formal  kind  of  will  If  Uiere  were  seven  pn^wr  witnesses 
and  aeven  aeala,  and  if  the  testator  had  the  power  of  di^oedtion  both 
at  the  time  of  muking  his  will  and  at  the  time  of  his  death,  the  edict 
dispmsed  with  the  ceremony  of  mancipation  and  gave  to  the  hares  or 
herades  the  bonorum  posseaaio.  This  mode  of  testamentary  disposition 
existed  under  the  Bmiublio,  and,  accordingly,  a  man  oooM  either  make 
his  will  by  the  avll  form  of  maocipatio,  or  he  might  nudES  It  after  the 
pnotorian  foim,  wiUi  aeven  seals  and  seven  witaesse^  without  any 
maucipatio.  The  form  of  testamentary  disposition  by  manoipatio  was 
ultimately  superseded  by  the  more  convenient  |)ra}torian  form.  The 
legislation  of  Justinian  required  several  male  witnesses  of  proper  age 
and  due  le«l  eapaoi^ ;  siul  it  waa  snffid«nt  if  the  testator  oedlared 
bis  wiD  onuly  before  these  witneaaes. 

A  Roman  will,  as  already  obaerved,  was  valid  if  the  testator  had  a 
disposing  power  at  the  time  of  making  his  will  and  at  the  time  of  his 
death.  It  follows  that  his  will,  though  made  at  any  time  before  his 
death,  was  sufficient  to  dispose  of  all  the  property  that  he  had  at  the 
time  of  his  death.  In  order  to  render  a  Roman  will  valid,  it  was 
neeeaasiy  that  the  heredea  aui  of  a  nun  (his  sons  and  daughters  were 
in  the  class  of  faeredss  sm)  should  either  be  appointed  heredes  or 
should  be  expressly  excluded  from  the  inheritance.  A  will  which  was 
illegal  at  the  time  of  being  made  was  testamentum  injustum :  that  is, 
"  non  jure  &otum  "  (not  made  in  due  legal  form).  A  will  which  was 
jostum  might  become  invalid  j  it  mig^  became  ruptom  (brdEoa)  or 
initum  (ineOectual). 

A  Beeaad  will  duly  (jure)  made  rendnsd  a  former  wHl  invalid 
(ruptum)  ;  and  K  was  immaterial  whether  the  seocmd  will  took  effoct 
or  not.  If  it  was  duly  made,  it  rendered  a  former  will  of  no  eflbot,  tod 
the  testfttor  died  intestate. 

If  a  testator  sustained  a  capitis  diminutio  alter  making  his  will, — 
that  is,  if  he  lost  any  port  of  his  status  of  a  Roman  citixen  which  was 
essential  to  give  hhn  a  full  testamentary  power,— the  will  became 
initinn(ine£bctual).  A  |Mrior  will  might  become  ruptum  by  the  making 
of  a  subsequent  will ;  and  snoh  subsequent  will  might  become  irritum 
in  various  ways ;  for  instancy  if  there  was  no  herea  to  take  under  the 
second  will. 

Though  a  wiU  had  become  rupttmi  or  irritum,  and  consequently  lost 
all  its  effect  by  the  Jus  Civile,  it  might  not  be  entirely  witiiout  effect. 
The  Bonorum  Posseesio  might  be  granted  by  the  Pnetorian  law,  if  the 
will  was  attested  by  seven  witnesses,  and  if  'axo  testator  had  a  ^ifnaitig 
power,  though  the  pn^>er  forms  required  by  the  Jus  CivUe  had  not 
been  observed. 

The  rule  of  Roman  law  which  required  heredes  mi  to  be  expressly 
exheredated  applied  to  posthumous  childnoi.  If  a  suus  heres  was  bom 
after  the  making  of  the  will,  and  was  not  recognised  as  heres  or  exhere- 
dated in  due  fcom,  the  will  became  ruptum.  This  rule  of  law  was  thus 
expressed :  "  adgnaaoendo  rumpitur  testamentum."  There  were  also 
cases  in  which  a  will  mi^t  become  ruptum  by  a  quasiadgnatio. 

A  testament  waa  called  InoSBciosum  when  it  was  made  in  due  legal 
form,  but  not "  ex  officio  pietatis."  Thus,  when  a  man  did  not  give 
the  hereditas,  or  a  portion  of  it,  to  his  own  children  or  to  others  who 
were  in  a  near  relation  to  him;  and  when  there  was  no  sufficient 
reason  for  passing  tiiem  by,  the  person  so  injured  mig^t  have  an  action, 
called  Inofflciosi  Quer^  The  persons  who  ooold  nMintain  this  aetion 
were  particularly  defined  by  the  legislatioi  of  Justinian.  U  the  testa- 
mentum waa  declared  by  the  oompeteni  anthtniiies  to  be  iBotfioiosinn, 
it  waa  rescinded  to  the  amount  of  one-lourth  ot  the  hereditas,  vhidi 
was  distributed  among  the  (jaimants. 

The  ground  of  tiie  Inofficioei  Querela  is  explained  hj  Savigny. 
('  System  dee  Heutiges  Rom.  Beohta,'  iL  127,  Ac.)  Whan  the  testator 
in  his  will  paased  by  peaons  who  were  his  nesnst  kin,itwasiBesumed 
that  Bubh  persons  had  merited  the  testator's  disai^robaticsi.  If  this 
was  not  so,  it  waa  considered  that  the  testator  had  by  Ids  will  done 
them  a  wrong,  and  the  object  of  the  action  was  to  get  redress  by 
setting  the  will  aside.  The  main  object,  however,  was  the  establitJi- 
ment  of  the  complainant's  character,  to  which  the  obtaining  of  part  of 
the  testator's  property  was  a  subsidiary  means.  The  expression  Testa- 
mentum  Inofifioiasum  occurs  in  Cfoero  and  in  Qnintilianj  bat  it  is  not 
known  iriim  liis  Inottdod  QuereU  was  inferodueed. 


A  Roman  codicil  (Codicili,  for  the  word  is  not  uaod  in  the  singular 
number  till  a  late  period  under  the  Empire)  was  a  testameutaiy  dispo- 
sition, but  it  had  not  the  full  effbct  of  a  wilL  Co<^cils  were.  In  &et, 
useless  unless  there  was  a  will  prior  or  subsequent,  which  oonfiimed 
them  either  retrospectively  or  prospectively.  (Qaiua,  iL270;  'Dig./ 
29,  7,  8.) 

The  subject  of  Roman  wills  is  of  great  extent,  and  it  involves  ques- 
tions  of  considerable  difficulty.  The  principd  authorities  have  been 
mentioned  in  this  article,  to  which  may  be  added  Ulinan, '  Fragmenta,' 
tit  20 ;  '  Dig.,'  28,  tit.  1,  4a ;  29,  tit  1,  ^ ;  •  Cod.,*Ttit 

WILLOW,  ECONOMICAL  USES  OF  THE.  The  willow  is  applied 
to  a  veiy  large  number  of  useful  purooses.  The  vAite  npllow,  the  wetping 
willow,  and  the  otter  willow,  may  be  regarded  as  the  types  of  three 
great  classes,  marking  out  three  different  kinds  of  applications.  Taking 
them  one  with  another,  almMt  every  part  of  the  plant,  in  each  of  the 
three  classes,  is  made  available.  The  leaves  of  the  growing  tree  furnish 
food  for  insects;  the  flowers  for  the  hon^-bee;  the  young  leaves  and 
shoota  for  cattle,  horses,  and  goat&  Soinetimes  they  are  dried  and 
stored  for  tills  last-named  purpose.  In  the  north  of  Europe  the 
inner  bark  is  dried,  ground,  and  mixed  with  oatmeal  for  peasants*  food 
in  years  of  scarcity.  Willow  twigs  are  much  used  in  rude  states  of 
society  for  bridles,  boat-cables,  fishing-tackle,  and  various  household 
implements.  The  bark  of  the  young  idioota  is  woven  the  Russians 
for  the  uTO)er  parts  of  their  shoes;  while  ths  outer  hoik  serves  for  the 
soles.  The  outer  baik  as  a  material,  and  strips  of  the  inner  bark  as  a 
listening,  are  much  used  for  making  baskets  and  boxes,  and  roofing 
houses.  The  bark,  when  steeped  in  water,  may  easily  be  stripped  into 
fibres,  and  spun  to  make  thread  for  doth.  The  bark  also  yields  a  block 
dye,ortanningingredient,andam6dicinalagent  Thewoodof thewillow 
is  applied  to  many  useful  purposes.  The  timber  of  the  larger  trees  ia 
soft,  smooth,  and  light  Its  lightness  led  to  its  employment  by  the 
onciento  in  making  shields.  It  has  qualities  which  render  it  fitted 
to  be  used  in  maJdng  cutting  boards  for  tulors  and  shoemakers; 
shupening  boards  for  fine  steel  instruments,  such  as  cork-cutting 
knives;  numy  kinds  of  turnery  articles;  shoemakers' lasts,  &c.  It  is 
durable  enough  to  form  a  good  material  for  rafters  in  dry  buildings, 
on  account  of  ita  lightaieas.  Its  softiiees  renders  it  ap[dicable  as  a 
lining  for  waggons  and  carta  intended  to  contain  coal  or  ston^  as  it 
will  not  splinter  from  blows  of  hard  angular  materials.  Bong  dur- 
able  in  waiter,  it  is  much  employed  for  water-whe^,  floata  of  paddle- 
wheels,  Ac  Before  the  invention  of  iron  hoops  for  cart-wheels,  felloes 
were  often  made  of  red-willow  wood,  which  speedily  shod  its^  with 
small  angular  firagmente  of  durable  stone  and  graveL  The  amsUer 
porti<ms  ot  the  wood  of  the  trees  are  ^plied  to  an  almost  infinite 
TOriety  of  purposea,  In  some  oases  the  stnight  stems  of  young  trees, 
either  split  or  whole ;  in  some,  the  more  vinwoua  shoots  cat  in  two ; 
and  in  some,  the  smaller  shoots — are  wus  employed.  Styles  for 
ladders,  fencing-poles,  hop-poles,  vine-props,  clothes-props,  rake-handles, 
handles  of  various  tools  and  implements,  hurdles,  crates,  hampers,  hay 
and  straw  ricks,  barrel  hoops,  binders  for  brocoU  and  otiier  vegetables 
when  sent  to  market,  landers  for  standard  trees  ai^  shrubs,  uceleton 
frames  for  pbnts,  ore  aU  mads  in  higa  qoantities  frun  thepartaof  the 
willow  now  under  notioe.  Many  (muunental  articles  are  made  from 
stripe  or  shavings  of  the  wood  of  the  white  willow.  Such  ahavings  are 
first  obtained  in  thin  h-jen  by  a  cutting  instrument,  and  then  sepa- 
rated into  strips  by  a  kind  of  steel  comb  having  sharp  teeth.  The 
strips  or  ribbons  are  woven  into  a  framework  for  bonnets  snd  for  lig^t 
silk  hata,  and  into  a  substitute  for  straw  hata 

The  downy  substance  which  endoees  the  seed  is  in  some  oountries 
used  for  waddiitg,  and  as  a  stuffing  for  cushiony  beds,  pillows,  Ac. 

Some  varieties  of  the  tree  are  valuable  when  planted  on  the  banks 
of  rivers  and  canals,  to  retain  the  soil  against  the  encroaching  action  oi 
the  water.  Some  kinds  furnish  good,  coppice,  to  be  cut  down  every 
six  or  ei^t  years  for  hoops,  poles,  and  faggot-wood.  The  shrubby 
species  make  good  hedges,  Tho  loppings,  branches,  and  old  trunks, 
when  used  as  fuel,  produce  vbea  a  clear  fire  with  little  smoke. 
The  wood  produces  excellent  charcoal,  especially  for  gunpowder. 

Especially  useful  is  one  large  group  ot  willows,  m  furaidi^  the 
otUrt  for  basket-making.  The  Dutch  were  the  first  to  use  oaierB 
extensively  for  this  purpoee ;  the  EngUah  imported  the  twigs  from 
that  country ;  but  early  in  the  present  century,  chiefiy  through  the 
encouragement  afforded  by  the  Society  of  Arta,  osier  culture  became 
extensive  at  home,  and  has  ever  since  becm  continued.  The  osiers  are 
cut  in  the  form  of  rods.  For  coarse  work  they  are  used  with  the  baA 
on ;  but  for  finer  work  the  rods  are  peeled  before  being  made  up 
into  bundles.  For  some  vaxk,  again,  the  rods  are  used  wh^le ;  while 
for  others  they  are  split  or  bisected.  Some  particular  kinds  rally  an 
known  in  the  market  as  otien;  all  the  rest  receive  the  geaaal 
name  of  willows.   For  the  mode  of  use,  see  Baskets. 

WINCH  AND  AXLE  is  a  machine  constituting  a  small  windlass, 
uid  eonaisting  of  a  cylinder  of  irood  which  is  capable  of  turning  on 
its  axis  between  two  upright  posts  of  the  same  material,  or  between 
the  ends  of  a  cast-iron  frame :  a  lever  at  one  or  at  each  extremity 
of  t^e  cylinder,  is  attached  to  an  iron-  axle  passing  through  the  latter 
at  right  angles  to  ita  directicm,  and  is  furnished  with  a  handle,  which 
is  parallel  to  that  axle.  The  name  winch  is  given  to  a  lovw  or  handle 
of  this  kind,  and  the  word  is  su]^osad  to  be  derived  from  the  verb 
guiMtktr,  signii^djig,  in  old  Vreaobi,  to  turn  or  bend  in  a  ourrilimn- 
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manner.  The  m&chine  U  used  to  raise  a  weight  vertically,  or  to  draw 
an  object  towards  it ;  for  which  purposes  the  object  is  connected  with 
it  by  a  rope  or  chain  which  continually  passes  over  the  curve  surface 
of  the  cjlinder  as  the  latter  is  made  to  turn  on  its  axis  by  a  uian 
acting  at  tbe  handle.  Since  the  cylinder  revolves  once  while  the 
lumdle,  or  the  eztremi^  of  the  lever  to  which  it  is  attached,  ia 
made  to  describe  the  droumference  of  a  circle,  it  is  evident  that  tbe 
mechanical  power  of  the  machine  is  precisely  that  of  the  wheel  and 
axle.  [Wheel  AMD  Axle.]  When  of  a  simple  form  it  is  employed 
to  raise  water  from  a  well,  and  earth  or  some  other  material  from  the 
shaft  of  a  small  mine  :  and  one  of  a  complex  nature  is  used,  by  means 
of  a  crane,  to  raise  casks  or  heavy  packages  from  the  ground  to  the 
upper  part  oi  a  buildiq^ 


When  great  weights  are  to  be  raised,  the  machinn  is  usually  fixed 
fai  a  frame  of  cast-iron,  which  is  rectangular  on  the  plan,  but  its  extre- 
mities or  faces  have  the  form  of  a  triangle,  or  of  the  letter  A.  The 
ule  of  the  cylinder  is  mpported  on  a  horizontal  bar  at  the  middle  of 
each  end  of  the  frame,  and  to  the  cyluider  b  attached  a  toothed-wheel 
vhich  tarns  with  it  on  the  common  axis :  above  this  wheel  and 
parallel  to  the  cylinder  is  an  iron  axle  which  carries  a  pinion  with 
teeth  working  in  those  of  the  wheel,  and  cuising  the  latter  to 
rerolVe,  the  pinion  itself  being  turned  W  means  of  the  lever  nnd 
handle  at  one  or  at  each  extremity  of  the  frame.  A  machine  of 
this  kind  is  called  a  crab;  and  when  a  weight  is  to  be  drawn  horizon- 
tally, or  raised  above  the  rrlinder,  the  machine  must  of  course  be 
bolted  to  the  floor  or  firmly  fixed  in  the  ground,  in  order  to  prevent  it 
from  being  moved  from  its  place.  Id  audi  machines  there  is  generally, 
at  one  extremity  of  the  cylinder  a  wheel,  having  on  lbs  drcumferenoe 
teeth  like  those  of  a  saw ;  and  a  elick  or  catch,  which  turns  freely  on 
ft  pin,  is  attached  by  that  pin  to  the  side  of  the  frame  in  such  a 
manner  that  it  may  fall  between  the  teeth.  By  this  contrivance,  if 
the  handle  should  break,  or  the  moving  power  be  taken  off  while 
the  weight  is  suspended  in  the  air,  the  latter  is  prevented  from 
descending. 

Machines  of  this  kind  are  occasionally  constructed  which  have  the 
power  of  holding  the  weight  in  any  part  of  its  ascent  or  descent  vrith- 
out  a  ratchet-wheel  and  catch.  Such  a  machine  consists  of  a  barrel 
formed  in  two  cylindrical  portions,  a.  and  b,  of  different  dmmeten,  but 
having  a  common  axle :  tbe  rope  passes  under  a  pnUer  in  tiie  block  o, 
to  which  the  weight  is  attached,  and  over  the  two  cylindera,  in  such  a 
manner  that  when  the  handle  Is  turned  it  uncoils  from  the  smaller  and 
eoils  upon  the  Urger  portion.  Thus  every  revolution  of  the  barrel  causes 
tbe  laiser  cylinder  to  take  up  a  quantity  of  rope  equal  in  length  to  its 
dronmference,  while  there  is  uncoiled  from  tbe  smatlera  quantity  equal 
tothe  drcumferenoe  of  the  latter :  consequently,  after  each  revolution, 
the  quantity  of  rope  between  tbe  axis  of  the  cylinder  and  the  pulley  is 
diminished  the  difference  between  the  two  circumferences,  and  the 
wd^t  is  ra^ed  \ip  through  a  height  equal  to  half  that  tUfference. 
Hence  by  mechanics,  if  2b«-  represent  the  drcnmference  of  the 
circle  dncribed  by  the  handle  of  the  winch  in  one  revolntion, 
(r'~i^haU  the  mfTerenoe  between  the  drcumferencee  of  the  two 
Cfylinders,  w  the  wdg^t  to  be  raised,  and  p  the  power  aj^lied  to  the 

handle,  we  ahaU  have,  in  the  state  of  eqnflibrium,  -g^  Wbf. 

The  weight  which  may  be  balanced  Iqr  a  given  power  p  will 
evidently  be  greater  as  f^—r,  or  the  difference  between  the  radii  of  the 
cylinder,  is  less ;  and  the  difference  may  be  made  very  small  without 
much  increasing  the  friction.  The  only  disadvantage  attending  the 
machine,  when  compared  with  an  ordinary  winch  or  capstan,  is  that 
H  requires  a  much  greater  quantity  of  rope  to  raise  or  move  the  object 
through  any  given  distance.  It  was  first  proposed  in  Europe  by  Mr. 
George  Eckfaardt,  but  machines  of  a  like  kind  hare,  it  is  said,  been 
long  in  use  in  tbe  East. 

I  he  winch  is  employed  with  the  common  jack,  which  is  used  to  lift 
great  weights,  or  to  move  them  through  small  distances.  The  handle 
turns  a  pinion  with  teeth,  which  act  on  others  at  the  circumference  of  a 
mall  Theel;  and  on  the  axle  of  this  ia  a  pinion  with  teeth  which  work  in 


those  of  a  rack-rod.  The  axles  of  the  wheel  and  pinions  being  let  into  the 
sides  of  a  case  of  wood  or  iron,  the  revolution  of  the  wheel  produces  a 
rectilinear  motion  of  the  rack ;  and  one  end  of  the  case  being  fixed  to 
the  ground,  or  against  an  immoveable  object,  the  extremity  of  the  rack 
at  the  opposite  end  forces  forward  the  body  which  is  to  be  displaced. 
Sometimes,  instead  of  a  rack,  the  machine  is  fumi&hed  with  a  wheel 
whose  axle  is  hollow,  and  cut  in  the  form  of  a  concave  screw ;  wiUiin 
this  screw  is  one  of  the  convex  kind,  which  by  the  revolution  of  the 
wheel  and  its  axle  is  made.to  move  in  the  direction  of  the  latter,  and 
thus  to  press  before  it  the  object  which  is  to  be  removed.  This  machine 
has  however  condderable  friction. 

The  force  exerted  by  a  man  in  turning  a  which  vertically  varies 
according  to  the  position  of  the  lever  with  respect  to  the  horizon. 
When  the  lever,  or  that  part  which  is  perpendicular  to  the  axle,  ia  per- 
pendicular to  the  ground,  and  the  handle  is  ot  the  highest  or  lowest 
part  of  the  circle  described  by  the  end  of  the  lever,  the  man  either 
pushes  the  lumdle  directly  from  him,  or  pulls  it  directly  towards 
him ;  and  in  each  case  he  exerts  a  power  which  b  eetimated 
at  27  or  30  lbs. ;  but  when  the  lever  is  In  a  horizontal  pon- 
tion,  tho  man  either  throws  a  greiit  portion  of  his  weight  on 
tbe  handle  to  press  it  down,  or  be  exerts  his  muscular  force  in  a 
direct  manner  to  pull  it  upwards;  and  tbe  force  exerted  in  these 
jwsitions  is  estimated  at  140  or  160  lbs.  The  force  exerted  must 
evidently  have  different  values  between  these  quantities  in  otber  poei- 
tions  of  the  winch ;  and  the  practice  is  to  cause  two  men  to  work  at 
the  same  time  to  turn  the  machine,  one  bdng  at  each  extremity  of  the 
axle  of  the  cylinder.  Tho  levers  of  the  two  winches  are  placed  at 
right  angles  to  one  another ;  consequently  when  one  man  is  pushing  or 
pvdling  horizontally,  the  other  is  pressing  or  pulling  vertically,  and  thus 
the  operation  of  turning  goes  on  with  nearly  uniform  intensity  ;  the 
first  man  working  in  the  least  favourable  position  when  the  <^er  is 
woriiing  in  that  which  is  most  so.  [Wihdlass.] 

WIND  is  a  motion  of  the  atmosphere  independent  of  that  which  it 
bos  in  consequence  of  the  diurnal  and  annual  movements  of  the  earth. 
'  The  latter  motion  being  performed  in  a  part  of  space  which  may  bo 
I  considered  as  devoid  of  any  resisting  medium,  the  particles  of  air  suffer 
i  no  partial  displacements  on  that  account;  and  the  friction  of  the 
!  particles  against  each  other,  and  against  the  earth  which  they  sur- 
:  round,  most  have  long  dnce  brought  the  diurnal  movements  of  the 
I  atmosphere  and  earth  to  a  state  of  equality :  thus,  the  angular  velocity 
of  the  air  on  any  parallel  of  terrestrial  latitude  being  the  same  as  that 
of  an  obsbrver  on  the  same  parallel,  the  air  would  seem  to  be  at  rest 
about  him.    But  if,  from  any  disturbance  of  the  equilibrium  of  the 
atmosphere,  the  particles  should  move  less  rapidly  than  the  ob8er\'er 
from  weat  to  east,  or  should  acquire  movements  in  some  other  direction, 
then  the  sensation  of  a  wind  would  be  experienced.   The  tides  which 
take  place  in  the  atmosphere  by  ihe  atteictions  of  the  sun,  moon,  and 
planets  on  the  particles  of  air  giving  rise  to  differences  in  the  heights 
of  the  vertical  columns,  they  must  necessarily  cause  inequalities  of 
pressure  in  horizontal  dhections,  and  thus  produce  winds  or  currents 
of  air ;  but  it  has  been  shown  by  La  Place  that  these  currents  are 
scarcely  sensible ;  and  such  attractions  are  by  no  means  adequate  to 
the  prodnetion  of  the  winds  irtiich  are  observed  on  the  earth'b  surfiuie. 
[Atmospheee,  cul.  692.] 

The  immediate  effect  of  the  solar  radiation,  communicating  heat  to 
any  region  of  the  earth's  surface,  is  to  generate  on  ascensional  move- 
ment in  the  incumbent  atmosjihere,  a  bodily  overflowing  of  its  material 
above,  and  a  relief  of  barometrical  pressure  below.  The  air  of  the 
cooler  surrounding  region,  not  being  so  relieved,  will  be  driven  in  by 
the  diSereace  of  hydrostatic— in  this  case  of  atmospheric — pressure, 
so  arising,  and  thus  originate  two  distinct  winds :  an  upper  one  setting 
outward  from  the  heated  region ;  a  lower  inward,  or  towards  it>  "  If 
the  region  heated  be  a  limited  one,  thcie  currents  will  radiate  from 
and  to  it  as  a  centre ;  if  a  linear  belt,  or  a  whole  zone  of  the  globe 
intervene,  such  as  the  generally  heated  intertropical  region,  they  will 
assume  the  character  of  two  sheets  of  air  setting  inwards  on  both  aides 
below,  uniting  and  flowing  vertically  upwards  along  the  medial  line, 
and  again  separating  aloft  and  taking  on  a  reversed  movement." 

These  effects  of  heat  upon  the  atmosphere,  together  with  the  rotatory 
motion  of  the  earth,  are  the  primary  causes  of  all  the  phenomena  of 
the  winds,  the  latter  having  been  found  by  modem  meteorologists  to 
have  a  much  more  extensive  intluence  than  was  supposed  when  its  part 
in  the  production  of  the  trade-winds  was  first  duly  recognised.  On 
this  account,  and  because  the  consequences  of  these  united  actions 
impart  to  us  a  key  to  the  whole  subject, — including  even  that  part  of 
it  which  relates  to  revolving  storms,  or  (^clones, — we  shall  now  pro- 
ceed to  consider  tbe  trade-winds,  both  with  respect  to  their  theoiy  and 
to  their  facta,  in.  some  adequate  detail. 

lyade-Windt  is  the  term  used  by  seamen  to  indicate  the  perpetual 
or  constant  winds,  because  theypromote  more  than  any  ott)er  circiun- 
stance  navigation  and  trader  These  perpetual  or  trade-winds  occur  in 
all  open  seas  on  both  sides  of  tbe  equator,  and  to  the  distance  of  about 
30  degrees  north  and  south  of  it.  1'hey  wure  not  known  to  the  ondents, 
and  seem  to  have  been  unknown  even  to  modem  seamen  up  to  the  time 
of  Columbus.  Though  before  his  time  Portuguese  navigators  had  pro- 
ceeded as  &r  as  the  Cape  of  Good  Hope,  they  had  not  ventured  to  any 
great  distance  from  the  coast  of  Africa,  and  consequentiy  they  had  not 
entered  the  ngpaat  where  the  trade- winds  Mow.   Columbus,  however. 
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jrho  bad  pused  some  fame  at  the  Canarus,  to  whioh  ihs  tnde-windf 
extend  in  summer,  bmidb  to  have  oowMivad  a  jiut  idet  of  their  extent. 
On  his  first  Toyag^  after  leaving  the  Oanaiies,  his  crew  were  greatly 
alarmed  at  flnmng  that  tiie  wind  always  blew  from  the  norUi-east  and 
east,  and  feared  that  titer  would  be  fnerented  by  it  from  returning  to 
their  natiye  country.  C<Humbu8  did  not  participate  in  their  fears ;  and 
on  hiB  return  from  the  newly-diaoovered  islands  his  track  was  north  of 
the  toade-winde,  in  tiie  region  of  the  vsriable  winds.  After  the  time 
of  Columbus,  European  navigation  extended  rapidly  In  the  AtUnUo 
and  Indian  ooeans,  and  the  tiade-irindB  became  generally  known.  It 
does  not,  however,  appear  that  any  attempt  to  explun  this  phenom«i<m 
was  made  before  Uie  time  of  Qolileo,  who,  in  adopting  the  aatroiKHmcal 
system  of  Copemicus  and  the  rerolution  of  the  et^th  round  its  axis, 
thought  he  found  some  confirmation  of  this  opinion  in  the  trade-winds, 
which,  as  he  ooujeotured,  owed  their  raigin  to  the  revolution  of  the 
euih  npA  to  the  droumstanoe  that  the  atoios^wre,  tiioogh  lb  partici- 
pated in  ibat  motion,  could  not  follow  with  equal  speed  the  motitm  oi 
the  dense  parts  of  our  planet,  and  tiuit  a  motion  in  the  tur  was  thus 
produced  whidi  was  contrary  to  that  of  the  earth  round  its  axis,  or 
from  east  to  west.  The  strongest  foot  in  favour  of  this  hypothecs 
was  the  circumstance  that  the  tiade-winds  occur  <»ily  in  the  lower  lati- 
tudes, where  the  surface  of  the  earth,  in  its  revolution  round  ite  axis, 
has  to  make  a  la^  circle  in  twenty-four  hours,  and  oonsequently 
must  move  with  a  greater  d^;ree  of  rapidt^  than  in  the  higher 
latitudes.  Qalileo's  theory  wag  relinquished  about  the  end  of  the  17th 
centuiy,  in  favour  of  a  not  less  &Uacious  one  proposed  b^  Dr.  Edmund 
Holley,  who,  however,  had  collected  extensive  information  respecting 
these  winds,  and  had  indeed  discovered  several  facts-  whioh  were  incom- 
patible with  the  opinion  of  Qalileo.  The  two  most  deoisve  were,  that 
there  are  no  trade-winds  near  the  equator,  where  tiu  diurnal  motion  of 
the  earUi  is  greatest,  and  that  the  trade- winds  dunge  their  position 
according  to  the  seasons,  which  could  not  take  place  if  they  wero  only 
the  effect  of  the  rotation  of  the  earth,  Qalileo,  however,  appears  to 
have  had  a  true,  though  obscure,  perception  that  the  rotatory  motion 
of  the  earth  must  be  somehow  concerned  in  the  production  of  the 
trade-winds,  though  he  singularly  omitted  to  consider  the  operation 
of  the  sun's  heab 

The  tnde-winds  ore  met  with  on  both  sides  of  the  equator.  The 

mean  boundary-line  of  the  region  in  which  they  blow,  and  beyond 
which  variable  winds  prevail,  is  about  28°  lat.  in  the  eastern  parts  of 
the  ocean,  but  in  the  western  ports  this  line  is  generally  two  or  three 
degrees  farther  north  and  south.  To  the  nor^  of  the  equator  tiiey 
blow  in  the  eastern  parts  of  the  ocean  from  the  north-east,  seldom 
from  die  eastward  of  east-north-east,  or  from  the  northward  of  north- 
north-east.  In  proceeding  farther  west  tiiey  beoome  more  easterly, 
and  often  they  blow  from  due  east,  and  sometimes  ^om  the  south  of 
east,  but  generally  they  are  one  or  two  points  north  of  east.  To  the 
Bouth  of  the  equator  the  trade-winda  in  the  eastern  parts  of  the 
ocean  blow  from  south-east,  and  usually  between  south-east  and  east, 
but  they  also  decline  more  to  due  east  in  reaching  the  western  portion 
of  the  ocean.  They  do  not  occur  in  the  vicinity  of  the  continents, 
but  are  chieSy  separated  from  them  by  a  tract  of  sea  in  which  ^ther 
periodical  or  variable  winds  prevail  The  trade-winds  therefore  are 
only  experienced  when  we  are  well  out  from  the  land  in  the  open  sea. 
The  wind  blows  with  less  force  and  steadiness  in  the  eastern  than  in 
the  western  portion  of  the  ocean.  It  is  also  stronger  and  more  con- 
stant in  the  nraoiqihere  where  the  sun  is  not,  than  in  that  which  is 
exposed  to  its  perpendicular  tays ;  in  the  latter,  however,  it  is  mora 
easterly  than  in  the  former.  The  region  in  whidi  the  trade-winds 
occur  is  distinguished  l^an  almost  continual  serenity  and  &ur  weather. 
Though  the  trade-winds  of  the  northern  and  southern  hemisphere 
blow  la  an  oblique  direction  towards  one  another,  they  do  not  meet  in 
general,  but  are  divided  by  a  tract  of  sea  in  which  calms  Araquently 
prevail,  and  also  Toriable  light  winds,  moetJy  from  the  west,  are  met 
with.  This  region  of  the  calms  is  distingtushed  by  a  thit^  foggy  air, 
and  freqnent  raius  of  short  duration  attended  by  thunder  and  light- 
ning. The  region  of  calms  which  separates  the  north-east  trade-winds 
from  tile  south-eastern,  and  which  usually  occupies  a  width  of  four  or 
five  degrees  of  latitude,  is  not  always  found  at  the  same  part  of  tin 
ocean,  but  odnnesH  farther  north  when  the  sun  has  a  norttHm  deeli- 
nation,  and  fer^er  south  when  it  is  in  the  southern  hemBqtherei 
[Calks.]  The  same  is  observed  respecting  the  winds  themselves. 
Though  the  mean  boundary-line  of  the  trade-winds  is  28°  of  lat.  in 
the  eastern  parte  of  the  ocean,  it  extends  two,  three,  and  even  four 
degrees  farther  north  when  the  sim  approaches  the  northern  tropic, 
and  about  the  same  distance  farther  southward  when  the  sun  is  near 
its  greatest  sonthetn  declination.  It  sonoetinMa  happens  that  a  north- 
eastern wind  occurs  as  far  north  as  40*  id  the  Atlantic,  along  the 
Boathem  coasts  of  Bpain  and  Portugal,  but  as  this  is  seldcHaa  the  case, 
it  is  supposed  that  such  a  wind  cannot  be  considered  as  atrade-wind,  but 
only  aa  one  of  the  variable  winds  #hich  prevail  to  the  north  and  south 
of  the  trade^ winds.  There  are  also  a  few  instanoes  on  reotnd  in  which 
the  north-east  and  south-east  trade*winds  have  not  been  found 
separated  by  a  Te0aa  of  calms,  but  in  whioh  a  veaaal,  with  the  inter- 
vention of  a  calm  of  diort  duration,  has  passed  from  one  toade-wind 
into  the  other. 

The  trud  explanation  of  these  "  nuffliifioent  phenomena,"  as  they 
have  juBUy  been  called,  according  to  DoVe  and  Uerschel,  was  first 


delivered  in  tiie  *  Philosophicai  Transactjom  *  for  1785,  by  George 
Hadley.  It  has  oftei^  been  etroDeoody  attributed  to  Dr.  g.<<tm.T«^ 
Hall^,  in  part,  doubtless,  from  the  siniilari^  of  his  name,  and  portly 
on  accoimt  of  a  Uieoiy  of  these  winds,  now  long  proved  to  be  ^lacdoas, 
having  been  actually  propoeed  by  him,  as  al»ady  noticed.  The  true 
Uieory  was  also  divined  oy  the  sagacity  oi  John  Dalt<»i,  who,  not 
knowing  what  Hodle^  had  done,  printed  it  in  his '  MeteorologicaL  Obser' 
vations  and  Essays'  in  the  year  1798,  but  diacovered  Hadley**  priority 
in  time  to  acknowledge  it  in  his  pr^MO. 

The  astronoDiMal  point  of  view  from  which  the  objeota  of  iiMteao. 
logy  have  always  been  viewed  Sir  John  F.  W.  Haschel,  has  given 
to  nis  treatment  of  atmospherio  fdieniHuena,  a  braaddi  and  perspicuity 
scarcdy  to  be  found  in  the  writings  of  other  meteor(dm;ista.  His 
view  of  the  theory  of  the  tntde-winds  presoats  a  remarkabu  exam)^ 
of  this,  and,  as  a  whole,  is,  we  think,  unequalled.  In  what  follom  we 
give  an  cj^ton^  ot  it>  iomdensed  from  two  works— his  *  Oublinaa  oi 
AetroDomy/ and '  iMatiae  on  Heteorology/  wttttaaaMadaptdtkmial 
our  own. 

It  is  a  matter  of  observed  faot  that  the  sun  is  constantly  vertical 
over  some  one  or  other  part  of  the  earth  between  the  tnqnos,  and  that 
the  whole  of  the  irone  or  belt  so  included  between  the  tropics,  and 
equally  divided  by  the  equator,  is,  in  consequence  of  the  great  altihide 
attained  by  the  sun  in  its  diurnal  oouise,  "^*'»tn^*^w^  at  a  mudi  Ughar 
temp^ature  than  those  regiona  to  the  north  and  aooth  which  lie  nearer 
tiie  poles.  The  heat  thus  acquired  by  the  earth's  surf&oe,  agreeably  to 
the  principles  explained  above,  is  communicated  to  the  incumbent  air, 
and  becomes  tiie  universal  primary  cause  of  the  phenomena  of  the 
winds,  in  conjunction  with  the  earth's  rotation.  The  colder  and 
heavier  air  glides  in  on  both  sides,  along  the  surface,  from  the  regions 
bey<Mid  the  tropica ;  while  the  dlapjaoed  air,  thna  xaised  above  ita  dua 
levd,  and  unsustained  by  any  latual  prsasutek  flows  over,  ai  it  w«N^ 
and  forms  an  upper  current  in  the  oontrury  direction,  or  towrds  ttM 
poles;  which  being  cooled  In  its  course,  and  idso  pressed  down  by  ttia 
mass  of  the  atmosphere  above  to  supply  the  defiiBienoy  in  the  extra* 
tropical  regiona,  thus  keeps  up  a  ooatinual  ciroulotiou.  "  That  this  is 
a  real  cause  {vera  eausa)  is  placed  in  oomplota  evidence  by  the  general 
faot  that  the  atmoipheric  preasure  at  the  surface  of  the  sea  HlmhAimt 
regularly  from  either  tro^o  to  the  equator,  where  the  bszomrtsr  stands 
hi^ituany  about  0^  to.  lower  than  in  the  temperate  aones." 

The  principle  whose  action  was  made  known  and  apjdied  by  Hadley 
now  comes  into  play.  The  equatorial  ptntion  of  the  earth's  surfaoe 
has  the  greatest  velocity  of  rotation,  and  all  other  parts  less  in  the 
proportion  of  the  radii  of  the  circles  of  latitude  to  whioh  they  corre- 
spond. But  as  the  air,  when  rdativa^  and  snparentiy  at  rest  on  any 
[urt  of  the  earths  surface,  is  oh^  eo,  beosuM  m  realM^  it  partioipatea 
in  the  motion  of  rotation  proper  to  that  part,  as  indicated  at  the 
beginning  of  this  article,  it  follows  that  when  a  mass  of  air  near  the 
pules  is  tranrferred  to  the  region  near  the  equator  by  any  impulse 
urging  it  directiy  towards  that  circle,  in  eveiy  point  of  its  progress 
towards  its  new  situation  it  must  be  fouud  deficient  in  rotatory 
velocity,  and  tiierefore  unable  to  keep  up  with  the  speed  of  tiie  new 
surface  over  which  it  is  brought.  Hmce,  the  currents  of  air  which  set 
in  towards  the  equator  from  the  n<Kth  and  south,  must,  as  they  glide 
along  the  surface,  at  tiie  same  time  lag,  or  hong  book,  and  eb-ag  aptm 
it  in  the  direction  of^tosite  to  the  earth's  rotation,  that  is,  from  east  to 
west.  Thus  these  iurraita,  which  but  for  the  rotati<m  would  be 
umply  northerly  and  southerly  winds,  acquire,  from  this  cause,  a 
rdative  directaon  towards  tiie  weet,  and  assume  the  diaraoter  of 
permanent  northeasterly  and  southessterly  winds. 

It  follows  from  tiiis,  then,  that  as  the  winds  from  both  sides 
approach  the  equator,  tiieir  easterly  tendency  must  diminish ;  a  faot 
which  though  inevitaUy  resulting  fr«n  the  prin^da  maintained  by 
Hadley,  was  reaerved  for  tita  late  0^9tain  Basil  ^11  to  reason  out, 
and,  thougA  thna  for  the  first  time,  in  a  very  distinot  manner,  in  his 
<  Fragments  of  Vc^ages  and  Travola."  The  lengths  of  the  diurnal 
circles  increase  very  slowly  in  the  immediate  vicinity  of  tiie  equatcv, 
and  for  several  degrees  on  either  tide  of  it  haodly  chuige  at  alL  Thus 
the  friction  of  the  surface  has  more  time  to  act  in  accelerating  the 
velocity  of  the  air,  bringing  it  towards  a  stats  of  rdaiive  rest,  and 
dlminiiihing  thareby  the  relative  set  of  the  currents  from  east  to  west, 


whioh,  on  the  oQier  hand,  is  feebly,  and,  at  length,  not  at  gJl,  rein- 
forced by  the  cause  whidi  originaUy  produoed  it.  Arrived,  then,  at 
the  equator,  the  trade  winds  must  be  expected  to  lose  their  easteriy 
character  alt<^ether.  And  not  only  this,  but  the  northern  and 
soutlwm  currents  here  meeting  and  opposing,  will  mutually  destroy 
each  other,  leaving  only  sueh  pr^Mmdemnoy  as  may  be  due  to  a 
di^renoe  of  looal  oausae  acting  in  tlia  two  bemiqduto— vAieh  In 
some  regions  around  the  equator  may  lie  one  way,  in  some  another — 
as  will  preeeuUy  be  seen.  "  The  resiUt,  then,"  says  Sir  John  Herschel, 
"  must  be  the  production  of  two  great  tropical  Wto,  in  the  northern 
of  whidi  a  OMutant  north-easteriy,  and  in  the  southern  a  south- 
easterly, wind  must  prevail,  while  the  winds  in  the  eqiiatorial  belt, 
which  separates  the  two  former,  should  be  comparatively  aim,  and  free 
from  any  steady  prevalence  of  easteriy  charaotar.  All  thees  con- 
sequences are  agreeable  to  obeo^ed  faot,  and  the  system  of  wHiM 
currents  above  described  oonstitutes  in  reaii^  what  is  understood  by 
the  regular  trade  Kinds." 
On  the  subject  of  the  regum  of  calms,  iatarveiuDg  between  the  trade< 
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■winds,  Omtz,  in  hia  '  Manual  of  Meteorology/  remarks,  ^  In  the  ipaee 
iwtween  the  two  trade-winda  the  air  is  heated  to  the  highest  degree. 
There  the  oaoeoding  currents  of  air  are  the  most  rapid ;  and  by  this 
quick  ascent  the  Telocity  of  the  wind  blowing  al<mg  the  surboe  of  the 
sea  is  great^  itimiiiiii'*'»fl.  Be^ea  it  would  Mem  that  the  upper  and 
lower  current  of  the  air  oome  into  contact  with  one  another  at  a  com' 
paratively  small  eleration  above  the  suiCue  of  the  dobe.  These  two 
ciicumatancea  appear  to  be  the  reason  why  no  icigiuar  .winds  are  met 
with  within  tiie  region  of  the  calms." 

We  now  proceed  to  review  the  actual  and  local  phenomena  of  these 
winds.  Two  currents  of  air  are  found  within  their  limits,  of  which 
the  tower  runs  to  the  south-west,  north  of  the  oguator,  sad  to  the 
north-wart,  south  of  it,  and  the  n^tsr  in  the  opposite  direction.  In 
this  manner  a  Idnd  of  atmoBphen^  circnlation  is  fonned,  which  is 
admimU;  adapted  for  the  proservafion  of  animal  life.  The  existence 
of  this  oounter-ourrent  of  air  in  the  upper  r^cHis  had  only  been 
ioferred  from  the  theory,  and  nothing  could  be  adduced  to  prove  it, 
except  that  within  the  tnde-winds  the  douds,  whidi  rarely  make  their 
appecu-anoa  in  this  region,  generally  take  a  cUreotion  which  ooireeponds 
to  that  of  the  suppMed  current  of  sir.  Bat  in  1818  an  event  took 
place  which  was  rather  more  dednve  in  favour  of  the  thetffy.  In  tiie 
eruption  of  the  volcano  of  St.  Vincent,  coQtddwaUe  quantities  of  aahea 
and  otiier  volcanic  matter  descended  on  and  spread  over  the  island  of 
Barbodoes.  This  event  certainly  excited  a  high  degree  of  Burprise,  as 
in  this  part  of  the  Caribbean  Sea  the  trade- mod  always  blows  with  a 
eonuderable  force,  so  that  tsbbIs  sailing  from  St.  Vincent  to  Baibadoea 
are  obliged  to  nuke  a  drcuitous  course  at  some  hundred  miles  to  reach 
the  place  of  their  destination.  It  can  hardly  be  questioned  that  the 
toIcuuo  matter  was  nused,  by  the  eruption  of  the  volcano,  to  such  an 
elevation  that  it  reached  the  countor-current,  which,  blowing  from  the 
west,  carried  it  to  Barbadoes.  Humboldt  adduces  also,  in  support  of 
the  theoiy,  the  stitmg  south-western  wind  which  he  experienced  at  the 
t(^  of  the  Peak  ot  Tenerifib,  whilst  all  the  other  parts  of  the  islands 
were  un^  the  sway  of  the  trade-wind ;  and  this  observation  is  also 
confirmed  hy  Glsss,  who,  in  his  '  History  of  the  Canary  Islands,'  states 
that  during  the  trade-winds  the  most  elevated  parts  of  those  islands 
experience  a  continual  westerly  wind,  which  blows  with  considerable 
force.  ConflrmatoiT  facts  on  this  point,  as  observed  by  Professor  C. 
Piaszi  Smyth,  will  be  found  at  the  end  of  the  article  Clodd.  Lastly, 
we  may  adduoa,  in  corroboration  of  the  theoiy,  the  instantaneous 
change  of  irind  which  is  frequenUy  experienced  when  the  limits  of  Uie 
trade-winds  are  passed. 

It  has  been  already  observed  that  the  boundary  of  the  trade-winds 
towards  the  nearest  pole  does  not  always  occur  in  the  same  part  of  the 
ocean,  but  changes  with  the  seasons.  The  difference  is  considerable. 
At  the  greatest  southern  declination  of  the  sun,  la  December  and  Janu- 
ary, the  northern  boundary  of  the  north-eest  tnde-windof  the  Atlantio 
oconrs  to  the  south  of  25*  IS.  lat,  whilst  In  the  cmposite  sssson,  from 
June  to  September,  it  occurs  about  82*  N.  lat.   Thus  ws  find  a  tract 

sea,  seven  degrees  of  latitude  in  width,  which  is  alternately  exceed 
to  the  sway  of  tiie  tinde-winds  and  of  variable  winds,  and  nearly  in  the 
middle  of  this  tract  tiie  Canaries  are  situated.  These  islands,  there- 
fore, are  within  the  teadd-winds  for  six  months,  and  for  the  remainder 
ot  the  year  iritiunit  them.  Von  Budi,  in  his  description  of  these 
islsnds,  has  mven  an  aocount  of  the  r^[idar  manner  in  which  the 
trade-wind  advances  towards  the  north,  with  the  progress  of  the  sun 
in  the  northern  hemisphere,  and  in  wtdch  it  recedes  when  the  sun 
passes  the  equator  on  his  return  to  the  southern  hemisphere,  observing 
that  the  south-western  wind,  which  is  always  found  in  the  upper 
-  regions  of  the  atmosphere  above  the  trade-winds,  does  not  make  its 
Mpeannoe  on  the  soatii,  as  may  be  inferred  from  the  direction  in 
wmch  it  blows,  but  is  first  experienced  at  Madeira,  whence  it  gradually 
advances  to  Teneriffe  and  the  otiier  Canariee.  Whilst  tlus  south- 
western wind  advances  from  north  to  souUi,  it  also  descends  by  degrees 
from  the  upper  to  the  lower  regions,  and  to  the  sur&ce  of  the  globe. 
On  Teneriffe  this  takes  place  in  October,  when  the  south-west  wind  is 
experienced  on  all  mountains  6000  feet  bi^,  but  generally  one  week 
passes,  and  aometimes  several  weeks,  before  the  south-western  wind 
sinks  to  the  level  of  the  sea. 

The  trade-winds  are  only  met  with  on  tiie  sea ;  but  in  some  cotm- 
tries  of  the  globe  between  the  tropics,  or  near  them,  regular  and 
constont  easterly  winds  occur,  which  may  owe  their  origin  to  the  same 
causa  These  winds  <»dy  occur  in  extensive  level  pUuns,  where  there 
is  nothing  to  break  their  force  or  to  change  their  direction ;  for  if  the 
wind  comes  in  contact  with  high  land  or  mountains,  its  regular  pro- 
gress  is  obstructed.  But  over  a  consderable  tract  of  low  levu  land  the 
wind  passes  without  being  much  changed  in  its  direction  and  velocity, 
particularly  if  the  land  be  barren  and  destitute  of  moisture.  In  the 
S^el,  or  western  part  of  the  Sahara,  an  easterly  wind  blows  all  the 
fear  round  with  great  force,  but  in  the  eastern  dirtnet  of  the  Great  Desert 
it  is  less  eonstuit  and  lees  violmt,  so  that  ia  all  respects  it  may  be 
oompued  with  a  trade-wind.  An  easterly  vrind  is  also  always  found 
on  the  plain  drained  by  the  Amasonas;  and  by  its  assistance  the 
voyage  against  the  strong  current  of  the  river  may  be  accomplished 
nearly  in  the  same  time  as  the  voyage  downwards  1^  means  of  the 
current.  Humboldt  foui^  that  this  easterly  wind,  which,  near  the 
month  of  the  Amozonas  is  moderate^  has  aoquired  such  a  force  at  the 
base  of  the  Andes,  that  it  is  ahnost  imposdUe  to  ke^  one's  footing 


agunst  it^  A  nmilar  easterly  wind,  though  of  less  strength,  is  found 
in  the  great  plain  which  ia  traversed  by  the  lower  course  of  the 
Orinoco. 

The  countries  juat  mentioned,  in  which  these  easterly  vrinda  blow 
oonstantly,  are  oontiguous  to  those  parts  of  the  Atisntie  Ocean  where 
trade- winds  in  geneoral  are  regular  all  the  year  round.  But  the  trade- 
winds  of  the  ocean  and  the  land-winds  of  the  plains  do  not  oome  into 
contact  with  one  another.  They  are  separated  by  a  tract  of  the  globe 
in  which  other  winds  prevail.  This  tract  lies  within  the  ocean,  and 
extends  along  the  coasts  of  the  continents ;  its  width  varies  greatly. 
Where  it  lies  east  of  the  toade-vrind  it  is  usually  a  hundred  miles  wide, 
but  it  is  of  inconsiderable  Iseadth  whm  the  land  lies  to  the  west  (A 
the  trade-winds.  The  continuity  of  the  easteriy  winds  is  evident^ 
interrupted  by  the  difference  <^  the  temperature  of  the  air  incumbent 
on  the  sea  and  on  the  land.  This  difference  changes  with  the  season^ 
the  air  over  the  land  bein^  hotter  than  that  of  the  sea  when  the  sun  is 
near,  and  colder  when  it  is  far  off.  Hence  it  follows  that  during  the 
first  period  the  wind  Uows  from  the  sea  to  the  land,  and  in  the  second 
from  the  land  to  the  sea.  Thus  a  kind  ot  monsoon  is  prodoeed  along 
the  coasts  of  the  oontdnentSi  CTen  within  the  re^on  of  the  tnde-winda. 
A  large  island  in  such  a  situation  ia  therefore  surrounded  by  wintb 
blowing  from  all  quarters.  When  tiie  land  of  Australia  ia  heated  by 
the  presence  of  the  sun  in  the  southern  hemisphere,  the  wind  generally 
blows  from  the  westward  upon  the  north-western  coast,  and  &om  the 
south-west  upon  the  western  coast ;  from  the  south-west^  soutii,  and 
Bouth-eaat  on  the  southon  coast;  and  from  the  aouth-eut  and  eoat 
upon  the  east  coast.  In  the  opposite  season,  however,  the  winds  are 
regular,  because  the  greatest  part  of  the  island  is  then  without  the 
reach  of  the  trade-winds. 

The  trade-winds  occur  on  both  aides  of  the  equator  in  the  Atiantic 
and  Pacific  oceans,  but  they  vaiy  considOTably  in  extent  and  force  in 
both  oceans.  Some  account  of  this  diff^enoe  is  given  under  the  heads 
of  Atlantio  Ocean  and  Paoifio  Ooeah,  in  Geoo,  Dir.  We  shall 
here  add,  respecting  the  lost-mentioned  sea,  that  the  frad&:winds  in 
the  southern  ports  appear  to  be  subject  to  great  changes  in  direction 
and  force,  and  that  tiiey  properly  occur  only  along  the  coasts  of  South 
America,  where  a  constant  south-easterly  wind  is  met  with  at  the  dis- 
tance of  SOO  to  600  miles  from  the  coast :  but  in  the  middle  of  the 
Southern  Pacific  the  trade-wind  seems  by  no  means  regular  and  con- 
stant. Admiral  fltzroy,  in  Mpealdng  of  uie  Paamnto  Islands,  or  the 
Dangerous  Archipelago  of  Haa  Low  Idands,  says  that  among  them  a 
steady  south-easterly  trade-wind  prevails  from  iCarch  to  October,  but 
that  in  the  rainy  season,  from  October  to  Muxih,  wwterly  nindi^ 
squalls,  and  rains  are  frequent ;  and  in  the  abstract  of  his  meteoro- 
logical journal  we  find  that  in  running  from  the  Galapagos  to  Otaheita 
he  experienced  only  south-eastern  winds  near  the  equator ;  and  that  in 
the  remainder  of  ms  voyage  the  wind  blew  slmost  oonatsntiy  from  tiis 
north-eas^  north-north-ssrt,  or  north  east  by  east.  Eotaebae,  on  his 
first  voyage,  observed  it  as  a  remarkable  circumstance,  that  between 
Easter  Island  and  14°  61'  S.  lat.  he  met  only  with  winds  blowing  from 
north,  north-east,  and  east-north-east.  This  anomaly  in  the  ttade- 
winds  of  the  Southern  Paoifio  is  probably  produced  by  the  innumerable 
islands  and  coral  rocks  wtiich  oover  that  ocean  between  the  equator 
and  the  Bouthem  tropio,  and  extend  from  180°  W.  long,  to  the  ooaat  of 
Australia.  Horaburgh  says,  probably  from  his  own  observation,  that 
"  where  shoal  coral-banks  ^oot  up  out  of  the  deep  water  in  many 
places  between  the  tropics,  a  decrease  of  the  prevailiog  wind  is  fre- 
quently experienced ;  for  when  a  steady  wind  is  blowing  over  the  stir- 
ace  of  the  deep  water,  no  sooner  does  a  ship  get  u^n  the  verge  of  a 
shoal  coral-bonk  than  a  su^en  decrease  of  iao  wind  is  often  perceived. 
This  is,  in  his  o^im,  oooaaioned  by  the  atmosphere  over  these  banks 
being  less  rarefied  by  the  increased  evaporation  than  that  over  the 
deep  water,  and  consequently  not  requiring  so  greot  a  supply  of  air  to 
restore  the  equilibrium  as  the  circumjocent  parts,  which  aro  more 
rarefied  and  heated."  When  such  effects,  according  to  the  stotemeat 
of  this  intelligent  hydrographer,  are  produced  by  single  coral-baukB  in 
the  midst  of  the  ocean,  we  may  easily  comprehend  that  their  number 
and  immense  extent  hi  the  Southern  Paoifio  not  only  diminish  their 
force,  but  change  the  direction  of  the  tnde-winds,  and  that  Uieee  reefs 
and  Islands  affect  them  nearly  to  the  same  extent  as  a  lat^  ctmtinent. 
It  appears  that  in  the  Southern  Pacific  the  trade- winds  aro  replaced  by 
the  north-eastern,  northern,  and  western  winds  only  during  the  period 
when  the  sun  is  in  the  southern  hemisph^.  A  south-eastern  trade- 
wind  prevails  also  in  the  Indien  Oceui  from  within  a  few  degrees  of 
th«  esBtern  i^de  of  Madagascar  nearly  to  the  coasts  of  Ausbralia, 
between  the  parallela  of  10"  and  28'  S.  hi. ;  but  in  tiiis  ocean  from 
10"  S.  lat.  to  the  coasts  of  Hindostan  the  winds  ore  periodical ;  the 
influence  of  land  issuing  in  a  complete  reversal  of  the  north-east 
trade  during  a  considerable  portion  of  the  year,  and  the  production  of 
MoKsooNS,  that  is  of  winds  which  blow  half  the  year  in  one,  and  the 
other  half  in  the  contrary  direction,  aa  explainra  at  length  in  the 
article  devoted  to  them. 

Even  very  limited  local  movements  of  the  atmosphere  are  modified 
by  the  same  cause.  It  is  a  remark  as  old  aa  Bacon,  and  afterwards 
confirmed  by  Mariotte  in  Fronce,  Sturm  in  Germaity,  and  Toaldo  in 
Italy,  and  since  by  "  many  other  writen  both  in  Europe  and  North 
America,  that  the  wind  has  a  decided^  preponderating  tendency  to 
veer  round  the  compass  according  to  titejmus  moti<m,  that  is,  to  pass 
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from  nori^L  tliroa^  north-eoit,  net,  Booth-eut,  to  Bouth,  and  bo  on 
round  in  the  ume  direction  tnrourii  vest  to  north;  tint  it  often 
makofl  a  complete  circuit  in  Qkat  direction,  or  more  than  one  in 
BucceBfflou  (occupying  aometimes  many  daja  in  bo  ddng);  but  that 
it  rarely  veers,  and  very  rarely  or  never  makes  a  complete  circuit, 
in  the  contrary  direction."  AocordiDg  to  Sir  John  Herschel,  Pro- 
feasor  Dove  was  the  first  to  show  that  thia  tendency  is  a  direct  con- 
■eqoenoe  of  the  rotatory  motion  of  the  earth ;  it  has  therefore  been 
denominated  "  Dove's  Uir  of  rotation  of  the  Trind,"  to  iriiich  we  shall 
BhorUy  return. 

The  heated  equatorial  air,  while  it  riasfl  and  flows  over  towards  the 
poles,  caniee  with  it  the  rotatory  velocity  due  to  its  equatorial  situa- 
tion into  a  higher  latitude,  where  the  earth's  surface  has  less  motion. 
Henc^  as  it  travels  northward  or  aouUiward,  it  will  gain  otmtinually 
more  tiad  more  on  the  sur&ce  of  the  earth  in  ite  diurnal  motion,  and 
assume  conBtant^  more  and  more  a  vxtlerly  relative  direction ;  and 
iriwn  at  Ingth  »  returns  to  the  surface,  in  its  circulation,  which  it 
must  do  more  or  less  in  all  the  interval  between  the  tropica  and  the 
poles,  it  will  act  on  it  by  its  friction  as  a  powerful  south-west  wind  in 
the  nortiiem  hemisphere,  and  a  north-west  in  the  aoutiiem,  and  restore 
to  it  the  impulse  token  up  from  it  at  the  equator.  "  We  have  here 
tire  ori{pn  of  tlw  aouth-WMt  and  westerly  gales  so  prevalent  in  our 
latitudes,  and  tA  the  almost  universal  westerly  winds  in  the  IT'orth 
Atlantic,  whidi  are,  in  fact,  nothing  else  than  a  part  of  the  general 
system  of  the  re-oction  of  the  trades,  and  of  the  proooBS  by  which  the 
equilibrium  of  the  earth's  motion  is  maintained  under  their  action." 
The  only  winds  of  a  regular  character  which  remain  to  be  noticed  are 
the  land  and  sea  Ixeezes  which  occur  diumally  on  the  coasts  and  in 
the  islands  of  the  tropjal  regions,  and  the  periodical  winds  which  are 
observed  to  prevail  in  some  parts  of  Europe.  The  first  are  probaUy 
caused  by  the  inequality  of  Uie  sun's  action  on  the  land  and  water ; 
and  both,  by  the  tendrai?  of  the  atmosphere  to  preserve  a  state  of 
nearly  uniform  density.  During  the  day  the  land  acquires  a  tempera- 
ture higher  than  that  of  the  neighbouring  ocean :  the  atmosphere 
alxtve  it  consequently  becomes  rarefied,  and  from  about  9  a-M.  the  air 
from  the  sea  flows  towards  the  land,  to  oeoui^  the  partial  vaouum 
there  produced,  in  proportion  as  the  heat  of  the  land  goes  on  In- 
oreaaing,  the  force  of  the  sea-fareese  also  increases,  and  this  continues 
till  2  or  8  F.H.  After  that  time  the  temperature  over  the  land  di- 
minishes more  rapidly  than  over  the  sea,  as  the  heat  more  readily 
eac^>es  by  radiation  &om  the  land  than  from  the  water,  and  about 
sunset  the  breese  from  the  sea  ceases.  During  the  nis^t,  the  land 
continuing  to  oool,  the  air  over  the  sea  becomes  eomparaovely  warmer 
and  more  ruefied,  uid  a  breeze  from  the  land  takes  {daoe :  thia  wind 
augments  in  fwee  tall  near  sunrise,  when  the  temperature  of  the  earth 
begins  to  increase,  and  atx>ut  9  a.m.  the  wind  blows  from  the  sea  as  at 
fii^  ^Hieee  land-breezai  diverge  in  evety  direction  towards  the  coasts 
of  t^e  troj^oal  islands  from  the  high  lands  in  their  interior.  Mr.  Bed- 
field  modifies  the  bypothens  above  stated  by  assuming  that  whm  the 
stratum  of  air  lying  on  the  surface  of  land  which  ascends  towards  the 
interior  of  a  country  becomes  rarefied  1^  the  sui^a  heat,  it  is  toroad  by 
■n  excess  of  pressure  at  its  lowest  part  to  move  up  the  slope ;  and 
during  tike  ni^t  the  stratum  of  air  on  this  inclining  surface  acquiring 
creatn  denmty,  its  gravity  causen  it  to  descend  towards  the  sea. 
(' Amec  Journal  of  Sdonce,'  voL  zxxiii..  No.  1.) 

The  Etesian  winds  (so  caUed  from  In^iat,  "annual ")  is  a  designation 
foimwly  pvsn  only  to  those  which  even  sonuner  blow  daring  rix 
weeks  over  the  countries  bordering  tiie  Hemtenanean ;  but  it  has  nnoe 
been  applied  to  other  pericecal  winds,  as  those  which  blow  on  the 
coast  of  Holland.  They  oommenoe  in  the  Levant  about  the  middle  of 
July,  rising  at  9  A.X.,  and  continuing  during  the  day-time  only  :  the 
direction  of  the  current  of  air  is  from  north-east  to  south-west ;  and  it 
la  probably  caused  by  the  rarefaction  of  the  atmosphero  nearly  under 
the  trcqpic  of  Canoer,  In  consequence  of  the  heat  of  the  sun  at  that 
season,  l^iny  states  that,  in  f)pain  and  Asia,  the  etesian  winds  blow 
from  tJie  east;  and  he  adds  that  they  also  take  place  in  winter,  when 
tiiey  are  called  Omittuan  wiuda  :  these  are,  however,  said  to  be  mora 
gentle  tiian  the  othen,  and  to  continue  during  nine  days  only.  (Smyth's 
'  Mediterranean,'  p^  270.) 

*It  may  be  observed,  in  addition  to  what  has  been  said  req>eoting  the 
trade  and  other  r^ular  winds,  that  those  which  prevail  in  the  tempe- 
rate wmoa  are  probably  the  results  of  cturents  proceeding  about  tbe 
earth  from  the  tropical  regions.  Professor  Dove  suggests  (in  a  paper 
publidied  in  PoKgendorff'a  '  Annalen,'  of  which  a  translation  appeued 
mthe'PhilosD^ical  Magazine'  for  September,  1887)  that  when  the 
sun  is  on  tJie  meridian  of  any  place,  as  London,  situated  beyond  those 
r^iona,  tiie  currents  of  heated  air  which  proceed  from  the  point  verti- 
caUy  under  him  must  arrive  at  that  place  from  the  south  earlier  than 
at  any  other  place  eastward  or  westward  of  it  on  the  Bune  parallel  of 
latitude.  But  in  prt^wrtlon  as  the  sun  becomes  suocemively  vertical 
at  different  points  wwtward  of  the  meridian  of  Iiondon,  the  currents 
of  air,  in  tuscribing  great  droles  of  the  sphere,  arrive  later,  and  in  a 
direction  from  the  westward  of  south ;  and  when,  during  the  summer, 
he  is  vertically  tntx  a  point  about  60  d^rees  west  of  London  (that  is, 
in  the  evenin{0,  they  srrive  nearly  from  the  wesfc,  At  midnight  when 
the  sun  1b  on  the  meridian  iinder  the  haricon,  the  current  of  Mr  passing 
over  the  nortii  pole  is  felt  as  a  north  wind ;  and  after  this  tune  the 
currents  coming  from  points  having  lasg  than  180  degrees  of  lon^tude 
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eastward  are  felt  as  easter^  winds,  which  become  due  east  In  the 
morning  when  tbe  sun  Is  about  00  degrees  eastward  of  the  meridian. 
In  this  order  the  movements  take  place  daily,  except  when  the  currenta 
are  disturbed  by  accidental  circumstances  or  by  the  influenoe  of  currents 
which  proceed  from  tiie  pole  to  the  equator  ia.  order  to  supply  the  place 
of  tbe  heated  afr  which  oaooadB  from  the  auifaoa  of  tiis  euui  between 
the  tropics. 

The  sun  a  not  the  sole  canse  of  the  cutrenta  which  ar«  observed  in 
the  atino^here,  for  they  often  arise  from  the  condensation  of  the 
aqueous  vapours  which  are  constantly  rising  from  the  aurfaces  of  seas 
and  rivers.  Such  vapouiB,  bang  lighter  than  air,  ascend  in  the  atmo- 
Bj*ere,  carrying  with  them  a  quontily  of  heat,  which  escapes  on 
arriving  in  a  region  where  there  ia  less  heat  than  at  the  sur&oe  of  the 
earth;  and  tiie  vapour  being  then  reduced  to  a  state  of  water,  a  partial 
TBcnum  ii  produced,  into  which  the  no^bouring.  air  rushes.  The 
beat  Is  at  the  aame  time  conveyed  by  the  wind  with  the  dn^  of  water, 
and  thus  tiie  region  in  which  the  rain  Is  bdUng  la  Bcnnetimes  wanner 
than  those  which  surround  it.  Kain-winda  are  jnoduoed  by  the  air 
which  descends  to  the  ground  with  the  globules  of  water ;  the  partid« 
of  air  being  disengaged  from  the  glotniles  on  the  laiter  atrimg  the 
ground,  are  than  driven  ofi^  with  considenbla  foros,  in  every  direction 
frnn  tiie  place  iriiera  tbe  ndn  is  falling; 

All  mountain  districts  are  subject  to  sudden  and  violent  gusts  of 
wind  from  the  interruptions  whien  the  iv^gn  of  high  land  create  to 
the  general  currents  of  the  aw ;  but  that  which  ia  called  the  Hehn- 
wind,  at  Crossfell,  in  Cumberland,  is  one  of  tbe  most  remarkable  of 
these  phenomena.  It  oocurs  at  uncertain  times  between  the  end  of 
September  and  the  month  of  May,  and  occasionally,  tiiouj^  rarely,  in 
summer.  It  is  stated  that,  whoi  not  a  brentii  of  whtd  is  stirring,  and 
scarcely  a  tfloud  ia  to  be  seen,  there  is  suddraly  formed  a  line  of  clouds, 
called  the  "  Helm,"  extendtog  nearly  north  and  south  along  Uie  top 
ridge  of  the  mountains ;  and  nearly  parallel  to  this,  another  line  of 
clouds,  called  the  "  Bar,"  forma  itseu :  the  first  of  these  lines  of  clouds 
is  well  defined  at  its  western  and  the  other  at  its  eastern  edge ;  and  the 
lines  unite  together  at  their  northern  and  southern  extremities  so  as  to 
oontean  between  them  an  elliirtlcal  apace  whose  length,  in  the  north 
and  south  direction,  vatieB  bom  8  to  80  miles,  and  its  Iveadth,  in  an 
east  and  west  direction,  from  half  a  mile  to  4  or  5  miles ;  the  highest 
point  of  the  ridge  of  mountains  bein^about  the  ndddle  of  the  first  line 
of  clouds.  In  a  few  minutes  after  the  formati<m  of  the  Helm  a  violent 
wind  bc^iina,  within  the  space  between  the  clouda,  to  Uow  from  some 
eastern  point  of  the  compass,  but  genarally  from  due  east  to  due  west: 
its  force  ii  moh  as  to  break  trees,  di^eiw  the  grain  in  stacdb^md 
overturn  s  eort  with  its  horse.  It  continues  frequently  tor  nine 
successive  days,  and  its  noise  is  said  to  resemble  that  of  the  sea 
in  a  violent  Btoiin ;  but  ii  is  seldom  accompanied  by  rain.  No  satis- 
factory hypothesis  has  yet  been  ofiered  to  aooount  iar  tiie  ^enome- 
non ;  but  that  which  seems  most  probable  is,  that  tiie  ur  from  the 
coast  of  Northumberland,  being  cooled  as  it  rises  to  the  summit  of 
the  mountain,  and  there  ooDclenaed,  denoids  tzaai  thence  wiUi  great 
force,  by  its  gravity,  into  the  district  at  the  toot  61  the  western 
eocupment.  (Rev.  J.  Watson,  In  tiic  *  Reports  of  the  British  Asso- 
ciation,' voL  vil.) 

If  we  contemplate  the  iofiuence  of  tbe  winds  in  tiie  economy  of 
human  life,  we  shall  find  them  highly  beneficial  Though  storms  are 
often  destructive  to  life  and  property,  both  at  sea  sod  land,  yet  they 
contribute  greatly  to  j^neerve  the  health  of  «i<tH*ft*J  bdngs  by  the 
dififflpati<«i  of  noxious  exhalatitna:  the  winds  Inqtel  the  clouds  from 
place  to  place,  and  tiius  difiuse  over  great  tracts  of  countoy  ^  rt^s 
which  contribute  bo  much  to  fertilise  the  ground.  Wind  is  extensive^ 
employed  in  giving  motion  to  machinery ;  and,  till  the  recant  a^>u< 
cation  of  steam,  it  was  the  only  power  by  whidi  ^ps  were  transported 
across  the  ocean  between  difierent  regions  of  the  earth. 

WhiHwind  is  a  violent  movement  of  the  atmocphere  in  a  circular  or 
spiral  direction  apporentiy  about  a  mathematiaal  axis,  the  latter  having 
1^  the  same  time  a  progressive  motion,  rectilinear  or  curvilinear,  on  the 
Bor&ce  of  the  land  or  sea. 

The  tornados  of  North  America  and  the  coasts  of  Africa,  as  well  as 
the  typhaoD{)  in  the  sea  of  China,  have  long  bwn  known  as  'riolent 
tempests  in  which  the  vrind  has  a  revolving  motion  of  this  kind,  but 
these  tenns  are  common^  ^ilied  to  snoh  storms  as  arc  of  short  dur»* 
tion  and  comparatively  of  amall  extent,  the  ^ameten  of  Uie  vortices 
varying  from  a  few  hundred  yards  to  one  or  two  ndW  It  is  now 
aacertaiued,  hy  such  evidence  as  leaves  scarcely  any  doubt  of  the  fact, 
that  in  all  or  most  of  the  great  storms  which  i^toto-  the  atmosphero 
the  wind  has  a  rotatory  movement,  and  that  the  diameter  of  the 
circle  within  which  the  gyration  is  ^>erfonned  is  aometimes  equal 
in  extent  to  several  hundred  nulea :  m  great  wUriwindB  the  axis 
^ipeais  to  be  eitiier  vertical  or  neariy  so,  but  lo  those  small  extant 
\ia  inclination  is  often  inconsiderable,  and  it  is  sometimes  parallel  to 
the  horiKon. 

As  early  as  the  middle  of  the  17th  century  the  revolving  motion  of 
tiie  wind,  during  the  great  hurricanes  whi<ui  take  place  in  the  West 
Indies,  appears  to  have  beeo  notioed ;  and  in  a  deacription  of  them, 
which  was  given  at  that  time  in  the  *FhiloB<qphioal  IVansaotions,'  It  la 
stated  that,  after  a  cessation  of  the  tntde-winds,  the  etorm  begins  from 
the  north;  that  the  wind  afterwards  goes  round  to  the  north- weat  and 
then  to  the  aouth,  tlw  Btoim  ■abdimng  irim  ths  i^nd  comes  to  th9 
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south -vast :  and  in  Colonel  Capper's  work  on  th*  '  Winda  and  If  on-  . 
■oo»t'  whidi  wu  pttbliibed  in  1801,  tbe  gywaitaej  natum  9i  tbe  stoniia  ' 
in  tin  EHfe  ladbw  mm  ia  infemd  from  tiM  rsooidad  in  the  ' 

dinotiom  of  ihs  wind  darii«tli*ifeann  of  1760  and  1770.  Whiri- ' 
wind  ■terms  appear  bowerar  to  have  ban  then  onuidered  aa  local  and 
tompoiary ;  and  W9  owe  to  tha  kte  Mr.  Bedfiald,  of  New  the 
diacoTery  ^lai  they  have  a  prtwreenTe  as  well  u  a  revolving  motion. 
Dr.  Franklin  aacartaised  that  the  atorm  which  he  witneHed  at  Fhila- 
d«l|^  in  1748,  took  a  oertain  time  to  arrive  at  Boatoi,  but  h»  did 
not  pntaoa  the  mibjeot^  and,  from  a  miatakiw  aatfanate  of  tha  diBtanw 
between  thoM  dtiea,  hia  qrfnion  4rf  tba  rata  of  mimmaiit  ii  now  known 
tobewroneoas. 

Cnirents  of  air  an  freqaantly,  m  at  Uie  <d»ngH  of  the  monsoons  in 
tbe  East  Indian  ana,  impdled  oUiqnely  against  each  other,  and  thua 
Totatoiy  motione  in  the  atmoqibera  maybe  produoed,  exactly  aa  addiM 
or  friii^oola  are  formed  in  cuirents  ci  water.  [Whxblfool.] 

Mr.  BodMd,  In  bia '  Obaarvationfl  on  Storms,'  In  the  *  Tnnaaotioiia 
ef  the  Anerionn  Phikwophioal  Sooiatr,'  1841,  oBan  an  ofaniiin  that 
geaaaiQj  daring  a  gale  tlmre  is,  in  the  lower  part  of  the  atmoapbare,  a 
■^lal  motion  indhiing  downwMda  and  towarda  the  centre ;  and  in  the 
big^iar  regions  a  like  spiral  motion  inclining  iqnrards  and  towards  tbe 
exteriOT.  He  adds  that,  in  storma-of  great  extent,  there  ia  sometiniM 
found  a  oonsiduaUe  area  within  whidi  tha  winds  are  modmate  and 
bknr  in  wioos  direotimH.  These  ohmetcn  of  a  molvlng  storm 
appear  to  ba  Teriflad  by  the  manner  in  whidi  tnM  ware  pwtnted 
during  the  honioane  wbioh  oocorred  in  New  Brunswick  in  Jane, 
1836 ;  when,  about  the  centre,  bodies  of  great  wei^t  were  oairied 
spindly  upwards,  and,  on  omoeite  aidee  of  the  sUom's  path,  the  trees 
were  thrown  in  oontaraiy  directiona.  It  is  obaerved  that  when  a 
storm  tagM  vidaiUy,  the  doom  and  window*  of  housN  are  often 
fomed  outwards^  eiuier  from  the  centrifugal  foroe  Mused  by  the 
iwndriiig  motkm,  or  frmn  tha  expansion  df  Uw  air  wmdn,  when  a 
tempotaiy  rarefaction  takes  place  on  the  eztericff ;  and  from  tbe  move- 
ments of  the  elouds  it  appeaia  often  that  a  stonn,  in  pasung  over  a 
plaoe,  is  in  aotivi^  at  a  considerable  altitude  befme  it  dascenda  to  the 
earth's  aorface. 

That  a  whirlwind  may  bav«  a  progrMrive  aa  well  as  a  revolving 
motion  maj  be  easily  undentood  if  it  be  obaerfsd  that,  m  the  atmos- 
pbera  in  the  trc^deal  re^ras  moTCs  horn  east  to  west  with  respect  to 
the  surface  of  the  land  or  aea,  it  may,  after  crossing  tbe  Atlantio  and 
Pacifio  oceaaa,  be  arrested  in  ita  prugross  westward  by  the  continents 
of  America  and  Asia,  and  defleoted  from  thence  towards  the  poles  : 
the  whirlwinds  formed  by  eleotrioitj  or  otherwiae  in  the  general 
current  of  air  will  oinuequenUy  be  carriad  with  the  deSeoted  bnnohea 
into  blj^  nofthem  and  southern  ktitudH ;  and  it  may  oooasioooJly 
bu^en  that,  trcm  the  nature  irf  the  defleotiag  fotoes,  the  prih  of  the 
axis  of  a  revolving  atom  in  either  branch  is  a  curve  line  like  a  segment 
of  a  drole  or  a  parabola.  Sir  John  F.  W.  Herechel,  at  the  meeting  ot 
the  Britiah  Asaocistaon  in  1888,  suggested  that  the  Qulf-Stream  may 
be  the  oauae  of  the  neaify  parabolio  curves  assumed  the  paths  of 
the  storma  on  the  coast  <^  North  America  :  the  paths  nearly  ooindde 
with  the  comae  of  this  stream;  and  the  warmui  of  the  watw,  by 
increaaing  the  temperature  of  the  air  above  it,  must  disturb  the 
equililnium  of  the  atmoaphare,  and  maintun  the  atoms  which  bad 
their  origin  in  a  lower  latitude. 

It  ia  evident  that  the  velocity  of  the  wind  in  a  revolving  storm  must 
bathe  greatest  and  the  leaii  reflectively  on  <woaito  ddee  of  the  axis 
of  rotatltm.  In  a  diameter  wbiim  is  perpendicular  to  the  path  of  that 
axis ;  for  aa  one  nde  the  direction  of  the  revolving  ourrmt  compares  with 
that  of  the  progresnve  motion  of  the  storm,  and  cm  the  oUter  it  is  oon- 
tmry  to  ib  In  other  parts  within  the  limits  of  the  storm  the  directitm 
and  veloci^  of  the  wind  must  be  compounded  of  the  rotative  and 
progressive  motions;  and  it  will  happen  frequently  that  a  temporary 
oalm  is  aq^erianoed  at  each  point  on  the  esrth's  smrflMs  at  which  the 
axis  of  Hbo  storm  soooemivaly  arrives. 

The  phenomma  of  trt^doal  storms  are  not  precisely  mch  as  they 
would  be  if  the  ur  bad  a  mmple  movement  of  rotation ;  the  partidee  ot 
air,  while  revolving,  are  [ovbably  subject  to  undulwtory  motions  in 
qihal  curves,  and  the  wind  awears  sometimes  to  shift  to  different 
pointa  idl  round  tbe  ounpaas.  Mr.  BedOeld  statM  that,  to  smaU  whiri- 
windsjthe  axis  of  rotathm  appears  at  tinKS  to  desortbe  gyraUons  in 
lonwd  curves  about  its  mean  vlaee  in  the  line  <rf  proi^esnve  motion ; 
and  tita  like  ^jrations  probably  take  place  in  those  of  an  exteonve 
kind ;  indeed  m  some  voyages  under  the  influence  of  revolving  storms 
they  have  been  actually  observed ;  but  in  order  to  simidify  the  expla- 
nation of  the  phenomena  of  wliiriwinda,  it  is  usual  to  assume  that  the 
partidea  of  air  revolve  in  tiie  oircumferenoes  of  drclea  whow  ceutns 
are  in  the  axis;  tiie  latter  having  at  the  ssnw  time  a  movement  of 
progression  in  a  rectilinear  or  oorvilinear  diiaetion.  Now,  if  tiw 
plane  of  the  papn  represent  the  surCsce  ot  the  sea,  and  a  line  throngh 
A„  perpendiciilar  to  it,  represent  the  axis  of  a  whirlwind  whose  north 
and  Bouth  diameter  ia  N.,  S.,  and  in  whtdi  tiie  particles  of  air  are  sup- 
posed to  revolve  (for  example)  in  the  direction  indicated  by  tiie  order 
of  the  letters  N.,  W.,  S.,  £. ;  tiie  progressive  movement  of  the  axis  beiag 
also  suppoaed  to  be  from  A|  throi^  N-,  or  from  south  to  north:  then, 
rince  at  N.  a  tatuent  to  the  drde  liM  due  east  and  wast,  it  is  evident 
wat  a  ship  at  that  pdnt  would  experieaoa  a  wind  Uowmg  trma  the 
Msk  whan  the  oentn  ol  the  storm  ia  at  a^j  and il  tha  iBp nmain 


stationary,  the  wind  will  ocHttinue  to  blow  from  the  eune  quarter 
tiU  airivM  at  N.,  tiie  tangento  to  the  eoooantric  eindw  supposed 
to  ba  dMoribed  by  the  partidM  being  dim  seat  nd  west  at  the 
northan  pdnta  of  tta  dnmrnferancM  «  tbtj  suootsslvsly  arriva  ak 
K.,  and  the  wind  in  all  die  northeni  half  of  the  atorm  revolving  ia 
thadireetioQ  &,N,W.i  bntattarthia  time,  tha  wind  falowmgia  the 


.'As 


N. 


yj    ft.  vs. 

'xH — ] — 

direction  W.,S..E.,muBtbo  felt  at  N.  as  awestwind  till  the  remaining 
halt  of  the  storm  baa  paaaed  over  that  point  In  like  niannu-,  if  tha 
axis  of  the  storm  ware  to  move  from  a,  towards  W.,  a  ship  auf^toeed 
to  be  stationary  at  the  latter  point  would  feel  the  gde  from  the  ooilii 
till  A|  arrives  at  W. ;  after  which,  aa  the  eastern  aemicircle  paaece  over 
that  point,  the  ship  would  experience  a  wind  from  the  aoutiL 

Again,  it  the  axis  were  to  move  from  Aj  towards  a^  that  ia,  from 
south-west  to  north-eaat,  for  example,  the  direction  ot  the  whirlwind 
being,  u  before,  according  to  the  order  of  the  lettm  N.,  W.,  S.,  E.,  and 
the  ship  being  suppoa^  to  remain  stationary  at  aome  point,  as  ii,  till 
the  storm  has  passed  over  it,  then  the  line  of  direction  in  which  the 
points  of  the  whirlwind  successively  overtake  the  ship  being  H,  iin 
parallel  to  A,  A,,  tbe  area  on^,  bit^,  Ac.,  will  represent  the  Bevrail 
directions  in  which  the  wind  wUl  aucceasively  be  felt  at  the  ship  during 
the  continuance  of  the  at<Hin.  Thus,  the  axis  of  the  whirlwind  being 
at  A„  the  convex  aurfaoe  of  the  storm  has  just  reached  the  ahip,  and 
the  wind  blows  in  the  direction  an,,  or  in  the  circumference  of  the 
drole  whose  centre  ia  a,,  that  is,  nearly  from  the  east-aoutb-eaot; 
next,  the  axia  bdng  at  a,,  the  point  ii,  in  tha  circumference  of  the 
circle  whose  radius  is  a^  is  at  h,  ;  and  then,  at  the  ship  the  wind  ia 
fdt  in  the  direction  bu^,  or  in  the  circumference  whose  radiua  ia  a,  h„ 
or  ita  equal  a,  h,,  that  is,  nearly  trota  the  east-by'aouth.  Again,  the 
axis  being  at  Ay  tlie  point  M,  in  the  droumftfence  whose  radiua  ia 
ia  at  ;  and  then  at  the  ttiip  the  wind  ia  fdt  In  the  directi<m  eu„  cr 
in  the  oircumfemce  vhoae  radiua  is  a,  H^,  or  its  e^ual  AjIc^  that  is, 
from  the  north-east  When  the  axis  is  at  a,  and  a,  the  points  and 
Hf  arrive  at  M,,  and  the  wind  there  is  felt  successive^  in  ute  directions 
dUt  and  eM,,  that  is,  nearly  from  the  north-by- west,  and  from  the 
noiih-nmth-west  When  the  axis  has  advanced  beyond  it  ia  evident 
that  the  whirlwind  ceases  to  have  any  effect  on  a  ship  at  X,.  If  tan- 
gents were  drawn  at  M,  to  the  arcs  bu„  cii^  &&,  th^  would  evidentiy 
be  parallel  to  tangents  at  the  ooirea^xmding  points  li^  m„  &c ;  there- 
fore the  directions  in  which  the  circumforence  of  the  concentric  cirdea 
meet  the  iiaa  of  direction  U,  will  be  those  in  which  the  wind  is  fdt 
at  the  ship  during  the  storm.  In  like  manner,  the  auocesuve  direc- 
ti(Hia  in  wnich  the  wind  tdows  in  a  revolving  stcnrm  may  be  exhibited, 
whatever  be  the  aitoation  of  the  ahip  and  the  movemant  <A  the  axis 
rototimi. 

The  diagram,  therefore,  may  be  r^iarded  oa  a'  plan  or  a  horiaontal 
section,  or,  more  accurately,  a  section  at  right  angles  to  tha  axis,  of  a 
levolving  storm.  In  the  sequd  of  this  ortide  oootber  diagram  will  be 
found,  presenting  vertical  sections  of  such  stonus,  or  sections  parallel 
to  their  axis,  and  at  right  angles  to  their  greatest  diameter. 

The  buKkanee  or  whirlwinds  of  tbe  AUantui  oommauM  ia  a  part  of 
the  ooean  which  ia  frsquentiy  designated  the  re^on  of  variable  winds, 
and  is  atoated  between  10  and  20°  N.  lat,  and  between  fifi"  and  60° 
W.  l<mg.,  and  their  progrea  along  the  coast  of  tlw  Umted  States  is 
marked  by  the  devastation  thw  so  often  produce.  They  are  fdA 
between  July  and  October,  but  they  are  moat  frequent  and  violent  ia 
August  and  September;  and  being  on  the  great  line  of  communicatioa 
belnrasn  Europe  end  tiia  West,  the  phmmmena  wbidi  tluy  present 
have  beu  man  attenlivdy  observed  than  thoM  (d  the  storms  in  aqr 
other  regioQ  of  the  earth.  The  valuable  puUioatlons  of  Mr.  Bedfidd 
ooiUain  nearly  all  the  details  wbioh  have  yet  been  collected  concerning 
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tham;  vbile  the  wwksof  thekte  Sir  W.  B«d  [Rmi^  Btb  WnxuM, 
in  Bioo.  Div.],  eBpecially  thftt  entitled  '  An  Attempt  to  deniknM  the 
Law  o{  Storaui,*  oontaia  almort  aU  that  is  known  of  the  irhiriwinds 
in  the  southern  hemiBphere. 

In  the  '  American  Journal  of  Soianoe,'  voL  xx.,  it  is  shown  that  the 
■torm  whieh  took  place  in  September,  1821,  began  in  the  West  Indies, 
and  arriTed  off  the  eoast  lA  the  United  States,  in  h»k  85°  IT.,  at  di^- 
light,  September  Srd,  whm  the  wind  blew  from  E.S.B.  On  the  nme 
day,  at  11  A.H.f  ii»  ttoim  oonmienoed  at  Gtoe  Henlt^ieo,  irith  tiia  wind 
in  the  same  quarter,  but  it  afterwards  uifted  to  ELN-B.,  and  blew 
during  nearly  an  hoar :  a  cahn  of  half  an  hoar  soeoeeded,  when  the 
wind  shifted  to  W.N.'W.,  and  blew  with  great  vii^enee.  At  New  York 
the  storm  eommoioed  at  6  p.ii.,  from  E.  and  N.E!.,  the  wind  blowing 
with  f  uiy  tor  three  houn,  and  then  it  changed  to  W.  At  Boston  the 
hunrieane  oommenoed  at  10p.m,  but  bt^fond  this  city  it  was  not 
tiiwed.  All  the  pheQ<nnena  just  mentioosd  indicate,  agreeably  to  the 
princnpIeB  above  explained,  a  revolving  hurrioane  hi  whidi  the  direction 
of  the  rotation  was  according  to  the  order  of  the  cardinal  points,  N., 
W.,  S.,  B.,  while  the  progressive  movemeDt  of  the  axis  was  about  N. 
by  E.  The  temporary  calm  at  Cape  Henlopen  seenu  to  diow  that  the 
omtre  of  the  vortex  was  then  near  that  place; 

In  the  same  work  it  is  stated  tiia^  dorii^  (he  Iranieane  18S0,  at 
the  Bahama  Ishnde^  the  wind  veered  abnoet  nrand  the  emapesi  in  the 
night  of  August  14.  The  storm  ^ipears  to  have  passed  from  the 
island  of  St.  Thomas,  near  Porto  Koo,  to  the  south-east  coast  of  Nova 
Scotia,  in  about  six  days,  oonsequently  it  maab  have  moved  at  the  rate 
of  about  1 7  miles  per  hour ;  and  by  the  poeitioas  of  the  different  points 
at  i^iioh  its  effects  were  at  the  same  time  felt,  its  diameter  must  Ikave 
been  abont  150  or  200  miles. 

AOiOvementof  progression  combined  with  a  movemrai  of  roliAtbn 
in  the  direction  of  the  points  N.,  W.,  S.;  E.,  is  also  indicated  by  the 
phenomena  of  the  Borbadoes  hurricane  in  August,  1831,  la  July,  1887, 
and  of  the  hiuricane  at  Antigua,  August  2  of  the  latter  year.  But  of 
the  Horth  Atlantic  stoims,  uiat  whidi  presents  the  most  retnai^ble 
idienomena  is  one  whitdi  raged  between  the  12th  and  23rd  of  August, 
1837.  Detaib  of  the  oununutances  attendmg  it  have  been  ^ven  at 
length,  with  a  chart  of  its  couree,  by  Sir  W.  Beid,  in  bis  -mA  on 
storms;  and  it  appean  that  it  was  first  H^t  in  kt.  17"  SO'ir.,aboat 
400  n^ea  eastward  <tf  Antigua,  though  it  may  have  had  its  ori^  rtill 
farther  eastward. 

By  the  effects  experienced  at  different  points  on  the  ocean.  Sir  W. 
Reid  concludes  that  the  centre  or  axis  of  uie  storm  advanced  at  first 
fnmi  east  to  west  nearly;  and  after  moving  in  that  direotitHi  about  two 
days,  it  tamed  towuds  the  north-wes^  as  if  the  storm  had  been 
:d)rupUy  deflected  from  the  land ;  and  -^hm  the  whirlwind  ceased  to 
be  noticed,  it  was  passing  eastward  across  the  Atlantic  to  the  south  of 
Newfoundland.  On  the  18th  of  August,  1837,  a  ship,  named  the 
Rawlins,  was  becalmed  for  an  hour  in  lat.  30°  30*  N.  nearly ;  at  that 
time  another,  named  the  Calypso,  above  three  degrees  northward  of  the 
Itawlins,  was  thrown  on  her  beam-ends  wiUi  ^e  wind  euoeeerively  at 
N.W.,  W.,  and  S.W. ;  and  a  ship,  named  the  Sophia^  situated  about 
as  hx  towards  the  north-east  of  ue  Rawlins,  evidently  eastward  of  the 
storm*8  centre,  experienced  the  hurricane  from  the  E-y-E.,  E.,  and 
E.S.E.  Previously  to  the  temporary  calm,  the  wind  at  the  place  of 
the  Rawlins  had  been  N.E.  by  E.  and  N.,  and  afterwards  it  suddenly 
changed  to  the  S.W.  Theee  ciroumstances  sufiSdentiy  indicate  that 
the  %hlrlvrind  had  than  a  pnf;reasiTe  motion  towards  the  north-west, 
aiod  at  tlw  ssme  time  a  rotation  in  the  direction  of  the  pmnfs  K.,  W., 
S.,  E.  On  the  20th  of  August  the  wind  at  the  pcont  occupied  by  the 
Sophia  appeared  to  veer  bock,  first  to  the  east,  and  Bubsequentiy  to  the 
north ;  and  sinoe  at  this  time  the  progressive  movement  of  the  hurri- 
cane  had  changed  from  a  south-west  to  a  north-east  direction,  the 
veering  of  the  wind  admits  of  being  explained  on  the  soppoeition 
that  the  Sophia  had  then  fallen  itrto  the  wertem  semicircle  of  tiie 
whhlirind,  while  the  latter,  still  revolving  in  the  same  direction,  passed 
over  her. 

That  independent  whirlwinds  oooasionally  interfere  with  each  otiier 
may  be  inferred  from  the  circumstances  attending  the  voyage  of  the 
Castriee  from  St  Lucia  to  England  in  the  same  year  (1837).  This  ship, 
between  the  14th  and  25th  of  August  sailed  nearly  from  south  to 
uorUt  aa  the  chord  of  the  arc  described  the  csBAre  of  the  great 
bonicane  just  mentioned.  On  the  14tii  and  15th,  in  aboat  the  18th 
d^;ree  of  nortii  latitude,  where  the  wind  usually  blows  from  the 
east,  she  felt  a  gale,  wMc^i  at  first  oame  from  S.S.W.,  and  afterwards 
ch^ged  to  S.E.,  aa  if  she  had  crossed  the  eastern  aide  of  a  storm 
revolving  in  the  direction  K.,  W.,  3.,  E.,  and  Tvliose  centre  was  moving 
neorfy  from  east  to  west :  this  was  in  fact  the  said  hnirioane  near  the 
pboe  where  it  was  first  observed.  The  Castries  then  sailed  northward 
with  bit  weather  till  Aogost  24th,  when,  in  lat,  85*  4$"  K.  and  is 
longk  57°  40'  W.  nearly,  she  was  overtaken  by  a  whirlwind  whidi 
passed  over  her,  Now  this  could  not  have  been  the  great  hurricane 
before  mentioned,  since  at  that  time  the  latter  bad  passed  beyond 
the  spot  towards  the  N.E.,  and  the  rotation  at  its  sou^em  extremity 
mustluive  caused  at  the  place  a  west  wind  to  be  felt;  whereas  the 
direction  of  the  wind  at  the  was  at  first  from  E.S.E.,  subsequentiy 
chuigiag  to  N.E.,  N.,  and  N.W. :  the  iMp  most  eviden^  therefore 
have  been  then  in  the  north-«astem  side  of  a  whirlwuid  coming 
np  from  the  QJS.,  and  revolving,  like  the  othen,  in  the  direction 


If.,  W.,  &,  EL  This  whirlwind  must  have  fallen  Into  the  tnwt 
pursued  by  the  fonner,  and  probably  both  hecsme  afterwaida  blended 
together. 

Mr.  Redfield,  Fft^Bseor  Dove,  and  ffir  W.  Beid,  ind^ndently  <d 
each  other,  and  nearly  at  the  same  time,  ascertained,  irma  the  accounts 
of  persona  who  had  navigated  the  southern  hemisphere,  that  in  the 
whirlwind  storms  of  those  r^ons  the  rotation  takes  plaoe  in  the  order 
of  the  cardinal  pnnla  N.,  B.,  &,  W.,  or  comfcrary  to  that  in  which  the 
lotatuHU  are  made  in  the  North  Atlantic,  the  axis  of  the  storm  having 
also  a  progreeaive  motion  from  the  equator  obliquely  towards  the  souS 
pole.  Such  appeare  to  have  been  the  nature  of  the  storm  near  the  ide 
of  Rodrigaea,  February,  1807,  in  vriiioh  the  Kenheim,  the  fiag-ehip  of 
Sir  Thomas  Troulaidge,  fbundered ;  for  it  is  observed  by  Sir  W.  Raid, 
that  the  Harrier,  brig  of  war  (one  of  the  squodnm),  by  scudding  hetan 
the  wind  from  the  Ist  to  the  4tix  of  February,  described  about  three- 
quarters  of  the  efaeomferenoe  of  a  circle  in  the  order  just  mentioned. 
And  since  the  ships  first  received  the  wind  from  the  north-east,  it  may 
be  inferred  that,  by  ssiling  south-westward  faster  than  the  storm 
advanced,  they  aetauly  overtook  it  at  its  south-east  aide.  A  like  cir- 
oumstanoe  ooourred  to  the  ship  Neptune,  during  its  voyage  from 
CWcutta  to  the  Cape,  in  1835.  From  a  Tnaeix  aoeount  of  the  hurri- 
cane wUch  was  felt  at  Uauritios  in  March,  1818,  it  appean  that 
the  wind  begjm  eariy  in  the  morning  to  blow  from  aS.B.  and  8. ;  but 
in  about  an  hour  it  changed  to  K ;  and  at  dayl^eok  ir  beoome  N.N.E. 
and  N.,  and  when  the  storm  oeaaed  it  blew  from  N.W.  Kieee  dnom- 
stances  indicato  a  rotatum  in  the  order  N.,  E.,  8.,  W.,  about  an  aads 
passing  a  little  way  to  the  Bwtb  o<  the  ialand,  fnm  nesrly  east  te 
■outii-weet. 

But  the  most  remarkable  storm  lAich  Sir  W.  Reid  has  investigated 
is  that  which  occurred  in  the  Indian  Ocean,  In  Haroh,  1800,  when  the 
fleet,  under  the  convoy  of  tite  Cullodeo  and  Tnpsichore,  suffered 
sevwely.  The  fleet,  homeward  bound  from  India,  had  got  in  laL 
21"  S.,  when,  on  March  14,  the  hurricMW  beoame  so  violent  that  the 
ships  were  disperaed.  By  tewnng  ^e  oonraes  which  they  pursued,  and 
also  tiioee  of  four  ships  which  bkd  sailed  from  the  Cs^  to  cruise  near 
UauriUns,  Cdonel  Held  found  that  the  general  movement  of  the 
stom  froin  long.  80*  'E.,  where  It  was  flnt  felt,  to  long.  65*  E..  was 
from  N.E.  to  S.W,  nearly :  from  thence  the  path  turned  alruptly,  md 
its  direction  afterwwds  wae  from  N.W.  to  3.£.  It  therefore  described 
a  curve-line  similar  to  that  of  the  North  Atlantie  Jtorm  in  August, 
1837,  but  in  a  direction  tending  towards  the  eonth  pok;  and  the 
manner  in  which  tiie  wind  veered  at  each  of  the  shipa  whose  logs  have 
been  enmbted  is  capable  of  being  rei»«saited  by  aanuning  t£al  the 
rotation  was,  as  in  the  preceding  easee,  aocwding  to  fbe  oraer  of  Ao 
pohits  N.,  E.,  8..  W. 

Trom  tbe  12th  to  the  15th  of  Mardt  the  whole  fleet  appearB  to  have 
been  near  the  southern  extremity  of  the  vortex,  and  to  have  sailed  m 
a  direction  parallel  to  the  path  of  the  axis.  Seven  of  the  ships,  It^ 
llfing  to  and  falling  to  the  ■oathwifd,  got  oat  o<  the  harricane  aa  the 
Ifith;  bat  on  the  18th,  one  cf  them,  the  Hnddatt^  fall  into  the  aontheni 
branch  of  the  line  described  by  the  axis,  and  orosssd  the  northern 
extremity  of  the  vortex  as  that  axis  moved  sooth-eastward. 

The  Culloden,  with  part  of  the  fleet,  by  sailisg  eastward,  got,  on  the 
15th,  nearly  to  the  centre  of  the  vortex  in  the  northern  branch;  on 
the  15th  and  l€tii  this  ship  scudded  before  the  wind ;  but  it  after- 
wards changed  its  course  to  3.E.,  and  on  the  19th.  it  got  out  of  the 
storm.  The  ships  which  followed  her  probably  eontinned  to  go  before 
the  wind ;  Oieiy  thus  kept  near  the  oeotre  of  the  storm,  where  tiuy 
must  have  foundered. 

In  November  of  the  same  year,  a  hurricane  which  commeDced  in 
lat.  5*  S.  and  long.  90°  E.,  appears  to  have  had  litUe  progressive  notion ; 
idl  the  ships  which  were  exposed  to  it  experienocd  a  temporary  odm  in 
tiie  nddst  of  the  storm,  and  on  the  afternoon  of  one  day,  November  21, 
the  wind  veered  rapidly  quite  round  the  lioruon  in  the  order  N.,  E., 

a,w. 

The  whiriwtnds  in  the  Sea  of  China  appear  to  differ  in  no  respect 
from  those  which  take  place  on  the  coast  of  North  America,  Daring 
a  hurricane  on  the  coast  near  Canton,  August,  1829,  when  the  East 
India  Company's  ship  Bridgewater  was  driven  on  ahore,  the  changes  of 
the  wind  were  suooesatvely  from  N.  to  E.,  and  to  E.S.E.,  ending  at 
S.E. ;  therefore,  if  it  be  supposed  that  tiie  oourse  of  the  storm  was 
neariy  from  &  to  W.,  and  that  the  ship  was  to  the  ntnth  <d  its  oentn^ 
the  rotation  must  have  been  in  the  oraer  N.,  W.,  S.,  E.  It  has  been 
ascertuned  that  the  rotations  took  place  in  tike  same  order  during  the 
hurricanes  of  1632  and  1835. 

LitUe,  comparatively,  is  known  of  the  storms  in  the  Pacifie  Ocean ; 
but  they  also  are  of  a  rotatory  character. 

la  higher  latitudes  the  storms  are  irregular,  probably  beoaoae  the 
vortices  fdlow  each  other  in  the  same  direotion  and  uterfere  with 
each  other's  gyrations.  The  great  storm  which,  in  ISSS,  was  felt  ou 
the  south  coast  of  Ireland,  and  proceeded  from  thence  along  the  west 
coast  of  Scotland,  had  all  the  (mracters  of  a  whirlwind.  It  is  stated 
by  Sir  W.  Reid,  that  on  the  i  4th  of  February,  while  at  Cape  Clear,  the 
wind  blew  from  S.E.;  off  Oporto  the  gale  was  from  S.W, ;  at  the  same 
time,  at  the  bottom  of  the  Bay  of  Biaoay,  it  was  felt  from  &  and  3.W.; 
and  at  the  Shrtland  Islnds,  from  tiie  18th  to  the  20th  of  Fsbmary, 
the  wind  Uew  sucoesriv^  from  SJS.,  Q.,  and  S.W.  At  Cadi^  betweoi 
the  7th  and  12th  of  Febmaiy,  the  wind  Uew  from  a.W.  and  W.;  and 
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on  tlie  16th,  off  Lubos,  there  -wen  heavy  galee  from  S.W.  to  W^.W. 
All  these  dreunutances  indicate  »  stona  reTtdving  in  the  order  N.,  W., 
S.,  E.|  wUb  Iti  centra  adwioed  in  a  line  nesr^  from  touth  to  north, 
ftofeiaor  Dove  luw  nnuaked,  in  his  p^er  alrewly  nfemd  to,  tliat  in 
Pt-onia  an  atomu  are  great  wfairlirino^  which  continue  daiiiw  one  or 
■e<ranl  dajB,  aometimee  as  ma^y  as  twial^,  the  rotation  of  toe  wind 
bdng  geneiallT  in  one  direction. 

It  t«sult«d  irom  the  inTesti^tion  and  comparison  of  these  and  otiier 
facta  by  Mr.  Bedfleld  and  Sir  W.  Beid,  tlut  a  reroIviDg  storm,  or 
Cjolone,  aa  it  is  oalled,  rotates,  in  the  Northern  hemisphere^  from  the 
east,  or  the  ri^t  hand,  by  the  north,  towards  the  west,  or  contrary 
to  the  hands  of  a  watch;  mi,  in  the  Southern  hemisphere,  from 
the  west,  or  the  left  hand,  by  the  south,  towards  the  Mkst,  or  wi& 
the  bKoda  of  a  watch.  Professor  Dove  expresses  the  same  fact, 
beginning  in  botii  cases  witii  the  right  hand,  or  Uie  east  ride  of  the 

f clone,  S.,  El,  N.,  W.  for  the  Korthem  hemiq>here^  and  If.,  EL,  3., 
,  for  the  Southern. 

Tho  Tariaticms  in  the  hedght  of  the  odiumn  of  mercury  in  a.-baro* 
meter  afford,  within  the  tropics,  indications  of  the  approach  and  the 
state  of  a  whirlwind;  the  column  is  observed  to  fall  ^vdually  during 
part  of  tiie  time  that  the  storm  oontinnes  at  a  ^aoe,^parent^  till  the 
centre  of  the  vortex  has  passed  over,  and  thai  to  nse  as  gradually. 
The  dqweasUm  of  the  cdumn  continues  also  during  the  movement  of 
a  storm  from  one  region  to  another ;  the  centrifugal  tendency  of  the 
revoMng  parUcIee  probably  opposing  that  of  ^vily,  b^  which  the 
particles  would  othnwise  move  towuds  the  axis  of  rotation.  Proofs 
of  these  circumstances  are  given  by  Sir  W.  Raid  from  obaervations 
made  at  Huiritiiui,  during  the  hurricanes  in  Uarch,  1819,  and  in 
Fefaonuay,  1824. 

As  the  Investigation  of  the  suhjeot  has  proceeded,  the  observation  of 
the  deprssriiHi  of  the  barometer  during  a  revolving  storm  has  been 
found  to  be  of  the  utmost  importance,  as  well  In  a  philosophical  aa  in  a 
^actical  point  of  view.  The  fact  ia  oonnected  iosepaiubly  with  the 
gmend  hlstotr  of  the  atmosphere.  That  a  considerable  decrease  of 
pressure  should  be  an  of  any  unusual  disturbance  in  it  is  a 

suppoution  BO  natmaL  that  it  at  once  oootnred  to  tiuM  who  £rvt 
reauwked  that  the  w«E^  of  air  Burmmdiuig  OS  is  not  alwaji  tiie  same. 
For  the  purpose  of  measuring  these  cbtmaa,  tha  inventor  of  the  ur- 
pump.  Otto  Von  Guerifce  attaobad  a  seaw  to  the  water  barometer, 
whim  he  also  invented,  and  he  records  an  obaervation  that  in  the  year 
1860,  the  index  pointed  below  the  lowest  mark  on  the  ^ass  tube,  on 
wUdi  he  had  oon&dentiy  affirmed  that  there  was  a  great  storm  some- 
where^ and  that,  two  houn  afterwards  a  tempest  was  n^ng  in  the 
dfifariot  of  Ibgdeburg.  As  a  more  reeoit  esaraple,  Dove  mauticms  tiie 
Srast  steam  of  January  17, 1818,  which  extended  &om  the  shores  of 
to  Memd,  and  was  felt  throughout  a  region  240  Oerman 
miles  in  length,  and  daring  which  the  batximeter  felt  eight  lines  in  as 
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many  hours,  having  also  fallen  between  the  3rd  and  the  l7th  of 
January  in  all  twenty-one  lines,  or  an  inch  and  three-quarters.  The 
experiwioe  of  the  last  two  centuries  indeed  has  bo  &r  confirmed  the 
rraurk  of  Yon  Querike,  that  the  scales  attached  to  our  common 
barometers  uaual^  terminate  witii  "  very  stormy."  But  its  appli- 
cabilibr  is  not  confined  to  the  temperate  zone  :  in  lat.  70°  K.,  long. 
70°  W.,  the  warning  afforded  by  a  considmible  fall  in  the  marine 
barometer,  enabled  the  celebrated  navigator  Sooresby  to  amid  the 
dangers  of  a  tempest  which  lasted  two  days  unint^rnptedly.  Sir 
W,  Reid,  aa  we  mive  just  seen,  established  correspcndmg  facts  in 
relatitm  to  the  revolving  stonns  of  the  Indisn  Oonn;  and  in  the 
regions  of  the  trade  winds,  and  of  tiie  monsoons,  tiia  numerous 
examples  of  greatiy  diminiahed  pressure  ushering  in  the  t^phocnui 
and  West  India  hurrioanoi  are  now  well  known. 

The  '  Law  of  Storms,'  uindpaUv  by  the  ddUuIly  ocnducted  and 
oontinued  researdieB  <rf  mi.  Redfleld  and  Sir  W.  B«d,  having  been 
brought  into  the  condition  ex;plained  in  the  preceding  columns,  and  the 
lirfiter,  especially,  having  indicated  to  the  seaman  not  only  how  he 
might,  by  applying  the  acquired  knowledge  of  that  law,  avoid  the 
danger?  of  hurricanes,  but  even  profit  by  their  intervention  in  hu 
TOTsge,  a  new  advaooe  was  given  to  the  supject;  a  new  explorer  bdng 
added  to  those  whom  it  had  bean  investigated,  and  who,  indeed,  had 
bera  puisuine  his  own  researches  contemporaneous^  intii  some  of 
theirs.  The  me  iSt.  Henry  Piddington,  Presideat  of  Marine  Courts, 
Calcutta,  communicated  to  the  Aaatic  Society  of  Bengal,  in  1839,  the 
first  of  an  extensive  series  of  memoirs,  in  which  he  disousaed  the  phe- 
nomena of  revolving  stornui  in  the  Indian  and  Chinese  Seas,  aa  recorded 
in  the  log-books  of  the  ahipe  which  had  expericnoed  them,  and  in 
variouB  oUier  doeuments.  These  having  been  first  printed  in  the 
<  Journal  *  <^  tin  Society,  Mr.  Piddington  publisbed  a  valuable  digest 
of  their  results,  and  of  those  obtained  by  his  contemporaiiflB,  in  a  wwk 
entitled  'The  Sailor's  Hom-Book  for  the  Law  of  Storms,' of  which 
several  editions  appeared,  the  first  in  1848  and  the  second  In  1851. 
In  the  first  edition  of  this  work,  the  author  juroposed  the  demgnation 
of  Cydanet  from  the  Qrodc  KvKAot,  a  drde,  also  the.ooil  of  a  snake, 
for  hurricanes,  typhoons,  revolving  storms,  and  droular  blowing  gales 
in  geueral,  superseding,  for  nautioal  as  well  aa  sdantifio  purpose*,  all 
the  terms  previously  in  use.  This  dedsnation  havii^  been  nnivcmUy 
adtqrted,  we  shall  employ  it  in  the  remamder  of  this  article,  premising, 
however,  that  the  term '  whirUtorm '  has  been  reoommended  by  some 
aa  on  apt  English  emphatic  synonyme  when  required. 

Mr.  Piddington  constructed,  and  published  in  his  work,  what  he 
termed  a  barometrical  ohart,  exhibiting  certain  numerical  phnomana 
of  seven  ^clones,' which,  as  i)eing<mem  the  mort  instnioUve  ^rapUcal 
representations  of  jdmical  faeti  we  have  ever  seal,  and  M  givm^  what 
may  be  called  vertical  seotioos  of  the  oydonea,  we  have  copied  m  the 
diagram  annexed. 


A  few  words  in  explanation  are  required.  The  double  set  of  num- 
bem  and  spaces  at  the  top  line  of  the  diagram,  forma  a  general  scale  of 
distances  in  milea  from  we  centre  of  ea<£  eyolone.  The  double  set  at 
the  bottom  fonna  a  scale  of  boon  before  and  after  the  passage  of  the 


centre.  The  numbers  and  spaces  at  each  inde  denote  the  heights  of 
the  barometer  in  inches.  Hie  Roman  numnals  refer  to  tiie  cyclones 
enumerated  in  the  fdlowing  list,  the  barometrical  observations  taken 
as  BtandardB  being  such  as  were  made  on  shore,  whidi  idone  ooald  be 
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used  in  a  oonrtruotJoii  of  UUb  deBcription— «  cirounutanoe  enhancing 
the  yalue  of  tiie  objut ;  iew  obeervatioiu  of  the  phenomena  of  oydooes, 
as  ma;  be  supposad,  having  been  made  on  the  land. 
The  diagram  thus  oompiiMS — 

AvthorilT. 

L  ICadru  bnnlaaiie       ■      •      .    18SS,  Obeemtorr  zeewdli 
II.  Haultlu       .      .            .   .   im,  C!oU.Uord,  Lewis;  Bdd. 
Ttt  n.i»iM.  i  Mddlagton,  7tli  Mmoir, 

m.  Calntta  i     •  Joor.  A..  &«>.,' toL  t!L 


IV.  St.  Thomu,  Wnt  Indlae 

y.  Duke  of  York,  Kedgeree^  nontfa  of 

the  Hoogblr 
TI.  HanuA 


1BS7,  Prafessor  Dots,  In  Fart  x. 

of '  Soientlfio  Memoln.* 
1B88»  Hr.  Junce  Filmed  *'<xtr> 
Am.  See.,'  toL  1t«  BaU,  p.  Ifll. 
1M0,  *BmndaBo!ral<]aMtte.* 
„  f  1S41.  OteemtKy  Bepom,  SUi 

TO.  lUAiH  ^  KBmdr»'Joiir.AfcBDe,'Tc4.TlL 

The  principle  on  -whidi  the  diagnun  is  oonatrocted,  is  to  take  with- 
out reference  to  the  hour  of  the  day  or  night  at  vhich  it  occurs,  the 
lowest  point  of  the  barometrical  depression  in  a  cyclone,  as  the  centre 
or  axis  of  that  storm.  Tiiis  is  placed  on  double,  or  axis  lines  in  the 
Diiddief  and  the  fall  and  rise,  and  the  time  in  which  these  occur  are 
Bhuwn  on  a  sule  houn  below,  and  of  inches  to  the  right  and  left- 
We  have  Ukus  the  (^clones  brought  together  and  placed  opcat  each 
other,  as  it  were,  for  comparison,  under  exactly  equal  otmdltioiis  as  to 
time,  and  as  to  the  fall  of  the  meiVjury  in  toat  tanw.  The  aoale  of 
miles  above  will  be  presently  explained. 

And  we  ore  immediately  struck  with  the  fact,  tiiat  there  are  evi- 
duntly  two  distinct  dasHs  of  eyckmea,  compared  hj  Dove  tu  deep 
ravines  with  pradpitous  ndea,  and  to  extensive  Taluja  with  gen^ 
declinties,  in  one  of  which  the  fall  an^  rise  an  more  or  lesa  gradual, 
forming  an  easy  curve,  while  in  the  others  it  forms  not  bo  maxh  a 
eurro  but  almost  an  angle,  or  rather  the  figures  called  1^  (^Udana 
caustic  curves,  and  in  Uiese  last  oyclones  the  foil  has  been  excessive 
and  the  fury  of  the  tempest  for  beyond  the  average  of  such  visitations. 
We  may  thus  divide  the  stomiB  into  a  flist  and  second  class;  the  first 
class  bemg  those  of  the  greatest  (exoeealTe),  and  sudden  faUs  near  the 
centre. 

There  is  also  evidently  another  peculiarity,  thai  is,  tliat  all  the  rapid 
part  of  tiie  fall  seems  to  begin  at  from  three  to  six  houn  before  the 
passage  of  the  centre,  and  that  before  that  time  the  &11  even  of  the 
violent  cyclones  is  comparatively  gradual,  and  in  bet  apEffoadus  elonly 
to  tiie  second  class. 

The  Boale  which  Mr,  HddiiwtoD,  after  mudi  wmsidenttloD,  found 
the  nearest  to  the  probable  truth,  ia  that  marked  in  miles  on  the  upper 
part  of  the  diagram,  though  this  ia  to  be  considered  as  by  no  means 
strictiy  a  limit ;  for,  as  re^uds  limits,  he  says  it  may  possibly  be  found 
in  the  md  tibat  there  are  no  strict  ones  at  aU,  and  that  even  the  various 
extremes  may  be  wider  apart  than  the  following  table  will  indicate : — 

An  amate  fall  of  the  baronoier  Shows  the  dlstaaee  of  the  eentre 

per  hoar  of  tma  the  ship  to  be  tn  mllea, 

From.               To.  from.  To> 

S-090  .       .    .  0-CU  »0  .       .    ,  IftO 

0*000  .   .       .  0-080  160  .    .       .  100 

O'OSO  •       .    .  0'130  100  .       .    .  80 

0-lSO  .    ,       .  O'lSO  80  .    .  .SO 

The  third  decimal  of  the  baraoeter  heights  li  replaoed  fay  a  ejrpher. 

"  I  have  not  set  down  anything,"  Ur.  PiddinstoD  remarki^  in  con- 
tinuation, "  tor  the  centre  division  of  our  table,  that  is,  from  the  centre 
to  8A  before  its  passage,  for  it  will  be  seen  that  the  rate  of  fall  per 
hour  doubles  after  the  cydone  has  fairly  begun  and  lasted  six  hours; 
and  that  then  (from  8A  to  ]],  or  from  nine  hours  after  the  oonunence- 
ment  up  to  the  oentn)  it  may  uther  continue  to  fall  at  the  same  rate 
of  about  0*1  per  hour,  or  a  Utue  more,  or  that  its  rale  of  fdl  per  hour 
may  be,  if  it  should  be  a  CTdone  of  the  first  class,  as  100  to  400,  when 
compared  with  that  of  the  former  three  hours ;  or,  in  otiier  words, 
tiiat  it  will  now  begin  to  &dl  four  times  as  fast,  or  0'40  per  hour  I 
We  have  plenty  of  instances  of  this,  and  even  of  a  fall  of  more  than  0'5 
or  0'76  (half  or  three-quarters  of  an  inch)  in  the  hour  I  I  doubt  not 
^t  thu  peculiarity  will  fully  account  to  the  seaman  for,  and  I  hope 
pnt  him  well  on  Ub  ^uard  against,  cases  of  sudden  falls,  which,  if 
they  occur  at  the  begmning  of  cyclones,  as  they  sometimes  do,  are 
troniing  enouf^,  of  course ;  but  which  may  also  advise  him  of  his  too 
near  approach  to  danger  of  such  Imminence  tiiat  we  may  at  least  say 
that  no  ship  can  hope  to  escape  from  it  with  her  masts  standing ;  and 
he  should  in  such  cases  have  the  axes  iipon  deck — a  precaution  too  often 
n^eoted  by  young  oommandeia  and  officers,  who  are  apt  to  suppoee 
that  cautitm  indicates  fear,  and  thsrr  are  BometinMs  afraid  of  being 
thou^t  afraid  of  the  storm.  It  will  be  remembered,  also,  that  it  is 
quite  impossible  by  any  previoua  rates  of  bU  to  estimate,  when  so  near 
tiie  centre,  which  of  the  classes  of  storms  we  have  to  deal  with ;  and  I 
re^t  that  what  we  have  to  do  with  our  ship  must  be  done  bef<n« 
this  time." 

Below  the  framing'Iine,  at  the  bottom  of  the  diagram,  is  represented 
in  seetiun,  on  a  very  small  scale,  the  entire  form  o£  eydcnes,  as  from 
Ur.  Piddington's  (UBCUBsion  of  his  own  and  other  resnltB  it  would 
appear  to  be— a  disc,  the  thioknea  or  hdght  of  which  measures  a  very 
anull  fiBction  only  of  itB  ^ameter.   The  lines  indioste  the  disoa  of 


oydones  of  300  tniles  in  diameter,  and  of  10,  7,  and  3  miles  in  height 
reapectivdy,  with  a  supposed  vortex  (v)  at  the  centre,  which  has  a 
calm  of  10  miles  at  its  base.  "  The  reader,"  Mr.  Piddington  remarks, 
"  may  from  this  estimate  what  it  wpuld  be  if  6  or  even  15  miles  high, 
and  how  falladous  all  our  notions  are  apt  to  became  when  we  oonsuOT 
these  storms  as  whirling  cotumm,  and  insensibly  go  on  to  liken  them 
to  waterspouts  as  to  height,  which  it  is  evident  they  cannot  at  all 
resemble,  since  their  size  (diameter)  may  be  said  to  have  been  in  many 
cases  estimated  to  a  few  miles  with  tolerable  coirecbness;  and  in 
frequent  instances  the  next  stratum  of  douds  above  the  storm,  either 
at  rest  or  moving  altogether  diSerentiy,  has  also  been  clearly  distin- 
guished and  noted  :  so  that  we  may  boldly  affirm  that  at  most  the 
height  (thickness  is  the  more  correct  word)  of  the  disc  never  exceeds 
10  miles,  and  usually  blls  far  short  of  it."  The  cydone-disc,  indeed, 
is  sometimes  so  thin,  that  at  or  near  the  centre,  whether  calm  or  no^ 
it  has  often  been  seen  through,  of  which  tlw  following,  in  Mr.  Fidding* 
ton's  opinion,  ore  instances  : — Dr.  Maloonuon,  in  describing  a  cyclone 
in  the  Arabian  Sea,  in  which  a  ship  was  dismasted  and  in  great  danger, 
alter  alluding  to  the  iutensely  dork  masses  of  clouds  that  pressed  down, 
as  it  were,  on  the  troubled  sea,  states  that,  "  In  the  zenith  there  was 
visibly  an  obscure  drde  of  imp^jeot  light  of  10  or  12  degrees."  In 
another  storm,  whidi  was  a  true  cydone  by  its  veering  and  a  tornado 
as  to  duration  and  violence,  whik  all  romid  the  horizon  was  a  thick 
dark  bank  of  clouds,  the  sky  above  was  so  perfectly  dear  that  the  stars 
were  seen.  In  the  cydone,  one  of  the  number  investigated  by  Mr, 
Piddington,  of  October,  1849,  in  the  Bay  of  Bengal,  at  the  time  of  the 
passage  of  the  centre  over  the  lighthouse  at  F«Jse  P<nnt,  Palmiras,  or 
for  about  two  hours  of  calm,  the  stars  were  seen  very  oUar  overiiead, 
with  a  thick  bank  of  base  all  round.  In  this  instances  the 
obeervers  in  several  ships  speak  of  a  drde  of  light,  or  of  itsbdngmuch 
dearer  overhead  at  the  centra ;  "  and  this  ia  exactiy  the  appearance 
which  should  occur  to  an  observer  situated  at  the  centra  of  a  thin  disc, 
as  well  as  to  one  in  the  focus  of  a  thick  vortex."  The  phenommon,  in 
fact,  is  so  constant,  as  to  have  received  a  name  frcMU  the  SpaiUdi 
navigators,  who  call  it "  the  eye  of  the  ttmm." 

W9  tnoceed  to  explain  some  popular  designations  oonneoted  with 
the  subject,  and  the  phenomena  to  which  they  more  ^edfically 
relate?— 

Tornado,  a  whirlwind,  frem  the  Spanish  tomar,  to  turn,  is  the 
term  given  to  a  sudden  and  violent  cydonal  storm,  accompanied  by 
lightning  and  thunder  and  heavy  torrents  of  rain,  as  observed  origin- 
ally  on  the  coast  of  Africa,  and  in  the  Spanish  West  Indies.  Terrestrial 
bodies  within  its  influence  are  Tideutiy  displaced,  or  the  ocean  is 
strongly  agitiri«d ;  on  land,  ione^B,  puntatious,  and  buildings  are 
destroyed;  and  at  sea,  ships  are  engulfed  or  drivea  on  shore:  the 
effects  are  of  course  the  greatest  near  the  circumference  of  tho  vortex, 
and  the  space  within  which  they  are  felt  varies  in  extent ;  sometimes 
the  diameter  of  the  area  is  several  miles,  and  at  other  times  it  does 
not  exceed  one  htmdred  yarda  The  approach  of  the  stonn  is  fore- 
boded In  the  moniing  by  the  appearaaoe,  over  the  land,  of  dark 
elouds  which  move  tovuds  the  sea,  while  a  gentle  breese  is  blow- 
ing towards  the  shore:  soon  afterwards  the  tain  comes  down  in 
torrents,  and  the  lightning  darting  from  the  douds  resembles  showers 
of  dectric  matter.  While  the  tornado  is  passing  over  a  ship,  which  may 
be  four  or  five  hours  from  the  first  api>earanoe  of  the  clouds,  the  flashes 
cease,  but  the  rain  oontinuea,  and  a  loud  crackling  noise,  occasioned  by 
the  electric  fluid  desoending  along  the  masta,  is  distioctiy  heard 
among  the  rigging.  After  the  equoll  has  passed  beyond  tiie  ship, 
the  lightiiings  again  appear  to  descend  in  sheets  as  uiey  did  on  its 
approach. 

A  less  extennve  whirlwind  is  frequently  preceded  by  a  remarkable 
tranquillity  of  the  atmosphere  and  a  stUtry  heat;  when  suddenly, 
vitiiin  a  circle  of  one  or  two  hundred  yards  only  in  diameter,. a 
revolving  motion  of  the  air  commences,  and  is  accompanied  by  thunder 
and  rain :  the  vdocity  of  the  rotation  gradudly  increases,  and  at 
len^i;th  its  violence  is  such  as  to  tear  up  trees  and  destroy  buildings 
which  may  be  within  the  vortex.  It  may  not  continue  longer  than 
half  an  hour,  but  in  that  short  time  the  damage  is  immense,  and  the 
loss  of  life  is  fr^uently  considerable. 

TifpJuxM  (Greek  TvAair,  a  whirlwind)  is  a  name  frequently  applied 
to  a  tropical  stoim :  it  is  also  given  to  the  hot  winds  which  oocasitHislly 
blow  with  great  violence  in  Africa,  Syria,  Arabia,  and  Perda;  and 
which  are  fdt,  thourii  rardy  and  with  much-diminished  force,  in  tiie 
Boutiiem  parts  of  Italy  and  Spain.  It  has  been  supposed  that  the 
Chinese  designation  for  a  cydone,  Tj/foon,  was  also  originally  derived 
from  the  Greek,  but  Mr.  Piddington  has  shown,  after  the  cdebrated 
sinologist  Dr.  Morrison,  that  it  is  indubitably  a  Chinese  word.  The 
latter  relates  that  there  are  in  China  "tanales  dedicated  to  the 
Tyfoon,  the  god  (goddess  f )  of  which  thenr  call  Ken  woo, '  the  tyf oon 
mother,'  in  aUudon  to  its  moduclng  a  gnle  from  every  point  of  the 
compass,  and  this  mother-gde,  with  her  numerous  otbpring,  or  a  union 
of  gales  from  the  four  quarteiB  of  heaven,  make  conjoint^  a  taefvng, 
or  tyfoon."  The  sirocco  of  Egypt  and  the  coasts  of  the  Mediterranean, 
the  nmoom  of  Arabia,  and  the  harmattan  of  the  coast  of  Quineik  ore 
understood  to  be  so  many  designations  tiis  tgri^ioon;  all  of  them 
being  supposed  to  antaaaioa  in  the  same  cause. 

Frequently  irtten  the  winds  have  a  vdiirling  as  wcJl  as  a  pragrsBuve 
motion,  columns  of  sand  are  raised  and  diiven  about  with  great 
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npidHy ;  and  Bnn^luTdt  oImutm  that  in  Afrio*  auA  the  But  the 
dviat  obeonree  the  feoe  of  the  sun,  giving  to  the  abnoephm  a  blue,  ft 
yellow,  or  R  reddish  tint.  [Dust,  Athospbkbic]  M.  da  Uunboldt 
occanonaUyobeenedoolunmaof  nndin  motion  in  the  interior  of  Sooth 

AUMriOL- 

The  fetal  efleote  which  have  been  nid  to  result  both  from  the 
msseee  of  moving  sand  and  from  the  supposed  deleterious  quatity  of 
the  winds,  are  now  considered  as  exaggerations  :  tbe  inconveniences 
felt  b;  men  and  animals  during  the  continuanoe  of  the  hurricane  are 
diiefly  such  aa  arise  from  tbe  heat  and  dryness  of  the  air,  and  from 
the  quanti^  of  sand  which  is  blown  ioto  the  eyes.  [3AiiIitu; 
Sirocco.') 

Some  abort  Dotices  on  the  theovy  of  ^clones,  and  probably  allied 
phenomena,  must  oonolude  this  article.  In  Sir  J.  Henchel's  '  Beport 
on  the  BeductioD  of  Hetec»\>logical  Observations,'  preeented  to  the 
thirteeoth  meeting  of  tiie  Briti^  Aseociation,  1843,  after  discussing 
the  phUoaophy  of  what  he  calis  winds  of  bMX>metaricad  oscillations, 
aning  from  local  and  temporary  causes  prevailing  over  great  areas 
rimnHaneonstyf  and  occaaionhig,  eventually,  an  eztwtsive  stmoBpherio 
uDduIatitm,  he  apfdiea  tbe  mibieet  to  the  theory  of  cyeUmm  la  tbe 
following  manner: — "Some  of  the  principal  of  the  phenomena  of 
revolving  storms  would  seem  oapable  of  explanation  in  this  way  of 
conceiving  vrinds  of  oecallation,  and  in  which  they  would  become 
traced  up,  not  to  funnel-shaped  revolving  depreeeionB  in  the  nature 
at  water^outa,  but  nmply  to  the  croaeing  of  two  large  long  [abno. 
■jduric  barometrical]  mves  running  In  diflorat  directioiM.  Tba 
way  in  which  a  rotaty  movement  in  aa  •Uipse  or  oirdi^  or  in 
in  some  other  perttf  oval  and  partly  rectilinear  figure,  may  result 
from  the  oombinatifHi  of  two  rectilinear  movements  of  advance  ud 
recess,  will  easily  be  understood  by  the  analogy  of  the  circular  and 
elliptic  polarieation  of  light,  where  rectilinear  movements  of  the 
ethereal  molecules  are  oonoeived  to  be  similarly  combined.  [Eujmo 
P(HLABieATioir.j  Some  features  In  muHx  itomui  are  atnouOT  in  har^ 
mony  with  this  view,  namdy,  the  Cut  (hat  In  them  the  direotlon  of 
the  wind  at  a  given  locality  never  makes  more  than  one  rotation,  and 
not  always  that ;  and  that  in  the  eential  line  of  the  storm's  progress 
there  is  a  simple  and  sudden  reversal  of  direction.  On  the  othe^  hand, 
it  must  not  be  concealed  that  some  features  militate  against  it;  for 
instance,  the  fact  that  audi  gales  are  stated  alwaya '  to  rev<^e  *  in  ma 
direction,  wbereasf  on  tliii  view  of  tbdr  origin,  the  ehangea  td  iriad 
ou^t  (o  be  In  tqtpasite  direetfcnM  on  oppoeite  odes  of  the  medial 
line." 

M.  Lartigoe,  in  a  paper  on  Ae  storms  of  the  Pyrenees,  oommonieated 
to  the  French  Academy  of  Sciences  on  the  8rd  of  December,  1865, 
and  of  which  an  absfcraet  appears  in  the  '  Comptea  Keudue/  has  scnne 
remarks  on  their  analogy  to  the  hurricanes  of  uie  intertroisoal  regime, 
and  of  ibm  aem  adjaoent  to  tbe  coasts  of  the  United  States  of  AmerioL 
In  these  he  announces  an  explanation  of  qrdones  sobstwitiaUy  identi- 
eal  with  that  of  Sir  J.  Hostel  here  given.  Two  illustrative  diagrams 
repreeent  a  storm  determined  by  winds  the  direction  of  which  are  per- 
pendicular to  eadi  other,  and  another  produced  by  winds  having 
diametrically  opposite  directions. 

The  following  important  eugseetion  on  tbe  immediate  cause  of  hui^ 
rloMies,  baa  been  made  by  Sir  J .  Hereehel  in  several  of  his  woib,  both 
anterioriysndsubeequeimy  to  tbe  preceding:  it  la  now  extiaoted  from 
*  Outlines  of  Aatronomj','  1819,  par.  (245),  note :— "  It  seems  worth 
inquiry,  whether  hurricanes  in  tropicil  climates  mi^  not  arise  from 
portions  of  the  upper  currents  [of  heated  equatorial  air]  prematurely 
diverted  downwards  before  their  relative  velocity  has  been  euSi- 
cieotly  reduced  by  friction  on,  and  gradual  mixing  with,  iha  lower 
strata;  snd  bo  dasniiu;  upon  the  earth  with  that  tremandons  velocity 
which  gives  them  their  destmctive  diaraeter,  and  of  whieb  hardly  any 
rationu  account  has  yet  been  given.  But  it  by  no  means  fcdlows  that 
this  must  always  be  the  case.  In  general,  a  rapid  transfer,  ntfaer  way, 
in  latitude,  of  aopr  mass  of  air  which  local  or  temporary  causes  might 
carry  abotf  the  immediate  rmch  of  the  friction  of  the  earlKi  larfuce, 
would  give  a  fearful  ezi^igeration  to  ite  vdoci^.  Whorever  sudi  a 
msss  riionld  strike  the  earth,  a  honicane  might  arise ;  and  should  two 
Budk  masses  encounter  in  mid-air,  a  tonuklo  of  any  degree  of  intenrity 
on  record  might  easily  result  from  their  combination. 

The  manner  in  which  this  is  related  to  the  principle  enunciated  by 
Hadley  to  account  for  the  trade-winds  (col.  &26),  and  develi^ed  by 
Dove  in  hia  Law  of  Botation,  will  readily  occur  to  the  reader.  Sir  J. 
Henchel,  when  last  noticing  the  subject,  in  bis  '  Treatise  on  Me- 
teorology/ allodes  to  that  piineiple  and  its  devd<^ment,  sa  apjdied  to 
tills  tfet&te  daes  of  atrial  movements  by  Professor  Taylor,  as  affording 
"  a  complete  account  of  all  tbe  dtaracters  of  cyclones.''^ 

In  the  article  WATznapoUTS,  the  opinion  baa  been  expressed,  that 
probab^  phennmetut  of  several  distinct  classes  are  at  preeent  con- 
founded t<^ether  under  that  appellation.  Sir  J.  Herschel.conteiveQing, 
aa  it  would  appear,  his  former  opinion,  now  regarda  them  as  of  the 
nature  of  ^clones.  Mr.  Piddington,  as  we  have  seen,  carnally  dis- 
criminates  between  them,  at  least  as  to  form,  on  account  of  the 
diecbidal  character  of  the  one  set  of  phenomena  and  Ute  columnar 
figure  of  the  other;  notwithstanding  hia  admieaions  that  watetspouta 
have  the  characters  of  whirlwinds,  and  exhibit  them  manifestly  when 
they  advance  upon  the  land.  It  seems  difficult  to  refer  to  the  same 
causea  a  disc  of  which  the  tbickneas  or  height  ie  a  very  small  fractiop 


of  its  diameter,  aa  in  cyclones,  and  a  slender  column  of  which  the 
diameter  is  an  equally  small  fraction  of  the  iMigth  or  height,  as  in  tha 
waterspouts  obaerved  on  land  by  Major  Showill,  and  at  sea  by  tbe 
Ber.  Dr.  Sooresby.  The  former  deecribes  the  }x>wer{ul  attractiwi, 
which  be  natunlW  attributes  to  electricity  of  the  summit  of  tiw 
mountun  Tongk>,  iat  osrtain  waterspouts.  This  Is  strong  oorrobo- 
lated  by  some  facts  stated  by  another  Indian  observer,  Ca{rtun 
Montgomerie,  B,£.,of  the  Trigonometrical  Survey  of  India,  who  found, 
on  the  Pir  Punjal  peaka  of  the  Himalaya,  south  of  Cashmere,  at 
elevationa  of  from  13,000  to  15,000  feet,  the  electricity  to  be  so 
troublesome^  even  when  there  was  no  storm,  that  it  was  necessary  to 
cany  a  portable  bg^taingoonduetorfra-  the  protection  of  thetheodoliteL 
Still,  however,  waterspouts,  if  of  mere  mochanical  orirai, — if  msreljr 
excessively  rapid  gyrations  of  condensing  vapour  or  closely  approxi- 
mated globules  of  water, — might,  aud  in  ^1  probabiUty  would,  exhibit 
powerful  electric  action.  If  their  form  be  so  sustained,  enormous 
friction  of  the  particles  must  ensue,  and  a  oorresponding  amount  of 
electricity  be  devdoped ;  the  entire  column  would  be  strongjy  charged, 
and  would  eventoally  attnuii  and  be  attracted  Iqr  the  ground.  11w 
sudden  preripitstitm  of  tiie  water  may  be  tiie  united  effect  of  tha 
electrical  disdiarge  and  of  the  destruction  of  the  sustaining  gyration 
by  contact  and  friction  with  the  fixed  mass  of  the  land.  But  every- 
thing tends  to  show  that  our  ideas  of  waterspouts  are  inexact,  aod  that 
the  subject  of  their  origin  and  nature  and  relation  to  mere  gyratitHW 
of  tbe  air,  is  in  need  of  that  critical  discussion  which  all  the  complex 
pbcnomoia  of  natore  require,  and  but  few  of  them  have  reorived. 

The  foive  of  the  winds  has  been  noticed  under  ASaoDTirAiacs,  and 
tiie  means  of  measuring  it  described  under  ANCUoiirrEB.  In  Mr. 
Piddington's  Smhr't  Horn  Book,  a  catalogue  of  other  w^ks  on  the 
Law  of  Storms  will  be  found,  wd  on  that  subject,  and  that  of  the 
winds  in  general,  may  be  ooosulted  (in  addition  to  the  woriu  and 
memoim  mich  have  been  cited  in  this  article).  Admiral  Beaufwt's 
Jtemanb  m  Rmtnng  Starma  i  and  also  Mr.  W.  B.  Biit^  UtmUmmt 
0»ide  ;  and  bis  article  oa  Atmoqdierlo  Waves  in  tihe  Adwtirul^  Mamui 
of  Seientifk  Bnqvdri/. 

WINDAGE  is  the  quantity  by  which  the  bore  of  a  gun,  mortar,  er 
howitzer  exceeda  that  of  the  shot  or  shell  which  is  to  be  discharged 
from  it. 

The  deviations  of  shot  and  shells  from  a  truly  qiherical  figure,  aod 
the  inequalitieB  in  the  bore  of  tha  ordnaaos,  wsra  fonnsrly  oonnds^ 
aUe ;  and  on  these  aooounts  it  was  neoessaiy  to  have  a  mfflnent 

difference  between  the  presumed  diameters  of  the  ball  and  bore,  in 
order  to  ensure  the  possibility  of  making  the  former  enter  into  tha 
latter :  it  followed,  from  the  greatness  of  this  difference,  wfaidi  in  the 
Ibitish  service  was  about  one-twentieth  of  tiie  diameter  of  the  bore, 
that  much  trf  the  fired  gunpowder  escaped  without  producing  any 
impulse  on  the  shot,  and  that  the  latter  was  driven  from  one  part 
of  tin  sur&ce  oS.  the  bcMre  to  uiother;  so  that,  on  being  e^elled 
from  the  gun,  it  deviated  widely  from  the  intended  direction  of  its 
flight. 

From  the  year  1775,  when  Dr.  Hutton  made  hia  first  experiments  on 
the  velocities  of  shot,  the  disadvantage  attending  a  great  windage  was 
known,  and  a  diminution  of  its  quantity  was  propoaed ;  but  the  precise 
amount  of  the  force  lost  by  it  was  not  asoertained  till  the  vears  1784 
and  1786,  when  experiments  were  made  for  the  purposeful  part,  of 
determining  that  important  oireumstanca  From  these  it  appeared 
that  about  one-fifth  of  the  charge  of  powdor  was  lost  by  a  windage 
equal  to  *06  inch,  or  ^rd  of  tbe  ca£bre  ( =  2  inches),  and  a  further  loes, 
amounting  to  between  jth  and  1th  of  the  charge,  was  oocaatoned  by  an 
increase  equal  to  ^th  of  an  inch  above  the  former  windage. 

The  correct  geometrical  forms  which  are  now  given  to  the  halla,  aitd 
also  to  the  boree,  permit  the  windage  to  be  reduced  much  below  its 
former  value ;  ft  now  varies  only  from  ^h  to  ^nd  of  the  calbre,  in  eo 
case  exceeding  0-2  indi  even  for  the  largest  guns,  and  is  still  in  procesn 
of  reduction,  as  the  manufacture  of  shot  and  shells  advances  in 
pteeision. 

WINDLASS,  an  appatatna  for  raisiog  a  ship's  anchors.  It  is  placed 
forward,  as  near  to  the  hawse-^pe  as  convenient.  A  madune  subject 
to  audi  Ti(dent  strains  as  those  which  oonstantiy  affbct  a  ship's  cable 
when  in  use,  is  neceeearily  built  of  the  soundest  oak  and  the  beet  iron 
in  all  the  pwts  constructed  of  those  materials,  and  is  secured  by  stout 
vertical  pieces  of  timber  called  bittM,  which  rise  above  the  deck  and 
serve  the  purpose  of  fastenings  for  the  cable,  whieh  has  first  two  or 
three  turns  round  the  barrel  of  the  vrindlaas.  The  cable  is  wound 
eitiier  by  means  of  handsfokes  or  a  winch.  As  windlasses  iar  ships  aro 
80  varied  in  form  and  princitde^  it  is  nDneeessary  to  enter  into  oetaiL 
These  dimensions  have  of  Late  years  been  greatly  modified  in  conse- 
quence of  the  alteration  of  form  in  ships,  and  especiaUy  steamers,  where 
toe  narrowness  of  tiie  bows  admits  but  of  httle  length  to  any  cable- 
raising  contrivance.    [Qrouxd- Tackle.] 

WINDMILL  is  a  building  containing  machinery  fur  grinding  oom, 
pumping  water,  sairing  wood,  or  for  any  purpose^  depending  on  wheel- 
work,  to  which  motion  is  communicated  by  the  impulse  of  tbe  wind. 
Windi^ns  are  of  two  kinds  :  in  one,  the  wind  is  made  to  act  upon 
vanes  or  suls,  generally  four,  which  are  disposed  so  as  to  revolve  hj 
that  action  on  an  axis  which  is  nearly  horizontal,  in  a  plane  which  is 
nearly  vertical ;  uid  in  the  other,  the  axis  of  revolution  being  predssly 
vertical,  any  pdnt  on  the  smrfaoe  of  the  vane  revolves  in  a  naizontiu 
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plane.  The  former  is  odkd  a  Twtioal,  and  tiu  latter  »  borironUl 
viodmilL 

Tlw  bailding  b  gmmOj  •  mil  of  timber  or  Mokwork  in  the  lonn 
of  a  friutum  ^  a  oooe ;  ud  the  amtller  kind  of  null  when  formed  of 
timber  is  capable,  by  means  of  a  lersr,  of  being  turned  round  horieon- 
tftliy  on  an  axis,  in  order  thai  the  plane  in  which  the  ndii  or  arms  of 
the  nils  reTolve  may  be  placed  perpeodioulaiiy  to  the  direction  of  the 
wind,  for  the  purpose  of  aUowing  the  latter  to  act  upon  the  sails  in  the 
most  adnntageoos  manner.  In  other  kinds  of  m^  the  conioal  mil, 
A     ia  terminated  abm      a  wooden  dome,  0,  irtiidi  ia  rngMm  of 


rBTolying  lioriiontBlly  upon  it.  A  ring,  s  r,  o{  wood,  forming  the  lower 
part  ai  the  dimw,  rests  upon  a  riag,  G  B,  of  the  same  mat^ial  at  the 
top  of  the  wall,  and  the  surfaces  in  contact  being  toade  very  smooth, 
the  former  may  easily  be  turned  round  upon  the  latter,  being  pre- 
vented from  sliding  off  by  a  rim  which  projects  from  it,  aa  nt  k,  and 
d^ends  over  the  interior  circumference  of  the  lower  ring.  The  rovo- 
lutiun  is  however  fooilitatad  bjr  placing  between  the  two  rings  of  wood 
one  of  metal,  in  wh^dk  are  fixed  four  or  six  small  wheels  or  rollets,  aa 
a  b,  on  horizontal  axles,  ^e  weight  of  the  dome  is  supported  on  these 
rollers,  which  turn  by  its  motion.  Small  wheels  or  rollers,  as  d,  are 
also  fixed  on  vertical  axes  in  the  projecting  rim  juat  mentioned;  and 
as  the  dome  revolves  the  circumferences  of  these  rollers  press  against 
and  turn  upon  Uie  interior  &ces  of  the  ring  which  is  fixed  on  the  top 
of  tiw  wall, 

Vbe  dome  in  turning  carries  with  it  the  windsails,  u  y,  and  their  axle, 
F  Q ;  and  thus  the  latter  may  be  made  to  coincide  with  the  direction  of 
the  wind,  or  the  piano  in  which  the  radii  of  the  sails  turn  may  be  made 
perpendicular  to  that  direction.  The  revolution  is  sometimes  accom- 
plished by  the  force  of  a  man  applied  to  a  winch  near  the  ground.  An 
endless  rope,  aa  it  is  called,  or  one  whoee  mda  are  q>lioed  together, 
pinnnn  under  a  puUej  on  the  axle  of  the  winch;  and  over  one  near  the 
top  trf  the  miU ;  and  the  btter  pulley  in  revolving  gives  motion  to  a 
wheel  and  [union,  the  last  of  which  works  in  teeth  on  the  exterior 
circumforenoe  of  the  ring  which  forms  the  lower  part  of  Uie  dome. 

But  in  general  the  wind  itself  is  made  to  turn  the  dome  of  the  mill 
so  that  the  sails  may  continue  in  the  proper  position  with  respect  to 
the  direction  of  the  wind.  For  this  purpose  there  is  i»ovided  a  set  of 
small  Tones,  l,  which  are  utnated  at  the  extremity  of  a  long  horizontal 
arm  pojecting  firom  the  dome  in  a  plane  passing  through  Uie  vertical 
abaft  of  the  mill,  and  on  the  side  opposite  to  the  great  sails.  These 
vanea  turn  on  a  horizontal  axis  at  right  aogleato  that  plane,  and  are  set 
In  motion  by  the  pressure  of  the  wind  when  the  latter  deviates  from 
the  plane  of  their  motion,  or  from  a  plane  neipendicular  to  that  in 
which  the  radii  of  the  great  sails  revolve.  X  phiiou  on  tiie  axis  gives 
motion  to  a  wheel,  uid  the  axle  of  tUa  last  oarriea  a  piniou,  m,  wnose 
teeth  woik  in  those  of  the  wheel  n ;  the  axle  of  this  last  carries  a 
pinion,  p,  whose  teeth  work  in  others  which  are  formed  on  the  exte- 
rior circumference  of  the  ring  o  h,  forming  the  base  of  the  dome. 
By  this  means  the  dome  is  made  to  revolve  horizontally,  so  as 
always  to  present  the  axle  (p  g)  of  the  windsails  in  the  direction  of  the 
wind.  It  is  to  Sir  W.  CuUtt  that  we  are  indebted  for  this  simple 
but  invaluable  improvement  in  the  details  of  windmill  maehineiy. 
Strangely  enough,  it  has  never  yet  been  apidied  in  Holland  or  Nwthem 
Oermany. 

This  axle  is  iisually  inclined  about  10  degrees  to  the  h<niEontal  line. 
It  is  supported  at  the  inner  extremity,  P,  which  is  at  or  near  the  centre 
of  the  base  of  the  dome,  on  the  top  of  the  vertical  shaft,  b  t,  of  the 
mill,  and  near  the  opposite  extremity  on  a  block  under  a  perforation 
in  the  dome.  Tlw  asle  paneoo  throuf^  this  perforation,  and  the  radii, 
or  arms  of  the  sails,  are  mxed  to  it  on  the  exterior;  the  axle  and  the 
aula  which  it  oarriea  revolve  with  the  dome  about  the  lower  pmut  of 
■a|q|)ort.  A  toothed  wheel,  B,b  fixed  peipeDdicularlyoiitbieaxla^  and 


revolves  with  it  by  the  pressure  of  the  wind  on  the  sails;  and  the 
teeth  or  cogs  of  this  wheel  drive  those  of  a  lantern  or  pinion,  a,  on  the 
vertical  shaft  of  the  mill  To  this  shaft,  aa  an  bzIb,  tlw  uppw  will- 
stone  is  fixed,  so  as  to  revolve  witii  it  in  a  horisontal  position;  audtha 
00m  being  placed  tn  a  hopper,  or  funnel,  is  allowed  to  run  from  thenoe 
between  the  stones  through  a  small  ohamwt,  and  through  a  perforation 
about  the  centre  of  the  upper  one.  The  lower  millstone  is  stationair, 
and  the  com  being  ground,  the  meal  is  received  in  vessels  undemeatiL 
The  princq»l  wheel,  B,  is  furoished  with  a  brake,  by  iriiieh  its  motion 
u»  be  checked  <»■  stopped  at  pleasureu 

The  four  radii,  or  whpt,  aa  they  are  called,  of  tiw  aailB,  ars  let  lnti> 
the  axle  at  right  angles  to  it  and  to  one  another,  so  that  a  plane  paanng 
through  them  will  decline  about  10  d^reas  from  a  vertical  pontitm. 
Into  each  of  these  radii  or  arms  are  fixed  a  number  of  staves  of  wood, 
eadi  five  or  six  feet  lc«ig,  a£  right  angles  to  it  and  inclined  to  the  plane 
passing  through  the  arms,  but  approaching  nearer  to  ooincidnMe  with 
suoh  plane,  as  they  are  more  distant  from  the  axle.  The  ends  ol  these 
staves  are  inserted  in  a  rod  of  wood  extending  neariy  the  whole  length 
of  the  arm ;  and  thus  thwe  ia  formed  a  sort  of  lattioe-'work  on  wmoh 
canvas  is  spread  to  receive  the  action  of  the  wind.  In  most  cases  each 
radius  or  whip  of  a  windmill  sail  is  about  thirty-three  feet  in  length 
from  the  axle  to  its  extremity. 

The  variations  in  the  force  of  the  wind  require  that  the  quantity  of 
canvas  on  the  sails  should  be  varied  accordingly;  aod  the  oontntdUtm 
as  well  as  the  expanu<m  of  a  sail  is  nsoally  effected  1^  means  of  ropes 
fastened  to  it  in  three  places  or  more.  These  ropes  may  be  either 
drawn  tight  or  relaxed  as  required ;  but  for  either  purpose  it  is  neces- 
sary that  the  mill  should  for  a  time  be  stopped ;  and  as  the  stoppage  is 
attended  with  great  iQconvenienoe,  several  metiiods  have  been  devised 
for  rolling  and  unrolling  the  sails  while  in  motion.  One  of  theae^ 
whldi  was  invented  by  Hr.  Byvrater,  consists  in  the  tpj^ioaiiim,  oa 
each  arm  or  whip,  of  a  rarlindar  or  roller  to  whfeh  the  oanvas  is  attsoiwd: 
this  extends  the  whole  length  of  the  arm,  and  has  a  toothed  wheel  st 
the  extremity  nearest  to  the  axle ;  the  teeth  of  this  wheel  work  in 
those  of  two  other  wheels,  and  the  motion  of  one  or  the  other  of  titese 
bang  stopped,  the  cylind^  up  or  unrolls  the  canvas,  being  msde 
to  turn  on  its  axis  by  the  action  of  the  wind  on  the  soil.  Sevenl 
methods  have  also  been  pnmceed  for  equalising  the  action  of  the  wind 
on  the  stuls  of  a  mill,  and  they  consist  generally  in  the  employment  of 
a  series  of  valves  fixed  in  the  frame  work  of  each  sail.  Thrae  valves 
revolve  on  pivots  which  are  let  into  the  frames ;  and  aa  the  force  of 
the  wind  increases,  they  present,  in  turning,  lees  of  their  aurfaoea  to 
its  action,  so  that  the  pressure  is  rendered  nearly  equabla  None  of 
the  methods  seems  however  to  be  in  use,  probably  on  account  of  the 
great  additional  expense  witii  whitdi  the  construction  would  be  attended. 
Uf  late  years  wooden  lattices  wtnking  somewhat  on  the  principle  trf  the 
Venetian  blinds,  have  been  \ised  instead  of  canvas  for  the  sails  of  wind- 
mills, and  their  angle  towards  the  wind  is  regulated  by  a  species  of 
governor  fixed  on  the  main  shaft;  but  there  seem  to  be  mechanical 
difficulties  in  the  w^  of  this  system  whicli  havs  hitherto  <^csed  its 
general  adoption. 

A  horisontal  windmill  is  a  great  cylindrical  frame  of  timber,  which 
is  made  to  revolve  about  a  vertical  axis,  aod  its  convex  sur&kce  la 
formed  of  boards  attached  in  vertical  pontiona  to  the  upper  and  lows 
parts  of  the  frame.  The  plane  of  each  board  is  oblique  to  the  lines  in 
which  the  wind  impinges  on  it,  the  direction  in  which  the  latter  blows 
being  supposed  to  be  parallel  to  the  horizon ;  and  the  wht^e  is  inclosed 
in  a  fixed  cylinder  having  the  same  vertical  axis  aa  the  other :  this 
ocusiete  of  a  screen  formed  by  a  numbn-  of  boards  which  are  diapoaed 
so  that,  in  whatever  direction  the  wind  may  blow,  it  may  enter  between 
them  on  one  side  only  of  a  vertical  plime  passing  through  the  axis. 
The  wind  thus  entering  acts  upon  the  oblique  sur&oes  of  the  boards 
about  the  interior  cylinder  on  one  side  of  the  axis,  while  it  is,  in  a 
great  degree,  prevented  by  the  screen  fmn  acting  upon  the  beards  on 
tiie  oi^NMite  tide;  these  boards  therefore  meet  with  small  resistance 
when,  during  each  revolution,  they  oome  up  towards  the  quarter  from 
whence  the  wind  blows.  In  horizontal  mills  one  board  may  receive  an 
impulse  equal  to  that  which  the  wind  otxnmunicates  to  a  sail  of  equal 
area  in  a  vertical  mill ;  but  in  the  latter  all  the  sails  are  acted  upon 
equally  at  the  same  time,  whereas  In  the  former  only  one  or  two  can 
receive  the  impulse  of  tiie  wind,  and  titers  is  always,  besides,  some 
re^stanoe  experienced  in  returning  against  the  wind.  Ur.  Smeaton 
estimated  that  the  power  of  a  horizontal  mill  was  only^j^wut  one-tenth 
of  tiie  power  of  a  vertical  mill,  the  dimensions  of  the  sails  or  vanes 
being  equal  in  both ;  but  it  is  observed  by  Sir  David  Brewster  that  in 
this  estimate  no  account  is  token  of  the  resolved  part  of  the  wind's 
force  which  presses  the  invot  of  the  axle  against  its  support,  aod  whidi 
is  lost  on  the  sails  of  the  vertical  miU ;  sod  he  ocmdndes  that  the 
power  of  the  latter  is  not  more  than  three  or  four  times  as  great  as 
that  of  a  horizontal  milL  The  sffectire  poww  of  the  vertical  mill  is 
however  so  much  greater  than  that  of  tbs  othsr  kind,  that  the  latter  Is 
now  seldom  constructed. 

The  effective  force  of  the  wind  in  taming  the  sails  of  a  mill  is  invosti- 
gated  in  the  utiole  Windsails. 

(See  Brewster's  edition  of  PerffMon'i  Ltctutet ;  Smeaton,  On  Ae 
Power  uf  Wind  and  WaUr;  Borgnis,  Trttttt  GompUt  dtMiecmiqiut 
Leeodert  van  Naturus,  Qroot  Veikmm  MooUnboA,  &o.) 
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leftst  in  tiie  religioaB  and  other  monumental  etructurcs  of  the  Egypt 
iane,  Qreefca,  and  Romans,  which  wen  uot  of  a  nature  to  require  them, 
windovrs  are  exceedingly  important  features  in  the  Qothio  and  other 
styles,  and  that  nut  only  for  one,  but  erery  clan  of  buildings.  In  th« 
Fohited  Gothic  more  especially  tiier  are  so  characteriBllc  by  their 
general  forms  and  proportions,  as  well  m  their  decoraUon  and  details, 
as  to  be  in  that  style  equivalent  to  what  the  orders  are  in  the  temple 
architeoture  of  antiquity:  the  diviaion  of  Gothic  into  periods,  as 
First,  Second,  and  Third  Pointed,  or  £arly-£loglish,  Decorated  and 
Perpendicular,  depends  indeed  mainly  on  the  irindow-f<nnu.  [GoTBiO 
ABcmTEcicRB ;  RoiTAKESQnB  Arobitectdbb,]  Gothic  without 
windows  would  be  as  deficient  in  expression  as  Grecian  architecture 
without  ooIumDS.  Gredan  architecture,  on  the  contrary,  hardly 
admits  windows,  nnoe,  instead  of  adding  to,  they  rather  mar  its 
exi»«asion,  and  detmct  £rom  its  character.  There  are,  indeed,  some 
examples  of  windows,  for  instance  in  the  Erechtheum  at  Athena,  yet 
no  more  than  borejy  to  serve  as  authorities,  and  to  show  how 
apertures  of  the  kind  were  designed.  Besides  being  of  exceedingly 
nra  occurrence  in  Grecaan  architecture,  the  windows  themselves  were 
veij  few  in  number,  and  never  placed  so  as  to  form  more  than  one 
tier  or  story  of  them ;  consequenuy  l^e  eETect  was  totally  ditTerent  from 
that  attending  two  or  more  continuous  ranges  of  wiadowB  placed  one 
over  the  other.  This  arrangement  was,  however,  adopted  by  the 
Bomans  in  such  buildings  as  thdr  amphitheatres,  and  also  in  thdr 
basilicas,  and  in  the  former  with  a  very  fine  a0bot,  as  may  be 
seen  in  the  Colosseiim  at  Bome,  and  the  amphitheatres  of  Verona  and 
Klmes. 

It  is  one  very  great  advantage  of  the  Pointed  Qothio  style,  that 
there  the  windows  derive  strong  architectural  expression  nxim  the 
apertures  themselves ;  which,  wiu  the  mullions,  transoms,  and  tracery 
inserted  in  them,  mainly  form  the  design  and  decoration ;  while  the 
external  mouldings  and  ornaments  conbibute  to  tJiem  only  in  a  subor- 
dinate degree.  Consequently,  if  otherwise  quite  pltdn,  tho  windows 
can  never  appear  mere  vacant  spaces.  Widely  different  is  it  in  those 
styles  where  the  ornamental  design  is  confined  to  the  mere  exterior  or 
framing  of  the  aperture  ;  in  which,  however  they  may  be  so  decorated, 
the  openbgs  will,  if  of  very  large  dimensions,  always  have  a  vacant 
look,  and  the  glazing  of  the  mndows  will  appear  to  be  in  want  of  ade- 

a uatie  support.  It  u  another  advantage  peculiar  to  Pointed  Gothic, 
liat  it  allows  windows  to  he  of  any  dimensions — of  the  smallest  as 
well  as  the  largest,  and  windows  <A  very  different  sizes  and  propor* 
tions  to  be  introduced  into  the  same  elevation.  [Gothic  Abchitio- 
TDRX;  Oriel.] 

In  the  Italian  style,  windows,  by  which  we  mean  the  window  opening 
and  the  ibvuhgt  around  than,  which  last  term  is  employed  to 
designate  the  wlude  of  the  deecnation  bestowed  on  audi  apertures,  or, 
in  ower  words,  the  entire  "  «)mpodtion,"  form  as  essential  a  feature  as 
in  Gothic,  though  admitting  of  comparatively  little  of  the  diversity  of 
size,  form,  and  character.  French,  German,  and  English  Renais- 
sance exhibit  much  greater  variety  of  illustnition  than  the  Italian. 

iRiMAiBSABOB  Abohitzctdre;  Euzabethak  Architectdbz.]  In 
fatUan  buildingB  of  ihe  better  dsss,  the  principal  story,  or  that  imme- 
diately over  the  basement  or  ground-floor,  is  marked  by  windows  more 
hif^dy  decorated  and  of  loftier  proportions  than  the  rest.  For  these 
the  apertures  are  generally  made  from  2  to  2(  squares,  or  even  some* 
Udng  more,  ^t  is,  their  height  is  something  more  than  double  their 
breadth ;  those  on  the  next  floor  rather  lessuan  two  squares ;  and  for 
the  third  thtrr  ue  made  mezzanina — wth^apwfeot  square  or  very 
little  more.  The  character  and  i«oporti(HU  of  ground'flocff  windows 
depend  very  much  upon  the  manner  in  which  that  part  of  the  deva- 
titm  is  treated;  if  it  be  no  more  than  s  low  ntsticated  basement,  the 
windows  will  aaij  be  of  mezzanine  form,  without  dressing ;  or  at  the 
most  a  few  mouldings  suirounding  the  apertures,  the  rusticated  surface 
of  the  wall  itself  here  producing  a  sufScient  d^ree  of  finish  and  deco- 
latioB;  or  if  more  be  required,  it  is  obtained  by  distinguishing  the 
rustics  around  the  windows,  maUng  them  smooth  if  the  others  be 
nnigh,  and  vice  vend.  Thus,  while  the  windows  are  easential,  thw  are 
still  kept  subordinate  features  in  the  design.  What  has  been  said  in 
regard  to  the  sequence  of  the  different  tiers  of  windows  in  an  devation, 
is  to  be  understood  only  generally,  there  being  many  exceptions,  and 
not  a  few  anomalous  cases.  In  the  facade  of  uie  Pslazzo  Mimirimi  st 
Bome,  one  of  Fenuzi's  beat  works,  there  are  two  tiers  of  mezzanine 
windows  aboye  those  of  the  prindpsl  floor ;  In  the  odebrated  Palazzo 
Fomese,  on  the  contrary,  the  seoond-floor  windows  (iriiich  sre  also  the 
uppsnnost)  are  somewhat  ktftto-  than  the  othen,  at  leost  in  thdr  aper- 
tures, owing  to  these  last  being  arched,  and  are  further  remaAable  as 
havbg  pediments,  which  are  s^om  used  for  windows  higher  up  than 
the  fint  floor.  In  Sangallo's  fa^e  of  the  Palazzo  Sacchetti,  there  is  a 
range  of  mezzanines  between  the  windows  of  the  first  and  the  upper- 
most floor,  and  instead  of  being  made  prindpsl  in  the  dedgn,  the 
lonner  are  oonnderobly  leas  tlum  those  of  the  ground-floor,  and  are 
narrower  at  top  than  at  bottom.  The  Ea^e  of  the  Palazzo  N^roni,  by 
Ammanati,  is  similar  in  its  general  duuacter  to  the  preceding,  there 
being  a  row  of  mezzanine  and  square  windows  between  the  first  and  third 
floor;  and  it  also  resembles  itf  in  the  importance  given  to  the  ground- 
floor  windows.  In  r^ard  to  windows  of  the  last-mentioned  class,  the 
Palszto  Buoncompsgno  aiRome,  a  work  attributed  to  Bramast^,  oflbn  an 
unoiuil  example,     there  the  lower  flow  and  its  windows  «r«  made  the 


next  principal  features  after  those  immediatdy  above  them  :  in  both 
the  apertures  themsdves  are  round-headed,  with  imposts  and  archivolts, 
but  flanked  by  pilasters  supporting  an  entablature,  wbereby  the  general 
form  of  the  lAambranle,  or  dressing  becomes  »quare>headcd ;  the  chief 
difference  between  these  two  tiers  of  windows  is,  that  those  above  have 
pediments  (altematdy  angiilar  and  segmental),  while  the  others  have 
none.  Triple,  or  Venetian  windows,  as  they  are  called,  and  grouped 
windows,  are  sometimes  introduced  in  Renaissance  buildings  with 
excellent  effect ;  and  where  a  great  d^;ree  of  magnificence  is  desired, 
camtidee  sre  suhstitoted  for  oolmnns  as  deociatinu.  From  the  tjme 
of  Pallsdio,  balustrades  have  been  added  to  windows,  adding  often 
greatly  to  their  picturesqueness  of  duvraotw,  but  sometimes  with  a 
very  different  result  [Italiak  Abohitbctube;  BDULiBauoi.1 
WINDS,  TRADE.  [Wnro.] 

WINDSAILS  are  the  vanes,  generally  four  in  number,  which,  being 
turned ^  the  acti<m  of  the  wind,  {pve  motion  to  the  machinery  of  a 
mill.  The  wind  bdng  supposed  to  Uow  in  a  direction  parallel  to  the 
axis  about  whidi  the  sails  are  to  revolve,  it  is  evident  that  the  plane 
of  each  sail  must  have  a  certain  inclination  to  that  axis,  or  to  the  plane 
of  the  revolution,  in  order  that  a  resolved  part  of  the  wind's  foroe  may 
act  in  the  latter  plane  perpendiculariy  to  the  radii  or  arms  which  carry 
the  sails  so  as  to  turn  them  constontiy  in  one  direction  about  the  axis. 
If  the  pressure  of  the  wind  on  the  soils,  supposed  to  be  at  rest,  were 
to  be  alone  oonddered,  the  detennination  of  the  angle  which  the  plane 
of  each  ssU  should  mtdce  with  a  plsne  perpwidicular  to  the  axis,  or  to 
the  direction  of  the  wind,  in  order  that  the  pressure  might  be  a 
maximum,  would  be  oomparatirdy  easy.  For  by  the  resolution  of 
forces  it  is  easily  seen  that  the  pressure  perpendiculu'  to  the  radii, 
and  in  the  plane  of  their  revolution,  varies  with  the  term  sin^  9  cos  9, 
where  0  is  the  an^le  which  the  sail,  supposed  to  be  a  plane  surface, 
mokes  with  the  wind  or'with  the  axis  of  revolution :  and  Uie  differential 
of  this  quantity  being  made  equal  to  zero,  the  value  of  9  is  found 
to  be  54°  44'  nearly. 

But  it  is  evident  that  the  effect  of  the  wind  in  giving  a  revolving 
motion  to  the  radii  must  depend  on  its  pressure,  and  also  ou  tho 
vdodty  of  the  surface  against  which  it  acts ;  and  the  an^  which  the 
plane  of  the  sail  should  make  with  the  direction  of  the  wind,  when  its 
pressure  on  the  sail  in  motion  is  a  maximum,  must  be  determined  hj 
on  iovestigatiott  similar  to  that  which  follows. 


LetAB,  a'b*,  paralldto  one  another,  refvesent  the  direction  of  the 
wind ;  wbx,  Vb'z',  also  paralld  to  one  another,  be  two  pantions  <^  a 
section  of  the  sail,  which  by  the  pwasure  ot  the  trind  is  made  to  move 
so  Uiat  B,  b",  are  in  a  line  perpendicular  to  ab.  Now  if  it  be  supposed 
that  aV  is  the  space  described  by  a  partjde  of  air  while  b  would  more 
to  6  (or  6*  to  B*)  in  the  same  direction,  or  from  b  to  b'  in  a  direction 
perpendicular  to  ab  ;  the  lines  a'b*  and  &'b'  will,  respectively,  represent 
the  vdodties  of  the  wind  and  sail  in  directions  paralld  to  a'b,  while 
08*  will  be  the  velodty  of  the  sail  in  tiie  directton  of  this  last  line. 
Draw  aV  perpendiculariy  to  Tx  or  Vx',  prodaoed,  and  meeting  the 
former  line  in  o ;  then  a'c'  and  oo'  will  be  respectively  the  velodties 
of  the  wind  and  sail  perrMindicularly  to  the  line  w  x  or  w'x',  and  ran- 
sequently  a'c  will  be  what  is  called  the  vdocity  of  the  wind  in  the 
soiL  Therefore,  the  pressure  of  a  fluid  being  proportional  to  the 
square  of  the  vdodty,  the  pressure  of  the  wind  in  tho  direction  A'<f 
will  vary  with  a'o*;  and  this  hdng  reedved  in  the  direeUon  a'd  or  bb*, 
will  be  expressed  hy  a'(^  oos  oa%  or  a'0>  dn  i/bV.  But  a'b  being 
constant,  a'o  varies  witii  sin  a'bo  ;  therefore  the  effective  pressure  of 
the  wind  will  vary  with  sin' a'bo  sin  B'Bi. 

Let  the  an(^  a'bb*  be  represented  by  n'aV  tty  9;  then  a'bo= 
a— 6,  and  the  expreasioai  for  the  pressure  beoomes 

sin*  (a— 9}  sin  B. 

Making  the  differential  of  this  expresdon  equd  to  zero,  and  reducing, 
we  have 

tan  (a-9)  a  2  tan  9, 

when  the  pressure  is  a  maiim^tmi 

Draw  B'XT  perpendicular  to  BC,  BO  thai  B'X  and  XTmayreapectivdty 
represent  ton  (a- 9)  and  tan  0;  and  let  a'b',  bb*  be  reapectiyoly  lepra- 
sented  by  v  and  by    ;  then 

BX=p  COB  9,  B'x=t^  sin  9, 

XT(=a8'z)=t2«'ain9,andB'T(=8B'z)  =:3i^sin«. 
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A^ttin,  draw  tz  perpendicular  to  bb',  or  pmllel  to  a'b' ;  thrna 

b'z<=b'y  oob  bb't)  =  Sr*  sin'  fl, 

tz(=sb't  rfn  bb't)  —  8v' nu  0  ooe  and 

Bz(=««'-B'a)         =  tp*— 8»'Mn=9. 
But  by  BimilH'  triangles,  bz  :  zt  : :  bb'  :  ifA'i  thai  ii 

v'~9v'  ain*  9:8v'Binfoos0:;v':v; 
whence  v— 3«  8in'd=8v'  dn  9  cos  9. 

Mitltiplying  each  term  by  v,  and  toTifl,  the  fitrt  term,  lolMtitaUng 
itB  equinlent  «*  ain'  0-t-v*  ooe*  B,  we  have 

«*  ei&'9+i^  ooa*  9-8t^  rin*  9~8«v'  irin  9  cos  9; 
<n-  dmplifying,  and  dividing  by         we  get 

cotun*  9=8««'  ootan  8, 
wbidi  radnoed  »  a  quadnlio  eqnaUon,  with  rcqpeoi  to  9,  ^rta 


ootan  9(Btan  A.BZ)  —  ^  + 

The  ang^e  abz  will  evidently  depmd  npMi  the  raktitm  bokween  the 
Tdodt^  the  nil,  and  v,  the  vdoct^  of  the  wind;  if  tf^o,  or  the 
mil  ia  M  rat,  we  should  hare  tan  jlBx=V2j  that  ia,tiie  an^ABX 
would,  88  sbore,  be  equal  to  54"  44'  newiy;  and  whan  i^sv^  the  for- 
mula gives  ABZ^74"19''  nearly.  It  follows  that  as  the  velocity  of 
tiie  revolution  increases,  the  inclination  of  the  section  wx  to  the  winJ, 
or  to  the  axis  of  rotation,  should  be  increased.  Since,  therefore,  the 
Teloci^  of  the  sul  continually  increaaee  from  the  axis  to  the  extremity 
of  the  radius  or  arm  which  carries  it,  it  is  evident  that  the  sail,  instead 
of  bdag  ft  ^aa<^  ought  to  have  a  curved  surCaoe  suoh  that  tiie  incli- 
nation of  the  seotion  to  the  direction  of  the  wind  may  increase  with 
its  distance  from  the  azia  oonfoimably  to  the  values  which  would  be 
given  by  the  above  formula,  the  ratio  between  the  veloci^  of  the 
wind  and  sul  at  any  given  distance  from  the  axis  of  rotation  being 
known  or  assumed.  It  was  observed  1^  Hr.  Smeaton  that  the  velo- 
ciUea  of  tha  suls  at  their  extremitiee  are  often  more  than  twice  as 
great  as  that  of  the  wind.  From  several  e;q)eTimenta  which  were 
made  on  a  great  scale  by  the  same  engineer,  it  was  found  that  the  effect 
is  very  advantageous  when  the  inclinations  of  the  axis,  or  the  direction 
of  the  wind,  with  a  section  of  the  sail  taken  perpendicularly  to  the 
revolving  arm  at  diffisrent  distances  from  the  axis,  weare  aa  in  tlie 
cdlowiug  table: — 


:  At  one-tixUi  ot  Uie  leDfth  of  tka  am 
At  one- third  ,,  ,^  . 
At  one-half  „  ^ 

Attwo-thtrd*  „  „ 
At  flve-alxttu  „  „ 
And  at  tbe  extremity        „  . 


.  IIP 


Mr.  Smeaton  found  also  that  when  each  sail  is  broader  at  the  further 
extremij^  than  near  the  centre,  the  effect  is  greater  than  when  it  has 
the  form  of  a  pandlelogram ;  and  that  the  most  advantagoona  braadth 
at  the  extrami^  is  one-third  of  tlie  length  of  the  arm. 

Thereia  a  certain  limit  to  the  ^entity  of  sail  which  a  windmill  oan 
carry  vrith  advantage;  and  from  Mr.  Smeaton'a  experiments  it  results 
thal^  when  the  suruces  of  all  iba  mHa  exoeeda  seven-eightha  td  tiie 
area  of  the  circle  described  by  each  arm  in  one  revolution,  the  veloott^ 
is  diminished  j  probably  from  the  want  of  sufficient  openii^  hy  whiw 
the  wind,  after  impact,  may  eeoape.  Hr.  Smeaton  also  found  that  the 
ratio  betwera  the  velocities  of  vrindmiU  sails  whsa  uooonueoted  witii 
the  machinaiT,  and  when  loaded  so  as  to  produce  the  effect, 
b  variable;  but,  in  gmenl,  that  ratio  is  as  8  to  8.  The  velooity  of 
the  sails  when  the  efTect  is  a  maximum  varies  nearly  with  the  velocity 
of  the  wind. 

The  form  and  position  of  the  sails  renuumng  the  same,  the  load  or 
radstanco  whoi  a  maximum,  varies  nearly  with  the  square  of  the 
velocity  of  the  wind;  and  the  maximum  of  reaistanoa  miich  sails  of 
similar  figures,  and  in  similar  pootkma,  will  overcome  at  a  glvan  dis- 
tance from  the  centre  of  motion,  will  vary  with  the  enbo  of  fte  ndiua 
or  arm  of  the  saiL 

WINE.  The  chemistry  of  wine  presents  many  points  of  interest, 
and  may  be  treated  of  independently  of  its  history,  manu&otore,  com- 
merce, and  uses. 

In  Uie  juioe  of  the  grape,  femuntaUon  is  excited  the  aooeaa  of 
air,  aloohol  and  oarbomo  add  boi^  foirmed  the  decomponluni  of 
the  sugar  oontained  in  the  fluid— 

C„H„0,y    m    IOtH,0,    +  4C0, 

Sngsr.  AlwawL     Csrbonio  aoid. 

The  procow  onoe  oommeneed,  continues  independently  of  aiqr  further 
influence  of  the  air.  In  addition  to  the  uoohol  and  carbonic  add 
formed  by  the  fermentation  of  the  juice,  there  is  also  produced  a 
yellow  or  gray  insoluble  substance,  oontaining  a  large  quantify  of 
nitrogen.  It  is  tUs  body  which  possessee  the  power  of  inducing 
fermentation  in  a  new  eolution  of  sugar,  and  whioh  has  in  ooneequence 
received  the  name  of  ftrment.  [Fbbiceht.]  The  aloohd  waA  carbotdo 
■aid  are  produced,  as  above  indicated,  from  tiie  elementa  of  the  sugar; 
but  the  ferment  is  formed  from  those  asotised  constituents  <^  the  grape- 
juice  which  have  collective^  been  termed  gUttm,  [Qlttten.]  Gluten 
dissolved  in  pure  water  undergoes  a  process  decompoiiUoD ;  but  the 
deoomposition  which  it  aufiera  in  an  isolated  state,  and  that  which  it 
abts  ahs  sol  bit.  tol.  Tm. 


undergoes  when  dissolved  in  a  vegetable  juice,  belong  to  two  different 
kinds  of  transformations,  niere  is  reason  to  believe  Uiat  its  change  to 
th#  insoluble  state  depends  on  an  absorption  of  oxygen ;  for  its  eepa- 
tatiim  in  this  state  may  be  efibcted  uoder  oertadn  conditions  by  free 
exposure  to  the  air  without  the  preeenoe  of  fermentut^  sugar.  It  is 
known  also  that  the  juioe  of  grapes,  or  vegetable  jmoea,  in  general 
beoome  turbid  when  in  contact  vrith  air  before  fermeaWkm  com- 
menoes;  and  this  tuiUdify  is  owing  to  the  fwmation  of  an  insoluble 
pied^tate  of  the  same  nstui*  as  ferment.  The  o^gen  consumed  in 
the  fermentation  of  wine  or  beer  is  not  taken  tsata  the  atmosphere, 
though  the  aeeen  of  this  is  necessary  to  oxoite  it  in  the  first  instanoe. 
Qluten  seems  to  aot  towards  sogar  as  diastase  does  towuds  staroh, 
namely,  hpparts  that  impetus  to  it  which  enables  it  to  ^ter  its  eon< 
dition.  When  both  gluten  and  sugar  ace  present  in  a  liquid,  fermen- 
tation win  go  on  till  the  deoompoeitvm  of  one  or  other  be  oomplete. 
When  the  quantify  of  ferment  is  too  small  in  proportion  to  that  of  ttie 
sugMT,  Us  fermentative  pabafaatioii  wUl  be  oom^eted  before  the  tnna> 
formmcm  tA  all  tiie  sugar  is  edboted.  Btxae  aogar  here  remafaiB  unde- 
oompoaed,  as  the  cause  of  its  tranrfoimation  is  absent,  namely,  contact 
with  a  body  in  a  state  of  deoomposition :  this  hi^pena  in  the  vnw  de 
UqtuMn,  tiiefrvity  or  sweet  wineo.  But  when  the  quantify  of  ferment 
wedomtnatee,  a  oertain  quantity  of  it  remuns  af  tra  all  the  sugar  has 
fermented,  its  deuon^ositioii  proceeding  veiy  slowly  oo  account  of  ita 
insolubilify  in  watsr.  This  rsridne  ia  still  abls  to  induce  fennentatlon 
when  intioduced  into  a  fresh  eolution  of  sn^tf,  and  retains  the  same 
power  until  it  has  passed  through  aB  the  stages  of  its  own  transforma- 
tion. Hence  a  certain  quantify  of  yeast  ia  necenaiy  in  order  to  eflbot 
the  transformation  of  a  oertain  portion  of  sugar ;  not  because  it  acts  In' 
its  quantify  in  increasing  any  afflnify,  but  beoause  its  influence  depencu 
soluy  on  its  presence,  woA  its  preaenoe  is  neeeasary  until  the  last  atom 
of  sujBar  is  deoonqrased. 

Clunata  and  soil  greatly  modify  wina  both  in  kmd  and  qualify. 
Diflbrences,  however,  in  the  vintags  and  manufacture  oftni  determine 
the  character  of  wines  made  in  tiie  same  district,  and  cause  them  to 
widely  di^  from  each  other  in  odour,  flavour,  and  even  colour.  Suoh 
differences  often  occur  spontaneously,  as  in  the  case  of  anumtillado. 

The  quantify  of  taotiied  matter  in  tiie  juice  seems  to  be  the  same  in 
whatever  part  the  gr^ea  may  grow ;  at  least  no  diffbrmoe  has  been 
obaerved  in  the  amount  of  ratst  fcmMd  dntii^-  fermentation  in  the 
south  of  France  and  on  the  Bhine.  The  gnq>es  grown  in  hot  dimates, 
as  well  as  the  bcdled  juioe  obtained  from  them,  are  propntionally  rich 
in  sugar.  Hence,  durii^  the  fermentation  of  tbe  juioe,  the  complete 
daoonmoritiou  of  its  aaotiaed  matters,  and  tiidr  separation  in  the 
insoluble  state,  are  effected  before  all  the  sugar  has  been  converted 
Into  alcohol  and  carbonic  acid.  A  owtain  quantify  of  the  sugar  conse- 
quenti^  remains  mixed  vrith  the  wine  in  an  undecomposed  state,  the 
condition  necesaaty  for  its  further  deoompoettion  being  absent.  The 
axotised  xaMen  in  the  juioe  of  grapes  of  Uie  temperate  zones,  on  tite 
oontnty,  are  not  oomidetely  separated  in  the  insoluble  state  when  the 
entire  tnnsformatim  of  the  sugar  ia  effected.  The  vrine  of  these 
gtapes,  therefore,  does  not  contain  awar,  but  variable  quantities  of 
onoeeonqKiBed  gluten  in  solution.  Thia  gluten  gives  the  wine  the 
property  of  becoming  spontaneously  converted  into  vinegar  when  tho 
access  of  dr  is  not  prevented;  for  it  absorbs  oxygen  and  beoomee 
insoluble^  and  ita  oxidation  is  communicated  to  the  alcohol,  which  is 
converted  into  aoetio  acid.  By  allowing  the  wina  to  remain  at  rest  in 
casks  with  a  Toiy  limited  aooeas  (rf  air,  loid  at  tha  lowsst  posnUo  ton- 
perature,  the  oxidatkni  of  thia  antiBed  nutter  is  effaoted  irittraut  tho 
aloohd  undergoing  the  same  ohaz^,  a  hi{^  tampenrfnira  b(^  neoea- 
saiy  to  enable  alcoud  to  oomlnne  with  omen.  Aa  Itmg  as  the  wine 
in  the  stiUuig  oaaks  depoats  yeast,  it  can  still  be  caused  to  ferment  by 
the  addition  of 'sugar ;  but  old  wdl-layed  wine  has  lost  this  properfy, 
beoause  the  oondition  neoeaaaiy  for  fermentation — ^namely,  a  substance 
in  the  act  deoomposition  or  pntrafaotloft— is  no  longer  pieaent  in  it 
In  hotds  and  other  ^aces,  when  vrina  is  drawn  gradually  from  a  cask, 
and  a  proportional  quantify  of  air  neoessarily  introduced,  ila  erema- 
oauaift— that  is,  its  oonvoraion  into  aoetio  aud — Is  prevented  \sy  tiie 
action  <d  a  small  <},nantify  of  sulidlturous  acid.  This  add,  by  entering 
into  oombinatitm  with  the  ox^en  of  the  ur  oontuned  in  the  caik  or 
dissolved  in  the  wine,  inevraitB  the  oxidation  of  the  organic  matter. 

A  knowledge  of  the  facts  just  mentioned  enables  us  to  oomprebend 
the  nature  and  object  of  the  practioes  adopted  empirically  for  the  pre- 
servation of  vrine ;  above  all,  of  those  which  are  requisite  to  prevent  it 
passi^  into  the  state  of  aoetio  add,  to  which'  the  winea  of  northeni 
oounbriea,  or  poor  vreak  wines,  an  most  tHona.  Thus,  the  proceasea  of 
raokmg,  sulphtithut  fining;  mixiiig;  bottUi^  and  kaq^ng  in  oellars  the 
temperature  of  wmoh  is  low,  are  obvfouife  all  dinoted  against  tha 
occurrence  of  the  aeetata  fermentation,  aa  Uiey  are  mostly  inadequate 
to  ohec^  tiie  vmota  fermentation,  and  indeed  altogether  unnecessary, 
sinoe  so  loi^  as  the  vinous  fermentation  is  gdng  on — ^that  is,  as  hmg  as 
the  alcohol  continues  to  be  genented — the  wine  is  gaining  in  qiuufy. 
Onoe  begun,  the  preaenoe  of  atmoepherio  air  is  in  nowise  necessary  jEor 
the  oonnnuaticMi  of  the  vinoos  fermentation;  in  fluty  tha  man 
thorotu^y  it  ia  azdoded  the  bsttw,  for  whila  the  vfawoa  fermentation, 
l^'  which  the  wine  ia  ameliorated,  goea  on,  the  aoetooa  fennentathn 
cannot  oommenoe. 

Fnaa  the  above  facts,  established  In  the  main  by  Liebig,  it  appears 
that  vhile  tha  antiBod  matter  (gliitMi}  in  mpas,  wherever  grown,  la  • 
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bed  ananti^f  the  uidi  and  Hcchuiiie  miitar  are  Tstiablfl.  WhsD 
there  11  more  Hocbaniie  matter,  as  in  Uvvaaltea,  BVontigoan,  and 
Tok^i  Uun  thore  is  gluten  to  iraoBform  into  alcohol,  a  partion  of 
undeoompoeed  augar  renwins,  aufficieni  not  only  to  pn  that  taate 
which  haa  aoquiied  £oir  them  Qte  name  of  tweet  wince,  but  alao  to  exert 
the  usual  pxeeBiratiTe  power  of  aunriwhenpreaent  In  large  quaniitleB, 
and  jraakt  deoompomtifm.  Thua,  Muaoadine  vine  liaa  been  two 
hnndiadTeara;  fiountun^  buried  at  Ihe  tbna  of  the  lire  of  London, 
and  diaintetred  in  ISII,  waa  ezceUent:  and  old  Tofaj^  called 
nfrawno,  ia  in  perfectkm  at  the  end  oi  a  century.  Taa  wine  Ueeda 
neither  eulphurmg  nor  fining  (Schams,  'Ungama  Weinbau/  enter 
bend,  p.  75);  tiie  ouka  are  henuetioaUf  bunged:  and  the  reaaon  ia 
DbriouB.  To  the  juice  of  gr^»ea  grown  in  ctdder  climatee  ot  cold 
•MBooa,  BUgu-,  eepeoiallj  ctwoh-augar,  is  added  at  the  beginning  of  the 
fdmwtation,  in  ovdar  to  eonanipe  all  the  leaven.  Alao  to  wine  whioh 
itiaapprdiendediBabonttobeeonie  aunr,^  or  pridetd,  aa  the  flirt  aign 
at  ita  beo«ning  acetified  ia  tenned,  augar  ia  alao  added ;  but  if  vinegar 
haa  icaUf  been  formed,  thia  introduotifm  of  augar,  so  fax  from  hindet^ 
ing,  only  haatwa  the  further  tranaformotion,  aa  tiie  preaeoce  of  vinegar 
ia  ^e  moat  powerfully  diaponng  agent  to  tiiia  change. 

Tiie  odwiferoua  (oineiiM^  or  mu^mcI^  of  winea,  appeani  to  be  due  to 
peouliar  etban*  txe  SrEODtuii  SaiAS,  and*  aoooxduig  to  WincUer,  to 
oombiiatiiHia  ii  vtdatile  fra^ant  amda  with  a  nitooganoua  base  of 
belaauie  odour.  The  oonditiona  of  the  formatitHi  and  of  the  daoom- 
poaition  of  theae  ctunpounds  are  not  vaiy  well  underatood  at  preaent; 
■oma  of  the  etbera,  however,  can  be  formed  artificially. 

The  intoxicating  quali^  of  wine  ia,  of  oourac^  due  to  tiie  alcohol,  the 
oauaa  of  the  produotion  of  which  haa  already  been  deaoribed.  The 
method  of  aaovtaining  the  amount  of  alcohol  preeent  in  any  aamfdet 
and  a  table  ahowing  the  eenteaimal  proportiona  of  alcohol  m  vanoua 
winee,  will  be  found  deacribed  under  Alcoholoxitbt. 

Frm  ■  oAid*,  or  aoiduloua  aalta,  are  {weeent  in  moat  winca.  Ualic, 
tartario,  vai  oitno  are  commonly  met  with.  Port  wine  oontuua  tannic 
aoid,  and  the  briakneea  of  effervescent  wines  ia  due  to  oarbcnio  acid. 
Thia  natural  acidity  of  wine  muat  not  be  confounded  with  the  aouraeaa 
wbidi  vlna  aanietanaa  tapiitm,  and  wbaobi  ia  dna  to  aoetio  aoid,  gena- 
rated  by  ozidBtian  of  aloohol,  aa  already  deaoifbed. 

The  txAotsrittg  Matter  oi  wine  ia  derived  from  the  husk  of  the  grape. 
II  wine  be  prepared  from  Uie  expreaBedjuioe  only,  it  will  have  little  or 
no  oolonr,  aa  in  the  ease  of  Cbampapie ;  butif  the  skin  bealao  preeent, 
ito  colour  will  go  into  solution  during  the  proeeaa  of  fermentation,  and 
will  give  tho  tdianoteriatio  tint  to  w  rcaulting  wine.  The  preaanee 
or  abamee  of  the  purjic  akin,  thwafora,  and  not  the  colour  of  the 
grwe,  aa  popular^  auppoaad,  deteraiinea  iba  ocdoor  ot  wina. 

The  chief  mdim  eonafttHmC  of  wine  ia  tatartrate  t4  potash,  or  wine- 
itme,  or  argol,  aa  it  ia  teohnicallj  termed.  It  ia  the  commercial  eonroe 
of  tartario  ao^,  and  haa  already  been  treated  of  in  dotaiL  [Tabtabio 
Adid.] 

Winea  are  moeh  aduharated.  For  the  EngUah  market  they  are 
commoner  "  fortified"  with  bnmd^,  and  aiqiemr  varietiea  are  In- 
quent^fduuted  wiUi  tliOBe  of  infnior  quality.  Blderbdny  jnioe,  ealled 
Cheripigo,  also  Hba  juioe  of  PAyto^aEMaifeeaiu&ti,  boiled  must,  and  burnt 
sugar  are  used  for  ocdouring ;  kino  and  logwood  are  used  for  the  same 
purpose,  and  to  augment  the  aatringenoy  of  port  wine ;  and  oocasionally 
artifloial  ethers  are  added  to  give  flavour. 

WINS  HANUFAOTURB.  Wine  is  the  reanlt  of  the  fermentation 
ot  certain  ssoobarine  fluids,  either  exiatuw  natoral^  in  the  juioea  of 
plants,  or  artificially  blended  togedicr.  The  natoimf  julosa  auaeeptiUe 
of  fermentation  are  found  either  in  the  roots  of  puats,  anch  aa  the 
parsnip  and  beet-root;  extncted  from  the  stem}  as  in  the  Ureh  and 
oocoarpalm;  expreased  from  the  laeves, aa  In  the  gT^>e>vine)  obtained 
from  Uie  spatiia,  as  of  the  Sagm  tim/tn,  the  Ptom*  dmeljflifeht,  and 
other  palms ;  and  in  the  mature  or  immature  trxAia  of  many  well- 
known  plantfl,  such  aa  gooaebenies,  currants,  and,'  above  all,  the 
giape,  to  the  fermented  juioe  of  which  the  term  wine  ia  alwaye 
understood  to  be  ^iplied  when  used  abaolut^.  Though  alcohol  ie 
present  in  all  winea,  yet  many  other  minoiidea  exist  in  tiiem;  iha 
number  of  whioh,  and  the  manner  In  whioh  tnw  are  blended  together, 
aa  well  aa  iheir  relafttro  prcfiortioB,  give  to  diifcrant  wfaua  ihdr  dla- 
tinctive  propertiee. 

The  ViUM  vitUfem,  the  only  apeoiea  which  yidds  the  most  esteemed 
wine,  haa,  from  teoeiViDg  the  tong^ontinued  attention  and  culture  of 
mnn,  a  very  ottenalve  geogn^ihical  range.  [ViTis,  in  Kat,  Hist.  Dir.] 
From  64°  or  almost  Bb"  K.  let.  to  46'  S.  lat,  tiiie  vine  may  be  found ; 
but  it  by  no  means  yields  a  grape  fit  for  fermenting  into  a  sound  good 
wine  in  all  the  hitermediata  qxtoa.  Up  to  the  01at  degree  of 
the  preparation  of  this  beverage  is  orodnoted  with  various  degrees  of 
anooeaa  and  diversltiee  in  the  qnalitiea  of  the  wines.  In  the  hotter 
oooniilea  alone  are  tiie  rich  sweet  wines,  often  called  in  technical 
language  Vint  de  ZAqtiean,  prepared,  as  in  those  only  la  so  much 
sugar  present  ae  to  allow  the  nrmeutetion  to  furnish  sufficient  of 
the  vinoua  principles  to  ^bo  pradncLwhen  the  fermentation  ceaaea 
from  the  lonen  being  all  expttdei  The  Muaoa*  raape,  wUoh  fai  tiu 
•outh  of  VVaboe  yld£  the  ridi  Bweet  vrtiM  termed  iVMtigiiBn,  I^nel, 
andRIveaahea,  on  the  Rhine  only  ripens  aufliolently  to  furnish  a  grape 
for  the  table  or  deaaert.  Nor  ^>es  the  same  latitude  always  permit 
the  grape  to  acquire  the  perfection  requisite  tor  good  wine.  The 
ieothermallinea  and  the  degree  of  humidify,  especially  the  cleameai  or 


doudineas  of  the  atmoaphere^  have  more  influence.  Thus  in  Pnoca 
the  benefidal  cultivation  of  the  vine  aoaredy  extrads  on  the  weatarri 

side  higlier  than  48°,  but  the  boundaryjine  mounts  upwards  towards 
the  east  till  we  find  the  moat  renowned  of  the  Rhine  wines  produced 
between  50°  and  61°.  The  longitude  of '  Devonshire  is  nearjy  that  of 
the  province  of  Spun  which  yields  the  finest  shemea ;  and  it  is  not 
alone  the  difierenoe  ot  14  degrees  of  l^tude  which  unfits  the  south  of 
En^andiorrhM^ngagi^po  suitable  for  wine,  ahioe  that  portion  (rf 
the  Bhine  which  liea  between  Cobleoa  and  DUsaeldorf,  which  ivoducea 
good  wine,  haa  precisely  the  same  latitiule ;  but  the  greater  humidity 
and  doudhiflss  of  the  atmoaphwe  in  the  aouth-weat  ot  England,  by 
intercepting  the  sun's  rays,  prevent  the  full  ripening  of  the  gnpe ;  for 
the  same  reaaon,  Holland  searody  produces  grapes  poasesaing  sugar 
enough  to  yield  wine  (Mulder);  and  the  observations  of  Dr.  Dauben^ 
have  proved  that  the  i^Mnins  of  £ruita  dnanda  more  aa  the  illumi- 
nating raya  than  on  tlie  oalrailo  or  chemical  rays.  The  spedoua  hopes 
held  out  b^  some  writen  tiiat  tiie  grapo  might  be  cultivated  in  Kngljind 
so  as  to  yield  wine,  would  aoon  be  diasqiated  by  any  extensive  trials, 
which  it  is  to  be  desired  may  nerec  be  made,  (Bacton'a '  Lecture  on 
the  Geography  of  Plants;'  and  WatsMi,  '  Oeographical  Diatributiai 
of  British  Plants.') 

But  different  climatee,  though  they  may  equally  pennit  the  gr»pe  to 
ripen,  yet  impress  on  it  pecuIwitleB  eaaily  distinguishable  in  the  wines 
produradbytheaamekittdofgnpe.  Thus  the  Hock  graves  yi^  a  kind 
of  wine  poneaaed  (A  distinct  qui^ties  when  ffovn  along  the  Abun  or 
Bhine ;  xko  same  sort  of  grapes,  grown  near  Lisbon,  yieM  Bocellas,  which 
only  retaina  some  of  the  peculiarities  of  the  origiiial ;  the  same  grapee 
at  me  Cape  of  Good  Hope  yidd  what  ia  termed  Ci^  Hock,  acaroely 
bearing  ai^  reaemblauoe  to  the  true  Rhenish ;  whue  the  Serdal  « 
Uadeln,  produoed  lij  the  same  aort  of  grapes,  though  a  delidoua  wine, 
has  scarcely  a  quality,  except  durabiUty,  like  that  of  the  original  Some 
local  influenoes  produoe  efinota  whioh  are  alike  iaexpUcable  and  inimi- 
table. These,  though  generally  attributed  to-  the  aoil,  are  not  always 
or  solely  owioig  to  its  composition  and  qualitiea.  In  some  instances 
the  soil  is  main  cause  of  differenoe,  aa  seen  In  the  Coastantia  of  the 
Cape.  The  olimate  there  ia  moat  favouraUe  to  the  growth  of  the  vinc^ 
yet  in  one  small  space  only  ia  a  tolerable  wine  [ooduoed,  the  two  con- 
tiguouB  forma  of  the  Great  and  Little  Constantia  yielding,  the  formar 
the  red  sweet  wins,  the  latter  the  white  Constantia  :  the  soil  on  which 
they  grow  is  decomposed  sandstone.  Where  no  appreciable  difierenoe 
of  soil  can  be  pointed  out,  difierencea  arise  from  uie  cultivation  of  » 
difierent  kind  of  grape.  It  is  stated,  on  the  authority  of  Meym 
C  Fflainxen>Qeo(an^e/  p^  869  of  Kngliah  tranalation,  published  by  the 
Bajy  Socie^),  that  there  are  inatanoes  "of  the  same  variety  of  vine 
being  planted  on  the  side  of  a  bill  or  mountain,  and  the  wine  which  is 
the  produoe  of  the  grapes  frtmi  the  highest  parts  of  tiie  mountain  will 
difo  esaantially  from  the  mne  which  is  the  produoe  of  the  grapea  of 
the  lower  part  ot  the  mountain.  The  winea  known  by  the  name  of 
Johannisberger  and  Rudesheimer  in  Oermany  are  the  produce  ot  vines 
growing  dose  togather,  and  raaambling  eadi  other  in  extern^  oba- 
raotera.  The  vineyarda  also  tiiai  produce  the  Leisteowein,  WUn- 
burger,  and  Bteinwein  are  very  near  to  each  other.  It  is  probable 
that  this  diflermee  is  owing  to  the  oompoettion  of  tiie  soil."  This  is 
not  altogether  correct  Johanidsbei;;  ia  mly  150  feet  above  the  level 
of  the  Rhine,  and  it  is  quite  certain  tiiat  the  produoe  of  the  summit, 
dose  to  the  castle  or  Sohloaa  of  Johaunisberg,  is  of  a  quality  vastly 
aoperiw  to  the  nroduee  of  the  place  called  Jiuunnisbwgerhohl,  not 
from  any  peculiar  or  tnmrmountable  cause,  but  because  the  f<ainer, 
belonf^g  to  Prince  Hettemioh  (and  the  adjaoent  parts  to  some  other 
laige  proprietors),  can  receive  an  amount  of  careful  and  skilful  treat- 
ment, wbieh  the  other,  being  divided  among  a  number  of  small  pro- 
prietors, never  does.  This  subdivision  is  the  cause  of  ah  annual  loss 
of  mai^  tiiousanda  of  pounds.  (Bronner,  '  Weinbau  in  8Qd  Deutsdi- 
land,  Dritte  Heft,'  p.  113^  The  grape  cultivated  in  both  pUoee  is 
the  litUe  Riesling  {Der  Kleint  RiaUng  of  some,  Wdtmr  JKeating  ot 
others  ;tthe  VilU  vin^fera  puiUla  of  Babo  and  Metzger's  '  Wein  und 
Tafeltnuben  der  Deutschen  Weinberge  und  Glirten,'  Heft  viti,  t.  46) ; 
but  in  the  vin^ard  of  Prince  Metternich  uid  the  other  great  pro- 
prietors three  gatherings  of  the  grapea  are  made  as  they  reach  maturity, 
and  other  meaauree  are  adopted  to  ensure  a  produoe  of  the  highest 
excellence.  Besides  the  protection  of  the  castle  wall,  tiie  whole  haa 
since  1824  been  surrounded  with  a  atone  wall  10  feet  hi^  This 
greatly  promotes  the  steat^  raisgress  to  maturity  of  the  grapes  by 
securing  a  quiescent  state  of  the  air,  which  is  known  to  be  extremely 
benefidal,  and  whidi,  when  imitated  on  a  small  acale  in  tiiis  country 
by  surrounding  a  bunch  ot  grapes  with  a  muslin  bae«  forwaida  ita 
ripening  very  much.  The  wine  of  Luginsland  and  the  Liebfreuenmilch 
owe  their  superiority  over  that  of  tiie  neighbouring  vineyards  to  the 
protection  of  the  town-wall  of  Worma.  (Bronner,  Heft  iL,  pp.  18-20.) 
The  advantage  of  protection  ag^nat  agitation  of  the  air  is  ao  well 
understood  in  the  Bhelngau,  that  the  bdts  of  vineyards  which  clothe 
the  height  of  Hochheim  bring  very  different  pricea,  aoaording  to  tiieir 
poafthm.  One  moigio,  does  to  the  bed  of  the  river  Uain,  ulnga  Itt 
the  maikat  two  thousand  florins ;  a  higher  morgen  brings  one  Uiousand 
florins ;  and  one  at  tibe  summit  onhr  five  himdred.  (Bronner,  ill, 
p.  14.)  The  geognostic  character  of  the  adl  of  Johannisbeq  is  ai^- 
laoeous  acdilat,  with  a  ven  moderate  proportion  of  mica,  and  in  one 
phkca  liasBBB  Into  a  reddlsu  quaita,  wush  ia  vary  hard,  and  tmdaisoea 
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but  slowly  BUT  deoompodtion.  This  b  ombid  with  dilavul  wd 
alluTkl  depoaiw  in  mart  plwwk  except  the  aoath-weat  dda  From 
tiMM  ftod  other  drcnniBtanoeB  it  follom  that  the  soil  la  of  a  707 
dlTsnifled  ehftrutar.  (BromMri  iiL^  p.  116.)  The  eipomire  is  ■oatti- 
Wflsb,  with  ft  slope  of  iErom  ten  to  fifteen  d^reea.  Badeohdm  la  well 
protected  by  ita  nakanl  podfion  and  a  lofl?r  farast  called  yiederwald : 
it  ia  mufih  iteeper,  ao  tlut  the  earth  can  be  kepi  from  beiog  wadied 
down  only  lij  numm>UB  terraoea,  between  which  the  air  !•  aa  not  aa  in 
a  conaerrattny.  The  soil  ia  composed  of  atones  of  a  daik  oolour, 
which  radiate  heat  during  the  ni^t  to  such  a  dwree,  tliat  the  grapes 
are  snrrounded  bj  almost  a  souwem  climate.  The  gntpe  most  ocon- 
mon,  at  least  in  the  old  vineyards,  is  the  Orleans  (  Vitu  v.  MreKana,  B. 
u.  M.,  Heft  X.,  t.  80),  whieh  has  property,  in  this  atony  and  hot 
ground,  of  oontinning  produotive  until  the  age  of  fifty  or  more^  which 
is  not  the  case  with  any  other  gr^>e.  But  aa  it  only  giTea  a  good  wine 
in  very  fanraiible  years,  and  aa  the  wine  from  the  Bieuag  grape 
brings  ao  hi^  a  price,  the  new  vlneyatda  an  fooat^  phmted  with 
the  lUaBUng :  the  propriety  of  tills  subsUtotkm  is  Toy  donbtfuL 
(Bronner,  iii.,  186.)  These  facte  are  sufficient  to  account  for  tlu 
diffarmoes  between  the  Johaooisberger  and  Bodeahelmer  wloea. 

The  difiteencea  between  Leistenwein  and  Bteinweln  are  still  man 
eari^  accounted  for.  The  Leiate  is  on  Hbo  left  side  of  the  river  Hsin. 
the  Stein  on  the  ii^t>  the  Btein  bdng  olose  to  the  jrirer.  The  <a 
botii  k  sMiUaoeooa  witii  (MkaieooB  poitlrai,  Mpenal^  fragments  ef 
linie,and  ula  is  the  acril  eommonly  mnwith  in  Wttrteouierg  and  i|i  all 
nranoonhk  Why  these  two  winea  should  difler  from  all  others  tiw 
district  is  unintelligible;  but  the  difference  between  themaelvea  is 
owing  to  the  grapea.  The  vineyards  of  the  Leiate  (that  is,  the  beat 
portion,  gute  LaaUit  are  planted  in  a  great  meaaure  with  the  Blealing 
and  Tninfaier  (K  «v  torafaMi^B.  a.  S.,  Heft  zlL,  t.  7a),  with  about 
a  tiiird  of  the  Wa3a>%  grape  (  7.  ai.  oMtiL  &  nnd  H.,  Heft  ilL.  1. 14) ; 
and  in  the  othsr  Tinmios  tiie  iriUto  Tranlnflr,  called  ffomkm,  by 
some  phIkM  (7.  v.  oNunea,  R  n.  U.,  Heft  IL,  t.  9)*  that  la,  boUi  white 
and  blaek.  Besidea  these  there  oeours  in  eonaidoable  iwopntion  the 
Hwmitage  gnq>e,  broagtit  frcna  France,  which  here  suooeeda  well, 
retianing  ita  mie  aroma,  though  Ita  natnnl  dto  is  granitio.  The 
Hieotitm  the  gtapes,  when  ripe^  ia  attended  to  with  eztraordinaiy 
oare.  (Bnmner,  vL,  p.  8S.)  The  pradfffninantgHme  of  tiw  Stein  Tbw- 
wd  is  the  Elbling,  mixed  with  a  lew  of  the  Kwing  and  otiur  aorti. 
Tb»  Leistenwein  is  regarded  aa  the  seocmd  finest  wine  of  the  south  of 
Oermany.  The  Steinwein  must  not  be  confounded  with  the  Stein- 
beraer  whie  of  the  Hhine,  The  Montillado  of  Spain  is  the  tntNlaoe  of 
a  white  soil,  otntaining  70  per  oent.  of  carbonate  of  lime,  with  alumina, 
siUoa,  and  a  litUe  magnesia,  while  the  Mansanilla  la  tiie  produoe  of 
the  tetrcina  rougea  at  sabloimeu  Tet  the  winea  do  not  groatfy  diflbr 
in  tsrte  or  flavour.  Hon  iaqnrtsnoB  la  attadied  to  tiw  aoil  uum  It 
deaores;  ita  phyrical  lODpertiea  are  of  man  impOTtanoe  than  Its 
ahfrnWi  Chs^ttal  was  clearly  of  this  opinion,  for  he  maintained  that, 
pro^id  it  is  porous,  free,  snd  li^t,  its  component  parts  are  of  little 
omseqnenoe.   Perhaps  calcareous  is  <bi  tiie  whole  the  beet,  dmply 
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the  supericoi^  of  a  calcareous  ami,  when  remarking  on  the  reputation 
md  limited  extent  of  wxaa  of  the  fint-iate  vlneyHds,  repudiates  the 
idea  of  the  sott  being  the  cause.  "  In  all  thoee  disbiots  which  produoe 
wines  of  higb  reputi^on,  some  few  individuals  have  seen  the  advantage 
of  seleotiDg  a  partioular  variety  of  gn^  and  <A  muBsging  ita  culture 
00  as  to  bring  tt  to  the  highest  state  of  patfeotiw  of  whioh  it  is 
eqiable.  The  same  oue  has  been  extended  to  the  making  and  sub- 
sequent  management  of  their  wine,  seising  the  most  favourable 
moment  for  the  vintage — the  nudity  with  whidi  the  grapes  are 
gathered  and  {nressed,  so  that  the  whole  oontoita  of  each  vat  nu^  be  In 
exactly  the  esme  st^,  and  a  irimultaneoua  and  e^nal  fsnnentmoB  be 
Bflonred  tloou^ut— by  exerolring  equal  disoriuunatifm  and  eare  ill 
the  time  and  manner  of  drawing  off  the  wine,  and  in  ita  subsequent 
treatment  in  the  vats  or  caaka  where  it  ia  k^;  and  lastljr,  fay  not 
selling  the  wine  till  it  should  have  aoquired  all  uie  perfection  whub  it 
could  acquire  from  age,  and  by  adling,  as  the  produoe  of  their  own 
vineyaids,  only  such  vintagea  aa  were  calculated  to  acquire  or  maintain 
its  celebrity.  ^  theae  msftDB  have  tlw  vinefudi  of  alswindiridnals 
acquired  a  reputation  whioh  has  enabled  the  ^twlston  to  oommand 
almost  tiieir  own  prices  for  their  wines;  and  it  was  ertdently  the 
interest  of  sooh  persons  that  the  exoeUenoe  of  their  winea  should  be 
imputed  to  a  peculiarity  in  the  adl,  rathw  than  toa  system <rf  manage- 
ment whi<di  others  mi^t  imitate"  (p.  188).  But  some  experienced 
wine-faotniB,  not  pnqoietorB  of  vinctjrMrds,  hold  a  diAni^  o^nion. 

It  ii  grwUy  to  be  widted  thiA  the  tamUi  (tf  tiiis  tmportsat  statenant 
were  impraned  on  all  pacsons  having  tiie  chaiga  of  vincTsrds,  M  it  la 
certain  that  by  attention  to  tbsse  and  other  riroumstanoeB  quite 
within  their  control,  quantity  tA  good  wine  might  be  much 
increased  and  its  prioe  lessened.  Bronner  distinctly  states  thai  in  the 
Bergsbasse  near  Heidelbwg,  \if  obstinate  adherence  to  old  and  indo- 
lent imaotioea,  the  iHroduoe  ia  annually  one-third  lav  than  it  mig^t  be 
(Haft.viL,p.90). 

When  some  peoallar  atnngwtflllliig  ffabeteaoe  exists  in  As  so£l,an 
itilmiir  is  ftirmmmiinatiri  tn  tiin  winn  wniflh  rmnVitw  *t  "pr'fTP*i  lliis 
Is  the  caas  whn  stinkstihi  (a  ariiTC  nris^  of  saboaAonsto  ol  Ums^ 


called  pierre  pwmte)  la  present.  The  vlne-Krowers  of  France  and 
Portugal  have  so  stRmg  sn  avendon  to  manurtiig  tiu  vines,  from  the 
notion  that  It  deterioiwee  the  flavour  of  the  wine,  that  in  tbe  latter 
counby,  at  least  in  the  port-yielding  district  of  tiie  Alto  Donro,  the 
use  of  manure  is  fcvbldden  by  law.  This  seems  to  be  a  pnjndiosv  fat 
the  German  oultivatoia  manure  the  vines  voy  fredy,  andno  wines  a» 
more  esteemed  for  iowptei  than  those  of  the  Rti&e;  and  Broimer 

iustiflee  tiie jmotioe  (Heft  iii.  44),  not  only  with'fretii  cow-dnog,  whioh 
I  used  at  Johannisberg,  but  with  fragmento  dt  woolhin  dotii  pre- 
viously steeped  in  liquid  manure  and  dried,  which  is  found  greatiy  to 
augment  the  produce.  Professor  Bau  bears  testimony  to  its  utiUty. 
The  practice  a  adopted  oftener  with  the  red  ttum  white  grapos ;  the 
former  evoiy  third  or  fourth  year,  the  latter  only  every  tenth.  Bvm 
the  proprietors  of  the  vineywds  nssr  Bordeaux,  whloi  produoe  the 
lilghfy-[n4sed  elarete,  employ  manure  "  onee  every  four  or  five  years." 
(Fiiguierr^ '  Wines  of  Bordeaux,'  p.  88.)  But  perhaps  the  best  manure 
for  vines  is  the  cnttings  of  tiie  vines  theoudves  when  pruned,  as 
recommended  in  lAtAa^ '  Chemistry  in  its  application  to  Agriculture,' 
2ud  edit.,  p.  260 : — ^"  ilie  vines  are  prunm  in  the  end  of  July  or 
beginning  of  August,  whilst  still  freui  and  moist.  If  they  are  then 
out  into  small  meoes  and  mixed  with  the  earth,  they  undergo  putre- 
faotion  so  oomplately,  Uiat  at  the  and  of  four  maks  not  tiie  smallest 
Inoe  of  them  can  be  found."  These  restore  to  the  s(^  the  alkalies 
abstnoted  tv  tiw  gnqisa,  iR4iioh  an  so  nseessMy  1m  the  paorlsotion  of 
this  fruit.  Probably  ferns,  so  rich  in  oUcalies,  would  anawer  welL 
But  the  same  vines  win  yield  a  wine  having  very  dlfltoent  qoalitlea,  at 
leaat  aa  to  flavour  and  perfume,  in  diffsrent  aeaaons.  "  These  qualities 
are,  in  froth,  of  so  dallcato  and  inconstant  a  nature,  that  they  nu^  be 
mid  to  varv  from  year  to  year ;  there  being  perluuNi  no  two  vintsges, 
thou^  ooUected  nom  the  same  qfM>t  and  managed  in  tiie  same  maaner> 
that  will  be  found  ooimletelr  identical  in  flavoor  and  perfume.** 
(Hendenon's  'Histoiy  of^Ancunt  and  Mbdon  Wines,' p.  185.)  The 
oonreotness  of  this  statement  ia  proved  by  tlw  varying  chanetsr  61 
the  vintagea  in  diffireot  years.  It  rarely  h^ipens  thattiie  good  Port 
years  otdncide  with  the  good  Claret  yean,  aa  a  heat  which  ripoia  vrdl 
tlie  grapea  in  the  comparatively  eold  cUinate  of  Medoo  soordies  the 
gnmea  m  the  Alto  Douro,  and  viee  MtnA.  The  year  1811,  oommooly 
;  edled  the  oomet  year,  was  remarkable  1m  the  exoeUeiue  of  the  vintage 
.  in  almost  all  the  wine-yielding  countries  of  Europe. 

The  subject  of  the  cultivation  of  the  grape  has  been  treated  under 
TlHBTaBD;  we  proceed,  therefore,  to  speak  of  Hha  manufacture  of 
wine.  The  stage  at  which  the  grape  is  fit  for  gathering  depmds  upon 
the  kind  of  wine  intended  to  be  mada  When  a  brisk  wine  is  wished, 
such  as  Champagne,  the  gn4>ee  are  gathered  before  th^  are  fulfy  ripe ; 
.  and  they  m^  be  ooQeoted  eveo  in  fogep  weather,  or  b^ore  tte  dsw  is 
dissipated  from  the  vfaies ;  though  foriul  other  kinds  dry  desr  weatiiw 
is  pioper.  (Henderson,  p.  15.)  This  author  (in  general  so  aooorato) 
stetes  that  f  if  the  obje^  be  to  obtain  a  dry  full-flavoured  wine,  the 
grapes  diould  be  gstiiered  as  soon  as  they  have  acquired  their  pnmer 
maturity,  and  before  they  to  shrink  or  witiier  aa  the  stalk." 

But  in  tiie  case  of  the  most  esteemed  Oerman  wines,  which  are  the 
drferi  of  all,  the  gathering  of  the  gr^  is  postoooed  as  late  as  nrisrihTn. 
by  which  many  nee  acida  are  got  rid  of,  and  the  wine  at  a  mnca  eariier 
period  of  keeping  ia  so  soft  and  delicate,  that  the  new  winea  are  pre- 
mrred  to  the  extremely  old  wines,  which  were  in  Jp^t  request 
previous  to  the  ad<^on  of  the  plan  of  late  gathering.  The  advantage 
of  this  was  first  accidentally  discovered  at  Johamuabeig  in  1780 ;  but 
it  was  so  long  opposed  that  ito  establishment  sa  a  practice  dates  only 
from  1822.  (Bronner,  Heft  ill,  pp.  149-160.)  But  frost,  in  Kovember, 
1858,  destroyed  to  soma  ext^t  the  vintage  of  1868.  Thus  at 
Johiumisbeig  the  vintage  of  1811  was  very  late ;  that  of  1831  did  not 
commence  bU  the  17ta  October,  nor  did  it  conclude  till  the  5tii 
November :  and  in  18ft4  the  grapes  were  all  hmging  on  the  vines,  but 
perfectly  soand,  so  late  aa  Kovember.  Tet  these  an  ammig  the  most 
miowued  vintages  of  tiw  msrat  oentmy.  Li  the  wanner  parte  of 
the  south  tA  Spain  and  of  nance,  and  also  at  Tokay,  where  vine  de 
liquema  are  ma^e,  the  gtwes  are  allowed  to  remain  -wry  laag  on  the 
vines ;  the  stalks  are  twisted,  so  as  to  prevent  the  infiux  of  any  recent 
Bap;  the  thinner  or  watery  portion  evaporates,  and  the  dry  or 
shrivelled  gt^e  almost  resemluee  a  laisin,  and  contains  nmoh  sugar. 
On  the  Bbane  *  small  quantiW  ef  sweet  wine  ii  sDade  fnm  the  ripest 
grwes,  wMdk  m  hong  up  on  hurdles,  w  spaed  m  straw,  Itn-  rix  or 
ef^t  weeks,  or  until  vtu/y  beoome  half  dried.  The  liquor  obtained 
from  them,  from  the  mode  of  preparatim,  recaivea  the  name  of  Jthnt 
win*  («M  dt  paUU).  In  sctoe  oaaea  the  most  ia  boiled ;  this  is  often 
done  with  the  rfierriee  cf  Spain :  vrbm.  the  belling  is  carried  1^,  a 
very  swert  losoioaa  wine  ia  wodoeed,  such  as  the  wine  of  Cyprus,  tiio 
flsM  eotte  oi  the  Italians  (vmunk  soefast  ol  the  anoieQtri,  the  origin^ 
Ualmaeys  of  Candia,  and  the  other  rich  wines  of  the  Grecian  arofai- 
pelage.  The  eolour  d  wine  is  not  always  d^Modttit  on  the  colour  irf 
the  grsiw  frofn  whioh  It  is  prepared.  Champagne  is  the  prodnee  of  a 
redgnpei  red  and  whito  gtapee  are  nsed  indisoriminafarfy  for  Sherry; 
but  wmte  Port  is  mads  oaiy  frwn  a  white  gr^  The  stalks  promote 
the  {emuntaUon,  and  if  they,  as  well  as  «be  hulls  or  skins,  are  with* 
drawn  before  the  fermentation  haanooeeded  far,  aa  it  ia  not  till  aome 
alaehel  is  generated  that  tiw  oohnnftg  Ssim^  is  disvtfed,  those  even 
of  red  gi^oB  naatiiar  oanmaniaato  ooloar  aar  taste  to  the  wins* 
nsy  an  ssilj  wiOdnwB  Aon  tha  dslioato  red  winat  of  Boadaaaz ;  brt 
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nbunedlongBrlntliflredwtiMKtfPartQgd;  luoMfhe  eroat«r«uterity 
■nd  utiingenqr  of       bttw.   ^le  vine  of  Cbhon,  jprcfMuracI  frrai  a 

Spe  eaUod  Avxerroii,  or  pied  de  perdrix,  yields  a  vine  almost  black, 
I  ctdour  bang  deepened  1^  an  admu^ure  of  a  pre|»ration  called 
nrngome,  vbicfa  u  merdy  a  pcvtioD  of  tbe  muat  of  tiiu  gn^.  boiled, 
forafewminuteBvith  the  strongert  apirii  of  vine,  in  the  proportion 
of  one  part  of  witit  to  foor  of  muit,  added  to  it.  This  axtnota  the 
colouring  nindpk  moat  tiiaravighly;  and  ecanmunloatee  not  only  to 
the  vine  of  Cahon,  but  alio  to  many  of  the  Bordeaux  vinei^  to  vnioh 
laogomaiB  frequent^  added,  a  de^  hoe.  "  The  more  thia  Reparation 
ia  required  and  added,  the  IsM  the  vine  viSbeur  keeping,''  (Fagaiene, 
p.  112.) 

Tabvlar  Vjkv  of  Tua  TuiTi.au  of  Pour  or  m  kor  nimann  m.a- 
iKAnD  Wiii»«ouiramui,  BXTMntnia  fbok  almo>t  tbk  mdr  wunaii 
TO  na  iHWT  xuvaaH  rami  vnat  wtMOOt  Wimu  lai  FRoonaaD  im 
EvKwa.  Im  nu  oolvxk  or  Cuun  oklt  na  xon  Mons  Yua>  arm 
oiTXN,  THE  namnDUTB  oxaa  mre  anBra  "mvll,"  "mp,"  or  omlt 
*■  WDDUXO."   Tax  xxr&KMioii  "ooon"  Rirxai  omlt  to  tu  ovautt: 

■OXB  TUBS  BUXO  OOOD,  WITH  AM  OVKOiXX  rRODUGR;  OTKBBI  DOOS| 
ITHILR  THE  aVANTITT  VAI  IMAUi. 


1  Tear. 

1 

Port. 

CiAKzr. 

Bbrnuh. 

TOKAT. 

1811 

good 

flnt-mte 

Yory  good 

Tery  good 

1B13 

fine 

middling 

good 

181S 

bad 

bad 

1»14 

mlddUaff 

tad 

bad 

1815 

▼try  fine 

flnt«ate 

mlddUas 

tad 

1BI« 

i&tddUiii 

very  bad 

bad 

iBir 

middling 

Tery  bad 

siiddUng 

181S 

T«ry  bad 

middling 

middling 

181S 

bfd 

good 

good 

IMO 

very  fine 

infferior 

bad 

1891 

fine 

InMor 

niddling 

188S 

fine 

my  good 

good 

1838 

Mrlcb 

lafarior 

good 

1834 

Inferior 

inferior 

1833 

bad 

very  good 

middling 

bad 

1836 

nlddUnf 

good 

middling 

18S7 

fine 

good 

good 

1888 

mlddliat 

Inferior 

tad  . 

18» 

bad 

bad 

bad 

1S30 

fine 

bad 

good 

18S3 

Inferior 

Interior 

18SS 

laMilllwg 

iBftrior 

1884 

naj  flae 

good 

18SS 

mUdllOf 

•* 

Infinior 

1838 

Infetior 

inbriOK 

18S7 

Infnlar 

bad 

1838 

Inferior 

tad 

1889 

bad 

bad 

1840 

Teryflne 

bad 

1841 

bad 

bod 

1S4> 

fine 

middling 

1819 

Inferior 

bad 

1844 

fine 

wy  good 

bad 

1848 

tad 

bad 

1848 

good 

fory  good 

184T 

Tery  fin* 

very  good 

bad 

1848 

middling 

very  good 

goodt 

184B 

inferior 

bad 

1830 

good 

bad 

1831 

good 

food 

tad 

1833 

bad 

mlddUnf 

1838 

fine 

bad 

1834 

good 

■nrj  good 

bad 

1833 

bad 

mlddUng 
tad 

IB3S 

Tcry  bad 

1837 

ytrj  bad 

good 

Tery  good 

1838 

good 

very  good 

Tery  good 

18»> 

Iwd 

good 

1880 

good 

Tory  bad 

The  vines  of  the  Hoiielle  may  be  diitinguiilied  from  thoee  of  the 
Rhine  by  baring  a  greeninh  oolour,  vhile  the  latter  have  a  yelloviah 
colour.  At  Cofenar,in  Uoldaria,  a  vine  ia  prepared  vhioh  ii  green, 
and  which  beoomea  deeper  by  time ;  while  the  itrength  inoreaaea  00 
much,  that  if  the  vine  be  in  a  deep  and  well-vaulted  oellar,  in 
three  or  four  years  it  almoat  reaemblea  brandy,  but  without  ao 
readily  affeotdng  the  head.  **  On  expodng  red  vinee  in  botUea  to  the 
action  of  the  aun'i  rayi  the  oolouiing-matter  a^aratea  in  large  flakes, 
viihout  altering  the  flavour  of  the  vma."  (HeodenKm.)  Sulphnroua 
acid  ought  not  to  be  uaed  for  fuming  the  caaka  into  which  red  vine  ia 
to  be  put,  aa  it  deatrm  their  ocdour.  SiMt  of  vine  dtoold  be  need  to 
rinae  audi  otdci.  The  ooknir  of  vine  u  judged  tA  j^adng  anne 
trf  it  in  a  mall  riher  tr^or  ■nioer  (called  In  Pntngueae  towfato- 
detni)  slightly  niied  fa  the  eentre;  the  ooloitr  it  aodubiia  It  paaeea 
ever  the  oonrex  oentre  vhoo  agitated,  la  that  vfcioh  guides  the 
broker. 

To  proceed  with  the  stqN  iovarda  the  ooDTenion  <^  the  muib  into 
vine,  "  BefcHTe  bednning  the  vintage  it  is  noeesnry  to  be  asmred 
tbat  the  fruit  vhioh  ia  to  be  gathend  has  attained  die  pnpor  and 


TinfifMMj  matori^,  for  on  this  almost  alwaja  depcmU,  in  a  great 
meaaore,  the  quality  of  the  wine.  The  cultivator  is  liable  to  f4dl  into 
one  of  two  errors,  which,  though  very  different  and  opposite  to^  each 
other,  are  not  less  hurtful  to  t£e  wine,  eq>edally  to  the  red,  which  ia 
more  delicate  and  auscrotible  of  injury  in  making  than  the  white.  If 
gathered  too  noon,  and  befcm  the  grape  hu  attamed  to  the  fit  degree 
of  maturity,  the  vine  ia  like^  to  be  raw  (vert),  vhiidi  is  the  greatest 
fault  it  can  have,  and  the  most  difficult  to  correct ;  the  wines  having 
this  defMt  beocnuing  generally  hard  when  old.  The  othw  error, 
thoiu^  of  less  ooDsequenoe,  ia  leaving  the  grapes  till  they  are  too  ripe, 
which  xtas  then  rot  before  gatliered.''  (In  the  north  of  France  this  ia 
more  liable  to  occur;  in  the  south,  less  ao :  at  Langoe,  between  Bor- 
deaux wd  ToulousOf  a  vhita  aweet  vine  is  prej^^d  from  qp(41ed 
gi^ies.)  "The  vine  made  from  grapes  too  ripe  aoquirei  a  aveetash 
taste,  vhioh  canies  it  to  voik  a  long  while  in  the  barrels,  and  readers 
it  aour  and  difficult  to  keep.  The  wine  attacked  by  this  vice  requires 
greater  care  than  any  oth^;  for  if  neglected  ever  so  littie,  either  in 
racking  or  filling,  it  assily  becomes  sour.  However,  it  is  better  to 
gather  kte  than  too  soon."  (Paguierre,  p.  47.)  At  Tokay,  where  the 
gnpes  are  allowed  to  hang  on  the  vines  till  some  of  than  lose  thdr 
globular  shape  and  foanspareni^  ((roeiten&eeren),  the  gatherers  put  these 
mto  asqiarate  basket;  and  the  juice  whioh  exudes  from  them  nmply 
by  the  pressure  of  one  above  the  other  is  carefully  oc^tteoted,  and  known 
under  toe  name  of  Tokayer-maia.  This  thick  syrupy  liquid  does  not 
ferment,  and  always  remains  tiiiok  and  muddy.  It  is  not  an  article  of 
oommeroe,  as  the  cultivators  keep  it  to  add  to  the  finest  vine  (called 
^«i6rMjkyaith«t  at  the  beginning  ol  the  femuntation  or  at  the  temi- 
na^on.  nte  former  is  tiie  prefsnUe  mode. 

We  may  take  Clareta  as  an  illustration  of  the  process  of  mantifao- 
turing:  utat  bdbg  one  of  the  moat  carefully  prepared  kinds  of  vrine, 
vill  serve  as  an  example  of  aU.  In  the  wtods  of  Faguierre  ('Wines 
of  Bordeaux'),  "the  proprietors  of  the  vineyards,  and  especially  of 
the  first  growths,  after  having  prepared  the  vine-vesa^  gather  the 
grapes  together  and  pick  them,  that  is,  set  aaide  all  the  bunches  which 
are  rotten,  thoae  iriiioh  do  not  seem  quite  ripe,  or  vluoh  an  vithered, 
and,  finally,  all  which  mi^t  hurt  the  quality  of  the  vine.  ^  Thdr  first 
care  then  is  to  make  a  principal  vat  of^  the  best  fruit,  which  ia  called 
the  mother-cask  {ev.vtv»in\  into  vhich,  after  picking,  tbmrput  the 
first  and  best  grapes  which  arrive,  without  ^eir  stalka,  and  without 
treading  them,  till  tl^y  are  from  fifteen  to  tventy  inches  deep;  after 
which  Um  throw  abont  two  gallons  of  old  Cognac  or  Aimagnac  upon 
them,  and  (hen  another  bad  d!  picked  grapes,  loUowad  by  two  gallons 
more  of  Inaodty,  and  so  on  tall  the  vai  is  fiul.  When  full  they  add 
spirit  of  vrine,  taking  for  pr(q>ortion  about  four  gallons  of  spirits  of 
wine  for  a  vine-vat  of  from  thirty  to  thirty-ox  tuns.  It  must  be 
obeerved  that  the  quantity  of  brandy  or  spirits  of  vine  depends  on  the 
qvid^y  of  the  vintage ;  for  if  bad,  more  most  be  put  in  order  to  excite 
frnnentaiioD,  and  r^aoo  vhat  it  vanta  by  denset  of  maturitv.  (Of 
late  it  has  beoome  onatmiaiy  to  add  ataroh-sugar  vbsn  the  grapes  are 
deflcaent  in  saccharine  pindples.)  Baisins  at«  often  used  for  the 
inferior  Gorman  vines.  (Mulder,  p.  61,  Ekiglish  Translation.)  The  cave- 
•1^  being  filled,  it  is  shut  hermetically,  and  ia  veil  covered  with 
blanket^  in  order  that  the  air  may  not  penetrate.  This  vat  ia  left  in 
this  state  for  three  weeks  or  a  numth  without  being  touched.  A 
■mall  Inaas  oook  ia  put  into  the  side  tA  the  vat,  at  about  the  h«^t  of 
tile  third  of  its  depih  from  the  bottom,  in  ocdm  to  beabla  to  jiMgeat 
will  of  the  prosresB  of  the  fermentation,  and  to  know  the  moment 
when,  the  ebumtion  having  subadded,  it  may  be  racked  off  and  put 
into  casks,  prepared  beforehand  by  ipoftWing  and  rinsing  vith  a  little 
spirits  of  wine.  It  is  known  that  the  liquor  is  fit  to  be  drawn  off 
when  it  has  beoome  cool  and  ia  sufficiently  dear.  While  the  caw- 
is  at  votk,  the  vintage  ia  oontinued  in  ue  usual  mannar  ;  that  i% 
aa  the  grqtea  ace  brougU  in  and  pided,  they  are  trodden  in  the 
preai,  and  put  with  their  stalks  into  the  vats,  where  the  fermentation 
takes  place  naturally.  These  vessds  are  notwitirely  filled;  about  one 
foot  or  fifteen  inchea  are  left  for  the  fermentation,  which  sometimea 
overflows,  eq>ecially  when  the  vintage  has  attained  perfect  maturity. 
They  call  dwjMa«  the  stalks,  aeedj^  and  skins,  ftc.,  which  float  on 
the  sur&oe  oi  the  vine.  ^Hie  vintage  being  finished,  and  the  vats 
li^tiy  oovered,  they  are  Wt  to  ferment,  tuin^  care  to  viut  them 
tvioe  a  d».  To  rack  them  it  is  nooeasaiy  to  wait  till  tiu^  are  quite 
oold,  whidn  is  from  ei^t  to  twelve  days.  fVom  the  moment  that  the 
cask  has  become  sufficientiy  cool,  it  is  neoessary  to  draw  it  off ;  for  if 
you  leave  the  vrine  upon  the  lees  (sumv),  or  with  its  crust  (thapeau), 
it  would  take  the  taste  of  the  stalks,  which  is  veiy  disagreeable  and 
difficult  to  get  rid  of,  and  ia  a  great  defect  If  the  cask  be  raclced  off 
too  soon,  the  fennentaUon  would  not  be  comiJete,  and  tiie  wine  would 
run  the  risk  of  working  too  much  in  the  barrel,  and  of  not  keeping. 
When  the  vats  are  found  to  be  in  a  proper  state  for  racking,  the  vine  is 
dravn  off  into  barrels  prepared  for  the  purpose,  which  are  filled  about 
two-thirds  or  three-fourths;  after  vhioh  toe  cww-m^  is  emptied,  sod 
the  vine  is  poured  in  equal  porti«is  into  these  casks  ao  as  to  AU  them; 
and  the  remainder  is  employed  to  fill  up,  every  ux  or  eight  days,  vhat 
ia  consumed  bjev^Nnation,  or  vhat  the  casks  have  ullaged.  All  pro* 
prietois  have  not  the  means  or  localities  to  make  a  cvm^ire  by  means 
of  old  Inandy  or  spirits  of  vine,  either  because  th«r  vintsgs  is  not 
anfflount^  extensive,  at  because  they  do  not  posssss  the  things  neoes- 
sary  for  us  execution.  But  the  fennentation  snoooodi  mnda  better 
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In  luge  tmmU,  especially  vrtun  jpmand  ■■  above,  ihgu  in  ibe  loaier 
ODM  used  amall  propnflton,  Tba  eaakM,  bun^  full,  m  left  abont 
aif^t  days  without  being  Inuiged ;  oare,  howerarj  u  taken  for  the  time 
to  oover  the  bong-liole  with  a  stone,  brick,  or  pieoe  of  wood.  They 
an  filled  up  every  two  days,  and  when  bunged,  every  eight  days  at 
least,  Ull  the  wine  is  in  a  state  to  allow  the  cask  to  be  kept  with  the 
bung-hcJe  at  the  aide,  whidk  is  not  till  after  eis^teen  niontha. 

ofptaUng  WUte  TFibUL — ^To  make  uw  white  wine  it  is  not, 
like  the  red,  put  into  the  Tat  to  fennent,  but  the  gnpee  are  trod,  and 
when  taken  from  the  preee,  the  juice,  skins,  and  seeds  are  put  into 
casks  (Uie  Btalks  having  been  separated) ;  hwe  it  ferments  and  becomes 
wine  of  itadil  When  the  fermentation  in  the  barrda  has  sntirely 
oeaaed,  it  is  racked  off,  and  care  is  taken  to  fill  up  what  has  beeo  con- 
sumed by  evapcnatiou,  as  often  as  possible,  and  this  opention  ouj^t  to 
take  place  at  lesst  onoe  or  twice  a  week. 

The  wins,  if  it  has  succeeded,  ought  to  be  desr,  transparent,  of  a  fine 
soft  colour,  a  lively  smell,  and  a  balaamio  taste,  slifjJiUy  pi(^uaQt,  but 
agreeable,  inclining  to  that  of  the  raspben^,  videt,  or  mignonette, 
the  mouth,  and  passing  without  irritatmg  the  throat,  giring  a 
gende  heat  to  the  stonuKih  and  not  getting  too  quickly  into  the  head. 

It  is  necessary  to  know  what  is  meant  l^the  jtoww  of  wine,  and 
what  by  ioHmut,  terms  often  oonfoanded.  The  Savour,  called  l»r  the 
French  *^  indlcatee  the  vinous  power  and  aromatic  savonr  which  are 
felt  in  the  act  of  swallowing  tiia  wine,  embalming  the  mouth,  and  con- 
tinuii^  to  be  felt  after  the  passage  of  the  liquor.  It  seems  to  consist 
of  the  impresrion  made  by  ue  aloohol  and  the  aromatic  particles  which 
are  hber^ed  and  volatahsedas  soon  as  the  wine  receives  the  warmth  of 
the  mouth  and  stomach.  The  tiPt  ditEiws  from  the  bouquet,  inssmuch 
as  the  latter  declares  itself  the  moment  the  wine  is  enosed  to  the  air; 
it  is  no  criterion  of  the  vinous  force  or  quantify  of  alcohol  present 
(bcdng  in  tact  greatest  in  the  weak  wines),  and  influences  the  <«gan  of 
smell  rather  than  of  taste.  In  the  red  wines  of  Hedoo  and  the  Graves, 
the  five  and  bouquet  exist  only  in  the  old  wines :  these  qualities  cannot 
be  known,  but  only  conjectured  in  the  new  wises;  and  ezperienoe  has 
alone  taught  the  brokers,  that  whan  wines  of  particular  growths  present 
thamselvee  without  hanhness  (iwnlew),  with  colour,  body,  and  vino- 
rify,  they  will,  when  old,  acquire  a  balsMnic  flavour  Itive)  and  mellow' 
nesB  {mofUeua:),  besides  Uie  colour  and  body;  they  will  iJso  keep  well, 
which  constitutes  the  perfection  of  wine.  To  give  bouquet  to  the 
wine,  two  drachms  of  oiris  (the  rhisoma  of  the  Iru  Jhrentiiia)  in 
powder  are  put  into  a  fine  bag  of  muslin,  and  hung  for  about  fifteen 
days  in  the  cask.  Many  persons,  to  make  the  wine  appear  oldw  and 
higher  flavoured,  and  at  toe  same  time  to  prevent  injurmg  its  quality, 
employ  raq>lMRy  brandy.  The  bouquet  which  by  these  means  is 
l^ven  to  the  common  or  ordinary  wines  never  replaoes  peerf  eotly  Um 
natural  flavour  of  the«hoice  wines  of  Hedoc  and  Gravea.  It  is  very 
easy  to  distinguish  the  fictitious  bouquet  by  even  moderate  experience 
in  tasting  wine.  The  boiuiuet  is  altogether  a  new  product,  and  is  in  no 
way  depotdent  on  the  perfume  of  the  gr^>e  from  which  the  wine  is 
made.  Red  wines  MKoely  ever  rebdn  a  trace  of  the  odour  of  the 
gn^Ms;  the  white  muscadine  wtnee  do  in  swne  degree,  especially  tVon- 
tignan.  It  has  been  recommended  to  suspend  some  of  the  ripest  and 
most  odoriferous  bunches  of  the  grapes  in  the  cask  after  the  first 
fermentation  has  subsided,  in  order  to  h«'ghfam  the  perfume  of  the 
wine,  a  pnotioe  long  pursued  in  the  nut  raipo^  of  the  Italians,  and 
*tM  ff^pA  of  the  French.  Butif  the  omantUe  oodand  tntoatUe  eUter, 
on  which  the  bouquet  depends,  be  the  ooosequenoe  of  a  true  process 
<^  putrefaction  (somewhat  nmilar  to  what  occurs  in  musk,  by  which 
the  odour  is  evolved),  by  a  mutual  intendiange  of  the  dements  of 
gluten  and  sugar,  this  prooeas  cumot  aooomplish  the  object,  and  only 
runs  the  risk  of  exciting  a  hurtful  fermentation.  The  best  aoooont  of 
the  bouquet  of  wine  is  given  by  Liebig,  who,  with  Pdoum,  discovered 
esnaniUo  ether :— **  It  is  well  known  that  wine  and  fennented  liquors 
ganarally  eontain,  in  addition  to  alcohol,  other  substaDoes  which  oould 
not  be  detected  before  tiieir  fennentation,  and  which  must  have  been 
formed,  ,tiia^ore,  during  that  process  The  smell  and  taste  whidi 
distinguish  wine  from  all  other  fermented  liquids  are  known  to  depend 
upon  an  sUmt  of  a  T<^tile  and  hif^y  eoounistiUe  sdd,  whidi  Is  of 
an  oily  nature,  and  to  vUdi  iba  name  of  ether  has  beoi 

given . , .  Tlw  snbstanosa  in  wine  to  which  Its  taste  and  smell  are 
owing,  are  generated  during  the  fermentation  of  the  juice  of  such 

rpes  as  contain  a  certain  quantity  of  tartaric  acid ;  they  are  not  found 
winea  which  sn  free  from  all  acid,  or  which  contain  a  different 
OTgaaio  add,  each  as  acetic  add.  The  winea  of  warm  dimates  possess 
no  odour;  wines  grown  in  E^ance  have  it  in  a  marked  degree;  but  in 
tiiawinsB  from  IjheBhilM  the  perfume  is  mostintoisa.  ThekindsaC 
grapes  on  the  Bhine  which  npen  very  late,  and  soarody  ever  com- 
jdetely,  such  as  the  Staling  and  OrUam,  have  the  strongest  perfume 
or  bouquet,  and  otmtdn  proportionally  a  larger  quantity  of  tartuic  acid. 
The  emier  gnq>es,  such  as  the  BuUlmder  and  others,  contain  a  large 
fwoporticD  of  alcohol,  and  are  dmilar  to  fttauish  wines  in  thdr 
flavour,  bat  they  possess  no  booqnet  ....  lite  aoid  of  winea,  and 
thdr  dMtaetoristio  pvfamea,  have  m»h  eonaaation,  lor  tli«y  are 
alw^  foond  together;  and  ft  oaa  loarod^  be  dmbted  tiu^^the 
loeeenoe  of  the  foimareanrolBes  a  eertain  influence  on  the  formation 
of  the  latter.  Whatever  <^nnion  nu^  be  held  r^ardlog  the  orig^ 
of  the  volatile  odoriferous  substanoes  obtained  in  the  fermeatation  of 
ivlni^  it  ii  quite  oaEtain  tiiaA  the  dumoteristio  amdl  of  wine  is  owing 


to  an  ether  of  an  orgBuio  add,  reannUuv  one  of  the  fatfy  adds . , . 
On  the  lOiine,  an  artifldd  bonqneb  is  oHoi  ^ven  to  wine  for  frauds- 
lent  purposes,  by  the  addition  of  several  spedes  the  sage  and  rue  to 
the  fenueuting  liquid ;  but  the  perfume  thus  obtsined  differs  from 
the  genuine  aroma  by  its  infSnor  durability,  it  being  gradually  dis- 
sipatod."  (Liebig's '  Organio  Chemistiy.') 

The  fermentatiw  is  more  prompt  atra  lively  in  proportion  to  the 
quantity  of  must ;  hence  the  best  wine  Is  made  when  a  large  quantity 
of  must  is  apmtoA  on.  In  some  eaass,  when  the  season  is  cold  sua 
the  grapee  are  imporfectiy  ripoied,  it  is  neoessaty  to  promote  the 
feomentotion  by  artificial  means ;  either  adding  some  bcHUng  must,  or 
withdrawing  some  of  the  exoeas  of  water  «1Hjng  bakeS  gypsum. 
The  fermeatation  is  best  carried  on  In  covered  vats :  since  in  open  ones 
not  only  tiie  carbonic  add  gas  escapes,  hj  which  the  wine  is  rendered 
fiatter,  but  much  of  the  dcohd  and  aroma  are  los^  and  the  wine 
rendered  weak.  The  length  of  time  that  the  fermentation  is  continued 
in  tiie  large  vats  depends  on  the  kind  of  wine  intended  to  be  made. 
The  temperature  also  influences  its  progress  and  the  restUts. 

In  the  Champagne  country,  the  grapes  which  are  to  fill  one  euve  are 
all  pressed  within  the  ^ace  of  two  hours,  and  the  must  allowed  to 
remdn  in  the  cum  for  a  period  varying  from  six  or  twelve  to  ei^teeo 
hours,  according  to  the  tomperature,  during  which  it  undergoes  a 
process  of  spontaneous  purification,  becoming  ss  dear  as  water.  The 
moment  when  this  is  complete  is  watched  for  with  the  utmost  care ; 
it  is  then  drawn  off  into  small  casks,  which  are  well  sulphured  (a 
process  which  is  hereafter  explained),  and  put  into  odlars  below 
ground,  the  bunghole  bdng  left  opeax,  but  covered  with  a  flint  stone. 
The  overflowing  froth,  or  yeast,  is  removed  from  time  to  time  tUl 
December  or  January,  when  the  diief  purehasee  are  madoj  as  then  the 
wine  can  be  tasted  and  fvoved.  It  is  then  also  sabmitted  to  the 
tHooeesof^tniN^. 

At  Tokay  the  must  Is  allowed  to  remun  in  the  vat  from  twenfy- 
four  to  thirty-six  hours,  tiU  the  first  signs  of  fermmtation  are  mani- 
feeted ;  it  is  then  drawn  off  into  small  caus  (which  are  never  sulphured) 
and  placed  in  a  still  port  of  the  cellar.  The  eflervescenoe  lasts  two  or 
three  months. 

The  fermentation  spoken  of  hitherto  is  called  the  jnimaiy  or  active 
fermentation ;  but  then  is  a  subsequent  one,  called  the  secondaty  or 
insensible,  which,  though  obviously  a  continuation  of  the  former,  is 
less  attended  to,  but  yet  of  great  importance  as  relates  to  the  ripening, 
keeping,  and  acidity  of  the  wine,  A  knowledge  of  the  causes  of  fer- 
mentation, and  the  conditions  under  which  it  can  take  place,  is 
wisnntiil  to  the  comprehension  of  the  measures  neoesBsry  for  ripeidng 
the  wine  and  preserving  it  in  perfection.  The  subject  has  besn  fully 
eulsined'  in  Liebig's  '  Chenustiy  of  Agricolture,'  and  Muld^ 
'  (Aemistiy  of  Wine/  London,  1869. 

When  a  dry  wine  is  wished,  it  is  necessary  that  all  the  sugar  should 
be  transformed  Into  alcohol.  To  do  this  the  fermentation  is  excited 
from  time  to  time,  by  roUitijr  the  wine,  wreturaiog  It  to  the  lees  to  ^mi. 
As  the  wine  oontuns  variable  quantities  of  nnc^oomposed  gluten  in 
solution  or  thrown  down  to  the  bottom  of  th«acask,  it  is  o^y  neoes- 
sary  to  stir  up  the  lees  to  re-exdto  the  formentation.  But  lest  the 
point  should  m  passed  at  which  the  «nous  fermentation  is  nearly  com- 
plete,  and  the  acetous  would  begin,  all  the  undecomposed  ferment  is 
removed.  Uudi  of  it  remdns  in  tiw  vat  in  which  the  flrst  said  violent 
fBrmoitaiion  takes  place when  the  fermenting  liquid  is  put  in  cask^ 
these  sn  generally  x^t  nearly  full,  by  frequent  additions  of  fresh 

{'nice,  so  that  much  of  the  ferment  wons  out  at  the  bung-hole,  which 
I  sddom  perfectiy  closed  for  two  or  three  months.  Iladting  is 
pactised,  for  valuable  wines,  as  often  as  three  times  the  first  year. 
This  consists  in  tnnsferring  the  wine  to  a  fresh  cask.  It  is  in  <u>ing 
this  that  the  praotioe  of  n^^iitnitg  is  mostly  adopted.  It  condste  in 
burning  snlphur-mateheB  ot  linen  steqied  in  sulphur  in  the  cask 
previously  well  rinsed,  by  which  dl  the  oxygan  of  the  atmospheric  dr 
IS  consumed,  end  a  quantity  of  sulphurous  acid  gas  produced.  Thia 
must  be  carefully  done,  as,  if  in  excess,  tiie  wine  acquires  the  taste  of 
sulphur,  which  it  would  keep  for  some  time.  White  wines  require 
most  sulphur,  espedslly  when  very  dry.  It  is  proper  to  transfer  the 
wine  immediately  to  the  exhausted  cask,  otherwise  It  would  speedilj 
get  filled  again  frith  oommon  atmosbherie  air.  Dr.  M'Cullodi  recom- 
mends the  following  method,  as  ne  remarks  that  by  the  common 
method  of  tapping  It  is  soarody  possible  to  draw  the  wine  without 
mixing  a  porAon  of  the  leea  with  it : — "  To  eSbot  it,  a  cook  is  introduced 
into  the  full  cask  at  the  usud  place  of  tapping,  three  or  four  inches 
above  Its  bottom,  from  which  a  leathw  hose  (a  flexible  caoutchouc  tabe 
would  be  better)  ptoe  pasNB  into  tiie  bnng-hols  of  the  smpty  ona,  A 
oomuKm  pairof  MuowB  may  then  be  so  fitted  to  the  bnn^iole  of  the 
full  cask  ss  to  f<noe  by  its  sotion  the  whde  of  the  dear  liquor  through 
the  hose  into  the  empty  vessel  By  this  means  the  least  possible 
disturbance  is  created,  and  the  wine  is  at  the  same  time  {a^eerved  from 
the  injoriona  contact  of  atmospheric  air."  The  iriide  of  the  wintf 
should  not  be  drawn  off,  as  the  cap  fregnwitly  cwitains  prindplea 
whidi  would  readily  r»«xdte  fermentation.  What  is  1^  maf  be 
emid<^ed  to  form  dther  brandy  or  vinegar,  according  to  Its  kind  or 
value.  Another  means  may  be  used,  instead  of  sulphuring,  to 
preventing  the  aostous  fermentation,  namdy,  the  use  of  tiUpkUe  of 
fotoA.  A  diadun  is  in  genersl  mfl^nent  tat  a  j^pe  of  wine,  and  » 
fflimmimiTTntni  lw  taste.    Ths  utUitf  of  both  agents  ooasists  in 
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absorbing  bd;  tiaoe  of  oxygen,  toid  proTentlug  It  acting  on  the  orgwtc 
■ubstanoe.  Hany  TtdatUe  oils  have  the  power  of  checking  the  vinous 
fermentatiim,  bni  their  odour  Is  a  piaotlcal  obstacle  to  their  employ- 
ment. They  jvobably  act  by  hindeniis  the  development  of  Uie  fongua 
{SaeAaromgea  «tiri).  Alfciulfl^  oomDUitig  with  the  frea  adda,  Uie 
pnaeDOB  of  whiob  ia  io  ceaentkl  to  the  proooa  of  fennentation,  ako 
bin^  it,  but  aa  thev  are  destructiva  of  the  qualittee  of  the  wine,  they 
■re  inadmia^ble.  Black  onde  of  manganeBe,  though  recommended  \>jf 
Dr.  M'CuUodi,  should  never  be  uaed  for  wine  where  sulphuring  hu 
been  employed,  aa  it  would  most  readily  give  oET  oxygen.  Hacking 
cm  only  free  tiie  wine  from  matteia  wmm  are  insoluble,  and  eitiier 
depoaitad  among  the  leea  at  floating  on  the  mtrfitoe.  In  order  to 
gstrid  of  scHne  other  matteni  held  in  aolntion,  •  diflfaroit  praotioe  ia 
adopted.  This  conatitutes  the  proceaa  of  Jimng.  Isinglass  m  solution 
in  wine,  or  white  of  eggp,  ia  commonly  emploved  for  this  nurpoee. 
The  common  and  new  wines  require  o^ore  iaioj^us  than  the  Sne  and 
old  ones.  If  the  wiuea  have  been  deprived  M  the  tannin  extracted 
frran  Uie  aeeda  of  the  grape,  jiiinglaM  has  no  Influence  in  purifying 
them.  If  kept  in  oak  oaaluL  howeTer,  as  is  alw!^  the  rule  in  Fi^ce, 
thqr  extraet  tannin  fmn  their  ddea.  Numerona  powders  and  oom- 
pounds,  as  veU  as  other  expedients  for  kMpng  or  improving  wkes, 
are  detailed  in  Jullien, '  Manual  du  Sommelier.'  The  prooeia  of  fining 
ia  always  repeated  previooa  to  bottling  the  wln& 

At  Bordeaux  the  white  winea  are  general^  ready  for  the  flrat 
racking  in  December,  the  red  not  till  March ;  Uie  seoood  racking  is  to 
prevent  the  working  wUidithe  neat  lMB£a<^  July  and  Aoguat  might 
ocoaaion  in  them ;  and  the  third  m  October,  before  the  oold  oomes  oa. 
A  favourable  state  of  the  weather  must  be  chosen  tor  these  processes. 
A  fourth  racking  tt^es  place  In  eighteen  months  after  the  vintage,  in 
March ;  it  is  then  that  ihe  casks  may  be  stowed  with  the  bung  at  the 
side.  After  this  it  only  requires  to  be  racked  twice  a  year,  in  March 
snd  October,  VThen  it  has  attabed  the  iu;e  of  five  or  six  yeu^  it 
reqnirea  racking  oai^  (Mioe  a  year,  wfaioh  is  ilwayi  done  in  IDutsh,  we 
moment  whm  tiie  mnee  are  umya  finer  end  clearer  tirnn  at  any  other 
leason  of  the  year. 

One  of  the  qualities  of  a  good  wine  ia  firmoess  or  duraldlity ;  but  In 
this  respect  there  is  great  diSbrenoe  among  wines,  and  one  posaeasing 
every  other  requisite  may  be  deficient  in  tide  essential.  This  may  be 
imparted  to  it,  however,  by  adding  some  other  strrager  wine,  or  one 
UtUe  disposed  to  undei^  any  deieterious  change.  Hence  has  arisen 
the  praotice  of  mixing  wmes,  or,  as  it  may  be  termed,  thdr  medicatbn, 
vul^ly  colled  doctoring,  which  being  a  judicious  and  honourable  pro- 
ceeding when  the  only  artiolea  emnloyed  are  the  real  produce  of  the 
grape,  is  not  to  be  confounded  wlui  unwholesome  nunures  and  dis- 
honest practices,  which  deserve  to  be  reprobated.  Thus  some  of  the 
jtnetf  gn/vlh*  of  the  Claret  country  require  to  be  supported  by  the 
addition  of  Hennitage.  It  la  obvious  toat  no  fraud  u  here  contem- 
plated, since  the  Hramib^  is,  perhaps  the  more  expensive  wine  of 
the  two,  and  the  maker  can  afibrd  to  add  it  only  to  the  beK  dareU  It 
in  no  d^ree  impairs  the  flpe  cluraoteristics  of  the  choicest  claret,  nor 
diminishes  the  ligbtaeas  for  which  first-rate  olaret  la  remarbible. 
Where  vsorlcmg  the  winea  is  practised  to  fit  ti)em  tat  the  depraved 
taste  of  the  minority  of  coneumers  In  England,  who  are  accustomed 
to  the  stronger  wines  of  Spain  and  Piatugal,  the  caae  Is  very  different  ] 
and  to  the  second  and  third  growths  VOa  red  wines  of  Boua^on, 
Bene  Carlo  from  Spain,  and  brandy  are  added — to  the  detriment  of  the 
character  of  Claret.  The  latter  addititm  is  mode  under  the  pretext 
that  it  is  neceaeary  to  enable  the  wine  to  beer  the  voyage.  This, 
except  so  far  as  a  vay  small  quanfi^  of  biandy  is  oonceioed.  Is  alto- 
gether  erroneoua,  not  only  as  rdates  io  Claret,  bat  also  to  Port  and 
lijheny.  The  wines  of  Baaieina  and  St.  Eulalie-d'Ambares,  two  {tatisbea 
near  Bordeaux,  furnish  a  wine  which  ts  generally  purchased  for  the 
French  navy,  because  it  keepe  well,  and  improves  greatly  at  sea.  The 
French  wine-brokers  at  Bordeaux,  familiar  with  the  (qualities  of  the 
first  growths,  and  Jealous  for  the  reputation  of  their  oountry,  deplore 
the  deterioration  whioh  much  iA  their  wines  undergo  to  fit  them  for 
the  Englidi  market.  Still  Claret  witii  no  other  additim  than  Hermi- 
tage may  be  obtained  here,  provided  a  proper  price  is  given,  1^ 
resorting  to  mne-merchants  of  huh  repute.  Two  Sherries  come  to 
Eng^nd  devoid  of  brandy,  AvumiUlado  and  AfmuanUla  ;  and  it  la  now 
the  wish  of  Fort-wine  merchants,  of  the  highest  character  far  scienoe 
and  probitgTf  to  introduce  Port-wine  with  as  small  an  admixture  ^ 
Inanay  as  poariU^therel^  oonsulting  the  health  as  well  u  palate  of 
their  ousttmiers.  Brandy  added  after  the  early  stages  <^  fermentation 
la  <mly  mingled,  not  inconKoated  with,  the  wine— Inorearing  Its 
^nritaoeity,  but  not  Its  TiuoiO^,  and  producing  im  tiie  human  stinnaeh, 
liver,  and  other  organs  the  same  effect  as  bruidy  merely  diluted  with 
an  equivalent  quantity  of  water.  The  extensioa  therefore  of  a  taste 
for  the  purO  and  unsopfalstioated  wines  in  thla  eountn  would  be  a 
national  bowfit.  Btsnetimes  the  ol^eot  in  mixing  wmes  Is  to  pro> 
duce  a  oompound  having  a  diflbrent  or  mors  agreeable  qnalin  than 
eitiierof  the  wines  dng^  poasesses :  hence  the  mixing  of  theBhine* 
wines  almost  constitutes  a  science.  Of  all  wines  Sheny  Is  the  most 
mixed  with  the  vintages  of  different  years.  "  The  wine-merchanta  of 
Xeres  never  exhaiut  their  stock  of  finest  and  (ddeet  wina  Aocording 
to  the  price  at  whidi  the  wine  expedited  to  the  mariut  is  intended  to 
be  ad^  it  contains  a  falser  or  smaller  proportton  of  cddwins^  Bnttt 
ts  oofy  in  wittsi     >  very  high  prloe  that  oven  »  null  pmtioa  of  thdr 


finest  wines  Is  mixed.  What  fa  witiidrawn  from  the  oltet  and  flneai 
casks  ia  mode  up  from  the  casks  which  appneeh  them  nearest  in  ag« 
and  quality,  and  these  are  again  replenlaned  from  ^  next  In  age  and 
qualitjrto  them.  Thusaoukof  wine,SBid  to  be  ftt^  years  old,  may 
eontaui  a  portion  of  tin  vintages  of  thfa^  or  forty  eoawm."  (BuAiy.) 
A  sheny,  the  unmixed  tnoduoe  of  tme  vintage,  now  and  then  by  » 
rare  dunce  be  obtatnea 

"It  generally  biwpens  that  when  two  distlnot  wines  are  mixed,  the 
process  of  f  ermentimon  is  partially  renewed,  or  the  mixture,  in  technical 
language,  ^Vefi.  Tliia  obsnvation  has  led  to  a  v^uaUe  jnaetioe  in  this 
manipulation,  namely,  yVettA^n,  tedmiaally  so  oaHed.  It  is  found  hj 
experimce  that  mlud  wines  mite  into  one  dmnUa  and  hamogsnooiis 
liquor  only  In  conseqnwieeof  this  laimeniatioiL  A  eesson  and  cdmnm- 
stances  are  ther^bre  choeen,  in  which  one  or  both  of  the  wlnesto  be  timi 
mixed  are  either  in  a  state  of  renewed  feimentatdm  or  show  a  tendeooy  to 
it."  (McCulloch.)  When  wine  is  thus  fiur  made,  it  k  left  hi  tiw  cask,  or 
as  It  Is  termed.  In  tiie  wcNxj,  to  mature^  The  length  of  tine  required 
for  this  difibri  mnch  in  the  diflhrent  wfaiee.  It  is  the  modem  ptaotioe 
to  Bsnd  seveial  winas  either  oa  voyages  to  wana  ellmetsa  m  even  leave 
them  there  tat  yeers.  TUsli  partiflolariytte  ease  with  Mktnraiid 
Madeira;  the  fine  qualities  of  the  latter  wine  are  very  greatly  developed 
hj  a  few  yean^  sojourn  at  Hadras.  OonsIderaUe  evmntion,  aa  weU 
as  ullage,  ooeurs  auring  this  time ;  but  It  is  remarfcahle  that  during 
the  firn  yeara  that  the  wine  tem^na  in  the  oaak  the  wsfcary  partidea 
ohi^y  ev^iorate,  so  tiiat  the  wine  gains  In  sfamlu^  etreagth,  as  wdt 
•s  flavour.  Afterwarti  the  alcohol  he^tm  to  miptnta  i  and  it  is 
probable  that  at  the  period  when  the  wmee  bM^  to  loee  aloolMi  they 
cease  to  improve  in  flavour.  They  are  tiun  fit  to  be  bottled.  The 
amount  of  evaporatlou  varies  with  the  oUmate,  and  the  kind  of  wood  of 
which  the  cask  oonslsts.  In  some  oases  it  ia  as  mndi  aa  one-twelfth 
per  oent  per  annum — espedally  If  the  oask  is  of  Bpaotah  dustnat, 
which  is  a  most  objectionable  wood  ftom  the  taste  It  imparts.  Msmd 
orDanslg  oak  Is  eocdudvely  used  for  the  finer  Poet  whus)  Anasrioaa 
oak  Is  chai^.batnolso  good,  ^le  preeeooectf  two  staves  of  eheatawl 
In  eadi  cask  naa  been  known  to  Impart  a  taste,  digfat  at  fifst,  bnt 
at  lost  so  matked  ss  to  lead  to  the  releotion  of  the  wine.  The  nUage  ia 
greatest  in  new  casks ;  and  henoe  M  ones,  when  oleaa  and  sound,  are 
preferred.  But  large  oasks  of  g^am  an  now  propoesd :  In  these  uUsge 
IB  impossible. 

During  tiie  at^  of  the  wfne  in  the  wood,  a  dapodt  ol  teriw  and 
otiier  Bubstanoea  oooors.  The  odour  imdergoss  a  ehsnge,  ospoaislly 
of  the  red  wines;  wblc^  la  not  similar  in  all.  Thus  while  Port 
wines  become  lighter,  those  of  Uedoo  beoome  deeper  I  henoe,  to  give 
the  appearance  of  age  to  Port  wines,  wAils  Port  is  added  t  but  to 
Clarets  the  black  wine  of  Oahors  is  added.  The  wine  ia  thought  to 
ripen  bettor  In  large  than  naall  oaaks :  this  led  to  tike  oeuslruotioa  of 
tiie  enormous  tuns  of  Helddberg.  Where  any  of  the  wins  is  di«wn 
off,  it  is  necessary  to  fill  up  the  vdd  as  speedily  as  posdble  with  wina 
near^  of  the  same  qnalltr,  otherwise  the  air  oansea  the  remainder  to 
become  sour.  Where  wine  is  not  to  be  had,  the  introduoUon  of  a 
quantity  of  olive  dlproteotattie  wine.  AfunguaisTsiyi^  to  stretch 
acTMB  the  aurftoe  of  tiie  wine,  If  one  or  othw  of  thae  prooautiona  is 
neglected.  While  in  the  vaiuts  or  edlais,  the  oadn  ore  likely  to 
beoome  affected  with  tiie  dry>rol,  1^  whioh  muoh  fine  wine  may  be 
lost,  espeddly  If  the  edlara  be  d^np.  To  guard  agafaist  this,  the 
casks  should  be  earefdllv  inspected  from  time  to  tinuk  Oellara  and 
vaults  should  be  as  remote  aa  peesiUe  frooa  strssto  and  otiiar  ways  by 
whioh  waggons  paas,  the  vibration  eansed  by  these  eltan  diaturbiug  tiw 
more  deUoto  wmes.   When  wines  have  been  k«*  ta  the  wood  lor  the 

Kriod  whidi  experienee  fase  fixed  as  tiiat  proper  for  ettoining  raatnri^, 
Bj  are  generaUy  pot  into  boMaeer  fliafce  In  theaa  some  farther 
diange  goea  on,  ^  v^di  th^  ite  atUl  further  ameliorated.  In  many 
red  mnee  a  deposit  oeoura,  forming  a  erost  on  the  lower  aids  oi  the 
botUe.  The  opetation  bottilng  should  taks  place  in  fine  weather,  if 
popsible  In  Ibrch  or  Oetdrar.  More  this  is  done  the  wine  mast  ho 
fined, dthtt wHh wUto  of  i^gB,  wrM^w  idnglaMf  after  whiih 
the  oaak  most  be  left  to  repose  tan  or  fifteen  daya,  aocording  to  the 
weather.  The  bottiee  must  be  perfeotly  eleaa,  and  if  not  new,  oars 
must  be  taken  tint  no  lead^drops  remain  in  thsoi,  aa  theae  spoil 
the  wine  and  render  It  deleterious.  Tlie  oosks  should  be  perfectiy 
sound,  and  as  ehuitio  as  poadUe,  so  that  whaa  driven  Imns  they  mi^ 
expand  beyond  the  oontraoted  tMt«  of  the  nwik  of  the  bottK  and 
ihoroagfalyexohMlethe  air.  To  assist  hi  this  ol^eeliaeweUBa  to  nra- 
teot  the  omkif^bueete,  the  mouth  of  the  bottle  !■  (rftsn  dvpod  in 
mdted  wax.  Aa  Ohampi^ne  la  bottied  after  remaiiring  at  longest  oiUj 
three  yesis  in  the  essk,  eonddorable  depodt  tskss  phtoe  in  thn  bottle^ 
When  recorked  this  is  got  rid  of  by  the  prottem  td  tUgorgmmi.  The 
bottie  is  Inclined,  the  moutii  downwards,  till  aU  the  aadiment  is 
lodged  in  the  nedk;  Ute  eoifc  Is  withdnnra,  suae  of  the  wine  rushss 
outfCanyfaw  brforaittbelaaei  (beeaoapeef  the  rest  is  hindsiod  hv 
•n  adroit  adMation  of  the  fMMngar.  Vo  fifl  np  tiu  vejd  eaused 
by  the  wine  whteh  has  eeai^ied,  a  aolution  of  so^puc^andy  in  any  <rf 
the  common  red  wlnee  of  the  oountoy  is  added  t  the  permaotfit  coik, 
or  the  oaoutohoue  stoi^ter,  la  now  Introduced  i  when  the  latter,  a 
simple  but  conveoleat  piece  of  mechanism  Is  aaad :  it  ia  then  wired 
down,  and  ooaasionaUy  ooverad  with  tin-fdl.  If  presemd  in  a  oool 
odlar^goodChanqisgna  majbeksptinpertetknikiMatn  to  tvMtr 
yaen.    b  the  peat  etoiea  at  Bhdnw  the  braakasa  unounti  on 
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ttnragB  to  ten  per  oeat.  The  Italian  vioaB  often  h&ve  only  divB-oU 
pound  ioto  the  nook  o£  tlie  bottie,  without  vaiia  »  oork, 

Winw  are  claMiflod  M<«>nili"g  to  the  {nvdominaiice  of  oertain 
ingredieat^  When  much  aloohoru  ^eaeot  they  ar«  termed  strong  or 
gmenmtf  when  otherwise,  IwU  or  went;  when  much  migir  undeoom- 
pceed,«Me*oriHMHW{viiiedeUqueQr):  when  little,  <fry/ if  ft  free  add 
in  oonudentble  proportion  be  pmao^  ttuar  an  called  aad  or  aoaeeM  ; 
when  mooh  mAjoaki  aoid  ia  prweot,  then  igMkUagot  effervetcing 
<MOMN«c  of  the  Frcoeh,  tAotmiiMm,  QenQui).  Water  it  more 
abondaot  in  wibm  made  In  wet  aeaaou,  and  in  the  wine  from  new 
TiBoarda  or  young  vinea.  Theae  are  alao  stoat  prone  to  become  aour. 
With  tha  aBOHnto  it  wm  ft  graat  objeot  to  gat  vti  of  the  waAeiy  ptv- 
tioa,  itr  wfaioh  pntpoaa  they  unployed  wioua  expedieota,  and  often 
wndaged  thUn  aa  tfaiok  as  tar.  Tha  plan  now  adopied  ia  beat^  to  add 
alanlMtigar  to  the  muai  The  alcohol  praaant  in  winea  eziatB  from  an 
earfy  itage  of  the  lennentatioo,  and  n  not  a  produot  f>{  diatillation. 
The  quantity,  according  to  Chnatiaon^  variea  fnao  16  per  cent,  in  inferior 
BndfldMiDMrf  to  sy  per  oantL  in  the  itrangart  P«tt  and  Madeira ;  tiiia 
boing  the  per  centaga  of  proof-apirit  eatimated  by  Tdane.  Tha  con- 
dition  in  wbkh  alaohal  •data  as  the  nattuBl  produot  of  the  primary 
and  aeoondaiT  fermentatiou  of  the  srape  la  very  difibnnt  from  that  in 
whidi  It  ia  found  when  obtained  by  diatillation,  eren  of  wine,  aa  in 
the  oRse  of  the  fineat  French  brandy.  The  addition  of  any  diatillad 
QiMt  to  wine  it  alwaya  to  be  rqnobated,  aa  it  destroy*  the  finer 
qnaUtiea  of  tha  wine,  making  it  fiat  and  mftwkiah.  "  Tlw  firat  and  most 
ooDBplaaoaa  flObe*  iillHik«oC  tiui  nDdeflniUe  UtcIj  or  fariik  darour 
whleh  an  thoaa  who  poaawi  aeonimey  of  taato  mm  diaoorer  in  Etenoh 
wines  or  in  natnral  winea )  and  a  flatpoai,  which  muat  ba  aandble,  by 
tlw  tKriooiple  oontmat,  to  the  dttUeat  palate  whiidi  ahall  eompare  the 
taate  of  CWet  with  that  of  Port,  or  tiiat  tit  Hook  or  Or»ye  with  Liabon  or 
Bucenas"  (Dr.  M'Cullooh).  It  tend*  equally,  although  in  a  gnftter  length 
ot  time,  to  deatavy  the  union  of  tha  colouring  priooiple,  whii^  ia  weU 
known  to  be  daponted  in  F«rt  winea,  and  munUy  in  a  great  ni^ 
from  the  action  of  this  fonign  aubataaoe.  Tbia  faotexplaina  why  difr 
hfmeat  win»>m«niuuita  add  brandy  to  thur  Port  wioaa,  to  grre  them 
aarito^a{>pearaQcetrfage,bypK>duoingtheawt,aeriterjMm  by  wU 
no  experienced  or  intelligent  wine-drinker  allowa  himadf  to  be  mialed. 
HoreoTer  no  quantity  of  InMidy  ean  hinder  the  proeeaa  of  aetdifioatiMi, 
if  thedrcunutuKeafaTounUetottanpnaentk  llw  para  li^t  winea 
of  Fnnoe  and  Germany  frodnee  an  agraeabU  vASknUm  el  mind, 
YBtf  unlike  ttie  mere  ^mkal  eteltement  vUdi  mtdta  fron  tha 
largely  bnndied  irinea,  midi  are  too  mnidi  in  vogue  in  Bngland. 
TIm  weaaee  alao  which  attand  qrirltHlrinkefi,  oUefy  dlaoiden  of  the 
Hver,  are  commonly  met  with  among  the  oooaomen  of  winea  te  which 
bmndyia'Whiflk^naB  been  adTentitioualy  added,  though  luoh  diaordera 
rarelT  It  ever  follow  even  the  intemperate  uae  of  pure  wine.  Intoxica- 
tion 18  ft  Tory  rare  ooourreooe  among  the  inhabltanta  of  the  wtnepro- 
dacing  ootuniiea.  Jieid  bt  another  ennponeBt  te  wtee.  A  free  aind  ie 
necflSBary  for  the  devilment  of  the  fungua  with  whloh  the  progreaa 
of  fermentation  seems  doaely  oonneoted,  tot  the  evtdntum  of  the 
bouquet,  for  tile  agreeableneea  of  the  wine,  and  {rfobably  for  ita  whole- 
Bomebesa.  In  the  beet  Rhine  wfaiee  it  la  abmit  I  per  out.  It  ia, 
therefore  a  popular  em>r  to  denounce  the  addi^  m  wine.  The  kind 
of  acid  ^eaoit  ia  however  a  vety  impivtant  pmni  Ttotaiie  aeid  ia 
the  beat.  Whether  maUe  add  be  ever  meamt  in  good  pure  wtne  ia 
doubtful,  exo^t  in  red  Bordeaux,  in  whidi  no  kwtle  add  la  fonnd. 
(Uulder.j  RaoamtCj  ailidc,  and,  perhftpa,  formic  and  gludo  add,  may 
be  found  in  some  winea.  (Holder.)  It  ia  add  to  prevail  in  winea 
made  in  wet  sea&onB.  Citric  add  ia  perhapa  fonnd  in  wine  made  from 
unripe  grapea.  It  is  not  certdn  that  oxaHe  add  ia  ever  found  in 
wine,  ft  may  be  formed  in  some  rare  tnstanoaa.  It  ia  ray  likely, 
however,  to  exist  in  oondderable  ouantity  in  the  aporiotta  wioe  now 
largely  made  from  the  garden  rhunarb.  On  many  pereons  it  must 
have  a  very  hurtful  effoct  Acetio  add,  or  Tinmr,  is  tbst  which 
mostly  abounds  in  low  poor  winea,  eepedally  of  northern  oountriea,  and 
in  good  winea  which  have  been  mismanaged  and  allowed  to  spoiL  The 
flat  toate  of  the  fluid  and  a  smell  of  vin^iar  declare  its  preaenoe. 
When  wine  ia  drunk  on  drau^t  or  from  t^,  it  Is  mort  apt  to  ftMrm 
add,  unless  the  consumption  be  r^tid.  It  is  to  disguise  its  prceeboe 
that  one  of  the  most  dangerous  prsctlefla  ia  adopted  by  viDtoen, 
namely  adding  sugar  of  lead  to  the  tainted  liquid.  When  this  is  sus- 
pected to  hare  been  used,  sulphuretted  hydrogen  will  reveal  ita  pre- 
sence. SometimeB  it  is  present  in  bottled  wine  from  a  leaden  shot 
bdng  left  in  the  bottle.  A  small  iron  chain  la  safest  and  best  for 
bottlea.  Carbtmic  add  not  only  renders  the  wine  sparkling, 
but  inareaaea  its  exhilarating  action,  aa  fdt  in  Champagne.  Tannic 
add  ia  present  in  Fort  and  Tent,  to  the  former  of  which  it  imparts 
both  roughness  and  astiingency.  Fort,  both  red  and  white,  has  lees 
free  add  than  some  of  the  finest  Sherries.  In  the  German  winee 
Bendiua  statea  that  there  exists  tartrate  of  alumina  and  potass.  Bi< 
tartrate  ot  potaaa  is  more  common.  It  is  predpitated  along  with  tha 
Goknuing  matter,  and  termed  argol,  found  in  wine-oaika. 

Reqwoting  the  telotiTe  amount  of  oddity  in  diSiMent  winea  much 
errOT  prevails,  not  osily  in  the  popular  mind,  but  among  medicd  men. 
Dr.  Frout  (■  On  Stomach  and  Kenol  Diseaaea,'  ith  ediL,  p.  8)  affirms 
that  sound  Bherty  contains  leas  aeid  and  SMgar  than  any  other  wine. 
But  several  very  careful  experiments  on  different  wines  by  no  means 
eonflm  this  statement.  If  applied  to  Monianilla,  which  ia  the  favourite 


wine  of  the  Spaniards,  it  is  true;  but  that  wine  is  scarcely  known  in 
this  country,  nowever  well  it  deserves  to  be  so,  aa  its  freedom  from 
advantitiouB  brandy  and  from  much  addity,  nitb  its  sli^t  d^;ree  of 
biUemeia,  a  quaU^  always  to  be  prised  in  wine^  stroDgly  recommend 
it  as  ft  atinuner  wim.  It  will  be  found  that  Ftvt  win^twth  red  and 
white,  has  leas  free  add  than  even  some  of  the  fineat  Shrarieo,  though 
this  ia  not  oonnrmed  by  Dr.  Jone^  Appendix  to  Miilder.  Moddra  has 
loig  laboured  under  «  most  muost  opprobrium  in  this  respect,  That 
bad  Madeira,  and  the  wine  which,  though  produced  elsewhere,  was 
sold  for  it,  eontoin  much  add,  and  readily  disagreed  with  Uie  stomach, 
may  be  perfectly  true ;  but  genuine  first-rate  Madeira  has  oertainly 
very  little^  eepedally  after  ft  voyBga  to  the  East  Indies.  "  The  Madein 
winea  had  fallen  off  in  quality  from  over^pmait,  and  thereby  gave 
further  efitet  to  this  taate  for  Sherry.  In  this  a  useful  lesson  wm 
given  to  all  wine-growing  oountriee."  The  obsarvationB  of  Dr.  Psiia 
are  too  just  to  be  omitted  : — "  What,  for  instance,  is  the  acid  con- 
tained in  Madeira,  and  against  whloh  so  many  mighty  objeotions  have 
been  urgedl— An  atom  merely  of  tartar  I  And  yeb  the  poaon  who 
fondes  tiiat  his  digeetjon  can  be  deranged  ita  aoUon,  will  iwaUotr 
twan^  times  the  quanti:^  of  the  aame  ingrei&ent  in  some  other  abm, 
with  perfect  indii^renoe  and  impuni^.  "  Before  we  quit,"  says  m& 
same  author, "  the  subject  of  vinous  addit^,  I  shall  bc^  to  say  ft  few 
words  upon  ita  supposed  influence  in  excitinfj  paroxysms  oi  gout. 
That  such  attacks  have  followed  paridoular  potations,  I  do  not  mean  to 
deny ;  but  ft  slight  excess  of  any  kind,  wheuier  in  diet  or  ezerdse,  wUl 
exoite  the  diaeaae  in  thgae  prediapoaed  to  ib  Wliere  the  train  is  laid, 
an  additkmal  glass  of  Claret  may  nave  acted  aa  the  match;  bulinall 
such  oaaea  the  explodon  would  mive  equally  taken  place  had,  instead  (rf 
Claret,  some  other  exdting  cause  fired  it "  ('On  Diet,*  p,  198).  Liebig 
unheaLtatingly  affirms  that,  while  to  the  free  add  the  exquidte  bowpM 
of  the  Rhine  winea  is  owing,  to  the  tartar  present  in  them  some  of 
thdr  most  aalutsxy  properties  bdoog.  To  this  he  atteibutea  the  im- 
munity enjoyed  bv  thoaa  on  the  Rhina  and  Hoadl&  indeed  o<  all  who 
naa  the  Owman  vnnea,  from  the  urio  add  diathostt.  This  atatement 
of  the  utility  of  these  winea  mu^t  be  suspected  to  oriniute  in  natdonal 
portiftUty ;  but  it  is  abundant^  confirmed  by  Dr,  Front  and  many 
othen  who  have  attended  to  the  subject,  and  who  have  investigated  it 
free  from  prejudioe  or  favour.  An  oocadonal  use  of  them  is  obteo- 
tionaUa,  bnt  tlM  hab^ual  use  is  moat  salutary.  (See  Frout,  ith  edit, 
p.  210k>  Seing  V^bAt  thn  ean  be  drunk  without  dilution,  which  ia 
prefennU  to  rsdnang  ft  ivong  wine  by  adding  inter,  irtiidi  Is  mudi 
more  laione  to  produoe  oddity  in  the  stomach.  (Prout,  p.  0.)  The 
water  funtUbing  the  (oygeo  and  hydrogen  neoeosar^  to  convert  the 
aloohol  into  aoetio  odd,  pitifaably  favours  the  production  of  the  add. 
Moreover,  wine  dilated  vrith  water  more  readier  produces  intoxicatitai 
tiian  the  pun  wine  would  do;  pwhaps,  as  Dr.  Faria  haa  suggested,  by 
app^^  tiN  itimidaB  to  n  latisr  inibMof  the  itoinftdtCOnlMel/ 

The  olascifloation  of  wines  has  engaged  the  attention  of  almost  all 
writers  who  hftve  treated  of  them;  but  no  satisbotory  one  can  be 
presented.  JuUleo,  in  his  vory  valuable  'Tupognq)hie  ds  toos  lea 
VignoUea  oonnus,'  has  given  a  geographical  <me,  followed  by  an 
orrangemwt  of  the  wines  of  eooh  country  into  five  or  fewer  daeaos, 
didingaUbiBg  thnwine^  simply  tM  aaIled,fnMn  the  vine  da  liqueun, 
and  subdividiBg  each  into  the  red  and  white.  This  for  all  omumerdal 
purposes  ia  suffident  j  bat  for  dietetioal,  or  as  a  guide  to  iodividuala 
dednHia  of  procurlna  wine  for  thdr  own  oonsumption,  is  futile.  The 
greater  number  of  the  diffnrent  kinds  mentioned  are  never  heard  of 
b^nd  the  district  where  the^are  produced,  dther  from  being  entirdy 
eonsumed  1^  the  inhabitantii,  or  from  tha  difficulty  or  expense  of 
tranpoit,  cr  from  dafidenoy  in  those  qualities  whidi  enaure  their 
praservatiMi  or  reoommeod  them  to  distant  lands.  This  ii  eapedally 
th«  oase  with  what  ore  termed  the  fourth  or  fifth  grow^,  wldch  are 
sddom,  even  in  good  years,  vrwth  the  expense  of  transport,  U  sdd 
under  thdr  real  names  and  at  their  just  value.  The  ftrrt,  second, 
and  even  third  growtiu  in  good  years,  brhig  a  price  on  the  spot  which 
puts  ii  out  of  the  power  of  penona  nut  possessed  of  large  capitals  to 
obtain  even  a  amaJl  stoiA  of  them.  The  prindpd  English  sbippii»- 
honses  at  Bordenux  and  the  flntMto  houses  in  tkia  oounby  make  thev 
piuchaass  tmly  in  the  good  vintages.;  and  it  is  thdr  o«upetition  which 
then  raises  the  price,  and  the  abeenoe  of  their  demand  which  makes  it 
sink  again  In  the  un&voursbte  seasons.  First-mfae  wine  must  always 
be  high  priced,  if  it  be  borna  in  mind  that  tiie  mai^et-value  of  a 
renowned  vineyiird  ia  very  great;  that  the  territorial  extent  of  audi  is 
ia  general  Tcay  limited;  that  the  expense  of  oultivation  iavwyUgfa; 
^a*  theae  expenses  are  as  great  In  the  bad  years,  when  th^  bitog 
no  return,  as  in  the  good  years ;  tiiat  the  recurrence  of  fkvourabM 
vintages  are  rare  and  distant ;  and  that  constant  superintendence  and 
expense  ore  neoesaaiy  till  the  wine  reaches  perfection — not  to  mention 
the  loea  from  evaporatiM),  ullage,  Iweakage,  and  other  aoddents,  and  to 
say  nothing  of  the  aocumumng  interest  of  the  origind  rurrhnim 
money  lor  irenty  ot  thir^  yean.  Beaidaa  all  theas^  tb  du^,  though 
pdd  uthe  flratnatanoebyllMmarchintfiazeoovered  by  ftoluugeon 
theconsumeih 

Attention  is  now  being  ^d  to  the  culture  of  tiie  gnpe  and  tha 
making  ot  wine  in  the  United  States,  Soutb  Africa,  and  Australia ; 
wiUi  a  view  d(  determining  whether  temperate  climatee,  and  English 
or  Angio-AmerlOaB  indnstiy,  can  introduce  this  aa  a  profitable  ouUure, 
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The  taste  of  EDglish  wine-driskerB  has  been  unquestionably  vitiated 
by  the  ]ong  use  higb^-brandied  Spanish  and  Portugaeee  winea;  the 
teste  for  light  Gteiman  and  French  wines,  even  If  the  price  mre  loir,  is 
by  no  means  axtenriTe  in  England;  and  aa  the  new  vlntN^  abore- 
tuoned  would  bear  more  resemblance  to  those  of  France  and  Qennany 
thftw  to  those  of  Spain  and  Portugal,  they  will  have  some  difficulties  to 
contend  agtdnst.  NeverthelesB,  it  is  Ughly  desirable  that  the  new 
attempts  should  have  a  fair  triaL  When  Professor  Wilson  reported  on 
the  Kew  York  ExhiUtion  of  1863,  he  stated  that  vin^ards  are  r^idly 
extending  in  that  country,  prindpally  in  Ohio ;  twdre  kinds  of  gnpes 
are  cultivated  for  the  purposp;  and  the  matter  is  an  interesting  one  to 
EngU^  colonists,  seemg  that  the  cUmate  of  Ohio  is  very  nnich  like 
that  of  many  of  our  coloniea. 

Of  the  Soutii  African  wine  which  Is  now  oomiog  over  to  this  country, 
it  is  to  be  regretted  that  tiie  importers  give  it  such  names  as  "  South 
African  Port^"  "  South  African  Sherry,"  Ac.  If  it  be  a  pure  and  plea- 
■ant  wine,  Ifc  should  depend  on  its  own  reputation,  and  not  on  the 
attempts  to  imltste  wliat  are  rcaiUy  mixtures  of  wine,  brandy,  and 
adulterantih 

In  1856,  the  Society  of  Arts  awarded  a  rilver  medal  to  the  grower  of 
four  kinds  of  wine  from  Australia,  tiiree  white  and  one  red.  Two  of 
the  white  kinds  were  satisfactory ;  one  much  resembled  Cape  wine, 
while  tiie  other  was  a  dry  and  dean  wine,  with  oonsiderable  body. 
The  red  wine  was  light,  cuar-tasted,  and  exactly  tike  Bordeaux.  These 
wines  were  mode  by  Ur.  Marking,  in  1668  and  1854,  at  Irrawory,  in 
the  Hunter  district  of  New  South  Wales.  He  fonnd  that  the  grapes 
auitaUe  in  Eurc^  would  be  no  criterion  for  those  best  fitted  for  the 
climate  of  New  South  Wales.  The  colony  contains  a  large  area  of  good 
vine  land,  some  of  which  has  been  made  to  yield  1000  gailona  per  acre. 
It  is  believed  that  the  frei^t  would  not  neoessorily  be  large,  for  the 
wine  would  form  good  baUast  for  wool  ah^  to  England.  All  the 
Mentions  for  making  Austmlion  wine  are  fulfy  described  in  the  Society 
of  Arts' Journal  ior  1856.  Frofeaeor  Owen,  aa  one  of  the  jurors  of  the 
Puia  E^bitioQ  of  1855,  said,  "  In  the  department  for  Australia  were 
erid^ioes  of  the  increasing  importatums  from  the  vineyards  of  New 
Soo^  Wales,  ^le  specimens  of  wine  exhibited  by  Uessrs.  Macarthnr, 
King,  and  Brown,  are  deserving  of  special  notice,  ^e  winea  included 
white  winee  akin  to  thoee  of  toe  Khine ;  red  light  wines  like  Uiose  of 
Bordeaux ;  Mousseux  varieties  with  a  bouquet,  body,  and  flavour  equal 
to  the  finest  Champagne ;  M uBCate  and  other  swert  wines  rivalling  the 
Montignac  of  the  Cape.  Some  of  these  wines  were  of  the  vintage  of 
188(»,  bottied  in  1842 ;  othera  had  made  the  voyage  round  the  world 
inwood.  The  verdict  of  the  experts  (judges)  was  much  in  their  &vour; 
fbr,  whereas,  on  the  wines  of  Europe  the  numbers  indicative  of  quality 
nursed  from  as  low  as  2  to  18,  the  lowest  number  assigned  to  the 
Austealian  specimens  was  7,  the  highest  14,  and  the  average  number 
104,  ^>cing  as  high  an  that  of  tiie  winea  of  Austria,  and  much  exceeding 
that  of  the  wines  of  the  Cape,  or  any  other  wine-produdng  colony."  It 
has  been  since  stated,  however,  that  the  Australians  themselveB  care 
little  fbr  their  own  wine;  those  who  can  afford  to  drink  wine  at  ^bw 
the  port  and  sherry,  the  daretand  diampagne,  of  Europe.  There  is 
donbtiesB  much  of  liabit  and  conventionalism  in  this ;  nevertheleas  the 
exertionB  of  the  planters  are  worthy  of  all  commendation. 

Of  winee,  real  or  aophistioated,  other  than  the  juice  of  the  gn^,  we 
speak  in  Wiheb,  Bnmsii.  Of  the  extent  and  peculiaritiea  of  the  tnde, 
details  will  be  found  under  Wins  jlhd  Spibit  Tradl 

WINE,  MEDICAL  USES  OF.  These  are  distinct  from  the  common 
or  dietetical  employment  of  wine.  For  very  young  dliildren,  wine  may 
be  pronounced  to  be  at  once  needless  and  hurtful,  oB  was  proved  by 
the  experience  of  Dr.  Hunter  on  his  own  children.  The  immense 
number  of  the  diildren  of  the  lower  orders  who  fall  early  victims  to 
gin  prove  it  on  a  hrga  scale.  But  in  the  case  of  great  constitutional 
deUuty,  or  in  states  of  exhaustion  from  depressing  diseases  such  as 
diphtheria,  scarlatina,  or  gastric  fever,  small  quantities  of  good  wine 
cautiously  administo^d,  ore  invaluable  tonics.  The  best  mode  of 
administering  them  is,  not  to  give  them  undiluted,  or  even  simply  with 
water,  hot  or  cold,  but  with  a  very  small  quantity  of  hot  water  having 
mixed  witii  it  so  macix  biscuit  or  rusk  as  shall  form  with  the  wine  a 
Met  pulp,  requiring  to  he  eaten  rather  than  drank.  This  prevents  the 
coata  of  the  stomach  bon^  so  mudt  irritated,  and  the  wine  Acm  not 
so  speedily  reach  the  brain  to  over-excite  it.  At  a  more  advanced 
period  of  life,  if  r^ud  growtii  should  occur,  wine  in  moderation  is 
beneficial.  But  much  caution  is  requisite,  lest  habits  should  be  formed, 
difScult,  if  not  impossible  to  break.  Zealous  students  are  sometimes 
tempted  to  prop  up  exhausted  nature  by  wine ;  but  the  boiefit  is  only 
temporary,  while  the  injury  ia  often  permanent;  Tea  or  ooffee,  or 
coco,  [ErtfOroxybm  Ooca :  See  SriiniLum]  are  preferable. 

As  life  advances,  and  the  circulation  oecomea  languid,  wine  in 
moderation,  at  fit  times,  is  commendable.  It  has  been  designated 
"  the  milk  of  old  age,"  and  may  tend  to  prolong  life — but  in  excess 
oumot  fiul  to  shorts  it. 

The  selection  of  the  kind  of  wine  must  be  left  to  the  individual,  or 
to  the  judgment  of  his  medical  attendant.  Every  one  riionld  aim  at 
obtaining  yood  wine,  and  avoid  mixing  wines.  Wh^  gouly  persons 
use  wines,  it  should  be. Rhenish,  Moselle,  or  Bordeaux  (Claret),  and 
these  should  be  strictly  »dhered  ta 

In  the  treatment  it  tenst,  common  or  typhoid,  there  genenllv 
occurs  a  stage  whan  stimuLurts  are  requisite.   Of  th«M,  wine  is  mort 


frequenUy  employed.  But  as  the  type  of  fever  so  frequently  varies,  no 
rules  cut  be  laul  down.  Nothing  shows  the  disoiminating  power 
o|  the  phyidoian  more  than  his  i^bilztj  to  dedde  when  it  is  to  he  used, 
and  how  much  is  to  be  adminirtered.  States  of  great  fn«etration  need 
much.  Port  wine,  Madeira,  and  Champagne  are  moetiy  pre^red. 
But  if  arynpdaa  or  aSbctions  of  the  liver  ooour,  Moselle  with  Seltser 
water  is  best.  I^mpanitee  is  often  disnpated  1^  wine,  given  uther  hj 
tiie  mouth,  or  as  an  enema.  (Aberoromlae  on  the '  Diseases  oi.  the 
Stomaoh.')  The  some  autiior  sivea  cases  where  delicate  female^ 
nnacensttnned  to  Iha  daily  uae  of  wine,  had  bean  sftvod  1^  the  libenl 
use  of  wine,  in  oaaes  ttf  mudi  ^Mutlon.  But  theae  are  vaty  exlnina 
caaei.  Wine,  espeoially  port  wine,  g^ven  with  very  warm  water,  to 
persona  much  exhausted  with  over  walking,  or  durmg  oMiraleaeenae 
from  fevers  or  other  weakening  diseaaes,  before  oat-of-door  exercise 
can  be  taken,  often  insures  sound  refreshing  aleep  if  administtted 
about  the  usual  time  of  going  to  bed.  A  rusk  «  bisaoit  steeped  in  it 
oonverts  it  into  a  duestiQa  nipper  for  Rich  perBcns. 

WINE  AND  SPIRIT  TRADE.  It  wiU  be  cowanient  to  tnat  thia 
subject  uitder  two  anb-headinga, 

Wint  Trade.  The  wine  trade  of  England  has  been  govenied  for  a 
century  and  a  half  almost  wholly  by  a  particular  treaty  with  Pwiugal, 
called  the  Methuen  Treaty;  ciuefly  1^  creating  an  artificial  taste  for 
that  particular  wine  whiiui  h^ppuMd  to  be  most  easily  procured. 
During  many  centuries,  almost  the  only  foreign  winea  oonsomed  in 
England  were  fVench.  In  1698,  a  chang*  bi^>>  b^  favouring  POTtu- 
gal  wines  with  a  lower  import  duty ;  the  favour  was  increased  in  1697; 
and  in  1708,  Mr.  Methuen  negotiated  a  treaty,  whereby  England 
engaged  to  admit  ptot  wine  at  a  duty  of  (me-thiid  leas  than  that  on 
FVenoh  vrine ;  on  oonditi«i  that  Portugal  received  En^ish  manufac- 
tured goods  on  favourable  terms.  The  English  wine-driinkera,  in  fact, 
were  sacrificed  to  the  En^^h  manufacturers ;  and  the  effocts  have 
been  iqtparent  from  that  day  to  tiiis.  During  the  greater  pert  tA  ^e 
last  century,  England  toc^  twenty  times  as  much  Portuguese  wine  as 
French  wine,  until  tiie  taste  for  the  latter  became  almost  extinguished, 
exoept  among  the  wealthy  claaaaa.  The  wino-groweni  on  the  Douro 
and  the  great  fDCKbuits  at  Oporto,  finding  thiy  Ltd  nearly  a  in<mop^ 
worked  it  in  the  nanal  way  to  tbur  own  profit.  An  Oporto  Wine 
Compuiy,  established  in  17I!h^  purpoeely  dimmished  tiie  extent  of  the 
vineyards,  with  a  view  of  kecqpjng  the  price  wholly  under  their  own 
command;  and  tiiis  policy  was  suooeaaful  until  quite  recent  times. 
Almost  every  gallon  of  port  wine  was  sent  to  England ;  other  coun tries 
either  did  not  liko  it,  or  would  not  pay  the  price  demanded  for  it. 
The  natwai  flavour  and  quality  of  the  wines  <u  the  XS'ppec  Douro  are 
almost  unknown  in  England,  and  pvbably  would  not  be  reliahed;  they 
are  strtrngly  flavoured  for  the  Eqg^ish  market,  and  raquirs  to  be  kept 
many  years  in  the  wood  and  in  bottle,  before  th^  aoquve  the  qualities 
familiar  to  English  port  drinkers. 

In  1819  a  reduction  was  made  in  the  duty  on  French  wines;  and  in 
18S1  the  duty  on  oil  foreign  winea  was  equalised— after  128  years  of 
favouritism  to  PortugaL  "Sha  oonsomption  of  port  did  not,  howeTM-, 
yield  to  this  change ;  because  the  En^idi  had  become  aooustomed  to  the 
taste  of  that  wine,  and  had  not  yet  learned  to  appreciate  the  light  winee 
ofFrance.  So  signally  was  this  the  case,  that  in  1842,  elevenyearsafter 
the  equalising  of  the  duty,  the  English  consumption  of  FVench  wines 
barely  amounted  to  one  gallon  for  every  sixty  persons :  the  total  con- 
sumptitm  of  all  winee  was  about  a  quarter  of  a  gallon  per  head,  whereas, 
so  fiu*  back  as  the  year  1700,  it  was  a  gallon  a  head.  It  is  well  known 
that  wholesome  wine,  of  fair  <^uality,  can  be  expMted  from  France  at 
aixpenoe  per  bottie ;  and  it  sttll  remains  to  be  seen  to  what  degree 
England  will  be  able  to  avail  herself  of  this  advantage.  It  waa  atat^d 
before  the  Committee  on  the  Wine  Duties  in  1862,  by  Hr.  Forrester, 
an  extensive  wino-grower  in  Portugal,  that  no  prat  is  brou^t  to  Eng- 
land with  less  braMy  in  it  than  three  gallons  to  a^pe  <^  115  gallons; 
and  that  the  ratio  varies  from  this  minimum  up  to  a  ™*T^"'^iTn  of  1 7 
gallons.  Unfortunately,  too,  many  other  substanoea  beddM  brandy 
are  sdded  in  all  except  Uie  best  kinds  of  port. 

IVom  1697  to  1785,  the  quantity  of  foreign  wine  imported  annually 
never  varied  far  from  2,000,000  to  8,000)000  gallons ;  from  1786  to 
1851  it  varied  from  4/>00,000  to  11,000,000.  The  Portuguese  wine 
(port)  maintained  an  ofoendancy  over  Spanish  {sherry)  till  about 
1880:  ainoe  which  year  the  balance  has  been  rather  the  other  way. 
The  oifEbrence  in  the  above-named  quantities  was  in  the  imporit :  tie 
fume  ctmnmiptim,  from  1830  to  1860,  remuned  remarkably  constant, 
never  deviating  far  from  an  average  of  7,000,000  gaUons.  The  duty 
remained  tIbnKj  during  that  period  (about  5s.  M,  per  gallon,  or  11a. 
per  bottle),  and  the  oooaumption  barely  increased  as  n{ddly  as  the 
ptmolation. 

At  preaoi^  port  is  nadually  giring  dbce  to  aheny.  The  eutriea  ixx 
home  consumpUon  w  aU  kuMS  of  loreigD  wine.  In  1860,  were  oa 

follow : — 

From  Spain  l,9r5,7Sfl  gatlODs. 

„    FoMagd  I.T7B,138  „ 

„   France  l,l3S,aS9  „ 

„    South  Arriea  ...    lt6,«S*  «, 

H  Dateh  ponsMioBS  .  .  .  SSV"  m 
„  Italy  and  Naples  .  .  .  .  309,064  m 
.  AU  other  eosntries    .     ,     .    OSe,Ml  „ 
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Of  this  total  quantity,  8,001,413  gaUona  belonged  to  the  elasa  of  red 
■mam,  and  ifi5S,71d  to  that  of  vAiU.  The  most  noticeable  feature  in 
tbai  rear  wtt  the  advaQoe  is  the  French  wine  trade.  In  1SS7, 1S08« 
and  iSS9,  the  French  wine  drunk  aTeraged  aboni  600,000  gallons 
annually :  in  1860  it  was  nearly  double.  This  resulted  from  only  a 
few  months'  operation  of  the  new  tariff,  which  opened  the  way  for  the 
introduction  of  Frendi  winee  at  a  moderate  duty.  By  the  Cuetoms 
Duties  Act,  passed  August  28th,  1860,  foreigQ  wines,  during  the 
remaindo-  of  that  year,  were  to  pay  8«.  pw  gallon,  and  colonial  wines 
2«.  9d.,  ptm  5  per  cent.   From  ana  tdiir  January  let,  1 861 ,  all  wines 

Say  It.  per  gallon,  if  containing  leas  than  18  per  cent,  jnt>of  qiirit ;  the 
uty  riaos  to  St.  lid.,  according  to  the  sloohoHc  strength.  There 
seems  eometbing  reasonable  in  this,  making  the  stronger  wtnes  pay  the 
Ugher  dofy — provided  the  mode  of  testing  the  quality  be  not  too 
oomplez  and  troableeoma.  [Alooholohetrt.} 

We  may  here  remark  tlutt  Sykee's  Hydrometer  [HTOBomTBB]  is 
declared  by  the  legishttiire  io  be  the  offloial  means  of  AtnAAhitf^  the 
■looholio  ab«Dgth  of  wines  and  ^ihts ;  but  as  wine  is  now  to  be  esti- 
mated hv  the  quantity  of  spirit  it  contains,  attention  will  naturally  be 
paid  to  the  easiest  mode  of  TTmtjTig  the  estimate.  Mr.  Phillips,  chemist 
to  the  Revenue  Department,  has  reported  &vourably  of  CrtMikford's 
Patent  Spirit  Indicator  for  wines.  This  apparatus  Is  based  on  the 
principle  that  the  boiling  point  of  any  qurituous  liquor  depends  on  the 
quantity  of  oontained  Moohid.  It  oonaisti  of  a  sdritJamp  and  stand, 
a  boiler  and  condenser,  and  a  thermometer  wna  a  moveable  scale 
graduated  to  show  the  degrees  per  cent  of  pure  sfdrit,  and  fit^g  with 
an  air-tight  plug  into  tiie  boiler.  There  is  a  tin  vessel  to  hold  water, 
which  flows  thence  titrougfa  a  flexible  tube  to  the  inlet  of  the  con- 
denser ;  a  similar  tube  is  attached  to  the  outlet  whence  the  water  runs 
to  waste.  The  boiler  is  provided  with  a  condenser,  which  returns  to  it 
whatever  portim  of  tho  aloohol  is  exhaled,  so  as  to  include  it  in  the 
estimatq  of  the  sample. 

Hie  Refreshment  Houses  and  Wine  Licences  Act  of  1860  is  likely 
to  have  some  influence  on  the  consumption  of  wine  in  En^and.  Any 
shopkeeper  may  take  out  a  licence,  vaiying  from  10s.  6<i.  to  81.  8f.  per 
annum,  accon£ng  to  the  rated  value  of  his  house,  for  the  sale  by 
retail  of  foreign  wine.   The  word  "retail"  is  ooosidered  to  refer  to 

SoaatitieB  less  than  two  gaUons,  or  <9ie  doEen  bottles.  The  wine  may 
»  drank  oa  the  premises,  under  certain  specified  ocnditions,  and  on 
p^rment  of  a  hij^er  licenc»duty.  All  liquor  sold  as  wine  must  contain 
len  than  40  per  cent,  of  proof  spirit,  or  it  will  be  r^arded  as  spirit. 
Exdee  officers  are  to  possess  largo  powers  in  reqiect  of  the  examination 
it  all  Umes  of  premises  lionised  as  wine-shops.  Standard  measures  are 
to  be  used.  Numerous  preoautloDs  are  taken  to  Insure  the  honest  Inter- 
pretation of  the  Act— rendered  necessary  by  the  fact  tltat  spirits  now 
pay  tm  timet  as  much  duty  per  gal1<si  as  wine. 

Aiifit  Trade. — The  duty  on  spirits  has  been  heavy  for  more  than 
half  a  century  past,  varying  from  200  to  600  per  cent,  on  the  value  of 
the  article  taxed.  The  quanti^  of  home-made  ajHrits  whieh  paid  duty 
rose  from  9,000,000  gaUona  in  1602  to  28,000^000  gaUons  in  1849,  and 
26,000,000  gsl^  in  1854 ;  iHiile  in  the  last-named  year  foreign  spirits 
(nim,  brandy,  hoUands,  ftc.)  were  taxed  to  the  extent  of  about  5>000,000 
gallons.  Spirit  drinking  is  not  increasing  among  us.  In  1858, 1860, 
and  1860,  uu  home-made  qdrits  charged  with  duty  did  not  in  soiy  one 
year  reach  24,000,000  gallons,  being  leas  than  in  1864.  Thefordgn 
spirits  in  1860  (slightly  greater  tium  in  the  two  preoecUng  years)  pro. 
sented  the  foUowmg  quantities : — Bum,  8,700>000  ^<»)s;  Bnadj, 
1,460,000 ;  Oeneva^  or  Holland4, 260,000.  British  and  foreign  t<wether, 
there  are  about  80,000,000  gaDons  of  spirits  for  80,000,000  peojde,  or  a 
gdl<m  per  head  per  annum  each. 

An  interesting  matter  ooDoerning  spint  duties  Is  that  of  widhglated 
ipirit.  of  wine,  or  alcohol  m  a  strong  form,  is  used  for  many 

purposes  m  the  arts.  It  is  a  solvent  of  resinous  substances,  which, 
whm  thus  dissolvod,  aro  used  in  ■mwmfng  hat^  and  in  var- 
It  is  nsed  as  a  solvmi  in  the  manufaeture  (rf  many  c^umioal 


substances,  including  the  alkaloids  and  other  organic  product^,  largely 
used  in  medicine.  It  is  used  in  the  production  of  euier,  ohl<m>form, 
sweet  spirits  of  nitre,  and  fulminating  nitre ;  as  a  solvent  or  menstruum 
for  ad^pinistering  the  animal  and  vegetable  substances  used  in  medicine 
in  the  form  of  tinctures;  as  a  fuel  for  burning  in  spirit  lamps;  as  an 
addition  to  oil  of  turpentine  or  other  hydro-earbons  in  lamps;  and  as 
a  solvent  for  essential  oils  and  other  odoriferous  substances  used  in 
perfumery.  For  all  such  purposes  aloohol  is  vary  valuable ;  but  the 
high  price  is  a  bar  to  extensive  use.  There  is,  however,  a  liquid  now 
wdl  known  to  chemists,  called  sutAylofsd  ij^rit,  which  will  answer  tor 
Uiase  purposes  nearly  as  well ;  and  as  this  is  not  fit  for  drinking,  manu- 
faotnrera  nave  for  some  years  urged  the  Bxdse  to  remove  tiu  duty 
from  simply  in  the  interests  of  productive  industry.  In  1666, 
Hessra.  Greatorex,  Hofmann,  and  Redwood  [aesented  a  report  to  the 
government  on  this  subject.  They  Med  to  produce  a  substitute  for 
spirit  of  wins  that  would  not  be  drinkable,  such  as  sulphide  of  ethjj, 
caoutohieine,  ftc.  At  last  thc^  found  that  wood  TiM^thfr,  pyroi^lic  or 
methylio  ^rit^  mig^  bo  so  prepared  as  to  ha  nsefiu  to  miMMfiwtMWT^ 
and  yet  not  lilraly  to  be  used  by  qtirit  drlnksrs  as  a  sabstitots  fra  gin. 
Messrs.  Tumbull  of  Qlasgow  announced  that  t^c?  could  make  it  at 
8l  Qd.  per  gallon ;  and  others  have  stated  it  mig^t  possibly  be  pro- 
duced for  &».  Two  gallons  and  a  half  of  methylated  sinrit  can  be 
obtained  &om  one  ton  of  diy  w&od,  Hr.  Smith,  the  distiUsr,  of  Whito- 
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chapel,  expressed  a  belief  that  publicans  would  not  venture,  if  the 
meUiylated  spirit  were  rendered  ever  so  cheap  by  the  removal  of  the 
du^,  to  mix  more  than  A  put  with  their  gin,  for  fear  of  exciting  the 
susjucion  of  their  customers.  The  chemuts  reported  to  tiie  Excise 
tiiat,  in  their  c^inion,  methylated  sfarit  might  be  set  free  from  duty 
without  affectmg  the  ordinary  revenue  from  ardent  spirits.  "It 
^peara  to  us  that  it  would  be  proper  to  mix  tiie  spirit  hi  tne  distillery, 
and  to  declare  illegal  the  possession  of  the  methylated  spirit  a 
rectifier  or  publican.  The  retail  sale  of  Uie  methylated  spirit  would 
thni  Ul  into  thn  hands  of  dnedsts  and  dlmen,  who  could  be  supplied 
direct  from  tie  distinera"  T^  advice  has  been  acted  tm.  A  small 
per  centage  of  pure  methylatad  spirit,  mixed  with  aloohol,  k  allowed 
dn^  free ;  it  is  suitable  for  all  manufacturing  parpoeea,  but  is  not 
drinkable,  nor  can  the  aloohol  be  separated  from  it  by  any  available 
process.  Ail  the  government  pyrotecdinic  or  artillery  compositions 
are  now  made  with  methylated  mrit  instead  ot  spirit  of  wiua;  and 
the  liqnld  is  onning  very  largely  mto  uaa, 

The  duty  on  spuits  underwent  changes  in  1868, 1864,1856,  1658, 
and  1860.  In  1860  an  aot  was  passed,  which  repealed  wholly  or  par- 
tially no  less  than  twenty^ix  former  acta,  embodying  all  the  regulations 
for  the  guidance  of  manuiacturm  of,  uid  dealers  in,  spirits.  In  the 
same  year,  another  act  fixed  the  duty  on  British  spirits  at  f*t.  Id.  per 
gallon  till  July  17th,  1860,  and  10*.  after  that  date.  By  the  Customs 
Act  of  the  same  year,  foreign  spirits  pay  an  import  dnty  about  equal 
to  the  Exdse  du^  on  ^itish  spirits,  namely,  10s.  2d.  to  lOfc  5d.  per 
gallon. 

WINBS,  BRITISH.  British  wines,  or  Sweets,  as  they  are  called  by 
the  Excise,  are  sweet  beverages  made  aa  substitutea  for  real  wine.  The 
makinf  of  them  forms  a  part  of  domestic  chemistty  or  household  skill, 
as  well  as  a  branch  of  trade.  General^  spe^ung  they  are  preparad  from 
the  juioe  of  fruits;  but  a  large  number  of  other  otien^oal  substcuoea 
are  similaily  anqdoyed.  Tba  oommon  English  fruit  wines  comprise 
gooeeberry,  currant,  cherry,  raspberry,  midberry,  strawberry,  apple, 
elder,  whortieberry,  blackberry,  damson,  bullaoe,  apricot,  orange, 
itmiper,  lemon,  grape,  peach,  quince,  and  mixtures  of  t^ese.  The  dry- 
fmit  wines  are  ohiedy  rairin,  fig,  and  date.  The  root  winee  are  such 
as  rhubarb,  celery,  parsnip,  turnip,  and  beet-root.  Ilie  flower  and  sap 
winea  comprise  cowslip,  eldw-flower,  rose,  dove,  riUiflower,  violet, 
carnation,  UTUider,prinaose,  balsam,  pine-a[^,  birui,  fto. 

In  the  neparataon  of  ordinary  miit  wmes,  the  fruit  is  selected 
mature  and  ripe,  but  not  so  sweet  as  over-ripe  fruit.  The  stalks  and 
the  damaged  porticHis  are  picked  The  rest  is  bruised  hi  a  tub,  put 
into  a  vat,  and  steeped  thirty  or  foi^  hours  in  water,  with  frequent 
stirring.  The  liquor  is  drawn  off.  The  pulp  ia  pressed  in  hair  bags; 
sugar,  tartar,  Sul,  are  added,  and  stirred  for  some  time.  Vinous  fer^ 
mentation  then  oommenoea;  during  its  continuance  the  liquor  is 
frequently  skimmed,  and  after  three  or  four  daya  is  run  off  into  casks. 
In  about  a  week,  flavouring  ingredients  are  added ;  and  several  days 
afterwards  brandy  or  some  other  sgiijt.  Fhung  and  racking  oomplete 
tiieprooBBB.  SoiMfrnltsarobattarforboilingDafaretiMseopmtnns; 
othen  would  he  noiled  thereby. 

The  Excise  aotuorities  flrst  gave  the  name  of  tweett  to  raisin  wine ; 
but  the  name  became  afterwaiqs  applied  to  all  tiie  fermented  bever- 
ages known  as  British  wines.  The  making  of  raisin  wine  sa  a  brandi 
of  trade  arose  in  a  curious  way.  In  Vimeqab  ICANurACTuaB  it  is 
e^lained  that  a  substance  called  nqw,  omuiBtiDg  of  the  stalks  and 
skins  of  raisins,  fomil  the  beat  known  fiHsriiuc  and  tduifjring  anb- 
stance  for  vinegar.  When  Hark  Bawifay  established  his  vinegar  works 
at  Lambeth  more  than  a  century  ago,  he  could  devise  no  better  way  of 
obtaining  rape  thm  h7  parchaslng  raisins,  steeping  them,  throwing 
away  all  the  juicy  portion,  and  retuning  the  rest  Dr.  Fothergill,  an 
eminent  physician,  suggested  to  him  the  making  of  raisin  wine  out  of 
the  juioe,  instead  of  wasting  it  He  did  so ;  and  thus  commenced  a 
trad*  vi4iieh  has  been  continued  hj  hia  dasoendants  evw  dbioe.  Tho 
manufacture  of  laiidn  wine  requires  Isrgw  wpliances  than  those 
which  relate  to  familiar  English  fruits.  The  kmda  of  raidns  chiefly 
used  are  Smyrnas,  Malagas,  Lexias,  Faros,  and  Cape  de  Yerds ;  these 
produce  various  qualities  of  wine  known  such  terms  as  dry,  noeer, 
im»jf-bodied,  rim.  Ml,  tea.  The  wholesale  purchases  of  raisias  are 
made  ehi^y  towuxls  ih»  close  of  the  year ;  and  tiie  wine  is  made 
from  tiience  to  sjaing.  The  hard  masaes  of  fruit  are  beaten  open,  and 
steroed  in  water  till  the  raisins  swell  and  float.  All  the  vinous  and 
saowtarine  juices  are  then  pressed  out  by  hydraulic-presses,  screw- 
presses,  or  heavy  weights,  according  to  the  scale  on  wluch  the  opera- 
tions are  conducted.  Fermentation  ia  then  induced  in  the  juice  by  a 
leaven  or  yeast.  From  the  farmenUiig  tuns  the  juice,  which  is  now 
wine,  passes  to  other  VBMds,  where  the  racking,  flidng,  and  sweetening 
are  carried  on. 

Home-made  wines  or  sweets  paid  a  small  duty  until  1884;  but  the 
du^  was  abolished  in  that  yeu-,  tince  whitdi  time  the  extent  of  the 
manufacture  has  not  been  known. 

A  maker  of  sweets  mi^  be  as  honest  a  dealer  as  a  maker  ol  the 
best  ted^  wines;  but  unCortunaitdy  the  dwaperwiiM  has  oomoto 
beusedasanadultarantofttatidiidilanioreoosl^.  There  Is  hardly 
any  poMibiUty  now  of  determining  to  iritat  extent  tite  rectifier  and  the 
British  wine  maker  are,  knowingly  or  unknowingly,  concerned  in  pro- 
ducing imitatioas  of  foreign  wine.  If  the  name  pven  to  the  bemr^ 
be  niw  as  to  dMMta  home  aunnfaotuvB^  th«  Is  nodilBcii%.  There 
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sn  in  the  market  Trines  demsnated  Britiali  champagne,  BritiBh  port, 
British  Bherry,  British  Mosellej  fto.  Theee  are  made  in  England 
mostly  from  Eogliafa  fruits,  processes  in  whiuh  the  rectifier  aod  the 
Britisb  wine  maker  are  concwoed.  But  tiie  great  fraud,  wbioh  recent 
iuTestigations  hare  brought  to  lif^t,  ja  the  making  op  of  a  mixture 
which  ahall  hear  the  name  and  bring  Um  price  of  famgo  wine.  It  haa 
been  aaUmated  that  two  oot  i4  thraa  bottles  of  all  the  ao-oaUed  diau- 
pagoe  sold  in  Kogland  are  surreptitiouB  :  the  wine  beinjc  made  ohi^y 
from  IhigUdi  gooaeberriea.  Cider  is  a  ohief  oonatitueot  m  a  very  large 
ropwtioo  of  the  low-priced  pwi.  Much  of  tita  pOTt  Imported  from 
P<»tag»l,  also,  ia  adtuterated.  It  wm  proved  before  a  «ommittee 
of  the  House  of  Cononcraa  on  the  Wine  Dotias,  in  1803,  that  the 
Fortuguesa  mix  eld«r-juioe,  ^n^«-juiaa,  doe-juioe,  and  logwood  decoc' 
tioD,  in  the  p(nt  wine  iatoiuUd  for  the  Engluui  market;  sod  that  the 
Spaniards  are  not  more  scrupulous  in  referaica  to  sheny.  They 
believe  that  the  English  taste  for  wine  is  so  deprared,  as  to  render 
deteotion  improbable.  When  the  wises  roasfa  giig>™i,  various  other 
ingrediBDti  ara  ottMi  added,  iwniinitng  oak-baik,  ttunsola^  ddsr,  privet, 
beet,  Bntsil-wood,  eudbear,  red  Sandem  wood,  and  oatedm  some  to 
hide  the  ImA  that  a  large  quantity  of  water  haa  been  introduced, 
some  to  imitate  the  right  «olour,  some  the  right  onut,  fto.  It  has  even 
been  found  titat  glass-makers  are  employed  to  make  bottles  of  glass 
having  a  peculiar  chemical  eoostitutum,  auoh  as  to  lead  to  the  fonoa* 
tionof  a  sort  of  skin  nr  soom  which  shall  imitate  the  "  bee's  wing  "  (rf 
"  fine  old  oruated  port."  Many  iweipta  for  making  so^allad  prat  via* 
are  extant,  soma  of  which  ooouin  not  a  drop  of  reu  port.  It  is  knovn 
that  much  of  the  poii  «old  at  puUio-housai  can  be  made  for  l«.  A<2. 
pa-  bottle,  thus  leaving  a  laiga  proBt,  evaawhen  Bold  at  what  ansmn  to 
be  a  low  price. 

It  mAj  be  wdl  to  retnaik  that  hnody,  eithw  real,  foreign,  or  imita- 
tive British,  is  used  to  mask  the  use  of  adulterants  in  port  wine^  In 
iaiitoUng  most  othw  ftnretgn  wines,  the  producs  of  the  ^itish  wine- 
makers  is  more  eepedally  relied  upon. 

WINTER,  SFRIKa,  SUMMER,  AUTUMXT.  Tb0  astronomical 
meaniDg  of  these  words  is  derived  from  the  oonsiderationB  in  SxjlSOSs, 
and  we  are  told  and  taught  that  winter  begins  at  the  vinter  aolstioe. 
Bluing  at  the  vernal  oquinox,  summer  at  the  summer  solstioe,  and 
autumn  at  the  autunuul  equinox.  That  is,  aoowding  to  the  best 
authorities,  it  ia  spring  firom  the  middle  of  March  to  the  middle  of 
June,  summer  from  tiieaoe  to  the  middle  ai  September,  antunm  frtmi 
thence  to  the  middle  of  December,  and  winter  from  thenoe  to  the 
middle  of  March  again.  At  the  aame  time  the  poets  ood  the  f»xvaan, 
who  have  a  much  better  lif^t  than  the  astronomers  to  settle  the 
meaning  of  these  terms  for  oonunon  uee,  agree  in  placing  the  riae  of 
vegetation,  the  pairing  of  birds,  and  the  first  sf^iearanoo  of  flowers  in 
the  spring ;  ttie  hay  iineei  and  the  ripening  ^  aiu  (he  earUer  fruits  in 
summer ;  the  grain  harvest,  the  later  frdts,  and  the  fall  (rf  llw  leaves 
in  autumn ;  uid  the  hearier  frosts,  snow,  and  ice,  in  winto-. 

It  is  impoaaible  to  fix  a  oommoo  oonuneooement  of  the  seasons  even 
for  the  parts  of  the  earth  which  lie  between  the  Arctic  circle  and  the 
tropic,  which  are  all  that  need  be  coundered ;  tor  the  polar  and  inter- 
tnqiioal  re^ona  have  each  a  set  of  seaac«iB  of  their  own.  But  this  we 
may  safdy  ssy ,  that  the  agricultural  and  poetical  seasons  an  earlier 
thu  ibe  astronomical  ones.  All  that  distinguish^  qning  from  winter 
begms  to  take  [daoe  befcm  the  venud  equinox,  all  that  distinguidieB 
summer  from  spring  before  ih.*  aummsr  solstice,  and  ao  oa.  Most 
it  will  be  found  that  th«  grenteat  iidnnty  ci  the  aencal 
MM,  one  yaar  nith  aaotlMr,  at  n  period  not  hmg  afttr  Uu 
ptunomenon  at  which  tiie  asason  is  said  to  oonuoMMw. 
Whm  the  jrear  is  divided  only  into  nimmer  and  winter  without 
further  subdivision,  it  ia  then  an  axaot  diviaLon  to  say  that  the  two 
halves  begin  and  end  with  the  equinoxes.  But  bera  the  principal 
phenomena,  the  aolstioes,  on  a^mnoh  to  whiob  heat  and  oold  depend, 
are  in  the  muUb  of  the  halves.  If  we  were  to  divide  the  year  into  four 
BeasMis,  during  which  tiia  mrUk  riiould  rootin  iiBom  the  Mm  the 
greatest  and  leart  p(Krtionof  hM*  hi  two  of  tfaam.  and  iBtastoediat* 
portums  in  the  other  two,  the  foor  astronomioal  oommenoeoirata 
should  be  made  the  middle  points  of  these  wsmM  The  ooMidflfatioa 
in  SeasoKb  will  easily  moke  it  ^peor  why,  for  the  same  reascm  as  the 
greatest  heat  ia  after  the  longest  day,  the  middle  of  the  agrioidtuxal 
seasona  should  fall  after  the  astroMmical  point  of  sMMration. 

WIKTER-S  BARE,  the  baik  oC  Drymii  WiHttri^^) ;  called  alw 
WtnUra  anmuouia  (Mumy  and  WiUd.),  tiM  tme  Wisteria  Bark,  or 
Mag^lanic  Ciunomim,  to  distinguish  it  frmn  the  t»rk  of  OatuOa  aI6«, 
or  false  Winter's  Bsak.  Aa  one  erf  the  names  imports,  this  is  oUwBed 
from  a  tree  growing  in  SouHi  Amerioa,  from  Magslhaen's  Stxaita  up  to 
BrsnL  It  is  met  with  in  oylindera,  rarely  fiat  pieoee  (tiuaa  last  are 
termed  earyoeogtin),  from  one  to  two  feet  long,  and  from  six  linas  to 
two  or  three  inches  in  diameter.  It  m  geocnUy  fiaed  fram  the  outer 
rind  (which  is  tasteless  and  without  aroma),  oul  ia  of  a  yellowWi-fed 
colour,  with  reddish-brown  points,  the  marka  where  tiie  leavw  and 
yoocg  branches  have  been.  Tbe  inner  suiiaoe  is  toleiab^  smooth, 
more  or  less  dear,  of  a  reddwh-brown  ookur,  which  aervea  to  diatin- 
goisb  it  from  the  bark  of  OaaeU*  tUba,  irtiich  is  much  pOer.  The 
tute  is  atomalae,  ahaip,  burning,  and  peK>eiy.  The  smell,  when  fiiet 
broken,  w  Bgreaable,  reeemUing  a  mixture  of  «iov«a,  cinnamtm,  pwpa-, 
ind  maijonHn.  'fw-. 

AooordiagtoBentT,  ita  ohcmiaat  <¥miy»Hw»i  ia  mbb.  ToUilt  oil, 


colouring  matter,  tannin,  acetate  of  potass,  chloride  of  potassium,  buI- 
phate  of  potash,  oxalate  of  lime,  and  oxide  of  iron.  The  volatile  oil  is 
pale  yaUow,  lighter  than  water,  with  a  very  hot  and  acrid  taste.  By 
standing,  it  separates  into  two  parts:  one,  the  most  abundant,  a 
greenish-yellow  liquid;  the  other  (heavier,  but  lighter  than  water), 
white,  and  of  a  htty  oonsiatMice.  The  volatile  oil  of  CaneUa  is  heavier 
than  water :  this  serves  to  distangQiah  them,  as  well  as  re-agent«, 
showing  in  the  true  Winter's  Bai«  the  presence  o£  both  tannin  end 
iron,  which  are  wanting  in  the  Qmdla. 

Winter's  Bark  ia  an  anmutio  ffcjTn'Tl""*'-  and  tonio,  of  a  yeiy  valuable 
kind,  and  it  is  to  be  rraretted  that  its  use  has  boen  almost  entirely 
superseded  by  the  falae  Winter's  Bark  (Cbru^).  Dr.  0.  F.  von  Maztfoa 
says  :  "  This  bark  daaerves  the  first  pjace  among  the  aromatic  tonics  of 
this  flountiy — that  is,  BrsciL"  When  no  inflammatOTy  state  of  Uie 
stomach  contraindicates  its  use,  in  debility  of  the  digestive  cH;gaaB, 
with  loss  of  aj^ietite,  or  slow  digestion,  it  is  a  valuable  remedy. 

WIREDRAWINQ.  Wire  is  metal  eloof^tsd  jnto  the  tomcd  » 
dendw  cylindrical  rod,  often  as  fine  as  to  b«  ocmpacablB  to  • 
thread,  1^  the  opwatim  of  wir»<lrawing.  This  process  consista  in 
passing  a  piece  of  ductile  metal  throu^  a  amies  of  holes,  succesaivdy 
HiminijhiTig  in  diameter,  in  a  hordenad  8teel-{date  called  a  drattyplaU, 
so  as  to  reduce  its  anws^ection  to  the  size  and  figure  of  the  last  or 
smaUeet  hole,  inoreaeing  ita  length  at  the  same  time  in  a  certain  propor- 
tiootothe  diminution^  thidkness  oocaaiooed by  the  process,  Tlwugh 
oc^naty  wbe  Is  eylindrical,  the  natuie  oi  tha  proooH  of  wi»-dxairing 
Tenders  ft  aviUi^  lor  the  tamaHaa  (d  slender  rods  of  any  other 
required  figure.  An  imptotant  ^>plication  of  the  ^trooess  to  the  pro- 
duotion  of  other  forms  is  to  Uie  maoiifacture  of  pMion-mre  for  tame- 
keepers.  This  is  produced  of  any  required  sise  and  number  of  teeth, 
and  the  wire  being  cut  to  the  required  length  for  both  pinions  and  axis, 
the  teeth  are  filed  amay  from  the  portion  used  for  the  latter.  By  this 
means  pinions  me^  be  formed  aA  much  less  sxpeoas  than  by  the 
ndioary  prooeis  vAeel-eutting;  The  grooved  rints  of  aaa^ade- 
frames  are  another  example  erf  the  useful  ^>plication  of  tae  wire- 
drawing process,  they  being  formed  c£  wire  made  for  the  puipoae. 

In  eeriy  times,  metals  were  probably  beaten  out  with  a  hammer  into 
thin  plates  or  leaves,  irtuch  were  then  divided  into  small  slips  by 
means  of  scissors  or  some  other  cutting  instrument ;  these  slips  woe 
subnaquently  rounded  by  a  hammer  and  file,  so  as  to  form  tiuoada  or 
wires.  Betxmaon  e^qneeses  his  opinion  that  the  rarity  with  wbidt 
works  made  with  threads  of  mettd  are  alluded  to  strengtheos  tlu  pre- 
sumption-that  the  aocienta  were  unacquainted  with  the  jwoceaaof 
pitxhuang  wire  or  metallic  threads  by  drawing.  So  long  as  wire  was 
formed  by  the  hammer,  the  artaats  of  NUn^erg,  hy  whom  it  was 
fihbricoted,  were  styled  mremkkt,  but  subsequent  to  me  inlzoductun 
of  the  drawing  process  their  designation  was  changed  to  mre-draam 
or  wiretniUert ;  and  as  these  appellations  occur  as  early  as  1351  and 
1360,  in  the  histories  of  Augsburg  and  Numberg  respectively,  Bedt- 
mann  conceives  that  tiie  invention  of  wir»drawing  must  be  ttiBignwd 
to  the  14th  oentuiy.  In  all  probability  the  eariieat  drami  wire  waa 
nude  by  band,  but  ere  hsig  a  nuchioe,  impelled  hj  mter-powor,  and 
capaUe  of  drawing  wire  without  the  iaterventifHi  of  the  hand,  was 
iirtroduoed.  Though  the  point  is  not  certainly  establidied,  this 
iogHiioos  maohine  imieBTS  to  have  been  first  constructed  at  Niimbetg 
by  a  peraon  named  Ludolf,  who  kept  it  secret  for  aome  time,  and 
realised  mudi  money  by  the  use  of  it.  Niinibeis  also  ^e  birth  ta 
many  aubsequent  improvements  ia  the  manofriCture  of  vanooa  kinds  of 
wirei  The  predoos  metels  were  ondoahtadly  KnoDg  iba  fir*  mads 
into  wire ;  and  periiaps  brass  and  Iron  mn  not  cuswn  until  some 
time  after  the  invention  of  the  art.  Blanch  iron-wire,  or  white  wire, 
is,  however,  meotaooed  in  *  Set  of  maoufaotured  artidlee  the  importa- 
tiw  of  which  into  England  was  prtdiibited  by  aa  act  of  the  rei{^  <rf 
Edward  III.,  in  the  year  146S;  and  in  a  similar  act  passed  in  1481 
b(^  iron  and  lattcn  wire  ore  mentioned.  Anderson  reoorde,  under  the 
year  lUfi,  giaabing  of  patents  to  ontain  Dutohmen  or  Oermaos 
for  the  proaaoowon  in  England  of  various  manqfaoturaa,  among  iriiui 
is  that  of  wire.  He  states  that  prior  to  that  time  all  En^ish  iron 
irire  spears  to  have  been  drawn  by  manual  strengtli,  in  the' Forest  of 
Dain  and  elsewhere;  and  that  until  these  forei^^era  introduced  the 
use  of  a  diawinff-mill,  the  quality  of  English  wire  was  so  bad  that 
moat  U  that  used  in  the  coavtry,  aa  well  as  ready-made  wool-oards  and 
eimflar  aitidei^  ma  imported  from  ahnwd.  By  the  jrear  16S0  the 
mauufrotara  amean  to  nave  made  auch  progreae,  that  in  a  [Mocdbtnar 
tion  of  CbariesX  it  is  alluded  to  aa  a  manuSwture  of  long  standii^, 
and  me  whidi  employed  maay  thousand  persons ;  and  it  is  asaerted 
"  that  {^Dglidi  wire  is  made  of  the  toughest  and  best  Osmond  iron,  a 
native  eommodity  of  tliia  kingdom,  and  is  much  better  tlian  wtut 
oomss  from  foreigD  parts,  espeeiaUy  for  making  wod^-oaids."  The 
proolimatioa  thm  forbids  the  importataoB  (rf  {ndgafron  wiis,  and  of 
vocd-oards,  hooks  and  ^es,  and  othar  artide>  made  of  iL  The  finfe 
wuo-mill  in  England  waa  set  vq>  at  Sheen,  near  Ridmiood,  by  a  Dutch- 
man, in  1662.  Th»  wire-drawing  busineaB  either  following  the  cloth 
msnufsoture  ot  determined  by  the  proximate  localities  of  ooal  and 
iron-fltone,  took  deep  root  in  we  nei^bourhood  of  Bamsley  in  Tork- 
shire.  The  maanfaoture  of  ooimar  and  brass  wire  in  this  oountiy  was 
ocHnmeiiced  about  the  year  10tf ,  at  Eibker,  br  two  jEtneignua;  but 
thOT  ased  Swedish  roao  ompper. 

For  the  ma&B&otara  <a  iron  win  HHwy  bert  aai  tow^wt  inai 
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is  Belectiod.  Befot«  the  prooeac  of  rolling  with  groored  ndlflrs  had 
bMonM  oommon,  thii  luporior  hn»  wu  propared  for  the  drawing- 
nachliw  hy  extending  it  irith  the  hammer  mto  oonrenlent  rod%  about 
the  thiotoWMi  of  the  Uttie  finger.  TWe  rods  were  further  reduced  in 
thioknees  and  extended  in  Inigth  br  a  coarse  kind  of  drawing,  called 
ripping  or  rKmpUt^,  with  the  kind  of  machine  deooribed  by  Beokmann 
as  probably  the  invention  of  Ludol£  HoUandj  mittog  about  1888, 
etatee  that  alUioo^  this  ooatrivanoe  is  now  nvely  to  be  seen  in  the 
large  wire-mills  oi  this  ooimtry,  it  remaina  in  use  in  some  old  eBt»- 
blisbmenta;  and  also thak  in  IntMe,  and  amcoig  the  continental  manu' 
faoturers  generally,  iron  wire  was,  until  nHhitt  a  late  period^  altogether 
drawn  by  such  an  apparatua 

In  moawn  inaatioe  both  iron  and  steel,  bat  espedaUy  ttie  fonner, 
are  prepared  {or  the  final  drawing  hj  passing  between  grooved  rollers, 
maae  with  the  greatest  aoouraoy.  The  roUen  used  for  this  purpose 
are  generally  at  least  seven  or  ei^t  iuohes  in  dlMueter,  and  are  some- 
times made  to  perform  860  revolutions  in  a  niinttt&  A  bar  of  steel 
thirty  indies  long  and  an  Inch  square,  heated  to  xednees,  is  passed 
between  the  rollen,  through  grooves  sucoestlvdy  «Hmfa1«>iltig  in 
ei^t  times  in  less  than  a  minute,  and  la  thereby  eSongated  to  from 
twenW  to  thirty  feet.  As  it  would  be  difficult  and  iuxmrenient  to 
pass  the  rod  back  between  each  rolling,  in  order  that  it  might  alwaya 
enter  the  grooves  in  the  same  direction,  three  rollers  are  used,  placed 
one  above  the  other,  so  that  when  the  wire  hae  passed  in  one  directim 
between  the  two  upper  roDera,  it  may  pasi  hnok  In  the  cqipodte 
direction  between  the  two  lower  rollers,  ana  etee  ver$d,  thus  avoiding 
any  Iobs  of  time,  heat,  or  labour  in  poaalng  it  backwards  and  forwards. 
For  ordinary  wire  the  rods  are  commonly  reduced  to  a  thiokaess  of 
about  one-eighth  of  an  inch  by  this  process.  The  sleoder  rods  thus 
poduoed  are  called,  from  their  appearance,  blad:  win,  to  distinguish 
them  from  drawn  or  bHght  win ;  and,  on  account  of  its  ehaapneas, 
such  wire  is  preferred  for  ooarse  purposes  in  which  It  Is  either  to  be 
painted  m  concealed  from  view.  It  Is  commcmly  used  by  tinmen  and 
braziers  for  atrengthening  the  rims  of  pots,  kettles,  and  various  kinds 
of  tin-ware  and  copper-ware.  The  kind  of  cast-steel  wire  of  wliich  the 
best  needles  and  some  other  articles  are  made,  is  not  usually  submitted 
to  the  rolling  process,  but,  after  being  tilted  to  about  a  quarter  of  an 
hush  square, » is  nnmded  on  an  annl  previous  to  eloogation  bjthe 
draw-plate. 

In  whatever  way  the  metal  may  hare  been  prepared  for  the  ultimate 
process  of  drawing,  or  whatever  may  be  the  motive-power  employed  in 
that  process,  it  ig  essentially  the  same.  The  dnw-^te  is  usually 
formed  of  a  stout  piece  of  shear-steel,  about  six  indies  long  and  an 
inch  and  a  half  in  diameter,  &ittened  on  one  dde.  It  is  pieroed  tiaua- 
Tersely  with  eeveral  conical  holes,  the  laiser  orifices  of  whbsh  open 
upon  the  flattened  sorfaoe  of  the  ^te^  whUe  their  smaller  orifices  are 
carefully  finished  to  ^e  dze  to  which  it  Is  intended  to  reduce  the  vrire 
drawn  through  them.  When  the  holes  have  become  enlarged  by  use, 
their  smaller  orifices  are  reduced  by  hammering,  and  then  reopened  to 
the  proper  size  and  form  by  means  of  a  long  taper  needle  called  a 
priichdL  The  art  of  tnalfing  draw-plates  has  been  carried  to  much 
g«ater  perfection  In  France  iban  Id  this  counby ;  and  In  time  of  war 
fVenoh  draw-plates  have  been  sold  for  their  wei^t  in  silver.  The 
French  plates  consist  of  a  bar  of  wrought-iroa,  about  two  inches  broad 
and  one  inch  thick,  covered  on  one  side  with  a  very  hard  composition 
called  potin,  which  consists  of  fragments  of  cast-iron  pots,  broken  with 
the  hammer,  and  mixed  with  pieces  of  white-wood  charcoal.  One 
side  of  the  wrouzht-iron  bar  is  hammered  to  a  furrowed  aur&ce,  and 
covered  to  the  depth  of  about  luJf  an  Indi  withfdeoes  cd  tlwpre- 

CA  potin;  the  whole  is  then  wrmed  up  la  a  coarse  doth*  w^iih 
been  previously  dipped  in  clay  and  water  mixed  to  tile  ooousteni^ 
of  cream,  and  finally  put  la  the  forge.  Being  more  fusible  than  the 
wrou^it-iron,  the  potm  Is  t^e  firat  to  melt :  and  aa  soon  as  it  Wjns  to 
do  BO,  the  plate  is  withdrawn  from  the  fire  and  gently  bammendTiuMl 
Qie  heatnig  and  hammering  are  repeated  alternately  until  the  un^  of 
the  two  metala  is  complete.  The  plate  is  subsequent^  reheated,  and 
extended  by  hammering  to  double  its  origiaal  lengu ;  Uie  harder 
metal  b^^  so  perfectly  united  with  the  other  as  to  form  a  mallealde 
alloy  with  it ;  and  while  the  bar  remains  hot  the  holes  ore  formed  by 
punching.  For  this  (^>eration  the  bar  is  four  times  heated,  md  after 
each  reheating  a  finer  punch  is  employed,  so  as  to  make  the  hoki 
taper.  The  holes  are  formed  bam  the  wrought-iron  side  of  the  bar, 
and  are  not  carried  completely  through  by  the  plate-makw ;  the  com- 
pletion  of  the  holes  being  performed  with  sharp  punohea  when  the 
plate  is  cold,  by  the  wire-drawer  himself.  Another  mode  of  [OoduQtsg 
draw-plates,  practised  at  one  of  the  principal  wire-manufitctories  in 
France,  tiiat  of  the  Uessrs.  Houdiel,  at  I'Ai^,  in  the  depaiiauent  of 
rOme,  Is  by  ariuDginK  several  j^eoes  of  wrought-Inui  in  toe  form  of  a 
box  without  a  lid,  and  filling  the  cavity  wit^  cast-sted.  The  yrbcAa  ia 
then  covered  with  a  luting  of  day,  heated  unto  the  steel  begins  to 
melt,  and  worked  with  a  hammer  in  a  umilor  way  to  that  above 
described.  When  draw-plates  have  been  hammered  up  several  times, 
to  reduce  holes  worn  too  large  by  use,  they  become  so  hard  as  to 
require  anneaUng.  After  every  precaution  lus  been  observed,  draw- 
plates  will  vary  somewhat  in  bardneas;  but  those  whiobi  are  too  b<A 
fur  drawing  iron  wire  mt^  be  used  for  bnuM^  while  the  very  hardest 
are  reserved  for  steel  wire. 
Tba  nwdes  of  detenniiiiiig  tlw  tiuckims  <A  vin,  tad  the  improre- 


mente  in  graduation  suggested  by  Hohnpffd  and  WhitworUi  for  this 
purpose,  are  notioed  under  Oaos. 

In  drawing  wire  by  hand  the  dntw-plate  is  l&id  agamst  two  upright 
pillara  fixed  on  a  bench  or  taUe,  and,  the  extreme  end  of  the  wire 
to  be  drawn  being  so  reduoed  as  to  enable  it  readily  to  pass  through 
the  hole,  a  small  portion  is  drawn  through  by  a  lever  apparatus. 
When  a  sufflnent  length  of  wire  has  thus  been  brought  through 
the  plate,  It  ia  secured  to  a  conical  or  cylindrical  drum,  which  is 
mounted  upon  a  vertieal  axis  imKPsite  to  the  hole  in  the  draw-plate. 
The  workmsa  thentakes  in  one  hand  the  odl  of  thick  wire  to  be  reduced, 
and  in  the  other  a  lever  handle  attached  to  the  drum;  and  while 
he  tarns  the  drum  so  as  to  wind  the  wire  upon  its  circumference, 
and  consequently  to  draw  it  through  the  plate,  ha  imports  a  kind  ^ 
twist  to  toe  wire  which  enten  Uie  plate,  by  a  peculiar  motion  of 
tiie  hand  in  which  the  coil  is  supported.  In  drawing  coarse  wire, 
which  requires  eonsiderable  power,  the  workman  walks  round  the 
bench  at  each  revolution  of  the  drum,  carrying  the  lever  round 
with  him ;  but  for  finer  wire  the  amiaiatus  Is  much  lighter,  and 
requires  very  little  labfmr.  In  factonee  where  hianimate  power  ia 
used  the  winding-cylinders  are  tamed  bevil-gearing  underneath 
tiie  bandi,  and  the  coil  of  undrawn  vrlre  is  placed  on  a  reeL  This 
apparatus  is  accompanied  by  an  ingenious  contrivance  wbidi  allows 
the  drum  to  fall  out  of  oonneotion  with  the  gearing,  and  consequently 
to  oease  to  revolve^  as  soon  sa  the  piece  of  wire  is  drawn  completely 
through  the  plate.  Tn  some  eases,  as  for  plnion>wire,  whloh  would  be 
injur^  by  winding  upon  a  drum,  wire  u  drawn  upon  a  hmg  draw* 
bench  in  a  stt^ht  line,  the  power,  which  is  equalised  by  the  use  of 
a  fly-wheel,  being  affiled  to  a  winch-handle  which,  means  of  spu»- 
gear,  imparts  motion  to  a  horizontal  rack. 

Between  the  repeated  drawings  which  are  requisite  to  reduce  wire, 
especially  of  the  finer  or  smaJler  al»s,  to  the  required  degree  of 
tenui^,  It  is  necessary  frequentiy  to  heat  and  anneal  it,  by  which 
processee  the  fibrous  character  imparted  by  the  drawing  is  In  some 
degree  removed  before  a  fresh  extension  takes  place.  The  annealing- 
oven  should  be  so  contrived  as  to  avoid  oxidation  as  much  as  possible, 
and  to  beat  all  sizee  of  wire  vrith  tolerable  uniformity,  the  thickest 
being  placed  in  such  a  situation  as  to  receive  most  heat ;  and  after 
leaving  it  the  wire  must  be  scoured  or  washed  to  free  it  from  *vhatever 
oxide  may  have  formed  upon  its  surface.  In  order  more  perfectiy  to 
remove  tlie  oxide  (which,  if  left  on  the  aur&uw,  not  only  impairs  the 
appearance  and  the  strengtii  of  the  wire,  but  also  injtires  the  draw- 
plate)  the  ooil  of  wire  is  sometimes  ImmerBed  lU  starch-water  or  stsJe 
beergrounds  during  the  operation  of  drawing.  A  curious  and  im* 
portant  discovery  was  made  some  years  since  at  an  eminent  wire- 
manufactoiy,  where,  in  order  to  hrat  &e  acid  liquor  in  wlilch  the 
annealed  mre  was  steeped,  some  Issots  of  brass  which  ha{fiened  to 
be  at  hand  were  made  reil-hot  and  quehched  in  it.  It  was  sul> 
sequenUy  found  that,  owing  to  the  action  of  the  acid  upon  the  brass, 
the  IrAi  wire  had  become  coated  with  a  thin  film  of  copper,  which 
greatly  facilitated  its  pasasge  throu^  tJie  draw-plate,  acting,  ib  would 
zpfeax,  like  a  lubricating  mediuuL  So  important  was  the  advantage 
gamed,  that  the  practice  has  been  universally  adopted  in  that  fsotwj 
of  using  a  weak  solution  of  copper  in  the  add  liquor  in  whidi  iron 
or  steel  wire  is  noshed.  The  film  of  copper  is  entirely  removed  by 
the  lost  atiTiftaHng  process.  The  operation  of  drawing  is  also  facilitated 
by  the  free  use  mi  grease,  or,  for  the  finer  descriptioDS  of  wire,  vrax, 
to  lubricate  the  wire  as  it  passes  through  the  luate.  The  repeated 
annealinn  of  steel-wire  would  deprive  it  of  too  much  of  its  carbon, 
but  for  the  practioe^  which  la  not  pursued  with  iron  wire^  of  surround* 
ing  it  with  ohanioal-duBt  while  in  the  fumacsi  The  rwidity  of  the 
drawing  process  must  vary  with  the  quality  of  the  metal,  the  hankat 
sted  wire  requiring  the  slowest  motion  j  but  as  each  successive  draw- 
ing increases  the  fibrous  or  filamentous  character  of  Hm  metal,  the 
rapidity  of  the  eztenmm  m.^  be  uSdj  Saantaei  u  tiie  win  beoooMi 
more  and  more  attenuated. 

Even  when  made  with  the  greatest  poaidUe  care,  the  holes  of  iron  or 
sted  draw-plates  wiU  enlarge  so  much  with  wear  as  to  reader  it  impoa* 
sible  to  draw  any  very  great  length  of  wire  perfectiy  uniform  in  tluck- 
ness.  To  remedy  tJds,  Hr.  Brockedon  obtained  a  patent  in  1819  for 
making  draw-plates,  the  holes  of  whidi  consist  of  '^mmftiA  or  other 
hard  precious  stones.  Dr.  Ure  states  that  wtthftpdateid  this  Kind 
mounted  vrith  a  ruby,  pieroed  with  a  hole  *0088  of  an  iudi  in  diameter, 
a  silver  wire  170  miles  long  has  been  drawn  ao  perfectly  uaifmni  that 
no  difierenoe  could  be  detected  either  by  wdgbiug  portlou  of  oqual 
length  or  by  measuring  witii  a  micrometer. 

Dr.  Wollaston  communicated  to  the  Royal  Sode^,  in  the  year  1818, 
a  method  of  drawing  wire  of  exU^me  tenuity,  suitaiUs  for  use  in 
miorometeTS.  This  he  aooompliahed,  in  the  first  initsnmr,  hf  baring  or 
drilling  a  rod  of  silvery  hmgitudinaUy,  with  a  hde  (»»4eBth  at  its  own 
diameter,  and  then  filling  it  with  gold.  The  oompound  bar  being 
drawn  into  wire  ,^th  or  g^tii  of  an  inch  in  diameter,  the  silver  waa 
afterwards  dissolved  in  heated  nitric  acid,  leaving  a  perfect  gold  wire 
anath  or  njlnth  <^  an  inch  in  diameter.  Finding  the  operation  of 
drilling  the  ulver  rod  very  troublesome,  he  subsequenUy  drew  platins 
wire,  and  oast  the  silver  round  it,  treating  the  oompound  bar  as  before. 
Even  by  OTdinary  accesses,  brass  wue  is  made  so  thin,  that  gauae  mqr 
be  woven  from  it  which  will  have  67,000  meehee  in  a  square  inch.  The 
extreme  duol^ty  of  tbe  pnnons  nuiiJs  is  stUl  nwn  Bttu^ 
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by  the  msnu&oture  of  what  is  commoolj  known  u  gold  wire,  but  which 
Is  really  formed  of  silver  gilt,  actual  gold  wire  bc^ng  made  tmlr  for 
Slagree-work  and  a  few  other  puxpoaca.  In  the  ordinaiy  mode 
nuddng  gold  wire,  a  ailrer  rod  Mxrat  aa  Inch  thick  ia  eorwed  villi 
leaf-gdd,  and  then  otended  to  the  required  tennitiy  by  Bacceesive 
drawinepandaoneslfaigs;  the  proportion  of  gold  allowed  to  a  pound  of 
silTer  bung  aeldom  more  than  140  gnuns,  and  sometimea  aa  little  as 
100  gndna.  Fine  gold  wire  is  need  for  wrapping  or  twistang  round 
thread  to  form  gold  thread ;  and  its  beauty  ia  greatly  inoraeed,  whUe 
it  ia  enaUed  to  oomr  a  laiger  loriaoe,  hj  iattenug  it  between  pidiihed 
ateelndlets. 

For  making  needles,  cards  for  the  woollen  and  cotton  maaniactaro, 
and  various  other  articlee  into  which  wire  ia  falnioated,  it  is  necessary 
to  remove  the  cturature  which  it  receiTee  hj  beUig  woimd  upon  the 
OTlindrical  or  conical  drum  above  alluded  to.  This  is  done  by  drawing 
the  wire  between  pins  fixed  in  a  |neoe  of  wood,  and  so  anaoged  aa  to 
bend  the  wire  into  a  wavy  line,  the  flexures  it  whidh  gnulaslly  dimi* 
nish  until  they  disappear  OiogeOur,  leaving  the  wire  perfectly  straight. 
The  size  of  wire  is  common^  measured  by  means  of  a  gage,  which 
consists  of  a  plate  of  steel  with  a  aeriee  of  deep  notches  or  shts  at  each 
edge,  varying  slightly  from  each  other  in  vridtn,  and  numbered  accord- 
ing to  the  number  given  to  wire  of  correiqwnding  size. 

Amcmg  the  many  uses  to  which  wire  is  applied,  the  manufacture  of 
wire-gauze  or  cloth  is  peculiarly  interesting.  Plainer  kinds  of  weaving 
are  perf<nrmed  by  a  modification  of  the  oommon  loom,  the  coarser  vazie- 
ties  of  woven  wire-wcn-k  produced  being  used  for  teoeon,  |>hea8aQtaie8, 
coarse  riddles  or  sieves,  Sec ;  while  the  finer  sorts  are  employed  for  liui> 
terns,  sieves,  flour-dressing  machines,  nqwr  -making  machinery,  win- 
dow-blinds, Ac.  Aviaiiss,  floww-tndluig,  a^lij^ti^  garden  borders, 
plant-guards,  arbours  and  muumer-hoases,  flower-bed  oanopes,  flower- 
stands,  chairs,  garden-seats,  window-blinds,  bird-cages,  fireguards  and 
fepdera,  lamps  and  lautone,  meat-safea,  lattice  for  book  oases  and 
windows,  sieves  and  strainers,  are  now  made  of  wire.  The  property 
which  renders  wire-gauze  so  invaluable  in  the  safety-lamp  has  been 
taken  advantage  of  by  the  Chevalier  Aldini  for  the  oonstruction  of 
wire-armour  for  the  use  of  firemen,  whioh,  tiioo^  vary  lig^  ia  in  a 
great  messure  flame-prooC  WfregMUe  is  also  fanned  into  didHxiven, 
baskets,  and  other  useful  and  omsmental  aitide^  I7  [areeung  it 
between  moulds  into  the  proper  shape,  whidi  it  retina  pomaneot^. 
After  being  pressed  into  the  required  form,  the  articles  are  strengw- 
eaed  and  neatly  finished  off  by  tha  addition  of  hoops  or  rings  to  weir 
edges  before  they  are  removed  from  the  mould.  Ifeedle-making  is  one 
of  the  xQoet  imjKvtaat  ^lioatitma  of  steel  wire.  Soma  of  the  finest 
eortB  of  steel  wire  are  made  into  watah-springs,  in  wh^  Com  they 
receive  an  augmentation  of  value  beyond  the  prime  cost  of  the  mate- 
rial probably  unparalleled  in  the  whole  range  of  manufactairing  indtis- 
tiy.  Of  the  delicate  hair-like  sjnings  alluded  to,  which  weigh  only 
one-tenth  of  a  grain,  70,000  are  required  to  wei^apound;  sndit  has 
been  repeatedly  stated,  though  perhtqis  now  the  statement  may  be 
hardly  comd,  that  the  value  of  such  springs  is  half  a  guinea  t»ck ;  so 
that  while  a  pound  of  crude  iron  cost  but  one  halfpenny,  a  pound  of 
these  delicate  manufocturod  articles  produced  from  it  was  worth 
35,000  guineas.  One  of  the  most  elegant  ap^oalionB  of  gold  and 
Mlver  wire  is  to  the  producticm  of  jUagnt  or  fingrane  work.  To  form 
this,  flne  gold  and  silver  wire,  often  curted  or  twisted  ina  aerpentine 
form,  and  someMmes  plidted,  are  worked  through  each  other,  aiul 
soldered  together  so  as  to  form  festoons,  flowera,  and  various  oma- 
mento ;  and  in  many  places  also  th«y  are  frequently  melted  together 
by  the  blow-pipe  into  little  balls,  by  which  means  the  threads  are  so 
entwisted^  as  to  have  a  most  beautiful  and  pleaamt  efiect.  This  kind 
of  woik  is  of  great  antiquity,  and  was  former^  much  employed  fen- 
caskets,  needle-cases,  trinket-boxes,  bsakets,  shrinei,  and  varioua  deoo- 
rations  for  church  furniture ;  but  it  has  in  a  great  measure  &llsn  into 
disuse.  SpangUit  or  poUUUa,  which  are  ntuS.  round  leaves  of  metal, 
pierced  in  the  middle,  and  used  for  ornamenting  garments,  are  also 
formed  of  wire.  A  piece  of  wire  ia  twisted  round  arod  like  the  thread 
of  a  screw,  and  then  cut  into  little  ntiral  rings,  each  of  which,  being 
laid  on  a  smooth  anvil,  is  flattened  m  a  hammer  into  the  form  of  a 
q>angle. 

An  important  purpose  to  whieh  Iron  wire  has  been  recently  applied 
IS  m  the  manufacture  of  ropes,  which  are  very  superior  m  stiingth  to 
those  made  of  hemp,  weight  for  weigjit.  An  account  of  wire  ropes  ia 
B^^.^^**"  RoPa-MAKQto,  and  of  wire  bridgea  under  Bmdob; 

WIRE  GAtTZE  LAMP.   [SuHT  Lai^] 

WIRE-WORM,  a  name  given  hv  fumera  to  the  larvs  of  several 
insects  injurious  to  varioua  crops :  Uiey  are  spedea  of  the  coleoptwous 
genus  ii/ote-,  popuUrly  known  aa  Skip-jacks,  so  caUed  on  account  of 
their  power  of  throwing  themaelvea  up  ia  the  air  with  a  spring  when 
laid  npcm  their  backs. 

.  -S^oto"  {Agriota)  UnetOut  produces  a  larva  which  is  extremely 
miOTiouB  to  oats,  often  appearing  in  peat  nombsn  and  destroying, 
wtole  fields  of  com.  It  attacks  the  roots,  whm  the  leaves  turn  yellow 
end  die  oE  The  Blater  {AgriaUt)  tpvtator  is  another  destnioUve 
^KWiea.  Its  larva,  like  that  of  the  last,  resembles  the  oommon  meal- 
worm in  abearance,  and  may  be  found  at  the  roots  of  withering 
Jettuoes,  by  destrmdog  which  plant  it  greatly  annoys  the  gardener.  It 
eaU  the  root  aa  &r  ae  the  collar,  when  the  plant  dies,  ffemetiipmts 
let/ctu,  another  insect  the  hurva  of  which  ia  called  the  wire-worm,  is 


less  choice  in  its  ravages,  destroving  plants  of  all  kinds.  Viitj  wire- 
worms  of  tills  kind  ^ve  been  found  preying  on  the  roots  of  a  aing^ 
^ant. 

The  wire-worm  Is  iinuxiouB  to  all  culinary  vegetabloe,  also  to  our 
various  grain  crops.  The  use  of  rape-cake  in  powder  has  been  recom- 
mended as  a  nuurare  to  the  ground  drilled  for  wheat  where  wire- worms 
abound ;  but  hand-picking  seems  to  be  the  only  effectual  way  of  getting 
rid  of  them.  The  mole,  fowls,  and  above  all,  rooks,  are  their  natural 
enanies;  and  the  last-named  Inrd  is  a  valuable  ally  of  the  farmer  in 
toOo\dng  the  plouj^  tnoks  to  devour  these  miaohievous  larva». 

WIT,  a  term  whioh  is  ap[died  to  a  facul^  ot  the  mind  and  to  the 
vroducis  of  tiiat  laoatty.  As  a  facolfy,  it  demotes  not  a  distinct  power, 
but  oertain  specific  modes  of  using  or  operating  upon  the  notions  or 
images  with  which  the  miud  happens  to  be  tnmiahed.  It  ranges  itself 
under  the  more  ctnnprehensive  &cul^  ef  imagination,  vrith  which  by 
early  vnitera  H  was  generally  used  as  lyntHtymoue;  they  sometimea 
used  it  in  a  sense  stiU  nuice  genend,  as  daooting  the  intellectual  faoully 
as  disUngoiahed  from  the  wiU.  TIw  precise  boundaries  of  thetem 
are  too  unsettied  to  admit  of  any  strict  definition.  It  may,  however, 
be  desCTibed  genarally  as  oonsisting  in  the  display  of  remote  resem- 
blances between  <Tifi»iiini1*r  objects,  or  such  at  least  aa  have  no  apparent 
resembluioe.  This  species  <i  wit  is  exhibited  in  great  perfection  in 
two  Doems  of  a  veiy  oppoaito  class,  the  '  Hudibras '  of  Butler,  and  the 
'Night  Thoua^ts'  ol  Young:  ludicrously  hj  Butl^,  to  display  the 
absurdities  of  Iqrpoeritiflal  pretence ;  seriously  hj  Toung,  to  add  fores 
and  point  to  his  reasonings  m  favour  ot  religious  belief  and  oonduct. 

Other  kinda  of  remote  allusion,  often  without  any  actual  similitude 
but  suggestive  to  the  mind,  by  indirect  inference,  to  make  the  oom- 
pariaon  for  itself ,  are  considered  as  wi^  andirodiiOBaiimilar  e&ot  of 
surprise  and  pleasure. 

When,  instead  of  tiie  remote  resembluices  diaooTerable  in  tilings 
themselves,  the  different  meanings  of  tiie  same  word  are  brought  into 
equivocal  contact,  the  apeaAioa  a  called  punning,  azid  the  product  is  a 
pun.  [PumO 

WITCHCRAFT.  There  is  probab^  no  a^  or  oountiy  in  which 
there  has  not  existed  a  belief  in  the  possilnlily  of  mortal  beings 
aoqiuiing  the  use  of  supematuial  powers  for  the  purpose  of  aoeom- 
[disbing  scone  object  of  tiieir  deeire,  good  or  eviL  In  tlUs,  as  in  other 
species  of  superstition,  there  will  be  more  or  less  reeemldanoe  in  the 
manifestations,  wherever  or  whenever  they  are  exemplified ;  but  that 
peculiar  cdass  of  examples  which  comes  under  the  denomination  of 
witchcraft  admita  of  certain  lines  of  demarcation,  which  may  be  service- 
able in  keeping  tiie  subjaot  distinct  from  others.  The  proper  field  oi 
this  superstition  was  among  the  Christian  nations  of  Europe — tiiose  of 
the  north  more  partioulBrTy.  It  is  to  be  found  in  full  maturity  about 
the  middle  of  the  15th  century  and  flourished  with  tolerably  equal 
vigour  through  Catholicism  and  Froteetantism,  till  it  gradually  decayed 
before  the  pro^;resa  of  experimental  scienoe.  In  its  doctrinal  principles 
it  was  a  mischievous  a^lication  of  the  doctrines  of  Christaanity,  b^ng 
held  to  be  a  manifestatum  of  the  powers  of  evil  opeAting  as  antago- 
nists to  the  authority  of  the  Deity.  It  was  not  necesanly  used  to 
accomidiBh  evil  ends,  because  many  of  the  accusations  of  witchcraft 
relate  to  acta  which  as  ends  are  condemned  by  no  known  moral  code, 
but  which  became  crimes  &om  the  means  made  use  ol  The  powers 
of  evil  thus  employed  by  human  beings  had  their  personal  embodiment 
either  in  the  Prince  of  Darkness  individually,  or  in  certain  sublunary 
agents  called  imps  or  familiars,  the  messengers  between  the  contracting 
paitiee,  who  bore  in  this  agency  of  evil  the  same  position  aa  that  occu- 
tned  by  the  angels  in  the  holy  hierarcl^.  The  return  given  by  the 
human  being  for  the  use  of  the  miraculous  powers  thus  obtained  was 
generally  his  own  eternal  soul,  which,  according  to  a  supei8titi<m  enter- 
tained Toy  the  ignorant  in  all  countaries  where  the  immOTtality  of  the 
soul  ia  a  standard  doctrine,  it  was  held  to  be  in  the  poww  of  the 
corporeal  possessor  to  convey  in  remainder,  tor  value  given  in  wealth, 
luxury,  power,  or  any  other  object  of  Ordinary  human  desire.  Besides 
the  bamin  in  which  the  parties  are  supposed  to  covenant  openly  with 
each  oUier,  each  partv  was  usually  presumed  to  have  in  view  the 
secondary  object  ot  cheating  the  other,  Oerman  romance,  and,  since 
the  da^  of  Balzae,  Fteneh  romance,  have  dealt  largely  in  the  horrors 
attending  these  mutual  efforts  ol  impoeition,  wh^  the  one  pariy  is 
struggling  to  recover  his  chaooee  of  eternal  salvation— the  other  to 
abridge  the  promised  rewards,  at  to  shorten  the  duiati«i  of  their 
enjoyment.  In  its  most  rimple  aq>eot,  the  sbxigglee  of  the  evil  one  to 
cheat  his  victim  are  exemplified  in  the  ordinary  Scottish  superstition 
that  he  gives  them  monc^  whioh,  when  they  come  to  use  it,  is  turned 
into  elates  or  other  rubbish;  and  the  kame  instance  is  givm,  by  way  of 
examine,  by  BiensfeldiuB,  a  Oerman  author,  who  in  1591  publi^ied 
'  TraotatuB  de  ConfenionibuB  Malefloorum.'  This  author,  who  is  one 
of  the  most  systematic  of  the  numerous  writers  on  this  subject^  and  is 
one  who,  instead  ot  venting  the  indignation  of  an  excited  and  terrified 
mind  i^;tdnst  the  lost  agents  of  infenial  power,  treats  all  the  hcnrois  of 
sorcery  with  the  gis^ty  of  an  analytical  philosopher,  tells  us  that 
there  are  three  elements  neoessaiy  to  the  aocompfishmoit  of  witch- 
craft :  tiie  divine  will  permitting  itj  the  power  of  tiie  devil  instigating 
and  assiflting  the  c»>eration ;  and  man's  corrupt  will  consenting  to  be 
the  instrmnent.  It  is  a  further  general  characteristic  of  witchcraft, 
that  tram  the  oommencement  of  ito  histoiy  the  agents  or  victims  have, 
in  the  majority  of  cases,  been  femalesj  and  that  in  later  timea,  when 
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the  ohaneter  of  the  BDpantition  had  degsnoitad  both  In  the  nngnl. 
tude  of  the  objeote  aooomplished  Mid  the  nok  of  the  Mton^  witchcraft 
came  to  be  oonudared  a  power  exoluuvaly  poeoMaod  by  old  women. 
It  ia  probable  tliat  a  prop«nnt7  to  attribute  the  faculty  of  dlTination 
and  the  art  of  perpetnting  supernatural  miaohief  to  femalea  may  have 
Intimately  descended  from  the  Pythia  of  the  more  early  ohsBical 
times,  and  Uie  venefioa  or  ptuwrner  of  the  htw  periods  of  Roman 
hiatoryj  and  tliat  the  aoooont  of  the  witch  of  Endor  may  have  tended 
to  abflngthen  the  <^dni(n.  In  the  n^entitlonB,  howerar,  of  naticofl 
which  have  had  no  meana  of  acquiring  faiowledga  from  thew  aoozoea — 
t^e  African  ne^roea,  the  TSoitii  Amerioan  Indiana,  and  fiw  Soandinavians 
anterior  to  Oieir  adoption  of  Christianity — femalea  seem  to  have  always 
been  the  prominent  agents  in  the  tuipliaatioD  of  the  minor  supernatural 
influences.  In  the  ptaetaoe  of  witcuiicraft  within  the  limits  aeirigned  to 
ft  in  this  srtiole,  it  might  be  posnUe  to  find,  in  the  natnra  of  ths  eiBi- 
necticm  between  the  supematonl  being  and  the  earthly  agent,  a 
tfdenbly  sufficient  reason  why  t^e  influence  of  a  female  must  generally 
be  greater  in  the  infernal  court  than  that  of  a  male.  Whoever  baa 
perused  the  full  reoorda  of  the  trials  for  witchcraft,  or  the  books  in 
which  the  subject  is  most  minutely  investigated,  irill  observe  how 
neceasarily  it  must  follow  that  the  power  of  evil  being  endowed  with 
the  masralina  gender,  and  oomnmniaating  hia  aex  to  those  naritual 
emanations  of  hu  power  which  sometimes  in  his  stead  do  hia  Hdding 
upon  earth,  the  mortal  recipients  of  his  malign  influence  muat  neoes- 
Euily  be  of  a  di&lmnt  aex.  The  institutimial  writen  on  the  subject, 
however,  are  not  found  to  allude  to  each  a  oauso,  though  they  lay  it 
down  as  a  general  prindple  that  women  are  mora  liable  to  ba  the  agents  of 
Satan  than  men,  a  oircamstaDoe  whioh  SprenKer,  in  his '  Halleua  Male- 
ficarum,'  Inoea  to  what  he  oalli  thdr  mbnoiity  in  mental  atnogth, 
and  the  natural  wit^edneas  of  their  hearts. 

In  going  back  to  an  earlier  period  than  that  which  is  here  aangned 
aa  the  time  when  the  suiwntition  of  witchcraft  was  full  grown,  it  will 
be  found  that  the  aoeusations  most  Dearly  resembling  the  more  modem 
offence  of  witchcraft  are  of  two  distinct  kinds— attempts  to  accomplish 
mischief  through  the  operation  pcnson  or  other  natural  agenta,  and 
lapaes  from  Chiistiaoity  into  heathen  practices.  The  Anglo-Saum 
laws  against  soroety  or  witchcraft  are  idmply  levelled  awnst  the  prac- 
tices connected  with  the  heathen  worship  from  whioh  the  pec^le  had 
not  been  long  converted.  The  corresponding  aoeusations  in  thiB  south 
of  Europe  are  IcvBlled  a^dnst  intercourse  with  demons  who  represent 
Diana  and  her  i^mphs,  or  Fui  and  his  satyrs;  and  down  to  the  ancient 
period  of  the  belief  m  witchonft  we  find  the  same  personages  officiating 
with  changed  names,  and  with  natures  a^Jneted  to  the  religious  opinions 
ei  the  age.  The  secrecy  with  which  the  Waldensee  aaa  other  early 
seoeders  from  the  Church  of  Bomo  were  compelled  to  hold  their 
rdigkms  aasemblages,  brought  upon  them  ohatges  of  indulging  in  such 
unhallowed  rites  as  were  traditional^  considered  the  oharaoteristaos  of 
ancdent  heathemsm.  One  remarkable  practice  of  which  the  Wildcnses 
were  acoused  will  be  recognised  by  every  schodboy  who  has  heard  a 
witch  legend  in  the  nurseiy ;  they  were  called  "  soobaces,"  because 
they  rode  to  their  meetings  on  a  seoba,  or  bnxna.  The  *  Narrative  of 
the  Proceedings  atninst  Dame  Alice  Kyteler,  prosecuted  for  Soroeiy  in 
1824,'  edited  by  Mr.  Wright  for  tiie  Camden  Society,  and  which  is 
parhsiM  still  more  ouriooa  from  the  lig^t  it  throws  <m  the  early  con- 
fliota  between  the  eoolealaatloal  and  tlie  dTil  power  than  in  its  reforoice 
to  this  snbjeot,  ezhifaits  both  the  dsssss  or  oflbnce  here  alloded  to. 
She  was  charged  with  having  prepared  noxious  compounds,  productive 
of  debilitation  which  ended  in  death,  and  also  with  abjuring  her  belief 
in  the  Holy  Church,  witii  having  deserted  the  mass  and  the  euchariat, 
with  having  sacrificed  to  demons,  and  with  having  attempted  to  usurp 
the  keys  of  the  Church  by  impiously  imitating  the  oemncHiy  <d 
exoommimication. 

During  its  earlier  etages,  the  art  ctf  wltdicraft  was  in  br  higher 
hands  than  those  to  which  it  afterwards  desoended,  and  was  used  for 
greater  piuposee.  Witchcraft  or  sorcery  was  the  means  by  which  Joan 
of  Arc  was  charged  with  having  obtained  her  power  as  a  warrior.  The 
Duchess  of  Oloucester  was  buished  to  tiie  Isle  of  Man  for  soroery 
afsdnst  Henry  YL  Richard  III.  made  repeated  accusati<ms  of  this 
offence,  the  most  noted  of  irtiich  is  the  cuaiige  against  Jane  Shore. 
The  earlier  witch  trials  in  Scotland  generally  Implkate  persons  of  rank. 
Sometimes  the  women  who  are  accused  are  young,  and  th^  do  not 
always  use  their  powwfor  mischievous  and  mdicionB  purposes.  Beane 
Dumop,  who  was  tried  in  1678,  appears  to  have  used  her  art  for  no 
other  purpose  than  the  cure  of  disMses  and  the  parftsmanos  of  other 
benevolent  acta,  aooomplishing  them  thrmigh  the  instrumeotalify,  not 
of  Satan  or  any  of  hia  emanations,  as  they  are  Bpoken  of  in  the  later 
canons  of  wltohciaft,  but  through  the  aid  of  an  amiable  old  ^tleman, 
who  had  the  misfortune  to  be  a  prisoner  among  the  fairies  m  Elfland. 
Alesoun  Pearson,  tried  in  1688,  had  a  long  intercourse  with  Elfland, 
which  appears  to  have  commenced  when  dte  was  but  twelve  yean  old. 
She  had  mat^  puwcaul  friends  among  the  falriea  there,  one  of  whom 
was  her  eouam  WiDism  Symsoun,  a  doctor  medldne  and  "  sue  great 
scholar."  She  was  in  the  practice  of  appealing  to  her  frienda  in  foity- 
land  for  the  means  of  curing  eartidy  disnses,  and  Archbishop  Adamson 
did  not  disdain  to  follow  a  iwescription  which  she  obtained  for  him,  his 
reliance  on  it  bring  probably  not  weakened  by  his  acquaintance  with 
the  virtues  of  the  piindpal  ingredient,  which  was  darei.  Theae  two 
trials  sp  far  exhiUt  the  da^  d^aracteristics  of  the  witchcraft  of  later 


times,  that  Bessie  Dunlcp's  adviser  from  Elfland  wished  her  to  put  her 
BOttl  in  his  possesnon;  and  Aleeoun  Pearson  was  told  that  of  the  fairy 
host  the  tithe  is  taken  every  year  to  helL  The  method  in  iriuch  the 
same  occunenoee  are  mentioned  by  writers  of  dlfierent  ages  shows  the 
prtMireea  towards  the  accepted  doctrines  of  the  authcoities.  of  witch- 
craft ;  and,  as  may  be  afterwards  mora  particularly  mentioned,  both  in 
Enf^and  a^d  ScoUand  the  investi^tioDs  (tf  Kuig  Jamee  did  much  to 
estaUuh  a  settled  creed  in  rdation  to  this  daric  subject.  Wyntoun, 
who  wrote  eariy  fu  the  10th  oentuty,  in  dasetitdng  the  pnmhedes 
made  to  Uacbeth,  brings  the  three  wnrd  or  fatal  aisters  to  him  in  a  • 
dream,  and  makes  him  inquire  after  the  auguries  of  Jus  &te,  as  Crcesus 
is  made  to  consult  the  Pythia.  By  the  time  the  histcsy  had  deecended 
to  Shakspere'a  days,  it  had  aoQuired  from  the  state  of  opinion  on  the 
subject  whidi  it  passed  throuj^  such  acUuncts  aa  enabled  the  poet«  by 
iaieotily  the  grander  and  more  tenlflc  leatiu^,  and  adding  some  ele- 
ments from  the  current  supentiticmB  of  hia  day,  to  create  those  hags 
"  so  withered  and  so  wild  in  thdr  attin,  that  look  not  1^  the  inha- 
bitanta  oth'  earth,  and  yet  are  on't."  Perhi^  the  latest  consptouons 
occaffl<m  in  which  tank  and  beauty  have  been  allied  with  charges  of 
the  nature  of  witchcraft,  ia  that  of  the  Countess  <^  Essex  and  Mrs, 
Turner,  in  the  murder  of  Sir  Thomaa  Overbuiy  and  the  practioea 
against  the  Earl  of  Sssex ;  but  the  direct  and  palpable  orimee  exhibited 
in  this  horrible  history  ttiiow  the  attempts  at  evil  throurii  supematutal 
influenoea  into  the  shade.  When  ht  later  agea  it  ceaaed  to  be  enoou- 
raged  by  the  great  and  the  learned,  witchcraft  degenerated,  till,  in  the 
end  of  the  17th  and  the  beginning  <^  the  18th  centuries,  it  waa  entirely 
oonfined  to  auchpers(»is  aa  HarBnet,so  early  as  the  year  1699,  deacribes 
in  tiiis  passage  : — "  An  old  weather-beaten  crone,  having  her  chin  and 
her  knees  niesting  for  age,  walfcbg  like  a  bow  leumtg  on  a  stafi;  htdlow- 
eyed,  irn toothed,  furrowed  in  her  faoe,  having  her  hps  trembling  irilh 
the  pally,  going  mumbling  in  the  streets, — one  that  hath  ftngotten  her 
Fat^-noetw,  and  yet  hath  a  shrewd  tongue  to  call  a  drab  a  drab.  B 
she  hath  learned  oi  an  old  wife  in  a  chimney  end  Max  Fax  for  a 
spell ;  <7  «^  say  Sir  John  Grantham's  curse  on  the  miller's  eels — All 
ye  that  have  stolen  the  miller's  eels,  laudate  Dominum  de  ooeUm  ;  and 
all  they  that  have  oonsented  thereto,  benedioamni  Dondao;  why  then 
beware,  look  about  you,  my  neighbome.  If  any  of  you  have  a  dieep 
sick  of  the  giddies,  or  a  hog  of  the  mumps,  or  a  horse  of  the  staggers, 
or  a  knavish  boy  of  the  school,  or  an  idle  nrl  oi  the  wheel,  or  a  young 
drab  of  the  sullens,  and  hath  not  fat  enou^  for  her  potri^^  or  butter 
enough  for  her  bread,  and  she  hath  a  Bttte  help  of  the  epilepsy  or 
cramp,  teach  her  to  roll  her  eyes,  wry  her  mouth,  gnash  her  teeth, 
startle  with  her  body,  hold  her  arms  and  hands  stiff,  ftc.,  and  tlua,  if 
an  old  Mother  Kobe  hath  by  ohaaoe  called  her  idle  young  housew^e, 
or  tnd  the  devil  scratch  her,  then  no  doubt  but  Mother  Noba  is  tlu 
witch,  and  the  young  giri  is  owl-blasted." 

Thoe  are  two  causes  which  account  tat  the  similari^  often  found 
to  exist  in  the  snpevatitionB  ai  diffaent  and  distant  nationa : — 1.  Phy- 
sioal  and  mental  phenomena  common  to  all  mmUm^  and  to  all  parts 
of  the  (^obe,  producing  like  efibots  when  brou^t  into  Uhe  same  com- 
binations ;  2.  A  reference  to  a  common  origin  anterior  to  the  oom- 
menoement  of  the  supentition,  by  which  tlw  same  opinions  adopted 
by  funilies  of  manUna  separated  far  apart  may  be  traced  by  ascent  to 
a  common  parentage.  A  great  portion  of  the  witchcraft  superstition 
of  Europe  may  he  traoea  to  both  thflM  oauMS ;  bat  at  the  sams  iims 
the  identity  of  the  phenomena  this  mental  disease,  sasxhiMted  in 
different  nations,  is  so  remarkable,  as  well  as  the  rapidity  with  which 
the  opinions  adopted  in  one  part  the  world  travelled  to  others,  that 
it  is  evident  some  other  causes  have  oontnbuted  to  produce  the  effect 
The  similarity  of  the  inddents  narrated,  not  only  in  the  books  wbioh 
convey  the  knowledge  of  these  mysteries,  but  in  the  i«»orta  of  criminal 
trials,  and  even  In  the  oonfeaakiu  of  tiie  wretobedviotima  of  the  creed, 
ia  so  remaikaUe.  down  to  the  most  minata  particulars,  as  to  jorttfy 
the  suppontion  tiiat  a  large  proportion  of  the  witchcraft  superstition 
was  propagated  by  means  of  books  or  through  the  tuition  (rf  men  o( 
letters;  and  that  thus,  in  that  age  of  imperfect  sdeuce,  literature 
became  for  a  time  the  means  of  propagating  and  concentrating  the 
influence  of  one  of  the  most  baneful  supontitions  whioh  has  ever 
visited  the  human  mind. 

Amon^  the  most  obrious  means  whioh  the  imagination  would  sag> 
gest  for  mdioating  to  supernatural  powers  the  esujt  evil  effiwt  wUSi 
they  are  solicited  to  {voduce  on  mortal  beings,  would  be  the  symbolioal 
aocompliahment  or  exhibition  of  Its  performance  on  an  effigy  of  the 
peraon  intended  to  be  injured.  The  principles  of  human  action  which 
ori^nally  suggested  this  device  are  so  wide  spread  as  to  include  the 
demcati(ni  of  idols  and  the  burning  of  an  obnoxious  p<^tician  in  efflgj; 
but  in  the  practice  of  witchciuft,  toe  method  of  symcKdioAlly  produdng 
death  or  corponl  iiijuiy  is  so  far  uniform  as  to  predicate  a  systematio 
oirinion  on  vie  subject.  An  image  of  the  devoted  person  was  made  of 
wax  and  melted  before  a  flro,  stuck  throng  with  pioa  or  needlea,  or 
perforated  wilh  arrows.  Sometimes  the  nrndel  was  of  the  hmrt)  or 
some  other  vitsl  part ;  sometames  a  pioture  wm  used  in  Us  stsKU 
Ben  Jonson,  whose  '  Iibsque  of  Queens '  brings  together  all  Oxt  pro- 
minent witidi  superstitions  to  be  found  in  the  cbnio  authors,  in  tiie 
•conunentator^  and  in  the  practice  of  his  own  days,  says  in  the  tUid 
charm  ^— 

WtOi  pktarss  fall  of  was  and  of  wool 
Tkelf  ttrsrs  I  rtlek  with  nssdlee  qaUk 
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Mtriy  a  parapbraM  of  Orid'B^ 

**.•.•   ■imnlunqae  oercm  flgit, 
£t  nJNtttn  ta&nw  1b  Jaeu  urgM  acui.'* 

Henddet,  rl. 

Jojuon  in  his  notes  ref«n  for  thia  practice  to  so  old  an  exiUDpl«  u 
the  epiatle  of  Hjpdpyle  to  JasoD,  from  which  tiie  abore  is  taken ;  he 
probobly  had  tli«  paasHge  in  his  ^e.  He  refers  also  to  what  he  obUs 
"  the  well-known  story  "  of  King  DufiEiis,  one  of  tha  imaginary  klngB  of 
Bootlnnd,  the  legmd  whose  soffarings  is  as  old  as  the  days  of  Wyn- 
toon,  by  Trhom  tb  is  Dusrtbmed,  bnt  would  be  Beirolud.  iac  in  tain 
among  ihaat  still  older  aiuulifti  who  had  not  th«  means  of  ornament- 
ing thdr  writings  witili  some  of  the  wisdom  of  the  ancients.  Jonson 
says  be  ranemb^  some  rach  flsures  hating  been  dug  op  ih  a  dung- 
hill in  his  youth.  The  story  of  Bolingtvoke  and  the  witoh  of  E>re,  in 
Fal^sa's '  Chrtmiol^'  illuatntes  this  practice.  In  Hiddleton's '  Witch/ 
Hecate  says,  "  Is  the  heart  of  wax  stuck  full  of  magio  needles  V  King 
Jamas,  in  his '  Damoiudoglei'  has  a  Tsry  full  azsmmstion  of  the  opera- 
tion of  this  charm;  and  after  reoetving  so  high  a  sanction,  it  of  oonrse 
cute  a  OMU^ticuous  figure  in  the  subsequent  witch  trials  both  of  Eng- 
Isnd  and  Jutland.  In  the  latter  oountry  it  became  uhited  with  a 
b^ief  in  the  unearidil^  origin  of  the  numerous  small  flint  arrowheads 
of  ancient  woi^manship,  conspicuous  for  the  r^nlarlty  and  beauty  of 
their  ebkpe,  which  are  frequently  dug  up  in  the  north  of  Scotland. 
The  witcoes  of  Ankleame,  whose  feats  are  recorded  in  Fitoaim's 
*  Criminal  Trials,'  described  a  cavern  in  the  cento«  of  a  hill  where  the 
arch  fiend  and  his  attendant  imps  oonduoted  a  complete  manufactory 
of  these  missiles ;  the  inferior  spiiiia  hewing  them  out  of  the  rough 
etcne,  and  their  master  giting  each  as  it  was  presented  to  him  in  a  rough 
state  the  proper  edge  and  finidi,  to  adapt  It  for  service. 

Those  objects  which,  from  their  connection  witii  deatii  and  decay, 
are  apt  to  produce  loathing  and  hcntor  in  the  minds  of  persons  whom 
hatat  has  not  made  familiar  with  them,  are  fatotuite  instruments  in  the 
hands  of  witches,  to  whom  their  use  seems  to  hate  descended  from  the 
neoroDunoecB.  There  are  few  narratires  of  witchcraft  or  Soroeiy,  from 
ApuIauB  downwards,  which  do  not  present  us  with  some  of  the  spoils 
of  the  charnel-house.  Animals  iMthsome  to  the  sight  from  their 
structure  being  anodated  with  notions  of  deformity,  or  from  the 
Tenom  with  whioh  tiieir  otherwise  feeble  frames  ara  endowed,  are 
naturally  made  use  of  by  those  who  among  the  ignorant  aim  at  the 
pOBsesnon  of  supernatural  powers.  In  tiiis  reapeot  the  medicine-man 
of  the  Indians,  called  on  to  ixy  his  channs  when  the  traditionary  usages 
ofthetribeintheapjdication  of  simples  hate  fsiled,  uses  many  of  tite 
same  took  as  the  witoh  of  the  10tii  and  l7th  oentnries.  Li  warm 
dlmates  the  serpent,  the  scorpion,  and  the  llsard  are  among  the  charms 
resorted  to ;  but  in  colder  latitudes  the  adept  must  be  contented  with 
the  toad,  the  frog,  the  mole,  and  the  bat. 

Cats  are  animals  whioh  bold  out  many  inducements  to  the  imagjno- 
tite  and  superstitious.  They  bring  to  a  certain  extent  the  habits  of  a 
wild  beast  into  the  doueetio  dzcle.  The  oontrast  between  their 
Btnn^^  and  sfcili^,  tiulr  geoitle  and  fri^le  •ppearanoe,  their  tenaei^ 
of  life,  their  nnit  and  r^^  moremeots,  their  mystoione  gallieringB 
at  oi^t  and  strange  ones,  invest  their  presence  witii  a  ftuHn-*j"g 
mystwy.  The  tombs  of  Egypt  and  the  history  of  the  Knig^  Tem- 
pUrs  utow  that  they  hate  received  attention  m  other  quarters ;  but 
the  tery  peculiar  podUon  which  th^  hold  in  the  councils  of  the 
powers  of  darkness,  in  connection  with  the  ministrations  of  Witdiee, 
shows  bj  its  unitlormll^  that  the  oj^nions  regarding  them  entertcdned 
1^  the  authorities  on  wltdiorafb  lore  «m  widely  adopted  by  the 
fiutfafuL  In  several  of  the  Soottiah  trials  and  connssions  women  are 
found  to  have  ossomed  the  shape  of  cats,  and  to  hate  betrayed  thetr 
pnmka  by  exhibiting  when  restored  to  human  form  the  wounds  in- 
Hioted  on  them  in  their  bestial  capacity.  At  so  late  a  period  as  the 
Tear  1718  a  solemn  judicial  inquiiywos  made  in  the  shire  of  Caithness, 
BT  the  sheriff  or  IomI  judges  into  the  peraecatioos  suffered  by  William 
Montgomery,  whose  life  was  rendered  miserable  by  the  gambols  of  a 
legkm  of  oaU.  The  nairatiTe  of  the  drcumstonoe,  as  given  in  Hr. 
Ku^patridi  Sharp's  introduction  to  Law's '  Mamwials,'  is  a  lively  and 
somewhat  exaggerated  jHcture  of  those  general  tumultuous  gatherings 
of  domestic  oats  whidi  sometimes  so  nnacoountably  disturb  the  repose 
of  a  neighbourhood.  The  animals,  it  was  solemnly  maintained  by  the 
persecuted  man's  servant, "  spoke  among  themeuvea:"  and  at  length 
MontgtmieTy,  his  patienoe  being  entirely  eihausted,  ful  upon  the  con- 
oUte  with  a  broadsw<»d  and  on  axe,  and  dispersed  them  with  several 
casualties.  The  consequence  was,  that  two  old  women  in  the  neigh- 
bourhood died  immediately,  and  a  third  lost  a  leg,  whioh  having  been 
broken  a  stroke  of  the  hatchet,  withered  and  dropped  off  In  a 
curious  Uti^  book  published  at  Leyden  in  1696,  oaUed  '  Hsgica  de 
Speotria  et  ApparitlMiibus  Bpitituum,'  Ac.,  whidi  ia  a  oomplete  repo- 
sitory of  diabraioal  experiraioe,  consisting  of  a  series  of  narratives  ex- 
tracted without  commeot  from  historical  chronidee  and  books  of 
msgio,  an  occurrence  is  said  to  have  ti^en  place  din  a  town  in  Calabria, 
so  axitotly  like  the  aborei  that  whereas  Mr.  Montgomery  woe  a  car- 
penter by  profeasiou,  the  hero  itf  the  fiffeign  adventure  was  in  Uie  act 
of  eutluig  wood  when  he  was  distracted  by  t^e  preaenee  of  a  turbulent 
bevy  of  cats,  whom  he  dispersed  with  his  implements.  In  this  case 
the  metamorphosis  was  made  known  by  a  charge  being  brought  against 
the  individuid  of  hating  assaulted  and  wounded  some  women  of  tank 


iif  the  neighbobrhood,  when  he  disoloeed  the  tashitm  in  which  they  had 
appeared,  and  tlie  affair  was  bushed  up.  A  belief  in  the  metamoi^ 
{uioeas  of  humsn  bmngs  into  brutes  is  a  supOTstition  so  widely  exem- 
plified in  classical  Utefature,  and  in  the  •oolptore  and  pajntirffl  of  all 
societies  of  men  suffldenUy  dvUlsed  to  provide  such  teetimmiies  of 
their  customs  and  beUef,  that  it  oannot  be  assigned  as  a  special  feature 
of  ttie  belief  in  witchorait.  The  minateness,  however,  of  the  uialogy 
exhibited  in  the  f^ve,  and  discoverable  in  many  like  cases,  seems  to 
those  who  do  not  believe  in  the  actual  metamorphosis  to  leave  no  other 
alternative  but  the  belief,  that  the  doctrinee  promulgated  in  one  nut 
of  the  world  were  in  all  their  minute  partinDara  adopted  in  another. 
Lycaiithro{ne,  or  the  oontersion  of  men  mto  woltss,  was  so  prevalent  a 
belief  in  Fronoe  and  Qormany  as  to  be  the  subject  of  separate  treatieee 
end  of  tariouB  judicial  inquiries.  It  naturally  did  not  extend  to 
Britain.  This  superstition  may  be  perhaps  more  distinoUy  traced  to 
the  itifluenoe  of  a  diseased  imagination  tlian  most  of  the  otiiers  oon- 
neftted  with  this  subject :  by  the  Greek  physicians  it  is  understood  to 
have  been  treated  as  a  disease.  Both  toe  English  and  Scottish  trials 
frequeatly  Utostoite  the  power  supposed  to  be  posseosed  by  those  in 
league  with  Satan  of  converting  their  victims  into  beasts  of  burden, 
which  th^  employ  to  oont^  tiiem  to  the  soenes  of  their  imhallowed 
aasemblies.  TMs  feat  was  performed  on  a  large  scale  by  the  great 
army  of  witches  charged  wit^  assembling  at  Blocula  in  Sweden,  in 
1669,  according  to  t^  nartatite  of  QUmtil,  in  his  'Saducidnua 
TriumfduttuK* 

A  power  over  the  demefits  is  one  of  those  gifts  with  which  super- 
stition win  be  most  likely  to  invest  its  invisible  agents.  In  its  less 
striking  form  It  has  the  aspect  of  a  malign  interference  with  the 
natural  fruits  of  the  earth,  either  by  blasting  scnne  particuUr  district, 
or  transferring  its  elements  of  fruitfulneas  that  they  may  increase  the 
produce  of  some  other  tract  in  wfaidi  tiie  sorcerer  is  interested.  This 
species  of  incantation  is  nrohibited  by  the  Twelve  Tables  (Dii^sen, 
*  Uebersicht,  tus.  der  Zwtfli-Tafel-nagnMnte'),  and  the  illustrations  of 
it  in  the  witoh  trials  ore  too  numerous  to  be  mentioned.  A  trading  or 
maritime  population  living  on  a  stormy  coast  vrill  endow  their  malig- 
noQt  demons  with  a  more  awful  authority  over  the  winds  and  wavesL 
OlauB  Magnus  treats  largely  of  the  storm-raisiog  powers  of  the  Scan- 
dinatisn  witches.  It  was  on  his  return  from  these  regions  with  his 
wife  Anne  of  Denmark,  that  Kii^;  James  produced  so  goodly  on  array  of 
accusations  sgainst  witches  for  aiming  agednst  his  me;  and  coming 
from  a  spot  WOCTC  such  a  particular  department  of  witch  superstition 
iraa  prevalent,  it  is  natural  that  the  aspect  sasumed  by  the  accusations 
should  be  an  attempt  to  create  a  etorm  at  sea  for  the  purpose  of 
interct^tiiig  his  voyage.  In  the  aoousatlona  against  the  witches  of 
Aberdeen  in  169S  and  1697,  the  record  <rf  which  Is  printed  by  the 
Spalding  Club,  the  exercise  (A  a  power  over  the  elements  is  one  of  the 
charges.  In  tiie  curious  narrative  as  to  Margaret  Barclay  and  oHiers, 
presored  by  Sir  Walter  Scott  in  his  '  Domonology,'  we  find  the  same 
feature.  This  speoiflo  superstition  does  not  seem  to  bare  taken  root  in 
England,  and  Snakspere,  whose  witchery  in '  Macbeth '  is  eaaeutially 
So^iidi  in  character,  has  given  it  a  place  tJiere : — 

"  Ihongta  Tou  antle  the  winds  and  lot  Uicm  Ogbt 
Agaliut  the  •borohce ;  tbongh  the  jeatj  vavH 
Confonad  and  nrallOT  navigation  up." 

It  is  a  remarkable  drcumstance  that  nowhere  are  t^e  identities 
between  the  opinions  promulgatcxl  in  dootrinal  works  and  the  pracUce 
of  witchcraft  more  mlij  developed  than  in  the  confessions  of  the 
witches  as  produced  in  cmdal  documents.  The  horrible  tortures,  winch 
the  slsrm  produced  by  the  supposed  existence  of  a  coalition  with  Satan 
seems  to  have  prompted  men  of  ordinary  humanity  to  sanction,  appear 
to  hare  generally  called  from  the  exhausted  victims  an  assent  to.wha^ver 
nairatire  was  mctated  to  them,  and  the  Inquisitors  being  learned  men, 
aoquidnted  vrith  the  best  authorities  on  the  subject^  would  know  how 
to  ocnmeot  the  received  dootrines  of  soroery  with  whatever  tnin  of  real 
droumstanees  may  have  been  brouf^  home  to  the  victiiiL  Knowing, 
in  &ot,  the  oitttine  of  natural  events,  they  would  be  able  to  fill  up  the 
Bupernafoiral  details.  Margaret  Barclay,  tried  in  1618,  was,  according 
to  the  record  preserved  by  Sir  Walter  Scott,  subjected  to  "g«ntle 
torture."  Sir  Walter  calls  this  *  a  strange  conjunction  of  words;' 
but  it  is  not  wiliiout  precedent,  and  we  con  imagine  it  taken  from 
Bienslddiui^  who  tells  as  of  a  lady  who,  in  1690,  at  Cologne  wss  sub- 
jected to**  modurata  tortura."  The  Incubus  and  tiie  Sucoubus— the 
former  l^e  visitant  of  females,  the  latter  of  moles — are  prominent  in 
the  confessions,  and  open  up  a  world  of  psycho-phydological  inquiij. 
These  notabilia  are  enlarges  upon  in  several  of  the  Srottish  trials. 
Reference  may  be  made  to  the  appendix  to  Fitcaim'a '  Criminal  Trials,' 
p.  610,snd to  a  pamphlet  called  'Hutory  of  the  Witches  of  Renfrewshire.' 
Rflo^nald  Boot  goes  over  the  same  subject,  and  further  curious  matter 
will  be  foimd  In  Olsntil, '  Sadudsmus  Triumphatus ;'  ^SprenKor, '  Mal- 
leus Maleflcarum ; '  and  Belrio, '  Dlsquisitiones  Magical.'  There  is  no 
doubt  that  some  of  t^e  confessions  were  voluntarily  made ;  and  that, 
whether  dictated  by  their  own  imagination  or  by  their  reading,  the 
self -accusers  did  not  speak  on  the  suggestion  of  others.  ITiero  are  thus 
two  mingled  elements  in  Uieee  documents,  the  separation  of  which 
would  be  necessary  ;to  and  would  materially  aid  a  phOosophical  ex- 
amination of  the  causes  whioh  have  produced  such  singular  effects  :  the 
one  would  bi^  before  us  t^  phjiuwl  and  fsyoholo^cal  causes  from 
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which  the  minil  Tolimtorily  iiatginng  itealf  an  actor  in  such  super 
natunl  oocurrenoeB ;  thd  other  would  explain  the  utterance  of  oon' 
fesBiona  of  auch  octe  by  persons  who,  until  tiiey  were  aubjectsd  to 
torture,  never  imm^nfA  tbmr  ezistenoe.  The  ooniceuons  made  under 
torture  wero,  however,  {reqneatly  rsvokad  during  momeota  of  mental 
aDdjJmioal  rewiHcitatioH. 

The  lafluMioe  on  aodety  of  a  belief  in  wHdmaft  was  of  the  moat 
pemioioui  hind.  li  gave  an  unohacked  fiow  to  all  the  malignant 
paasions;  tome  Tenting  than  in  acousatlonB,  others  in  attempts  to 
practise  the  nebrioua  art.  In  the  year  1515  five  hundred  people  are 
said  to  have  been  ezeouted  at  Qenava  on  ohaiges  of  witohoraft;  and 
Bamigiiu,  the  inquiaitor,  boaata  that  he  pui  ame  hundred  to  death  In 
Lnranie.  The  uat  pen»n  who  lifted  hia  toIm  against  theia  oradtiM 
waa  WieruB,  who  wrote  in  1668.  He  and  his  followers  oarried  on  a 
oontrorersy  with  Ddrio,  Bodinus,  Sarib(auuB«  and  otheza,  in  which  it 
is  generally  admitted  that  the  defenders  of  witdhoraft  were  the  more 
Bucoessful  logidana.  The  supporter*  of  old  and  reoelTsd  fallaciee  have 
thor  compact  and  complete  system  of  sophistry,  and  he  who  would 
hnak  Haaof^  it  moat,  like  a  Bacon  or  a  Loos,  poaBsai  afaaagth 
enough  to  destroy  the  whole  &brio.  Wierus  and  bU  followars  veo- 
tored  to  raise  thdr  voioe  against  themalhodonly  of  dLemanifeatatioQ 
of  Satan's  poww  (A  diabolical  poasaaaion,  not  its  existence.  Againat 
the  brutal  praotioe  of  awimming  a  witch  to  aee  if  she  will  sink  or  float, 
which  may  be  traced  as  an  ordeal  suooeedio^  that  of  the  red-hot 
ptougfaahares,  and  which  intarrad  thai  a  body  m  vdiich  an  eril  ^lirit 
dwelu  is  lighter  than  water,  tluv  could  do  no  mora  dun  addnoe  tha 
experiaaeotal  ta/A,  titst  the  herd  of  awine  into  whidi  Jesus  cast  the 
erU  qitrits,  rutming  mto  a  lake,  were  drowned.  Of  all  the  early  oppo- 
nwta  of  this  supeiatition  the  English  R^[inald  Scot,  who  wrote  in 
1884,  waa  perh^  the  most  Buocesafui  in  the  employment  of  an  ac- 
quaintance with  natural  operations,  a  bold  aeom  of  fallaciea  highly 
aupportedf  and  a  ready  sarcasm.  He  waa  followed  by  Harsnet  {n  1699, 
and  in  17S0  Igr  Francis  HutdiinBcni  who,  however,  iqmaled  chiefly 
to  the  nnleamed,  amtng  whom  alone  the  bdirf  lingered  at  the  time 
when  he  wrote. 

The  learned  men  of  Europe  guterdly  were  'bblierers  in  witch- 
craft down  to  the  end  of  the  llwi  omtury.  Selden  has  an  apolr^ 
for  the  law  against  witches,  which  shows  a  luiting  belief.  He  aaya 
that  if  ons  belierea  that,  by  turning  his  hat  thrice  and  ^nying 
'boa,'  ha  oould  take  away  a  man'k  Hfe;  "this  were  a  just  law  made 
by  tiie  atate,  that  whoarer  dionld  *iira  hia  hat  and  ay  'hua,'  with 
an  intention  to  t»ke  away  a  man's  life,  shall  be  put  to  death."  The 
logic  of  Selden's  mind,  if  untainted  by  aupentition,  would  surely 
have  shown  him  that  a  law  waf^ng  war  with  intenttons  incapable  of 
being  fulfilled  must  be  both  useless  and  mischievous.  Sir  Thomas 
Browne  and  Sir  Hatthew  Hale  were  believeiB  in  witchcraft,  and  attested 
their  belief  being  inatrameiital  in  oooTiotions  far  the  crime.  It  is 
supposed  that  thve  were  no  executions  iot  witdieraft  in  Engjand 
subsequent  to  the  yeu*  1682 ;  but  tha  statute  of  1  James  I.,  c.  12,  so 
minute  in  its  mactmenta  against  witchee,  was  not  repealed  till  tiie 
fi  Geo.  II.,  c.  C.  In  ScotUnd,  so  late  aa  the  year  1732,  whoa  the  local 
jurisdictiona  were  still  herediUiy,  and  had  not  been  put  into  the  hands 
of  professional  lawyers,  the  sheriff  of  Sutherianduiire  ctmdenmed  a 
vitoh  to  deaU).  It  ia  worfiiy  of  remark,  as  oo.»  of  the  last  vestiges 
of  this  superstition  in  educated  and  profeasional  minds,  that  in  a 
work  called  '  The  Institutes  of  the  Law  of  Scotland,'  publiabed  in 
Edinburc^  in  1780,  by  William  Forbes,  an  author  deeerredly  neglected 
by  praotioal  lawyers,  after  a  specific  definition  of  the  nature  of  witoh- 
eran,  there  b  the  following  pasa^ : — "  Nothing  aeMns  plainer  to  me 
than  there  may  be,  and  have  bean  witches,  and  that  perfa&ps  such  are 
now  aotnaUy  sxistiag;  which  I  intend,  Ood  wiUing,  to  elear  in  a  latger 
work  ooncenung  the  criminal  bw."  This  {Homisad  work  never  made 
its  appeannce. 

WITBNAOEUOTE,  literally  an  "  assembly  of  viae  men,"  from  the 
Anglo-Saxon  "gemoth,"  an  "aasemhfy,"  and  "witan,"  "to  know," 
which  has  the  name  root,  "wit"  or  "  wis "  as  tts  words  «H,  witness, 
wise,  and  the  legal  phrase  still  in  nsa  "to  wit." 

Although  tiie  chief  rolera  (A  the  Anrio-SaxoQ  states,  neariy  down  to 
t^e  time  of  the  Conquest^  han  the  tisk  of  king,  and  in  thor  charters 
tmd  letters  attached  to  it  many  sonorous  epitneta,  yet  in  &ct  they 
were  little  raised  in  power  above  the  ottier  chiefs  of  uiair  nation.  To 
deotioQ  by  these  ehufa  the  king  owed  his  ofBce ;  and  if  the  soeptre 
deaeended  in  his  rsoe,  it  was  means  of  the  formal  reoc^TiititHi  of  the 
new  king  by  tiie  ngUea  in  an  aasanUy  eonvened  fbr  the  purpose.  Of 
this  assemUy  the  chief  eoclestasticB  in  the  kingdom,  arohbiriiops, 
Ushops,  and  abbots,  the  jndgea  (if  suth  tiiere  were),  and  the  largest 
landhcdders  formed  part  VHietiieT  the  main  body  of  ihe  people  had 
a  voioe  in  this  great  council  is  doubtful ;  but  judging  by  the  anidogy  of 
the  shire  motee,  and  of  all  the  political  and  judicial  institutiona  of  our 
An^o-Soxon  ancestm,  it  ia  probable  that  tae  freemen  who  ware  near 
the  spot  had  a  ri^t  to  be  present.  Any  impcHrtant  law  or  regofaition 
waa  transmitted  for  i^pprovid  or  ootuddention  to  the  variona  f<dk- 
motes.  While  the  f  olkmotes  were  small,  and  Hie  oeoadona  fca-  assemb- 
ling few,  little  inconvenience  was  felt,  but  ultimately  it  was  found 
expedient  for  the  king  to  summon  an  influential  person  from  various 
parts  of  the  oountiy,  peihaps  occasionally  the  leading  man  of  a  folk- 
mote,  and  tbxm  form  an  assembly  of  oounseUors,  or  witen^[emota 
TUm  dbaage  was  no  donbt  gntdud,  and  no  pndaa  dattt  eao  he  fixed. 


It  is  certain  that  it  was  in  enstence  in  this  form  under  Ethelstan. 
(A.D.  931)  and  that  all  the  sherifb  of  counties  attended  it.  In  99i 
there  were  present  at  one  of  these  assemblies  tiia  king,  four  Welsh 
prinoes,  two  archbishops,  seventeen  bisliops,  four  abbots,  twelve 
dukas,  and  fifty-two  thanes.  The  memb«m  WMe  not  daoted,  in  any 
■ansa  but  either  nominated  the  king  or  summoned  by  the  assembly 
after  having  bean  constitnted ;  and  the  members  seem  to  have  had  the 
right,  or  assumed  the  privily,  of  introducing  a  friend  or  counsellor. 

The  powers  of  the  witan  were  extensive.  As  a  consultative  body 
they  iiod  a  rig^t  to  consider  every  public  act  which  oould  be  authorised 
by  the  king  :  they  deliberated  upon  the  making  of  new  laws,  which 
were  to  be  added  to  the  folo-ri^t,  and  which  were  then  promulgated 
Inthebrownandthe  king'a  anOumty;  they  had  the  poww  of  making 
aUianoes  and  treaties  of  peaoe,  and  of  settiuiB  their  terms ;  in  them 
was  vested  tiia  rif|fat  of  electing  the  king,  whom  also  they  had  the 
power  of  deposing  if  his  government  waa  not  conducted  for  the  benefit 
of  the  people.  They,  together  witii  the  king,  had  the  power  to  appoint 
prelates  to  the  vacant  sees;  thciy  had  aliw  the  power  to  regulate 
wodaaiastioal  matters,  arooint  fasts  and  fastivala,  and  decnda  upon  the 
levy  and  sxpenditaie  fd  eoeledastieal  reraina ;  and,  with  the  king,  to 
levy  taxes  for  the  public  service.  The  king,  with  consent  of  the 
witan,  had  power  to  raise  land  and  aea  forces  when  occasion  demanded. 
The  witan  possessed  the  power  of  rac<wamending,  assenting  to,  and 
guaranteeing  grants  of  lands,  and  of  permitting  the  conversion  of 
folcknd  (common  land)  into  boolond  (book-land),  and  vie»  veraS. 
They  had  also  power  of  adjudging  the  lands  U  ofihoden  and  intestates 
to  he  forfeit  to  tile  king;  and  they  acted  as  a  aopreme  court  <^  justice, 
both  in  dvil  and  criminal  causes.   (Kemble, '  The  Saxons  in  England.') 

A  witenagemote  in  tiie  reign  of  Ethelwolf  (855)  granted  to  the 
church  a  tenth,  with  the  assent  of  the  kings,  thanes,  buDUS,  and 
people.  The  ei^thUwof  Edward  the  Confessor  names  the  people; 
and  the  S6th  law  recites  that  it  passed  by  the  common  advioe  and 
assent  of  all  bislu^,  ^nnetm,  diiefs  (procerum),  earis,  and  of  all  the 
wise  men  and  elders,  and  of  tiie  people  (populorum)  of  the  whole 
kingdom.  Sergt.  Ruffhead,  iu  his  preface  to  the  Statutes,  conjectures, 
oonfesaing  at  the  same  time  his  ignorance,  that  the  folcmote  resembled 
our  House  of  Commons,  the  eaba-witenagemote  our  House  of  Lords, 
and  the  witenagemote  our  privy  oounciL  Undoubtedly  s(»ne  of  tho 
functions  which  in  for  mora  recent  times  the  privy  council  has 
performed  did  devolve  a]Mm  the  witan;  for  inattmoe,  their  approval 
was  required  for  cntain  acta  of  the  khig ;  and  gener^y  their  offloe 
was  less  to  devise  measures  than  to  consider  and  to  sanction  these 
wliich  were  submitted  to  them. 

In  concurring  in  royal  charters  and  grants  the  witenagemote  per- 
formed the  double  office  of  cnnsenting  to  and  of  attesting  these  gifts 
or  privileges ;  and  here  th«r  office  waa  analogous  to  that  of  ,the  shire- 
mote,  which  in  those  rude  di^  distributed  justice  rather  according  to 
the  notoriety  of  the  facta  than  to  any  aystematio  rules  of  investigating 
the  truth,  and  qualified  itself  for  this  offioa  by  requiring  that  the  mtivf 
transaotiona  touching  the  ri^ts  and  property  of  mdividuali  within  ita 
district  ahould  pass  m  its  presence. 

In  those  oaaea  where  the  administration  of  justice  waa  impossible  in 
the  county  courts,  owing  Mther  to  their  want  of  juriadiction,  or  to  the 
power  of  one  of  tiie  parties,  the  authoriiy  of  the  witan  waa  appealed 
to;  and  the  nation  pledged  itself  to  support  the  executive  power  of 
the  king  by  giving  to  his  arrangements  the  force  of  a  law.  Thus  the 
great  family  ct  Oodwin  earl  of  Kent  was  outlawed  in  1018,  and 
restored  in  1052  bv  the  authority  of  tiie  witan;  in  another  case  the 
title  of  a  great  landhdder  to  eetatee  of  which  the  muniments  had  been 
destroyed  waa  acknowledged,  and  a  new  deed  setting  out  the  bounds 
was  granted. 

During  the  Ane^o-Saxon  times  the  possessions  of  the  king,  and  tiw 
ordinary  paymwtts  made  to  the  crown  by  every  landholder,  together 
with  the  duties  paid  1^  townriiips,  were  sufficient  for  the  ordinary 
wantfl  of  the  government,  especially  as  the  triple  duty  (trinoda  neoes- 
sitss)  of  retailing  roads  and  Iffidge*  {hryc-boU),  maintaining  the  walls 
of  tna  burghs  {byrgh-hote),  and  renstang  invasion  (the  fyrd),  was 
invariaUe.  The  kii^  too  was  entitled  to  tolls  on  goods  sdd  in  most 
markets  and  fairs,  and  to  customs  on  imported  goods;  but  in  those 
emergencies  when  a  pecuniary  contribution  was  to  be  made  by  the 
nation,  the  witan  were  called  on  to  accede  to  the  tax. 

It  is  very  remarkable  how  these  powers  have  been  transmitted  to 
our  present  pariiament,  thouj^  some  have  been  separated  and  allocated 
between  the  House  of  Peers  and  the  House  of  Commons.  The  witena- 
gemote was  of  oourse  abolished  by  the  Norman  invader;  but  the  idea 
waa  evidmtfy  preserved  and  ultimately  developed  even  by  tiie  Mormons 
thwnsslvee.  It  amumed  a  distinct  form  when  Simon  de  Montfort, 
eari  <A  Leicester,  issued  write  in  the  king's  name  to  the  sheriffi  of  all 
counties,  ctHnmaoding  tiiem  to  return  two  knights  for  the  county,  and 
two  burgesses  Ita  certajn  named  bonuf^  to  sit  hi  pariiament  to  oon- 
sult  on  the  aflUrs  of  the  nation. 

(^  F.  Palgrave,  Bite  and  Progrm  nf  (he  BiaUA  ComDumttwuM, 
1SS2 ;  J.  If .  Kemble,  The  Baxona  m  England,  \m.) 
WITNESS,  from  the  Saxon  «**<»,  "  to  know."  [EvromoE.] 
WOAD  {Itatia  tinetwia)  is  a  plant  which  waa  once  cultivated  in 
Britain  to  a  CMisiderabla  e^nt  for  the  blue  dye  extracted  from  it.  It 
has  beoigreail^  supetseded  hj  indigo,  whidi  gives  a  stronger  and  flnap 
Uoe;  buttAwmasnlsitmi^tstiUbeoaHmtadtoadvantBge^ 
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The  woad  ia  a  plant  of  tlie  natural  order  of  the  Orueiferce,  clasBod  by 
Linnteus  in  the  Tetrat^fttamia  mlUutoia.  It  hai  a  Btrong  iap-root, 
which  laato  two  yean.  The  height  of  the  pUnt  yfbm  in  perfection  is 
from  three  to  four  feet.  It  throws  oat  many  hgranchsB  from  the  upper 
part  ol  tlie  Btem.  The  leaves  are  alternate  and  smooth,  the  lower  on 
foot«taU»,  lai^  and  Bpear-du^ted,  the  vmee  embracing  the  stem  and 
arrow-Bfaaped.  The  flowers  are  jellov,  m  panioles  at  the  extremity 
of  the  branches.  The  fruit  is  a  hearMiaped  pod,  with  twovalvee  con- 
taining one  seed  only. 

It  requires  a  good  sobstantial  soil  of  oonndenble  depth  and  fertility ; 
fen-  the  iMger  and  more  numeroos  the  leaves  are,  toe  more  profit  is 
derived  from  plant.  A  wet  clay  kH  is  not  at  all  suited  to  its 
growth,  nor  a  loose  sandy  one.  When  it  was  largely  oulUvated  in 
England,  old  pastures  ploughed  up  afforded  the  beat  soil  for  the  woad 
to  grow  in.  These  were  often  taken  at  a  very  high  rent  for  two  years 
by  men  who  made  it  thdr  business  to  cultirate  uie  woad  and  prepare 
the  oolour,  and  who  found  it  a  profitable  speculation.  To  have  good 
woad  the  laml  should  be  naturally  very  ru^  ta  mnoli  nunnre  soould 
bs  intimately  mixed  with  it  some  time  bebn ;  nothing  but  com- 
pletely decomposed  duag  shonld  be  usad,  or  compost  made  on  purpose 
a  long  time  before. 

The  land,  having  been  prepared  by  repeated  ploug^tings  and  perfectly 
clean,  is  hid  into  narrow  beds  with  deep  intervals.  On  these  beds  the 
seed  is  sown  in  Fetwuaiy  or  very  eariy  in  Hanab.  It  is  sometimes 
sown  broadcast^  and  the  plants  thinned  out,  but  sowingit  in  drills,  two 
rows  on  a  f6ur-feet  bed,  is  much  the  best  practice.  Hie  drills  are 
one  foot  from  the  edge,  with  two  feet  clear  between  Uiem ;  some  make 
five-feet  beds,  and  t£ere  ia  an  interval  of  thirty  inches  between  the 
rows,  which  allows  of  better  cleaning,  and  gives  the  plsnta  more  room 
to  spread.  When  the  plants  are  come  up  in  the  rows,  they  must  be 
thinned  out  hand,  leaving  the  strongest  about  two  feet  apart;  the 
leaves  will  soon  fill  up  the  intervals.  They  b^in  to  ripen  in  June. 
TlaiBf  are  fit  to  gather  when  they  begin  to  dnxip  and  become  yellowish. 
This  i^ould  be  done  in  very  dry  weather,  and  after  the  d!ew  is  oS. 
The  leaves  of  the  woad  are  either  twisted  off  close  to  the  stems  or  cut 
down  with  a  sickle.  Qreat  care  must  be  taken  that  no  dirt  or  earth 
adheres  to  Hiem.  Some  recommend  taking  off  the  lower  leaves  first, 
when  they  appear  ripe  by  drooping  and  turning  yellow,  and  letting  the 
upper  leaves  remain  till  thsy  show  the  same  a^peazanoe ;  then  nothing 
but  ripe  leaves  will  be  gatiiered.  This  stripmng  may  be  repeated  two 
or  titree  times  as  the  leaves  grow  agun.  The  plants  destined  for  seed 
are  only  stripped  once  or  twice,  for  fear  of  weakening  them.  It  might 
probal^y  be  aavantageoos  not  to  strip  Ihem  at  all,  but  to  leave  the 
vhola  strength  {» the  formation  of  the  seed,  which  will  be  larger,  and 
produce  finer  jdknta  the  next  yesr. 

The  first  g^eiing  of  the  leaves  is  the  best ;  they  should,  therefore, 
be  kept  separate  to  obtain  the  best  dye.  As  soon  as  the  leaves  are 
gathered,  uie  bed  should  be  well  and  dss^  hoed  or  dug>  to  give  a 
xreshimpulse  to  the  roots. 

The  leaves  are  naturally  full  of  sap,  and  soon  begin  to  decompose  if 
laid  in  a  heap.  They  should,  therefore^  be  partially  dried,  and  Imme- 
diately carried  to  the  mill  to  be  muiu&ctured.  Tlie  seed  wiQ  vegetate 
when  two  years  old,  but  cannot  be  depended  on  after  that. 

Woad  is  also  occamonally  sown  as  food  for  cattle;  and  has  be«i  brought 
forward  for  this  purpose  under  its  F^«nch  name  of  "PasteL"  Its 
vigorous  growth  and  hardy  nature  have  recommended  it ;  but  it  will 
01^  grow  in  very  ridi  scut.  There  are  many  other  danii  as  vigorous 
and  hardy,  which  will  thrive  well  in  Infsriw  soils,  ana  tbnefore  an  to 
be  preferred.  But  for  its  dye  this  plant  is  wdl  wiwthy  of  the  attention 
of  those  who  have  good  rich  and  deep  soils. 

WOMB,  DISEASES  OF  THE.  The  cogan  which  is  devoted  to 
the  retention  of  the  foetus  during  the  early  stages  of  its  development 
[Rbfboductioh  ih  Plahts  ahd  Aniiuu,  in  Nat.  Hut.  Djv.I  and 
which  is  also  oaUed  the  utenu,  ia  sabjeet  to  all  those  pwtiudogiosi  oon- 
ditions  which  are  found  In  oiher  organs  oompoeed  en  similar  tissneik 
The  priutnpal  tissues  to  which  attention  need  be  directed  are  the 
muscular  substance  of  the  uterus  and  its  lining  mucous  manbruie. 
The  latter  is  contioous  through  the  oe  uteri  with  the  same  membrane 
in  the  vagina,  and  the  auctions  of  the  one  are  often  found  in  the 
other.  Like  the  mucous  membranes  in  other  organs,  those  parts  may 
be  inflamed  or  congested,  or  their  function  may  be  distarbed.  One  <^ 
the  most  oommon  and  troublesome  forms  (d  disease  of  these  membranes 
ia  that  which  is  called  leuoorrhea,  and  which  ia  attended  with  an 
increased  secretion  from  the  mucous  membranes.  This  may  or  may 
not  be  attended  with  pain  and  other  symptoms  of  congestion.  Where 
the  latter  is  present,  the  disease  requires  a  different  treatment  to  those 
cases  where  no  such  symptoms  are  present.  Best,  saline  puigatavee, 
and  an  antiphlogiatio  recpmsD  is  ben^dal  in  these  cases.  On  Uie 
other  hand,  where  the  pain  is  slight,  and  tiie  pain  more  that  of 
nervous  irritation,  and  there  are  generally  symptoms  of  a  debility  and 
want  of  tone  in  the  system,  there  tonics,  audi  as  quinine  and  iron, 
especially  the  hitter,  will  be  found  of  neat  benefit.  Beet,  cold  bathing, 
and  a  regjmMi  adapted  for  deUlitated  states  of  the  system,  should  be 
reoommended.  TluBse  oasss  are  often  accompanied  by  nervous  symp- 
toms, whioh  more  or  less  approach  the  condition  of  hysteria  [HtsTebuJ, 
■nd  wUch  also  require  spedal  treatment. 

In  cases  vtun  the  congestion  is  more  active,  the  secretion  from  tike 
muoons  membrane  beoomes  puiiform,  and  has  a  yellow  oolonr.  In 


these  oases  the  more  active  measures  resdrted  to  in  inflammatory 
affections  need  be  had  recourse  to.  Where  such  an  inflamed  ocmdition 
of  the  mucous  membrane  is  kept  up,  ulcers  frequently  ooour  on  the 
sorface  of  the  membrane,  more  especially  in  the  coameted  portitm 
called  the  os  uteri.  These  ulcers  are  frequently  attended  with  excessive 
irritation  of  the  nervous  system,  producing  intense  pain  of  the  back, 
more  especially  in  the  r^j^on  of  uie  coccyx.  The  general  system  also 
fr«qnentlv  suffers  in  these  cases,  and  great  feebleness  and  exhaustion  is 
the  result.  Althou^  such  uloera  will  frequently  pass  away  by 
judidouB  genarsl  traafament,  it  is  in  such  oases  thstloaal  appUeationa 
nave  been  found  of  most  entedal  benefit.  lajections  of  tKmie  acid, 
alum,  sulphate  of  sine,  and  mtrate  of  ^ver,  are  all  to  be  commmded. 
OccaaiiHuuly,  in  invetwate  cases,  it  may  be  neoeasory  to  apjJy  lunar 
caustic,  or  even  caustic  potash,  to  the  nloer  itself.  This  practice,  n^oh 
is  very  commonly  pursued  by  Fimidi  {oaeUtioDen,  does  not  commend 
itself  so  strongly  in  En^nd. 

The  tissues  of  the  uterus  are  especially  liable  to  atta<^  of  malig- 
nant disease.  The  nature  however  of  the  uloeratiMui  produced  by  the 
development  of  cancerous  formation  is  essentially  different  from  the 
ulcerations  last  spokoi  of.  Nor  is  there  any  evidence  to  prove  that 
simple  ulceralicai  ever  terminates  in  the  malignant  form.  It  ia  also 
important,  however  painful  it  may  be  to  know,  that  where  malignant 
ulceration  has  been  once  set  up,  it  can  never  be  arrested.  This  ought 
to  prevent  the  local  application  of  such  powerful  remedies  sa  the  actual 
cautery  and  caustic  potash,  which  can  only  add  to  the  sufferings  of 
tbepatient  without  Tooduciiig  any  benefici^  result 

llie  uterus  is  subject  to  the  occurrence  of  fibrous,  cellalsr,  and  other 
tumours,  which,  although  they  produce  great  inconvenience,  are  not 
necessarily  fataL  When  these  occur  on  the  internal  surface  of  this 
organ,  they  are  frequently  more  or  less  pedunculated,  and  may  be 
removed  by  ligature  or  the  ecraaaeur. 

Hie  uterus  not  being  attached  directly  to  the  solid  framework  of 
the  body,  is  liable  from  the  stretching  to  which  its  parts  are  subject 
during  pr^piancy  to  oonudenble  disfdaoementa.  It  may  be  tilted 
ovn-  ba<swardB,  which  is  ceiled  re^vendon ;  or  it  may  be  introverted, 
or  it  mi^  sink  lower  than  natural  into  the  ontlet  <tf  the  ^vis,  con- 
stituting what  is  called  prd^isus  uteri.  For  these  meohamcal  defeats 
various  i^lianoes  have  bean  made  with  more  of  less  success. 

Functional  disorders  of  the  uterus  are  very  fr^uent  in  both  un- 
married and  married  females.  The  periodical  and  sanguineous  efl^ision 
which  passes  off  frcnn  the  muooua  membrane  may  be  increased  in 
quantity,  or  decreased,  or  changed.  Tha  amount  of  the  oatamenia 
varies  in  diffirait  wunen,  and  in  the  same  woman  at  ditteent  periods 
<A  lif^  but  oooasionally  the  increase  is  so  great  as  to  produce  fiuntinj^ 
and  other  symptoms  of  uhanstiai.  This  is  called  menorrhagia.  It 
sometimes  oomes  on  from  over-exertion,  on  the  abortion  of  the  embryo, 
and  all  that  ia  generally  required  is  rest,  and  the  same  treatment  as 
would  be  adopted  in  hnmonhage  from  other  organs.  Sometimes  the 
discharge  is  produced  by  vi  inflamed  or  congested  oondition  of  the 
uterus.  Then  is  pain  m  the  hadi,  and  a  full  qolok  pulse,  and  other 
qrmptoms  of  inflammatoiT  aotion.  In  these  cases  an  antqihlogpstic 
regimen  should  he  pnrsuea,  and  active  purgatives  with  other  lowering 
medicines  may  be  given.  It  often  hi^tpens,  however,  that,  the  menor- 
rtiagia  occurs  in  quite  a  different  rtate  of  the  system,  and  here 
quinine  and  sulphuric  acid,  or  tannic  or  gallic  aud,  ehould  be  ^v«i. 

The  c^podte  state  of  this  function  is  called  amenorrhea.  The  sup- 
preision  ot  the  aooastraaed  secretion  m^  arise  from  wions  caosea, 
sad  when  sny  obvious  impn^riety  can  be  drtaoted  of  oouiss  this  must 
be  prevented.  Amenorrhea  oomes  on  in  opposite  states  of  the  system, 
but  it  is  more  frequentiy  a  symptom  of  general  debility,  and  oomes  on 
as  a  symptom  of  most  exhausting  and  debilitating  diseases.  Should 
tilers  be  amenorrhea  without  any  other  pressing  symptoma,  aloetio 

Surgatives  oMnbined  with  chalybeatee  and  tonics  will  frequentiy  be 
lund  ill  that  is  required.  The  removal  of  sirls  from  the  mpnn  afr 
of  towns  to  the  mon  invigorating  atanoapbere  of  the  ssMuie  is  a 
potent  remedy  in  such  ceaes. 

Accompanying  «ther  of  the  before-mentioned  affections,  or  without 
any  increase  or  decrease  of  the  catamenia,  there  is  frequently  great 
pain.  This  is  called  Dysmenorrhea.  In  these  cases  the  general  health 
should  be  attended  to  between  the  poiods  of  attack,  and  opium  judi- 
doQsly  administered  will  be  loond  the  most  valuable  remedy  in  rwiev- 
ing  the  pain.  This  seoretum  Is  frequentiy  lighter  in  colour,  or  presmta 
o£er  changed  physical  ai^waraQoes,  all  of  whidi  indicate  some  general 
derangement,  and  such  cases  should  be  treated  accordingly.  The 
affections  of  the  nervous  system  which  may  arise  from  disordered  affeo- 
tions  of  the  uterus  are  very  numerous.  Fain  may  be  reflected  from 
the  uterua  as  the  centre  botii  upwards  and  downwwds,  and  the  parietea 
of  the  abdomen,  the  loinB,'[aiid  the  thighs  and  legs,  may  be  the  seat  of 
acute  neural^  pains.  The  nerves  of  motion  may  in  like  maimer  be 
affboted,  aru  convulsive  movements  or  entire  pualysis  may  be  the 
roiult.  Such  affections  ntire  when  the  local  aSbction  is  removed, 
and  all  attempts  at  curing  the  seocmdaiy  disoasca  will  fril  until  the 
mimaiy  (me  ja  removed.  [NraiTom  Stuhi,  in  Nat.  Hist.  Dit.  ; 
Htbtbbu.] 

WOOD.  [TlMBKR.] 

WOOD,  DECOMPOSITION  OF.   [Timber,  PaBsxaVATios  or.] 
WOOD-ENORAYINa  is  the  art  (rf  prodndng  rused  surfaces,  by 
•xoiakgi,  on  bkicha  ol  wood,  from  which  fmptearions  osa  be  tnaafaned 
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\fj  meuu  ol  a  coloured  iHgnMiit  to  p^wr,  or  oth«r  stiUable  medium,  and 
generally  implied  to  [Hctorul  rapresentAtioiu  of  object!. 

The  art  of  cutting  both  upon  metal  and  wood  for  other  poipoaeB 
than  ttuwe  which  are  now  undentood  as  printing,  asoenda  to  a  rery 
remote  antiquity.  [ElifORAVUia.]  The  Babylonian  bricka  [Cuitkifobm 
Cbaracterb]  bear  inaoriptimia  that  haT*  prdnbly  been  formed  by  a  to(d, 
not  much  unlike  eune  tiiai  are  now  uaed  in  woodreomTing,  mit  vltii 
thedifflBrencetbatthaaecharaeten  are  indeed.  The  EgyptiaDS  eeem  to 
hare  made  a  Tery  close  approiimation  to  printing.  Some  of  thdr 
wooden  stampe  are  yet  nnulning,  and  are  perfectly  ouiabte  of  ^ving 
impreanons  in  the  manner  of  our  present  wood-cute,  though  tbeirnee 
was  doubUesB  for  stamping  on  clay  or  other  ductile  material ;  bricka  eo 
im[«eesed  being  frequen^  fiAmd^  of  which  aome  are  la  tlie  Britieh 
Unseum. 

The  earlieet  qmlicattoD  td  wood-engraring  to  the  produeliott  of  a 
book  originated,  there  can  be  bat  little  doubt,  in  China,  and  about  the 
middle  of  the  lOUi  century,  although  it  has  been  oonteeted,  chiefly  on 
account  of  the  silenoe  of  Marco  Pdo,  whose  wotk  was  written  in  the 
last  two  or  three  yeare  of  the  18th  century.  The  omiflsion  is  certainly 
lemaikal^;  yet  on  the  other  hand  the  date  here  given  does  not  ascemd 
to  tlia  period  of  Ghiueee  fable,  but  to  a  period  which  la  reaoliad  bv 
Bober  hietOTud  works,  and  the  dynae^  nndw  whidi  it  is  thus  stated 
to  have  been  invented  (that  fA  Sooug)  neoame  remadable  for  the  rapid 
development  of  literary  genius  that  to(^  (dace  under  it  It  ie  stated 
that  the  first  essay  in  printing  was  made  by  cutting  M  st<me,  and 
transferring  the  impresaion  to  paper,  the  ohanoters  of  their  language 
being  thus  white  and  the  pound  UadL  This  was  q)eedily  rdinqiushed 
for  UM  use  nA  wooden  NoiAb,  in  wluoh  the  elwnwten  wen  cut  in 
relief,  and  the  aj^wanuioe  when  teansfemd  waa  that  of  our  present 
boc^  No  material  alteration  haa  linoe  been  made,  except  that  of 
introdudng  pictorial  repreeentatkos,  which  oooasionally  form  a  whole 
Tolame,  the  subjeote  bemg  eometimfle  connected  so  that  though  each 
page  is  from  a  separate  block,  the?  would  join  and  jroduoe  a  total 
length  of  some  hundred  feet.  Suoa  are  the  illustrations  to  the  Wan 
Show, "  pieoee  of  music  and  songs  wans  in  the  etreete  m  imperial 
Urth-days,"  bein^  a  series  of  repeeentaaoau  of  the.  pufaUo  entat^* 
mente  and  exhibitions,  hOTse-radng.  fbot-raeing,  &&,  of  iiriiidi  there  is 
a  copy  in  the  library  of  the  AsiaGo  Sode^.  The  woA  itself  is  in 
0  vols.,  of  a  sise  eomewhat  largor  than  our  demy  Svo,  and  the  Ulue* 
tcations  form  a  separate  volume  of  several  hundred  pe^ee. 

The  BUterial  used  by  the  Chinese  is  pearlzee,  whidi  is  tough,  but 
eeqr  to  oot,  and  of  whku  slabs  of  oonsiaerable  siie  ean  be  procured. 
Tlte  nMthod  admited  in  engraving  and  [ninting  is  thos  described  by 
Sir  J.  F.  Davis,  m  '  The  Chmeee,  a  Qeneal  Description  of  the  Empire 
of  China  and  its  Inhabitants — 

"  The  wooden  plate,  or  block,  of  a  thlckneee  calculated  to  give  it 
sufficient  streogth,  is  finely  planed,  and  squared  to  the  shape  and 
dimenmonsof  Uten^;  the  surfaoe  is  then  rubbed  over  wtth  a  paste 
or  die,  oooanooaUy  made  from  bdlod  rioe,  irtiish  lendoi  it  quite 
smooth,  wd  at  the  same  time  scrftens  and  otiierwise  prqpaiea  it  for  the 
reoeption  of  the  dianeters.  The  future  peges,  which  have  been  finely 
bansoribed  Inr  a  raofeesional  person  on  uin  transparent  p^tar,  are 
dehvered  to  uie  bfockoutter,  who,  white  the  above-mrationed  wplioa- 
tion  is  still  wet,  unitee  them  to  the  block  eo  that  tiiey  adhere,  out  in 
an  iamrted  podtion,  the  thmness  of  the  dii^ying  the  writing 
petleotiy  thmudL  the  hadk.  Hie  paper  banc  sabwqueutqr  rubbed  tm, 
a  dear  ImiHteedon  in  Ink  <d  the  invwted  wtiting  remaiu  on  the  wood. 
The  wtrtman  then  with  his  sharp  graver  eute  away  with  eztnundinan 
neatneaa  and  despatch  all  that  porutm  of  the  wooden  sorfMie  irtiioh  is 
not  covered  by  tiie  ink,  leaving  the  charaotere  in  pretty  high  reliel 
Any  slight  error  may  be  corrected,  as  in  our  woodcuts,  by  mserting 
small  pteoee  oi  wood :  but  the  proceaa  is  upon  the  whole  so  die^i  and 
expedmoui,  that  it  is  generally  eader  to  re^IsDe  the  block,  and  cut  it 
again,  for  ^eir  mode  oi  taking  the  inmreaswn  renders  tiie  thioknees  of 
the  block  an  immaterial  point  Strict^  qfieaking,  *  the  preaa  of  China' 
would  be  a  misnomer,  as  no  prase  wutever  is  used  in  their  printing. 
The  p^er,  which  is  dmost  as  thin  and  bibulous,  or  absorbent  of  ink,  ae 
what  we  rail  silvw-peper,  recedves  the  impreesioDwith  a  genUe  contact, 
and  a  harder  preesore  would  break  thiou^  it  The  printer  holds  in 
his  liana  two  bmahe^  at  the  oppodte  extremitiea  <A  the  aame 
handle ;  vrith  one  he  inke  the  fMM  of  the  cbaractem,  and  the  papn- 
being  then  laid  on,  he  runs  the  dry  brush  over  it  so  as  to  make  it  take 
the  impression.  They  do  this  with  sudi  entedittoi  that  one  man  ean 
take  on  a  couple  of  thousand  oopiee  in  a  day, ' 

In  Europe,  the  finit  application  of  the  art  <^  wood-engnving  took 
place  in  Genuai^,  though  the  plaoe  is  not  exactly  asoertained,  but  is 
Bupposed  to  have  been  near  Nttmbeig,  about  the  dose  of  the  14th  or 
beguming  of  the  16th  oentury.  It  wae  probably  first  used  for  the  pro- 
dwstion  ^  playing-cards,  the  outlines  of  which  were  formed  \n  impree- 
Bions  hom  irood-cuts,  and  the  colouring  filled  up  by  hand ;  for  we 
dLsmisB  as  utterly  unfounded  the  story  told  by  Papillon,  In  his  *  Traits 
de  la  Qravure  en  Bois,'  of  impreesions  uf  a  aeries  of  wood-outs  seen  by 
him,  of  a  dato  between  1285  and  1287,  executed  by  Alexander  Alberio 
Cimio  and  Isabella,  his  twin  sister ;  although  the  story  is  believed  by 
Ottley  ('  Inquiry  into  tite  earljr  History  uf  Engraving ').  Zani  diapruvee 
(he  stoiy.  (See  Zani,  *  Material!  per  senrire  alia  otoria  de'  Frogread 
deU'  Inoisione  in  Rnme  e  in  Legno,  p.  222.) 

The  origin  of  playing-cards  haa  been  the  subjeeb  of  mush  eoutenUon, 
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and  llie  doonments  frmn  whldi  eonjeuturee  have  been  drawn  as  to  the 
date  have  been  singularly  subject  to  perhaps  unintentional  variations 
by  copyists.  Thus  the  Ahb^  Rive  ('  Etrennes  aux  joueurs  de  Cartes') 
quotes  a  statute  of  Alfonso  XI.  of  Castile,  forbidding  the  uee  of  cwds 
in  1842 ;  but  hie  authority  is  only  a  Wrach  translation  of  a  Spanish 
poem  written  bgr  Ou^van  in  1689,  and  in  the  Italian  translations 
fint  paUished  in  1668  no  mention  is  made  of  cards.  Jdm  I.  of 
Castile  is  also  ssid  to  luTe  inued  an  ediot  egainst  the  use  of 
them  in  1887  (BuUet,  'Reoherdiee  Histoiques  sor  lea  Cartes  k 
jouer');  but  here  again  the  autlunitiy  is  a  collection  of  the  laws  of 
Spain  printed  in  1640,  while,  In  an  earlier  oolleotion,  printed  in  1641, 
the  same  law  <mly  forbida  the  playing  at  dice  and  trictno  for  money, 
(Knitting  all  mention  of  cards.  The  early  spedmou  of  oarde  ehow  that 
th«r  were  of  two  kinds ;  one,  called  tareU,  wae  fonnod  entin^  of 
emblematic  figuree,  and  vras  probably  used  in  games  dmilar  to  woae 
in  which  now  we  endeavour  to  oonvey  instruotion  in  some  dqiertUMotn 
of  learning ;  the  other,  called  numenu  cards,  was  in  four  suita,  bearing 
difierent  names  in  various  oountries,  but  essentially  the  same  as  our 
present  playing-cards.  It  is  almost  certain  that  the  first  are  of  Italian 
origin ;  th^  are  notioed  in  1392,  in  a  life  of  Kiilip  Maria  Tiaoonti, 
Duke  dt  Milan,  bi  the  same  year  the  followiiw  eniry  has  been  found 
in  the  ardiivee  preeerved  in  the  Oiamber  of  Aeoounts  in  Fkiis: — 
"  Donntf  k  Jaoqunnin  Qringoneur,  peintoe,  pour  iroa  jeux  de  cartes, 
k  or  et  k  diverses  oontoure,  omte  de  pluswurs  devises,  pour  porter 
devere  le  eeigneur  Roi,  pour  son  eebattement,  dnquante  sols  PariHis." 
Ibii,  to  some  extent,  oonfirma  tiie  tradition  of  their  being  invented  for 
the  amusement  of  Charlee  VL  of  Franoa.  If  not  specially  invented, 
they  were  brought  into  early  employment  for  this  purpose.  These 
cards  were  pointed,  but  as  they  came  quickly  into  general  use,  the 
wood-out  was  spee^ly  adopted,  and,  in  the  Bibliotii^ue  Imperiale  of 
Frano^  ten  of  tite  numeral  cards  are  preserved  of  the  date  of  1425. 

Cards  eotm  became  not  only  an  amusement,  but  an  important  article  of 
commeroa.  In  the  registen  of  the  dty  of  Ulm  there  is  inscribed,  in 
1402,  the  name  of  a  buif^  who  was  a  painter  of  cards.  In  1418  the 
bum— book  of  Angsbiug  oontafais  the  name  of  a  "  Kartaunaeher,"  or 
card-maker.  The  tnde  in  oards  from  Augsburg,  Hilmherg,  and  Ulm 
became  eo  greet  that  Venioe  prohibited  their  importation,  and  in  Sici^ 
they  were  imported  tiie  cask.  It  is  thence  almoit  oertidn  that  it 
must  have  been  by  meana  of  some  facili^  in  multiplying  ct^nes  that 
they  oould  have  been  manubotured  so  cheap  as  to  command  so 
extendve  a  demand  in  foreign  countriee,  but  wme  of  the  specimens 
now  remaining  enable  us  to  fix  sny  predse  date  to  thdr  production. 
We  give  one  specimen,  copied  from  Hr.  SingeE**  noAi  aa.  ^ying- 
oards;— 


KiMva  (tf  Bells. 

Ager  CKunstiilstt,'  for  1888)  found,  under  the  year  1898,  the  name 
of  one  Ulridi,  a  wood-engmver  (Formschndder),  but  whether  he  out 
Uocks  for  caras,  for  seals,  or  forprints,  is  at  least  doubtfuL  (Passavant, 
'  Le  Peintce-gmveur,'  L  11.)  iWe  also  oooure,  in  the  necrology  oC 
the  convent  of  the  Frandsoane,  at  yoerdlingen,  vriiich  terminated  ai 
the  beginning  of  the  16th  oentttry,  tiie  name  of  a  lay  brother,  Luger. 
who  vras  an  excellent  engraver  in  wood.  ('' Optimus  indsor  li^unum ;  ** 
Heller,'Q«schichte,'p.26.)  Luger  was  probably,  as  Fsssavant  suggests, 
an  engraver  of  religious  subjects,  and  several  vrood-cuts  of  a  very  early 
date  are  still  extant,  which,  if  not  executed  in  a  monastery,  were 
executed  for  one.  (See  list  in  Passavant,  i.,  p.  22,  &c.)  But  the  first 
wood-cut  with  a  date  known  to  be  in  existence  is  1428.  It  was  dis- 
covered by  HeiiMkeBf  pasted  on  the  cover  of  a  manuscriot  in  the 
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Ubnn  at  thfl  oonTent  of  Bnxhrinii  near  MemmingBn,  ia  Saabia,  ind  in 
now  in  the  libruy  of  E^l  Speaoer.  It  repraraita  St  Christopfaer 
ranying  our  Saviour  on  Mb  ahouldsra  acrou  a  river.  The  two  figitrea 
are  drawn  wiUi  much  spirit ;  but  the  Moeamriee,  a  man  with  a  loaded 
an,  a  hermit  holding  np  a  lantern,  and  a  man  ascending  a  eteep  path 
toward  a  house,  show  a  deplorable  want  of  knowledge  of  perspectire.  It 
ia  by  no  means  oertoin,  however,  that  this  pintle  tiM  moat  anoient  spe- 
droen  we  poaaesa,  as  there  are  Boreral  othoi  which,  from  their  greater 
radaneHt  liaTs  been  hdd  to  have  aoperior  dainu  to  antiquity.  Bat 
this  rudeness  cannot  be  accepted  aa  a  proof,  aa  there  ia  reason  to 
beUere  that  tbtma  wiipbiral  subjects  were  addressed  to  the  wants  of 
tiie  poorer  classes,  and  were  intended  to  supply  the  plaoe  of  the  more 
•ostly  iUnminations  of  the  rich,  while  they  admitted  of  being  made  to 
occupy  a  middle  place  by  being  finished  off  by  hand  in  colours ;  and, 
indeedf  many  of  the  remaining  ^MCumena  owe  part  of  their  rudeness 
to  the  defect  ot  ftxta  inten&d  to  be  ao  supplied.  Cheapness  was 
thenfore  an  dement  neceasarily  required  in  the  productioa  of  these 
jKnnta. 

The  art,  however,  made  rapid  progress.  The  next  great  step  was 
the  producrbion  of  block  books  and  the  adoption  of  moveable  letters. 
[FBiimifa.1  Without  entering  into  the  disputed  question  of  the  dates 
ci  the  *  Biblia  Paupemm,'  the  '  Speculum  SalvaUonis,'  and  othOTs,  it 
win  be  enough  to  aay  that  they  prove  tiie  extMision  of  its  use,  and 
many  of  the  earty  books  witii  moveable  types  were  illustrated  with 
pictorial  wood-outa.  Of  one  of  theae  works  we  subjoin  a  foo-simile 
specimen.  A  sdeotion  of  rare  and  beautiful  specimens  of  blook-booke, 
induding  the  *  Biblia  Fauperum,'  supposed  to  be  the  earliest,  and  the 
'  Opera  nova  Contemplativa,'  the  lateet  block-book,  is  exhibited  in  the 
bnUb  Hnwom,  cases  1  and  2  iu  the  OrenviUe  lilvwy. 


Maps  also  were  engraved  on  wood.  In  an  edition  of  Ptolemy, 
printed  in  1482  at  Uhn,  there  are  twenty-seven ;  and  in  a  htter  editioni 
nrinted  at  Venice  in  1511,  the  outline,  with  the  mountains  and  rivers, 
H  in  wood,  while  the  names  are  printed  with  type,  and  in  two  colours, 
no  donbt  by  separate  workings.  In  England,  the  original  map  of 
London  by  Aggas,  measuring  6ft8in.  fcrSftiin.,  to  which  the  date 
of  1560  was  assigned  Vertu€L  though  it  was  probably  some  yean 
later,  waa  on  wood  in  several  blodca,  worked  on  sepante  she^  ot 
paper.  In  1488  the  in^rovement  known  as  "  cross-hrtching,"  Iw 
which  the  bold  and  free  effect  of  a  pen-drawing  was  endeavoured  to  be 
attained,  waa  shown  in  Brddsubeiv'B  'Traveb,'  printed  st  Uents. 
Xhte  inrantion  has  been  usually  attributed  to  Hicbad  Wohlgemitth, 


the  master  ot  Albert  Dtlrer.  Hub  woik,  however,  preceded  by  seven 
years  the  Ntimberg  Ohronide,  said  to  be  by  Wohlgemuth,  but  who 
probably  only  fumidied  tiie  designs,  and  the  execution  of  the  cute  is 
m  a  very  superior  style  to  that  of  an^  existing  contemporary  productaan : 
two  fac-simile  spedmens  are  given  m  '  A  TreatiBe  on  Wood-Engraving, 
Historical  and  Practical,'  executed  by  J.  Jackson,  the  most  complete 
work  that  has  been  produced  on  the  subject  in  tiiis  country,  and  to 
which  we  are  much  indebted,  although  we  have  been  compelled  to 
diffw  from  some  of  the  opiniona  therem. 

The  art  had  now,  attained  an  excellence  which  induced  artists  of 
oelebrity  and  talent  to  seleot  it  as  the  means  of  oonv^ing  their 
designs  to  the  world.  Among  the  most  distinguished  in  this  line  was 
Alb^  Diirer,  whose  productions  as  a  painter,  and  an  engfarer  on 
copper  and  wood,  are  so  numerous  as  to  exdte  a  doubt  whether  he  waa 
actually  an  engraver  on  wood  himself,  or  whether  he  only  put  the 
dedgn  an  the  blocks,  leaving  them  for  other  hands  to  execute.  The 
majority  of  critics  regard  it  as  oertam  that  DUrer  engraved  many  of 
his  own  designs ;  the  inequality  of  execution  of  those  marked  with  his 
monogram  forbids  the  belief  that  all  were  from  the  Bame  hand.  Bartsch, 
in  his  '  Peintre-Graveur,'  and  tiie  writer  of  the  work  above  mentioned, 
'A  Treatise  on  Wood-Engraving,*  have  agreed  that  Diirer  did  not 
engrave  on  wood.  The  last-named  says,  of  all  the  wood-engnvings 
mwked  with  the  initials  of  Diirer,  about  two  hundred,  "  the  greater 
part  of  them,  though  evidently  designed  by  the  hand  of  a  master,  are 
engraved  in  a  manner  which  certainly  denotes  no  vei^  great  exoellence, 
and  that  none  are  so  superior  as  to  challenge  a  belief  that  they  must 
be  from  his  own  hand ;  but  he  acknowledges  tiiat  "  the  cuts  of  the 
'Apocalypse'  (published  in  1488),  five  years  after  the  Numberg 
duoniole,  and  eight  from  the  expiration  of  his  apprmticeship)  gene- 
rally are  much  superior  to  all  wood-engnvings  mat  had  previously 
appeared,  both  in  design  and  execution."  Tet  he  asserts  that  this 
superiority  in  executiw  does  not  arise  from  any  delicacy  or  skill  in  the 
engraving, "  but  from  the  ability  of  the  person  by  whom  they  were 
drawn,  and  from  his  knowledge  of  ihe  capabilities  of  the  art."  Aiiother 
argument  is  the  frequent  employment  in  his  cuts  of  eross-hatching,  a 
work  of  no  artistic  mfficulty,  though  one  of  minute  and  tedious  labour, 
and  which,  as  an  artist,  he  could  have  easily  av<nded.  This  argument 
is  also  applied  to  othen,  Cranacfa,  Burgmair,  &a.,  who,  it  is  urged,  aa 
draughtsmen  on  the  wood,  produced  shade  t^us  more  easily  than  by 
thickening  the  lines,  though  in  cutting  the  case  is  reversed.  The  lart 
argument  is,  tiiat,  with  his  other  avocations,  Diirer  oould  not  have 
found  time  to  exeoute  the  great  number  niaiked  with  his  name.  On 
this  we  may  remark,  that  a  knowledge  of  the  capabilities  of  the  art 
was  most  likdy  to  have  been  acquired  practice — a  fact  that  is  felt 
even  at  present  by  pOTsons  who  draw  on  wood ;  and  it  ia  remarkable 
that  in  the  '  Apocalypse '  the  use  of  cross-hatchings  is  much  more 
sparing  than  iu  many  of  his  later  woiks.  There  can  be  little  doubt 
that,  as  he  advanced  iu  reputation,  he  availed  himself  of  assietance  not 
only  in  wood-mgraving,  but  in  painting  and  engraving  on  copper.  It 
is  known  that  he  had  many  pupils,  and  of  oourae  it  was  in  this  way 
they  were  instrocted.  His  wood-cuts  are  marked  jvecisdy  as  his 
engravings  on  copper  are  mariced,  and  we  think  there  are  thus  grounds 
for  supposing  that  the  outs  of  the  '  Apocalypse '  are  chiefly  from  his 
own  hand,  and  that  in  the  otiien  he  at  least  doedy  superintended 
their  exeoutim  and  nre  the  finishing  touches.  There  is  much  in  his 
designs  that  patient  fidelity  could  sucoeesfully  copy,  but  there  ia  mudi 
of  artistic  feeling  ond  expression  that  none  but  an  artist  of  great  talent 
could  reach :  we  refer,  as  an  example,  to  the  Christ  taken  from  the 
Cross,  of  which  the  block  still  exists,  and  from  which  impresdons  were 
printed  in  Ottlej's  '  Inquiry  into  the  Origin  and  Eaiiy  History  of 
Engraving,'  and  in  whicn  the  orosa^iatohing  is  but  spsringly,  tiiou^ 
effectively,  introduced.  It  is  yet  a  eommiHi  praotioe  icr  engraven  to 
employ  their  pupils  in  the  more  tedious  and  mechanical  parts  of  thdr 
busioes!!,  and  t^s  mlg^t  lead  him  to  adopt  the  oroas-hatohing  more 
frequenUy  than  in  those  executed  by  his  own  hand,  in  which,  however, 
he  would  not  altogether  omit  it,  as  it  was  then  understood  to  be  an 
improvement.  It  would  be  hard,  however,  in  such  oases  to  withhold 
the  merit  of  tite  engraving  from  the  maiiter  because  he  had  been 
aasisted  perhaps  varioiu  persons,  acoording  to  their  o^ad^  under 
his  immediate  Bupervidon.  This  is  also  Ottley's  opinion.  He  says, 
*'  Diirer  or  Buif^ur  might  have  found  employment  for  a  4esen  young 
men;"  and  that  of  the  Abate  Pietro  Zani  (' En^dopei^ Metodica 
critico-ragionata  delle  Belle  Arte,' Parma,  1821).  On  the  other  hand, 
Fassavant,  who  has  collected  the  whole  of  the  evidence,  and  many  of 
the  opinions,  on  each  side  ('  Peintre-Graveur,'  vol.  i.)  inclines  to  the 
belief  that  Diinrti  deBigns  were  osrtsinly  for  the  most  part  aignved 
by  profesdmsl  wood-einmrers. 

Thus  much  we  have  uougjit  it  necessary  to  urge  In  fiivour  of  Diirer^ 
claima  to  be  considered  as  an  engraver  on  wood,  though  doubtless  his 
merit  as  an  artist  is  to  be  estimated  rather  from  his  other  wcnrks  as  a 
painter,  an  engraver  on  copper,  and  as  a  sculptor,  in  all  of  which  he 
excelled.  In  the  history  of  the  art,  however,  the  question  has  but 
little  rest  unportanee.  The  prints  exist,  the  d^  of  their  production 
is  well  asoertained,  the  progress  of  improvement  definitdy  marked,  let 
the  engraven  have  been  who  they  mif^t. 

Jn  VD»  early  part  the  16th  century  several  artiste  of  cdebri^  were 
dther  designen  on  wood  or  engravers:  Louis  C^ansch,  Hans  Hdbdn, 
Hans  Burgmair,  Ham  SchatdBem,  Uim  Ontfib  of  Beme,  and,  in  Italy, 
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UgodaOan^  Their iiUtfalawmaaognnu anon ttteiro^;biit their 
claiBu  to  tlw  engraTing  tuve  bean  denied  "by  ButMb  lud  bj  nuuTani, 
as  well  aat^  the  writer  in  tlie' Treatise  on  Wood-Engraviiig.'  To  Da 
Carpi  has  been  attributed  Ow  invention  of  ^"'^■^■"e  drawing*  in  cfaiaro- 
ecuro,  effected  bj  using  three  or  more  blocks ;  but  it  has  been  shown  that 
this  had  been  done  earlio:  by  Dienecker,  if  not  by  Craoaoh,  though  Da 
Catpi  most  certainly  improved  on  it,  and  some  of  his  designe  are  said 
to  ham  been  drawn  on  the  blocks  by  RaSballe  himsBlf,  and  many  of 
them  are  from  his  designs.  Books  were  also  at  this  period  moat  pro- 
fusely inuatiated ;  but,  witb  the  exceptim  of  thoM  from  the  artists 
already  named,  and  a  rery  few  others  of  some  (tlione^  inferior)  merit, 
the  illustrations  are  very  mde  both  in  desim  and  execution.   The  art 
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guished  name  ontM  that  em[dre  at  this  period,  and  the  Italua  wood- 
engraTlngs  are,  <hi  the  irtiole,  evm  inferior  to  those  TOoduoed  In  the 
Low  Countries.'  A  selection  of  the  early  Qerman  and  Italian  prints  in 
chiaroaouro  may  be  seen  in  ttie  ^ng's  Library  at  the  British  Museum. 

From  about  1645  to  IfiSO  wood-engraving  continued  to  be  much 
used  for  the  illustrating  of  books,  but  the  tAyia  of  the  designa  became 
much  lowered;  and  duiiiw  tUa  period  the  ezeootion  of  eogravings 
improved  hi  Italy,  in  Htdland.  ami  at  Ly<at,  while  in  Germany  the 
reverse  took  place,  although  the  produotionB  of  Jost  Amman  ma^  be 
deemed  an  exception,  as  they  are  designed  with  considerable  sprit, 
and  executed  vim  great  ears  and  neatness.  His  works  are  vety  nume- 
rous :  one  of  them,  his  illustiatioiis  to  Schopper^s '  Do  omnibua  Illibe- 
ralibus  uve  Mechoniois  Artibna,'  contains  115  [oints  of  the  pincapal 
arts  and  tntdee  then  practised.  From  the  end  of  the  leth  oentunr, 
while  the  art  continued  to  decline  elsewhere,  the  outs  in  Vag>ub  wo»s 
showed  visible  improvement.  About  this  time,  also,  it  became  cue- 
ternary  to  designate  the  designer  as  w^  as  the  et^giaver  (they  had  now 
become  sepaiste  profearions)  in  the  imiHreaiion ;  aa,  for  instance,  in  the 
designs  1^  Bubena,  engraved  by  Je^er.  From  this  period  there  is 
littlo  to  be  recorded  ot  essentaal  importance,  till  the  appearance  of 
Bewick,  though  a  rwnlar  suocession  of  engravers  on  wood  was  kept  up 
both  in  Enghnd  and  on  the  Continant.  The  principal  names  in  Eng- 
land were  K.  Eirktdl,  who  published  prints  iiter  old  Italian  masters, 
in  which  the  outlines  were  taken  from  copper-plates  and  the  tints  from 
-wood  blocks ;  and  Jdm  Baptist  Jatikaon,  who  resided  fen-  some  time  at 
Venice,  and  there  executed  a  series  of  wood-cuts,  intended  as  fac- 
Himiles  of  drawings  Titian  and  other  of  the  great  Italian  masters, 
somewhat  in  the  manner  of  those  of  Kjr^All. 

Sewi^,  to  whom  the  revival  aS  wood-engraving  is  diiefly  owing, 
■was  bom  in  1768,  at  Cherrybnm,  near  Newcastle-upon-Tyne.  He  was 
apprenticed  in  1767  to  Mr.  Balph  BeQby,  of  KewcaaUe,  a  general 
engraver,  who  undertook  anything  from  book-plates  to  clock-^ras,  and 
£ewick*8  first  efforts  in  wood  were  made  in  engraving  diagrams  for 
Dr.  Charles  Hutton'a  Treatise  on  Mensnratim ;  but  thou|^  it  is  known 
that  he  endeavoured  to  im[nove  himself  in  tms  line,  it  was  in  {atvate^ 
for  his  master  had  littie  or  no  emplr^menb  ot  the  kind  for  him.  He 
devoted  himself,  however,  to  the  art  after  the  termination  of  his 
apprentioeahip,  and  in  1776  he  received  a  premium  from  the  Society 
for  the  Encouragement  of  Arts  and  Mannnetures,  for  the  cut  of  the 
Huntsman  and  the  Old  Hound,  which  appeared  subseguenUy  in  an 
edition  of  Gay's  '  Fables,*  pubUshed  at  Newcastle,  in  177d,  by  S.  Saint 
After  a  short  viitit  to  LondtBi,  ha  enteced  into  partnecsbip  with  hia  old 
inaster  in  1777,  his  brother  John  becoming  their  apprentice.  He  con- 
tinued the  practice  of  his  art,  funiiahing  the  cuts  to  the  edition 
Gay's '  Fables'  just  mwitioned,  and  to  an  edition  of  '  Seleofc  Fablea' 
in  1784.  In  1786  he  commenced  engraving  the  cuts  for  his  '  Qeneial 
History  of  Quadrupeds,'  for  which  the  descriptions  were  written  by 
Ur.  Beilby,  and  which  was  published  in  1790.  The  exoellenoe  of  the 
work  insured  its  Bueoess,  and  editions  n^iidly  succeeded  each  other. 
The  moit  of  tha  work,  however,  did  not  consist  merely  in  the  execu- 
tion of  the  cuts.  Bewick  drew  all  the  dengns  himself ;  tha  drawing 
was  in  general  remarkably  correct,  and  the  backgrounds  and  little 
vignettes  full  of  the  most  natural  expteesion,  rimplicity,  feeling,  and 
beauty;  The  auooen  of  the '  History  of  Quadrupeds '  led  immecUately 
to  the  Gommenoement  of  a '  History  of  British  Birds,'  of  which  the  first 
volume  appeared  in  1797,  and  the  second  in  1804.  Bewick  had  now 
taken  pupils,  and  in  this  work  waa  materially  oaaisted  by  titem. 

From  this  epoch  the  art  has  oontinued  to  flourish.  The  pu|^s  of 
Bewick  were  numaous,  and  possessed  of  great  talent ;  the  celeluity  of 
their  master  procured  them  immediato  employment;  Illustrated 
HoAb  became  fashionable,  at  first  at  very  hi^  jaioce,  but  by  d^rees 
at  lower  rates,  and  particularly  by  the  example  of  the '  Fenny  Hagaeine,' 
wherein  it  waa  proved  that  a  low  price  was  not  inoonsisteut  with  a  high 
degree  of  excellence  in  the  ui  of  wood-«igraving;  and  as  it  was  thus 
brought  within  the  reach  of  the  very  pooreet,  the  public  were  fami- 
Larised  with  the  best  specimens,  and  a  large  sale  was  ensured. 

For  the  purpose  of  illustrating  booki^  wood-engraving  is  peculiarly 
adapted.  Being  wraked  in  the  same  manner  as  type,  inqiressions  are 
produced  with  great  rapidity.  Any  number  of  cuts  may  be  printed  at 
once  on  a  sheet  of  p^>er  that  will  oome  into  the  preia  or  machine,  and 
an  almost  infinito  number  of  impreasioui  maj  be  taken  off  without 
material  injury  to  them.  This  aeenvthe  proper  puimeaof  the  ark 
The  attempts  which  have  been  made  to  inutato  the  efibota  oopper* 


plates  are  iidsqi)4ied,  and  the  endeavours  have  heoi  failures.  The 
extreme  neatness,  length  and  sweep  of  Uue,  and  bold  outline  ol  the 
copper  cannot  be  reaohed  in  wooa-engmving*;  while  In  depth  of 
shadow  and  efbct  th^  equal  even  menotiDt,  with  mors  distiiKtoeM 

of  detaiL 

It  is  not  necessary  to  detail  the  history  of  wood-engraving  beyond 
tiiis  period,  as  many  of  Bewick's  immediato  enoooaeora  are  yet  living. 
Witmn  tiie  laat  few  years,  also,  tiia  wood'«ngraven  of  nanoe,  sad  also 
of  Gtfmuiy,  have  made  audi  mogress  in  improvement  as  to  become  no 
contemptible  rivals  of  their  En^iah  hr^iiran.  Not  is  it  any  pari  ot 
our  plan  to  give  practical  instructions  for  engnving,  which  can  only  be 
effectively  learned  by  imttruotion  and  i»aouoe.  A  dworiptioa  of  the 
process,  as  practised  in  his  time,  is  given  by  FapiUon,  in  his '  Trut^ 
histraique  H  pratique  de  ht  Grsvureen  Boiii,'I766;  andafar  more 
detuled  account,  with  oU  the  modem  inmrovemoit^  by  Mr.  Jackaon, 
in  the  '  TretiiMe  on  Wood-Engraving,'  already  mtntioned.  We  will 
only  obeerve  that  one  of  the  greatest  practical  improvements,  that  of 
lowering  the  aurfwe  of  the  blo<^  in  parti,  so  aa  to  groduote  the 
shadows  into  the  lights,  was,  though  not  invented,  yet  brou^t  into 
Qse  by  Bewick,  nearly  all  his  blocks  being  so  prq>ared  fcr  w<»king; 
and  that  box  is  the  wood  now  universally  used  for  engraving  upon. 

(OttiOT,  Inpcirjf  into  the  Hiitory  of  Sngraviag  <m  ^per  amd  Wood  ; 
Singer,  Baetu-dui  into  the  Hulwy  of  Playing-Ckmit  i  W.  A.  Chatto 
and  John  Jackflon,  Treatite  oh  tke  MiMton  of  Wood-Engmvmg,  hutoriaU 
and  practical.  With  vpwardt  of  three  hwulred  IHu^nUioitt,  engraved 
on  Wood;  W.  A.  Chatto,  Origin  o^  Playinff-GardM ;  HeineJcen,  I<Ue 
QhitroU  d^me  Goileetion  compUttt  cPStiantpet ;  Em^ric,  David,  Ilitf.  d» 
la  Oravure  m  iailU  douee  a  dela  Gratart  m  Jean  DuoheaM, 

Jeux  de  Cariet  taroU  et  de  Carta  nwm(ralet  du  XIV*  au  XVIII*  aide 
(published  bj;  tiie  SomAtf  dee  Bibliophiles  fVanfais) ;  Heller,  QetddeliU 
der  Hotztehneiddcwiut,) 
WOOD  NAPHTHA.  [Methyl.  Bydrated  Oxide  of  3ieihA'\ 
WOOD-SPIfilT.  [MxTHTU  ITydraud  Oxide  <^f  MetApL] 
WOODS.  There  are  in  England  many  old  uatural  woods  remaining, 
beeides  the  roval  forests,  although  the  great  demand  for  timber  during 
the  last  war  nae  greatly  thinned  them  of  their  finest  treai.  When 
woods  were  abundant  and  covered  a  great  portion  of  the  land  little 
attention  was  paid  to  the  increase  or  preservation  of  the  trees :  kings 
and  lords  of  manors  readily  granted  to  their  tenants  rights  ot  com- 
monage, with  the  privily  of  lopping  the  branches,  always  sumioslng 
them  to  be  useless  dead  wood.  Tlie  cuDGequence  of  this  is  stiU  to  bu 
seen  in  all  old  forests,  espedally  the  royal  foreeta,  which  never  wen 
encloeed  or  protected.  Miuiy  fine  old  trees,  whose  age  can  soaitiely  be 
guessed  at,  which  are  very  picturesque  objeota  and  a  fit  itady  for  the 
landscape-painter,  have  evidentiy  been  lopped,  at  some  time  or 
other,  for  tiie  sake  of  the  wood  for  fuel,  and  for  want  of  care  have 
}nx)bably  never  been  in  such  a  state  as  would  afford  fine  timber  for 
ship-building.  Windsor  Forest,  which  has  only  becoi  inclosed  since 
1818,  affords  many  spedmens  of  noble  tranka  now  hdlowed  out  by 
time  and  tiie  adnda^on  of  water  from  above,  which  m^it  probably 
still  be  sound  and  atdid,  had  ti^y  been  duly  protected,  and  only  those 
branches  careful^  cut  out  which  were  dead  and  shovrad  dec»'.  The 
dates  of  the  iDolosuies  of  different  parts  of  Windsor  Great  Park  can  be 
readily  discovered      observing  the  form  of  the  oldest  treea. 

In  many  ext«isive  woods  on  private  estates  the  want  of  care  may  be 
readily  seen  at  the  first  inspection.  Oak-woods  are  chiefly  found  in 
stiff  day  soils,  where  the  water  is  apt  to  accumulate  hj  whidi  the 
roots  are  injured,  and  the  trees  decay  before  they  have  attained  their 
full  growth.  The  water  should  be  carefully  let  off  by  open  drains  and 
ditches,  which  should  be  regularly  examined  and  cleared  out  every 
year  before  winter.  The  surface  being  thus  kept  dry,  the  timber,  is 
well  as  the  underwood,  will  grow  much  more  ra|^y,  and  the  increased 
value  of  the  wood  will  amply  repay  the  outh^.  Cattie  should  be 
carefully  excluded  from  all  woods ;  they  destroy  the  young  ahoote  by 
cropi^ng  tiiem,  and  do  much  damage  to  the  underwood.  At  Uie  time 
when  acorns  and  beech-most  ore  plentiful,  pigs  may  be  turned  in 
without  diuiger ;  they  will  tura  up  the  ground  in  search  of  their  food, 
and  thus  buiy  beech-mast  and  acoma,  which  mi^  vteetete,  and  grow 
in  time  into  mie  trees ;  for  it  is  well  known  that  aa  out  taised  from  aa 
acorn  is  always  hardier  and  better  rooted  than  one  which  ia  raiaed  in  a 
nursery  and  transplanted  iu  tlio  woods;  and  the  same  may  be  said  of 
beech  nused  from  the  eeed. 

The  sweet  ohesnut  ia  one  of  the  moat  useful  trees  in  a  wood,  pro- 
vided it  has  room  to  grow,  Ite  timber,  when  of  a  certain  age,  ia  aa 
durable  as  oak,  and  the  shoots  which  spring  up  from  the  old  trunks 
out  down  give  the  most  useful  and  profitable  ooppioe-wood.  Svhen  it 
is  recoUeotod  that  a  ot^pice  may  be  cot  advantageously  every  tenth 
year,  if  a  calculation  be  mode  of  the  value  of  growing  timber  after 
many  years,  it  will  be  found  that  the  imderwood,  properly  uianagod, 
pays  fully  as  well  as  the  timber.  It  ia  usual  to  cut  down  auch  trees  as 
begin  to  show  decay  at  top,  whiiu  the  coppice  ia  cut;  but  it  is  better 
to  onticqnto  this  decay,  and  cut  tliem  when  they  have  ceased  to 
increase  from  year  to  year  as  much  as  the  interest  of  the  money  thw 
would  sell  tat  amounts  to.  For  example :  Sapaoee  that  an  oak  staad- 
ing  measuree  fiffy  cubic  feet,  and  with  top,  lop,  and  bark,  may  be 
worth  10^  Jt  it  doea  not  increase  above  two  cubic  feat  in  a  year,  it 
will  not  be  prt^table  to  let  it  stand :  but  if,  by  cutting  down  othen 
which  faiterlne  with  the  qread  of  ita  bfanohea,  its  growth  can  b* 
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promoted,  it  may  proljably  increaM  k>  muoh  as  to  pay  a  good  mtereafc 
Ml  its  value;  in  wnieh  ease  it  vouU  bea  loaa  to  out  it.  There  is  a 
period  when  the  iocroaao  of  tlte  wood  in  a  tree  is  a  maximnm,  and  thia 
d^iends  on  soil  wsd  ntuaticm.  The  head  and  branuhea  contribute 
mui^  to  the  growth  of  the  trunk ;  and  unleaa  they  hare  room  to 
■pread,  the  increaae  derived  from  the  action  of  the  leaves  muat  be 
checked.  On  this  depends  the  practioe  of  gradually  thiniuDg  out  young 
woods  as  the  branchfle  spraad,  the  object  being  to  let  in  as  much  air  as 
ia  neoeaaaiy,  witlioat  leaving  too  great  a  space  between  the  head  of  one 
tree  and  ite  oeigfaboarB.  As  aoon  as  the  braw^ee  begin  to  approach 
towards  those  of  another  tree,  room  must  be  made,  by  cutting  out 
those  trees  vhioh  appear  inferior  in  shape  or  in  health.  In  the  manage- 
ment of  young  i^aotationB  [pLAimHOJ,  it  is  a  quesUon  whether  it  ia 
more  profita^w  to  cut  down  trees  at  tiie  age  of  thirty  or  forty  yeata 
and  rmlaoe  them  witii  joaag  plBnti,  to  let  them  airive  at  their  full 
iias,  wmdi,  odbi,  will  tasB  160  or  SOO  jean.  The  caleulatitm  is 
made  on  the  annual  ioorease  of  the  wood,  which  is  said  to  be  greatest 
when  tiie  ta«e  is  about  thirly  yeais  old.  It  has  been  often  supposed 
that  th«  slower  a  ta«e  growBtibe  strtHigerlhe  wood  will  be;  bat  this 
^ipean  to  ba  a  miituce.  Scnne  wood  taken  from  a  very  rapidly- 
growing  oak,  and  some  from  tme  which,  having  bem  headed  down 
at  a  pcdlard,  bad  grown  aloirij,  vrere  tried  by  the  action  of  a  very 
powerfnl  faydranUo  pnai^  and  via  wood  of  the  qniAarfrowing  tree 
was  Jbnnd  to  nriit  m  pieMure  much  longer  befct*  It  was  broken  or 
ontdied. 

Although  it  ia  graierally  on  aeO§  unfit  for  cultivation  that  plantations 
of  wood  are  made,  yet  there  are  proofs  that,  on  a  deep  rich  soil  worth 
2^.  an  acre  as  araUe  land,  a  plant^ion  of  oaks,  well  managed  for  fifty 
or  sixty  yon,  will  pay  a  better  rent  than  if  it  bad  been  cultivated 
as  a  fann.  On  sooh  land  it  is  usual  to  idant  oaka  in  the  hed^rows, 
where  the  trees,  having  room  both  for  their  branches  and  their  roots, 
thrive  well  at  the  expense  of  the  &rmer.  Host  old  bnns  ocmsist  of 
small  indosures  surrounded  with  trees,  chiefly  oak,  ash,  and  elm, 
aooording  to  the  soil;  and  the  landlord,  having  the  benefit  of  their 
growth,  only  outs  them  when  fit  for  s^e.  The  tenant  is  scarcely 
aware  of  the  annual  low  he  sufiSeta  from  the  shade  of  the  trees,  as  weU 
as  the  flxhanstioa  oi  hii  manm«  hf  ths  motL  U  the  incloaoias  ara  at 
fhs  extent  of  twen^  aores  or  mon^  a  few  trees  here  and  Ihare  in  tiw 
^Mnks  win  not  do  much  harm ;  but  it  woold  be  far  more  advantageous 
to  all  parties  if  the  woods  and  plantatioM  were  entirely  separated  from 
the  arable  land.  A.  few  single  trees  here  and  there  in  old  pastures  are 
both  miamantal  and  useful  as  shelter  for  the  cattle ;  but  they  should 
be  eztiipatad  in  all  stable  fieUs.  Clunqia  awl  woods  may  be  made 
pictures  in  the  ■oeneiy.whereaa  a  oonntry  eanaiating<rf  small  ioologures 
surrounded  with  trees  only  looks  like  an  immense  wood  when  seen 
from   smaU  ominenoB. 

Twtm  of  fall  sise  are  sometimes  transplanted  to  form  shelter  and 
ofiHunent  to  paries  and  pleasure  grounds.  Sir  Josqth  Banks  made 
some  experiqients  in  his  grounds  near  &«ntford,  by  oatting  off  the 
heads  of  old  ehn  tresi  and  toansi^ting  the  trunks  by  wi^r  ^  keeping 
np  a  propcwtion  betwen  the  head  aad  tha  roots.  In  tha  expectation  m 
weir  growing  oal^  but  it  failed  entirdy.  Sir  James  Stuart  Ifontnth,  in 
Scotland,  Buoceeded  better  by  retaining  the  head,  and  saving,  aa  much 
as  posnUe,  all  the  &hreB  of  the  roots.  The  removal  of  large  trees  is  a 
ttouUesome  and  sxpensiTe  prooees,  but  is  often  desirable  for  the  pro* 
duetion  of  immediate  effect,  as  in  IsyingKnit  parks  and  pleasure-grounds, 
cr  in  landse^ie  gardening  generally.  The  method  now  usually  adopted 
is  briefly  described  under  PuuinKO,  coL  fiSS. 

Wood  is  too  valuable  in  Kitidn  to  be  used  for  fnd,  exoept  in  very 
distant  and  woody  districts.  Coals  have  everywhere  supmeded  it ; 
but  wherever  woods  are  cut  down,  and  eapeoiaUy  where  we  roots  are 
grubbed  up,  they  give  an  exoellent  and  economical  fuel  for  the  poor, 
or  to  use  in  the  lime  and  brick  kilns.  Where  old  hedge-rows  are 
cleared  in  the  progress  of  agriculture,  it  ia  a  common  practice  to 
give  the  stumps  aad.  roots  found  in  old  banks  to  the  poor,  Iw  the 
trouble  of  grubbing  tiiem  np  and  lenUing  the  ground.  lliiB  wmk 
is  generally  dene  in  winter ;  and  the  wood  is  stacked  into  oorda  six 
feet  hmg,  three  feet  wide,  and  three  feet  high. 

In  Franoe  and  other  oountriee  whwe  they  use  chiefly  wood  for 
fuel,  the  bees  which  are  preferred  are  beech -trees,  which  are  allowed 
to  grow  very  dose  in  the  woods,  so  as  to  draw  eadi  other  up  and 
form  long  thm  stems.  They  are  cut  down  whan  about  thirty  or  forty 
years  old,  and  thw  do  not  average  a  fooi  In  diameter;  th«y  are  sawn 
in  lengths  of  a  yard,  and  thus  sold,  the  purchaser  generally  having 
them  sawn  into  shorter  lengths  and  spilit  for  use.  In  Paris  the 
tnde  in  wood  is  vay  eztennve,  and  employs  many  liands. 

WOODS  AND  FORESTa  A  oonsideraUe  portion  of  tiie  royal 
reveirae  eoonsted  formerly  of  the  rente  and  jaofits  o£  the  crown 
lands,  which  comprised  numwous  lordships  and  honoon,  together 
irith  forests  and  ohaoes :  frtmi  tha  fcnesta  the  iwindpal  source  ol 
profit  lu'  in  the  fines  or  amerciaments  levied  for  ofifenoea  against  the 
Forest  Laws.  [FoBBSTS-j  The  d«nesne  lands  whioh  were  retadned 
1^  the  king,  or  which  oame  to  the  crown  ftwfeiture  or  otlierwiae, 
and  were  armed  oat  to  subieota,  were  orighially  very  extmsive ;  but 
owing  to  the  generodtgr  or  the  neoessities  of  different  kings,  so- luge 
a  port  ot  thun  was  granted  aw^,  that  tiis  l^palature  was  fre- 
quently compelled  to  Interpose  its  authority  in  <»der  to  prevent  the 
total  alienation  of  the  orown  property.   William  IIL  had  uied  the 


power  of  alienati<m  so  profusdy,  that  npim  the  aoce»i<»i  ol  hie  «■»■ 
cemot,  it  waa  emcted  (1  Anne,  st  1,  e.  7)  that  no  pant  or  leaM 
should  be  made  of  any  crown  lands  for  a  longer  term  than  thirty-one 

years  or  three  lives,  but  permitting  houses,  &c,  to  be  let  for  fifty 
yean. 

By  the  26  Geo.  III.,  c.  87,  amended  by  30  Geo.  IIL.  c.  60,  commis- 
sioners were  appointed  to  inquire  into  the  rtate  and  condition  of  the 
woods,  forests,  and  land  revenues  belonging  to  tiie  crown.  By  the 
46  Geo.  IIL,  c.  148  (shared  by  the  60  Geo.  IIL,  c.  66),  an  offioa  of 
Burveyor-genentl  his  Majesty's  works  and  public  buildings  was 
created ;  but  tliis  and  some  other  offices  were  incorporated  vriUi  that 
of  "the  CommisBioaeTB  of  her  Haieety'B  Woods,  Foreeta,  Land 
Revenues,  Works  and  Buildings "  (2  WiU.  IV.  o.  1,  s.  1),  who  were 
called  "  the  Commissioners  of  Woods  and  Forests,"  whidi  office  or 
board  owed  its  shape  to  the  statute  10  Oea  IV.,  o.  50  (amended  aai 
extended  by  2  WilL  IV..  e.  1 ;  S  S  WUL  IV.,  e.  IIS;  and  S  ft  4 
WilL  lY.,  c.  69).  The  eommlsaMMta,  who  were  not  to  ezoeed  three 
In  number,  are  appointAd  by  letters  patMit  (2  WUL  IV.,  o.  1,  a.  1). 
They  are  to  make  a  declaration  (6  ft  6  WUL  IV.,  o.  62,  bl  2,  in  lieu  of 
the  oath  reauiied  formerly,  2  Will  IV.,  c  1,  s.  6)  that  th^  wiU 
faithfully  and  diligently  exeoute  the  duties  of  oommissioners. 

Their  powers  are  vtrj  luge.  The  whde  of  the  possessionB  (ooept 
advowBons)  and  land  revenoes  of  the  orown  In  En^and,  Irdand 
(10  Geo.  IV.,  0.  60,  s.  8).  and  Sootland  (S  ft  8  WilL  IV.,a  113;  8ft4 
WilL  IV.,  c  69)  are  under  their  management;  but  the  property 
therein  stul  lemains  in  the  crown.  (1  'Q.  B.  Rot>.,'  S62.J  Th^  are 
required,  however,  to  observe  all  the  ndeis  and  direotiMia  of  the 
Lords  of  the  Treasmy  teaching  the  eaendse  of  their  powers  (3  ^iIL 
IV.,  c.  1,  s.  3). 

The  oommissioDers  hare  the  povrer  of  appointing  and  runoving 
various  offlcen,  such  ai  recavera,  sum^ors,  ftc,  whose  salariea  how- 
ever are  fixed  by  the  Treasury  (10  Geo.  IV.,  o.  60,  s.  12).  They  may 
alao  appoint  stewards  of  the  royal  hundreds  and  manors  to  hold  courts, 
and  different  manerial  and  fOTestal  offioete  to  preserve  game,  fish,  Ac ; 
and  they  may  grant  lioeuoes  to  hunt,  fish,  ftc.  (Id.,  s.  14). 

They  are  empowered  to  grant  leases  of  any  part  of  the  crown  poeses- 
stona  for  thirty-one  years  (10  Geo.  IV.,  c.  60,  s.  22) ;  or,  in  case  of 
houses,  buildings,  Ac.,  or  building-land,  for  ninety-nine  years  (Id., 
s.  23) ;  but  this  power  of  losBing  does  not  extend  to  the  royal  forostd 
in  England  (Id.,  s.  26),  exeept  for  the  purpose  of  making  raih-oads  (Id., 
B.  97).  The  leases  are  required  to  oontaio  cerbun  specified  provistooa, 
and  the  lessees  are  not  to  be  made  dispunishable  for  waste,  exoept  in 
leases  of  mines,  and  at  the  option  of  the  oommissionerB,  in  leases  for 
ninety-nine  yean  (Id.,  s.  37).  The  leases  are  to  be  granted  at  a  rack- 
rent,  and  no  fine  ia  to  be  reserved  (Id.,  a.  28),  except  in  building  kasta, 
in  which  a  nomiul  rent  may  be  reserved  for  the  first  three  year*  (Id., 
s.  30),  and  a  fine  may  be  taken  not  exeeedlag  one-third  of  the  rent 
(M..S.81). 

They  may  also  $dl  any  part  of  Uie  orown  poaseasionB,  exoept  the 
fraests  (Id.,  s.  34),  according  to  a  mode  pointed  out  (s.  86) ;  and  they 
may  also  sell  rents,  or  manerial  ot  foreatal  righta,  to  ootpoiatimu,  or 
tnuteea  of  incuMudtated  persona,  who  have  estates  subject  thereto 
(ss.  89,  40). 

They  may  oaAmige  or  purdiaae  lands,  Sec.  (Id.,  as.  43,  62,  98^ 
They  are  declared  to  be  exenqit  from  ell  pemuial  mpoaniahty  as  to 
any  covenants  or  oonfanots  they  may  enter  into  in  their  oAdal  cha- 
racter (Id.,  s.  17). 

AH  deeds  relating  to  laudi,  fta,  leased,  ft&,  the  authority  of  the 
oommisHoien  are  required  to  be  enrolled  In  the  office  of  Land  Revenue 
Records  and  Inrobnents  (10  Geo.  IV.,  c  60,  s.  68 ;  S  WilL  IV.,  a.  1, 
ss.  16, 18, 21),  and  to  be  certified  by  the  oommiasioners  to  pariiament 
(10  Geo.  IV.,  0.  60,  s.  126) ;  and  all  conveyances  and  aalea  respecting 
such  lands  are  to  be  free  from  stamp  and  auotion  duty  (10  Geo.  IV., 
a  60,  H.  67,  08). 

The  oommisdoners  are  also  empowered  to  give  ooiafai  notices  and 
claims,  and  to  authorise  entries  on  land  for  breach  of  covenant,  kc 

(10  Geo.  IV.',  c.  60,  s.  92),  and  to  compound,  in  certain  cases,  for  r«it 
(Id.,  s.  98). 

Ilieir  aooounts  are  to  be  audited  by  the  commtasitHiae  for  auditing 
public  aooonnti,  osder  the  86  Geo.  IIL,  o.  6S  (10  Geo.  IV.,  e.  60, 

B.19). 

The  reed  vera  appointed  by  the  Commissioners  of  Woods  and  Forests 
must  be  hndHnuVCTon  (Id.,  s.  80).  Tfaev  are  reqidred  to  aeeoant  at 
stated  poiods  to  Uw  eommissionaa  (Id.,  i.  81),  and  to  faanmit  all 
sums  received  EKHrthly  (a.  64)  ;  and  they  are  empowered  to  disfrain  lor 
rent  (a  90). 

Notwithstanding  the  management  of  the  crown  lands  is  thus  vested 
in  the  commisBionerB,  and  the  general  power  of  alienation  haa  been 
taken  frtan  the  Boverdgn,a  power  isreaervedtothe  crown  to  grant  utes 
tor  ofaurdies,  ohapelB,  and  burial  grounds,  not  exoeeding  five  acres  in 
extent,  or  lOOOi.  in  value  (10  Geo.  IV.,  o.  60,  a.  4S)i  and  by  1  ft  2 
WilL  IV.,  o,  69,  B.  1,  diurchwardou  and  overeewa  are  empowered,  with 
the  consent  of  tiie  Lords  of  the  Treasury,  to  inclose  a  portion  not 
exoeeding  fifty  acres  of  any  forest  or  waste  lands  belonging  to  the 
crown,  lying  m  or  near  their  parish,  for  the  purpose  of  cultivating 
the  same  for  the  nie  ot  the  poor. 

Besides  this  geoenl  oontrol  over  the  crown  lands,  certain  powers  are 
gim  to  the  otmimiMdosMn  which  are  referable  to  tiie  execution  of  the 
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Forest  Laws.  Tho  jwwew  and  authoritaes  belonging  to  the  oflicca  o( 
wardenn,  chief-Justice,  and  justices  in  eyre  (which  were  abolished  npou 
the  termination  of  tho  tiien  existing  intereete  b;  67  Qea  IIL,  o.  61), 
are  vested  in  the  &nl  commiasioner  (10  Geo.  Iv.,  c.  60,  a.  95) ;  and 
the  oonuuiesioners  are  also  empowered  to  make  compensation  to  parties 
for  old  encroachments  made  upon  the  royal  forests  where  they  have 
been  in  uninterrupted  poBsesaion  for  ten  years  (Id.,  s.  96). 

The  verderer*  of  the  royal  forests  are  also  required  to  make  inquiry 
as  to  all  unlawful  inclosnres,  enoroaohmentB,  kc,  in  their  courts  of 
attachment,  and  may  impose  fines  upon  the  offendws  (Id,  s.  100),  who 
may  however  be  proceeded  against  by  ttie  ordinary  course  of  law 
(s.  108).  The  verderers  may  appc^  regarders,  undet^foreeters  and 
ottieT  officers  of  tiie  forests  and  courts  (s.  101),  and  may  inquire  into 
their  conduct,  and  fine  them  for  ne^ect  of  duty  (a.  102).  Other 
penalties  may  be  recovered  before  a  justice  of  the  peace  (i.  104) ;  and 
all  such  fines  and  peoaHias  an  to  bs  ifipUied  to  tbe  oipeiMM  raUting 
to  the  forests  (s.  106). 

As  to  the  gemnt  rvvenue  ariung  from  the  letting,  fto.,  of  the  crown 
lands,  the  oommlanoneni  are  directed  to  pay  in  the  moneya  reoaived  by 
them,  to  a  proper  account  with  the  Bank  of  England  and  Ireland  re- 
spectively (10  Geo.  IT.,  c.  60,  sa.  117, 118)  and  t£e  chartered  banks  of 
Scotland  (8  &  4  Will  IT.,  c.  69,  s.  17);  and  the  annual  income  (after 
certain  deductions)  is  to  be  oanied  to  the  consolidated  fund  (10  Geo. 
IV.,  c.  SO,  s.  lis ;  8  ft  4  Wia  IV.,  c.  69,  s.  16).  The  transfer  of  the 
revenue  ari^ng  from  the  crown  lands  to  the  oonK^idated  fund  ia  how- 
ever the  subject  (rf  a  apedal  arrai^^ent  between  the  crown  and  the 
subjects,  terminating  with  the  Ufa  of  the  sovereign  in  whose  reign  it 
is  made. 

The  10  Geo.  IT.,  &  50,  oonttuna  some  provisions  peculiar  to  Ireland. 
Leases,  grants,  Ac,  of  any  of  the  small  touches  of  the  royal  revenue 
(8. 128),  and  the  powers  appertaining  to  the  chanoeUw  and  council  of 
the  Ducliy  of  I^noaater  (s.  180),  are  exempted  from  its  operation. 

The  real  property  of  the  crown  may  be  uius  olaaslSed : — 

1.  Honours,  manors,  and  huiulreds,  not  in  leaaa. 

2.  Other  lauds  in  the  ooOnpidaon  of  the  crown,  either  for  the  per- 
sonal convenience  of  the  sovereign  or  for  the  public  service. 

8,  Forests,  chaces,  and  wastes. 

4.  Lands,  tenements,  and  hereditaments,  held  of  the  crown  by  lease. 

6.  Fee-&rm  rents,  issuing  out  of  lands,  tenements,  and  heredita- 
ments,  held  of  the  crown  in  fee-nmple. 

The  second  class  comprises  the  foUowiog  royal  palaoes  and  houses : — 
BncUng^iam  Palace ;  St.  James's  Palace ;  Windsor  CasUe ;  the  palaces 
of  Hampton  Court,  Kensington,  and  Whitehall ;  the  Kinj^s  House  at 
Wincheeter;  tbe  Palace  of  Greenwich  (converted  into  a  hondtal  for 
seamen) ;  Somerset  House  (used  as  public  offices) ;  the  Kew  nlaoe  of 
Westnuuster,  includW  the  houses  of  pariiameot,  Westminster  Hall, 
and  courts  of  law.  1^  following  palaoea  and  buildings  have  been 
pulled  down  and  their  sites  used  for  otiier  purposes : — CarHoa  House ; 
the  Hews ;  If  ewmarket  Palace,  The  following  parks  are  also  included 
in  this  dass :— St  James's,  Hyde,  Bagshot,  Buahey,  Greenwich,  Hamp- 
ton Court,  Kew  Gardens,  Riohmimd,  and  Wiadaor.  This  olaas  la  now 
under  the  supenririon  of  the  Board  d  Works  mentioned  beknr. 

In  the  third  olaas  are  included  not  only  the  royal  forests  which  have 
preserved  Ou&r  jura  f^o^,  but  sevenl  nominal  foresta  and  chaces, 
warrena,  wastes,  Ac  Tile  following  is  a  list  of  the  real  forests  : — In 
Beifa,  Surrey,  and  Wilts,  Windsor  Forest;  in  Essex,  Epping  Forest ; 
in  GlotMestenhire,  the  Forest  of  Dean ;  in  Hampshire,  Bare  Foreat, 
New  Forest,  and  the  Forest  of  Woolmer  and  Alice  Holt. 

In  1851  the  offices  were  finally  separated,  and  to  the  Board  (4  FubUo 
Works  and  Buildings,  and  to  the  officers  of  this  board,  was  condgned 
the  important  task  of  providing  for  the  people  nubile  walks  and  access 
to  the  national  buildings  and  collections.  The  duty  of  the  stato  in  this 
respect  has  only  been  recognised  of  late  yean,  and  perhaps  we  owe  it 
to  our  intercourse  with  the  continent,  and  espeoialjT  with  France,  that 
it  has  been  at  all  odmowledged.  Fifty  years  ago  ^de  FkA  and  Ken- 
sington Gardens  were  the  only  public  pJaoeanreoreattMi  open  to  the 
crowded  and  hard-worked  population  of  London ;  since  thm,  beside 
ttte  improvements  in  those  two  places,  and  the  formation  of  new  streets 
and  squares  in  those  parts  of  the  metropolis  of  which  tlie  land  either 
belongs  to  the  Orown  or  has  been  purchased  by  parliament  for  public 
improvements,  there  have  been  opened  the  large  parks  and  gardens  of 
St.  James's  Fih4^  the  BMcent'i  OA,  and  Primrose  Hill,  at  the  wssb 
and  north;  theTIotOTiaParkiitiheiiorai-east;  and  Kennington  Paric 
and  Battersea  T$A  at  the  ioutli-weat  erf  London.  The  palace  and 
grounds  of  Hampton  Court  have  been  repaired  and  adorned,  and  the 
collection  of  pictures  has  been  arranged  and  enlarged ;  and  Kew  Gar- 
dens have  beni  enlarged,  filled  witb  the  rarest  and  choicest  j^ts  and 
flowen,  and  improved  br  the  addition  of  magnifioent  oonsemtories 
and  a  new  museum,  and  both  Hampton  Court  and  Kew  Gardens  have 
been  thrown  open  gratuitously  to  the  publia  In  Enuington  Gardens 
an  Italian  garden  has  been  laid  out  with  fountains,  statuary,  and 
carving ;  which  though  not  of  very  remarkable  excellence  or  orif^nallty, 
are  at  least  superior  to  anything  of  the  kind  hitherto  givMi  to  (he 
public. 

WOODY  FIBRE.  [LiaMiH.] 

WOOL.  The  present  article  wOI  be  derotad  to  the  8HnP  vUh  re- 
ferenoe  to  its  wool-producing  properties,  and  as  the  nibject  of  the  art  of 
(he  giamer.   TIm  natural  hutoiy  of  sbeep  la  given  mider  OnM,  In 


Kat.  niST.  Div.  The  treatment  of  the  fleece  when  nmoved  from  the 
animal  is  spoken  of  under  Woo&  avd  «hi  Wooii  Tb&dr  :  sea  also 
WooLLur  Hanut&oruBs. 

The  sheep  belongs  to  the  class  manmolM  ;  to  tiie  order  nminantia 
with  four  stomachs,  and  the  organs  of  digwtion  disposed  for  chewing 
the  cud ;  to  Uie  tribe  etgmdte,  with  horns  persistent,  and  placed  on 
an  osseous  nucleus;  and  to  the  genus  ovit,  wibh  or  without  horns, 
but  these  when  present  uniformly  taking,  to  a  greater  or  leas  dwree, 
a  lateral  and  spiral  dirootion.  The  for^esd  of  the  sheep  is  ar3ied, 
and  protruded  before  the  base  of  the  horns ;  there  are  no  lachrymal 
ducts,  the  nostrils  are  lengthened  and  oblique,  and  (raminato  wittioufe 
a  muzzle ;  there  ia  no  beard  properly  so  called,  the  ears  are  small,  and 
the  legs  slender.  The  hair  is  of  two  kinds,  one  hard  and  dose, 
and  the  other  woolly — ^the  wool  preponderating  in  proportion  as  the 
animal  is  domesticated.  The  sheep  is  prinmpally  distinguishad  from 
the  goat  by  his  otmrex  tar^aad,  by  his  spiral  horns  not  projecting 
postnior^,  and  more  eqieeiaUy,  and  that  in  proportion  to  the  oare 
whioh  is  bestowed  upon  him,  by  (h«  pr^Mnderanoa  of  wool  onrer  the 
hair,  wiUi  wldoh,  in  dendte  (2  eveiy  eBati,  the  Cadunere  goat  la 
covered.  ' 

Di&reot  names  are  given  to  the  sheep,  aooording  to  its  sex  and  age. 
The  male  is  called  a  ni»  or  tup.  After  weaning  he  is  said  to  be  a  hog, 
a  hogget,  tukoggird,  a  ItMb-heg,  or  ttip-hog,  or  ttg/  and  if  castrated,  a 
ve&er  fioa.  AHet  Amuing,  and  when  he  is  probably  a  year  or  a  year 
and  a  halt  old,  he  Is  called  a  aftenr  hog,  or  ihtaHing,  or  dtntaont,  or  tupi 
and  irbea  castrated,  a  AtarUng  mther.  After  the  secotul  shearing,  he 
is  a  ttw  iMmt  rem,  or  tup,  or  wdAer,  At  the  ex^tion  of  another 
year,  he  isa  lAre0<Aair  ram, 

ThefmialeisaeiMor  nsMurlanii  until  weaned,  and  then  a  dimmer 
ottwe^aeteg.  After  odng  shorn,  she  is  a sAau^m^t noe  or ^mnMr, 
or  Iheave  or  double-toothed  ewe;  and  after  that,  a  two  or  three  or  four 
ihtar  ewe  or  theave.  The  age  of  the  sheep  is  rescued,  not  from  the 
period  of  their  being  dropped,  but  from  the  fint  shearing. 

The  teeth  ^ve  certain  indioaticKis  as  to  the  age.  The  sheep  has  no 
indsor  teeth  m  the  upper  mi ;  but  there  is  a  dense  elastic  cushion  or 
pad,  and  the  herbage,  firmly  held  between  the  front  teetii  in  t^e  lower 
jaw  and  this  enshion,  is  putly  bitten  and  partly  torn  asunder.  The 
sheep  has  the  whole  of  the  fnctsw  teeth  by  the  time  that  he  is  a  montli 
old,  and  he  retains  Ukem  until  the  fourteenth  or  sixteenth  month. 
They  then  begin  to  diminish  in  size,  and  are  displaced.  The  two 
oentoal  ones  are  first  shed,  and  the  permanent  ones  supply  their  place, 
and  attain  their  full  grovrthwhw  the  animalis  two  yean  old.  Betwem 
two  and  three,  the  next  pair  are  changed ;  the  third  at  three  years 
old;  and  at  four,  the  mouth  is  oomplete.  After  this  there  u  no 
oertain  rule,  until,  two  yean  more  having  passed,  the  teeth  one  by  one 
become  loosened  and  are  lost  At  six  or  seven  yean  of  age  the  mouths 
of  the  ewes  should  be  ocoadonally  examined,  and  the  loose  teeUi  re- 
moved. By  good  pasture  and  good  nursing  in  the  whiter,  th^  may 
produce  lambs  until  they  have  reached  the  ninth  or  tenth  year,  when 
they  begin  rapidly  to  decline.  Some  favourites  have  lingered  on  to  the 
fifteenth  or  nxteenth  year;  but  the  usual  and  the  moat  profitable 
method  is  to  btten  and  dispose  of  the  ewes  when  th«y  ore  five  or  six 
yean  old,  and  to  supply  their  {daces     some  of  the  iMSt  "KAMjing  ewes. 

The  rings  at  the  base  of  the  horns  aSSard  very  imperfect  indioations 
of  the  age  of  the  sheep.  Even  when  untouched,  th^  are  litUe  to  be 
depended  upon. 

The  history  of  the  Briiash  sheep  will  be  moat  naturally  divided 
aooording  to  the  quantity  and  quMily  of  the  wool  of  the  different 
lM«eds,  and  the  quality  of  the  fleeh.  The  covering  of  the  ori^nal 
aheep  ocmsisted  of  a  mixture  of  hair  and  wool ;  tiie  wool  being  dwrt 
and  fine  and  forming  an  inno*  coat,  and  the  hair  of  greater  length, 
projecting  throu^  uie  wool,  and  constituting  an  external  covering. 
When  the  sheep  are  neglected  or  exposed  to  a  oonaideiabla  d^ree  of 
oold,  this  deraeraoy  is  easUy  traced.  On  the  Devonshire  moors,  the 
moimtoina  al  Walea,  and  the  *''b*''™'-  of  Scotland,  the  wod  is  deterio- 
rated by  a  oonslderaUe  admixture  of  hi^.  Even  among  the  South- 
downs,  the  Leioesters,  and  the  Byelandj^  too  many  iwtiyu  occasionally 
lessen  the  value  of  the  fieeoe.  It  is  only  hf  diligent  cultivation  that 
the  quantity  of  hair  has  been  generally  diminished,  and  that  of  wool 
increased  in  our  best  breeds. 

The  filaments  of  wool  taken  from  a  healUiy  sheep  present  a  beauti- 
fully polished  and  even  ^tiering  mwaranoe.  That  of  the  neadaoted 
«r  haUwrtarred  animal  exluhits  a  pater  hue.  Thk  is  ate  valuidiile  in- 
dication by  which  the  woo! -stapler  is  enabled  to  form  on  aoouroto 
opinion  of  the  value  of  the  fleece.  The  mixture  of  hair  in  the  wo<d 
can  often  be  detected  by  dose  examination  witii  the  naked  eye,  but 
most  readily  by  the  assistance  of  a  miorosoope. 

Among  the  qualities  which  influence  the  value  of  the  wool,  fMMU, 
and  the  nniformify  of  that  flnenoss  In  the  enKlA  Abn  and  in  tiie 
ooUectedfleeoa  have  hitherto  held  a  flmttdaoe.  fineness,  howevw, 
differs  materially  in  diflbvnt  ports  of  Vaa  fleece.  It  prevails  on  the 
neck,  the  shoulders,  the  ribs,  Ukd  the  back.  It  is  less  on  the  Ion, 
tbiglts,  and  haunch,  and  still  coarser  on  the  neck,  the  breast,  the  bel^, 
and  the  lower  part  of  the  l^fs.  The  fineness  of  tiie  wool  is  c<»t- 
dderd>ly  influenoed  hy  the  temperature.  Sheep  in  a  hot  dhnato  yiaU 
aoonvvitiv^  ooane  woolj  In  a  oold  olimi^  they  carry  n  olossr  but 
a  warmer  fleaosL 

The  fineness  of  the  fleece  Is  also  much  M'litr'H  by  the  kind  ol 
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food.  An  ftbundaoM  of  nutriment  will  increaiie  boUi  the  length  and 
the  bulk  of  the  wooL  This  is  an  Importwtt  conudention  with  the 
■heep-breeder.  Let  the  txtid  of  winter  come — let  it  continue  for  a 
oonsidenible  period,  ^'et  if  the  iheep  be  weD  kept,  although  the  fleece 
may  lose  a  little  weight,  this  will  be  more  than  compeosated  by  its 
fineness  and  increase  of  value.  If  Uie  sheep,  however,  be  haU-starred 
while  ho  is  exposed  to  unuaual  cold,  the  fibn  of  the  wool,  allliough 
perhaps  somewhat  finer,  will  be  deficieiit  in  wei^t  and  rtnagth  and 
usefuhiess. 

What  is  called  tnuauu  ofttofb,  or  die  film  being  of  an  equal  d». 
Is  of  much  importance  in  the  manufacture  of  wool,  for  whenever  th« 
wod  asBumes  an  irregular  and  shagged  or  breaehy  appearance,  there  is 
a  weakness  in  the  fibre  and  will  be  an  irregularity  in  the  manu&cture, 
especially  if  the  fleece  is  submitted  to  the  operation  of  the  oomb. 
Connected  with  this,  and  a  meet  important  qudity,  is  the  dcMidiy  of 
the  woolly  fibre — ^the  dispositicn  to  yield,  or  submit  to  some  etongation 
of  subetanoe,  some  alteration  of  fonu,  when  it  is  distended  or  pressed 
upon,  and  the  energy  by  means  of  frfiioh  the  original  form  is  resumed 
as  soon  as  the  ezt«mal  force  la  removed. 

Referrible  to  this  elasticity  or  yielding  character  of  the  wool  is  its 
ftliahUity  and  toflnm,  and  without  which  no  manufacture  of  it  can  be 
carried  to  degree  of  perfection.  The  last  quality  which  it  is  neoea- 
sary  to  mentiOQ  is  ita/tUhig  property,  ^t  quality  by  which  it  may  be 
be^en  or  pressed  together  and  worked  into  a  atrift  and  pliable  snbstaooa 
of  almost  any  use  and  f<nin.  It  would  seem  that  the  prooess  of  feltiog 
is  of  far  olda  date  than  that  of  weaving,  and  it  is  stul  continued  pot 
only  by  the  nomadic  tribes  of  Bouth-«aBtem  Europe  and  of  Asia,  but  it 
is  made  occaaonaUy  to  vie  with  the  finest  productions  of  the  loom. 

Microscopic  observations  have  unravelled  the  whole  mystery  of 
felting,  and  of  the  emplcTment  of  wool  in  almost  every  form.  The 
fibre,  examined  under  a  powerful  mioroecope,  i^pears  like  a  continuous 
T^jret^e  growth,  from  whldi  there  are  sprouting,  and  all  tending  one 
way,  from  the  root  to  the  other  extremity,  numerous  leaves,  or  serra- 
tures,  assuming  the  appearance  of  calices  or  cups,  and  each  terminating 
in  a  sharp  point  It  is  easy  to  conceive  how  readily  one  of  these  fibres 
wQl  move  in  a  direction  from  the  root  to  the  point,  whOe  Its  retraction 
muBtbeexceedine^diffleult)if  notimposuble.  It  was  a  fibre  of  If erino 
wool  that  waa  first  submitted  to  mioroaec^  obsarvation,  and  the 
nunibw  of  theae  serrations  or  projeotions  oounted.  IWe  were  2400 
in  the  space  of  an  inch.  A  fibre  of  Saxon  wool  finer  than  that  of  the 
Merino,  and  of  acknowledged  aupmor  feltiqg  quality,  was  substituted. 
There  were  2720  Berrations.  A  fibre  of  Southdown  wool,  in  its  felting 
power  well  known  to  be  inferior  to  that  of  the  Saxony  and  the  Merino, 
waa  i^aced  in  the  field  of  vidcoi.  There  were  <ndy  2080  serrations  in 
the  space  of  an  inch,  or  640  less  than  the  Btaoaay  exhibited.  The 
Ijeiceeter  wool  is  acknowledged  to  poseees  a  leas  felting  property  than 
the  Southdown.  There  were  only  1860  in  the  space  of  an  inch. 
lAtterly  the  length  of  staple  and  the  lustrous  character  of  the  wool 
have  become  qualities  of  high  order,  so  that  tiie  long-wools  of  Lincoln- 
shire are  now  of  greater  value  than  the  short-wools  of  Sussex. 

We  now  proceed  to  take  a  rapid  survey  of  the  diflerent  breeds  of 
riteapfOcnnmencing  with  the  AntfAdomti ;  fior  1^  them  or  tlidr  con* 
genera  the  first  woollen  manuiactoiy  at  Wiudiester  wag  suworted.  Aa 
htteilT  improved  by  the  Ellmaos,  Lugan,  lUgdens,  and  Webbs,  it  has 
exerted  an  extraordinary  influence  for  good  on  all  short-woolled  breeds 
of  sheep  in  the  countrr.  The  flock  <»  Jcmas  Webb  in  pariicular  has 
f  umished  rams  to  all  the  best  breeden  of  short-wooUed  sheep ;  and  the 
high  estimation  in  whidi  hia  breed  is  held  was  pwed  at  itareoantsale, 
i^n  960  sheep  of  all  agea  aold  for  naar^  ll,0O0t 

The  Southdown  sheep  have  mooeeded  admliaUy  In  alt  the  southern 
districts  of  the  kingdom ;  but  the  n<nthem  hms  have  occamonally 
been  too  cold  for  than.  Creases  between  tiie  Southdown  and  almost 
every  breed  of  middle>wool  sheep  have  answered  wdl ;  while  ia 
counties  where  It  could  have  been  least  expected,  the  old  breed  ia  In  a 
great  measure  superseded  }rr  Uie  Southdowns. 

We  pass  from  Stuatti;,  Hampabita,  Berkabjre,  Wiltdur%  where  a 
blaok-faced  Aort-woolled  abeep,  moch  improved  by  the  Soutibdowns, 

Erevaila,  into  Dorsetshire,  and  we  find  a  very  different  and  valuable 
reed  of  sheep.  They  are  white ;  the  face  long  and  brood,  with  a  ti^ 
of  wool  on  the  forehead ;  the  shouldeiB  low  but  broad ;  the  chest  deep ; 
the  loina  broad ;  and  the  bone  small ;  a  hardy  and  useful  aheep. 
Their  chief  peculiarity  is  the  ftnwardnees  of  the  ewe^  which  aupp^ 
the  market  with  lamb  when  it  woduoes  the  Uf^at  priooi 

A  very  i»x>fitable  variety  ia  iound  In  a  oroaa  between  the  South- 
down and  the  Dorset  sheep.  The  oaroaaa  ia  Increaaed,  and  the  wool  ia 
rendered  mare  valuable. 

Returning  through  Somersetshire,  we  again  meet  with  the  South- 
downs,  either  pure  or  materially  improving  the  native  breeds.  In 
Gloucestershire,  the  short-wooUed  sheep  have  givra  way  to  the 
Cotawolds. 

In  Herefordshire  we  aldll  meet  with  a  Csw  flooka  of  liiat  breed  of 
aheep,  which  was  in  former  times  Qie  [aide  of  tiie  agricuUurist— the 
Byelands.  They  are  small,  polled,  with  white  faces,  ^e  wod  growing 
dose  t»  and  almost  covering  the  eyes,  the  carcase  round  and  compact, 
the  animal  quickly  fattening,  and  the  superabundant  fat  accumulating 
?*TVi~S''  pBculiariy  free  from  diseeae,  and  par- 

ticularly dlstinguiBbed  by  the  fineness  of  their  wool. 

Shropdnra  oontaina  now  a  valuable  ofaaraoteristic  breed  ol  ehort- 


wooUed,  laige-framed  sheep,  wtnoh  have  d  late  years  achieved  a  high 

reputation, 

^e  Cheviots  extoid  from  Westmoreland  far  into  Seotland.  They 
difier  essentially  from  both  the  black-  and  tiie  dun-faced  Iveeds  by 
which  they  are  surrounded.  The  following  is  a  description  of  the  pure 
breed,  thirty  years  ago,  before  they  b^;an  to  be  crossed  by  the 
Leicesters : — "  The  hee^  polled,  bare  and  clean,  with  jaw-bone  of  a  good 
length ;  ears  not  too  short,  and  countenance  of  not  too  dark  a  ct^ur ; 
neok.  full,  round,  and  not  too  long,  well  covered  with  wool,  but  without 
any  ooatse  wool  depending  beneath ;  shoulders  deep,  full,  and  wide ; 
chest  full  and  open ;  cJiine  long,  but  not  too  much  so ;  straight,  broad, 
and  wide  across  the  fillets;  honu  round  and  full ;  the  body  in  general 
round  and  full,  and  not  too  deep  or  flat  either  in  the  riM  or  flanks ; 
the  fleece  fine,  close,  short,  and  thick-set,  of  a  medium  length  ot  pile, 
without  hjdre  at  tiie  bottom,  and  not  curled  on  the  shouldeoa,  and 
with  very  littie  coarse  wool  on  the  hips,  tail,  or  belb." 

There  an  many  fiocka  ol  pure  CheVbta,  but  in  toe  majori^  the 
flocka  there  is  a  ooas  <rf  LooesterUood. 

The  other  breed  of  abort-woolled  sheep  which  contend  with  the 
Cheviots  in  number  and  value,  is  the  Mack-faced  Scoli.  They  extend 
fr«m  Lancashire  to  the  very  north  of  ScotLuid,  The  males  are  mostly 
homed,  the  horns  of  a  spiral  form,  but  the  females  are  frequently 
without  horns,  ^e  facea  and  legs  are  always  black  or  mottled  :  they 
are  covered  with  wool  about  the  forehead  and  lower  jaw :  the  fleece  ia 
Img  and  somewhat  eoarse.  The  carcase  is  peculiarly  compact;  so 
much  BO,  that  on  account  of  the  Bhortnesa,  roundness,  firmneas,  and 
hacdsomenesa  of  tiie  carcase,  it  is  called  the  ihort  sheep,  in  opposition 
to  the  Cheviots  or  long  sheep,  Qreat  numbers  ot  these  sheep  ore  sent 
to  the  London  market.  The  weight  of  Hie  carcase  does  not  diSer 
materially  from  that  of  the  Cheviot,  and  the  fleece  weighs  about  three 
pounda  alter  it  iawaslied.  These  sheep  hare  hem  improved  aalee- 
tion,  but  have  derived  little  advantage  from  any  of  the  orosaea  th^ 
have  been  tried. 

We  now  arrive  at  iheLoi^-ieooSed  Sheep,  The  {(lowing  description 
of  the  Nev  Leicetter  by  Mr.  Culley  will,  to  a  very  considerable  degree, 
serve  for  all  the  varieties  of  the  long-woolled  sheep.  The  head  should 
be  hornless,  long,  small,  tapering  towards  the  muKzIe,  and  projecting 
horixontaUy  forwards.  The  eyes  pvmlnent^  bat  with  a  anict  exprea- 
tton.  Theeanthin,  rather  Img,  and  directed  backwards;  tbenec^ 
full  and  broad  at  its  base,  but  gradually  tapering  towards  the  head,  and 
particularly  fine  at  the  junction  of  the  head  and  neck.  The  neck 
seeming  to  project  straight  from  the  chest,  so  that  thov  is,  with  the 
slightest  posnble  deviation,  one  continued  horizontal  line  from  the 
rump  to  the  poll,  ^nie  breaat  broad  and  full;  the  shoulden  also 
broad  and  ronnd,  and  no  uneven  or  angular  fbrmation  where  the 
shoulders  jdn  dther  the  neck  or  the  ban:,  particulariy  no  riidng  of 
the  withers,  or  hollow  behind  the  situation  of  those  bones.  The  arm 
fleshy  through  its  whole  extent,  and  even  down  to  the  knee.  The 
bones  of  the  legs  small,  standing  wide  i^wrt,  no  looseness  of  the  skin 
about  them,  and  comparatively  bare  of  vrool.  The  chest  and  boxrel 
are  at  once  deqt  and  round  in  the  ribi^  forming  a  couiderable  arch 
from  the  spine,  so  as  in  soma  caaea,  and  eBpenaUy  whan,  the  animal 
is  in  good  condition,  to  make  Uia  wparoit  width  of  the  chest  even 
greater  than  the  depth.  The  band  ribbed  well  home.  Ko  irre- 
gularities of  line  on  the  back  or  the  belly;  but  on  the  rides  the  carcase 
very  gradually  diuiinislung  in  width  towaids  the  rump.  The  quarters 
long  and  full,  and  as  wide  as  t^e  fwe-l^.  The  muscles  extending 
down  to  the  baci,  the  th%ha  also  wku  and  full.  The  1<^  of  a 
moderate  length;  the  pelt  also  modenteW  thfai,  but  soft  and  daati^ 
and  covered  wKh  a  g|ood  quanti^  of  whue  wool,  not  ao  long  aa  in 
some  breeds,  but  oonuderaUy  finer. 

Such  ia  the  Leicester  aheep  aa  Bakewell  made  him.  He  found  him 
as  difibrent  an  animal  as  it  was  pos^ble  to  conceive— flat-sided,  large- 
boned,  eoane-wooUed,  slow  to  fatten,  and  his  fiesh  of  littie  value. 
Were  there  room  for  its  insertion,  a  detailed  history  of  the  diflbrent 
steps  of  the  ohai^es  wotdd  be  most  interesting  to  the  reader.  The 
means  were  rimple,  and  the  effect  waa  almost  magtad.  The  piindi^e 
was,  that  "  like  produces  like ; "  and  therefore  he  selected  a  few  sheep 
wilii  aptitude  to  fatten,  wiUi  a  disposition  to  produce  an  unusual 
quanti^  of  valuable  meat,  with  littie  bone  and  oSal,  and  with  quiet- 
ness ot  temper ;  and  from  these  he  exdusively  bred.  He  cared  not 
about  near  or  distant  affinitiea,  but  bis  object  waa  to  increase  eray 
«K>dpoisb,andB»dnallTtogetridot  areiybadoneL  They  vexe  not 
diflbrent  aOTta  oTdieep  that  no  aeleoted,  but  the  beat  at  w  Ivaed  to 
which  he  had  been  accustomed. 

His  sheep  were  smaller  than  those  of  his  neighbours,  but  tbey 
retained  every  good  point,  and  had  got  rid  only  of  the  bad  ones.  The 
alteraticm  waa  rapid  as  well  as  great  in  his  own  fiook,  and  the  practice 
which  he  introduced  tA  letiing  some  of  his  rams  qnu^]^  extended  the 
benefit  of  his  system  hx  and  wide.  The  flnt  ram  wUoh  he  let  was  in 
the  year  1760,  at  17s;  6(i.  ior  the  aeaaon.  In  1789  be  let  one  ram  for 
1000  guineas,  and  he  cleared  more  than  6000  guineas  in  the  same  year 
by  tiie  letting  of  others.  After  that,  ao  great  waa  the  mania,  or  desire 
for  improvement,  that  Mr.  Lawrence  raleulates  that  100,000/.  were 
annual^  spent  by  tiie  midland  fanuers  in  the  hiring  of  rams. 

The  chief  value  of  the  new  Leicester  breed  oonmsts  in  the  improve- 
ment whidi  It  has  effected  in  ahncat  every  variety  of  sheep  withwhidx 
It  haa  been  aroaaed,  in  whieh  its  inflnepoe  ham  oonreapeodad  among 
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long-woolled  aheep  vi^i  tlufc  vhlch  the  Southdowiu  liaa  exertod  on 
bi«eds  allied  to  it  in  the  c^iaraoter  of  Uieir  wool. 

Th6  luigest  of  tiie  other  breeds  of  long-woolled  sheep  vu  ihe  Lin- 
ooIhb,  "  hornleas,  with  long,  thin,  aad  weak  caroaaes,  large  bones, 
weigiking  fruD  20  to  80  IbB.  a  quarter ;  the  wool  averaging  ftom  8  to 
14UML  the  fleeoe;  the  ahe^  a  dow  feeder,  and  the  flesh  coarse- 
^rwied."  This  fs  tlw  account  of  them  given  by  a  good,  but  a  pre- 
judiced observer — Mr.  CuUey.  In  &iot,  while  Bakewell  and  his  ad- 
mirers  were  almost  neglecting  the  fleece,  the  Lincolnshire  fanner  was 
quite  aa  inattentive  with  r^;ard  to  the  carcase.  Both  parties  were 
wrong.  The  old  Lincolnshire  sheep  yielded  a  wool  which  in  quantity 
and  in  quality  was  unrivalled^  while  the  Leioesters  could  boast  of  a 
dij^osituai  to  bttea  vhikdi  the  other  oould  never  equaL  At  length 
the  attempt  was  honestly  made  to  amalgnnate  the  valuable  qualities 
of  the  two  breeds.  In  consequence  of  the  cross,  the  wether  attained 
its  matiiri^  a  full  year  sooner  than  it  was  aocustcnned  to  do,  and  the 
fleeoe  became  finer  and  improved  in  oolour,  but  it  was  shorter  and 
more  britUe,  and  not  fitted  for  some  of  its  former  purpoees.  On  the 
whole,  a  great  improvement  has  been  effected  both  In  the  carcase  and 
the  fleece ;  and  ao  satiaAwtoiT  did  this  prove,  that  it  is  now  difficult  to 
find  any  sheep  in  LinoolsBhiie  that  have  not  been  crossed  with  the 
L«cestera,  This  cross  is  deeper  on  the  wolds  than  in  the  marsh  lands^ 
which  may  serve  to  account  for  the  diSerenoe  of  the  fleeoe  in  the  two. 
The  breed  of  these  sheep  generally  has  been  greatly  increased  since  the 
introduction  of  the  turnip  eyatem.  The  lustrous  character  of  the 
wools  has  given  them  a  high  value  in  the  manu&oture  of  woollen 
&l»kitOc»TeqKndii)g  to  those  made  of  Alpaca  wool,  with  whioh  th^ 
are  mixed. 

Among  the  long-woolled  sheep  that  have  been  improved  hy  the 
admixture  of  the  old  and  new  long-woolled  breeds  and  the  altered 
system  of  hmhaadry,  the  inhabitants  of  Bomney  Marah  muat  not  be 
forgotten. 

The  Cots  wold  sheep,  ot  Qloucester,  were  s  loDg-wooUed  breed,  yield- 
ing in  tlie  ISth  oenk^  a  description  of  wool  much  valued  on  account 
<rf  the  &biiea  in  the  construction  of  which  it  was  employed.  Even 
they,  like  the  rest,  have  amalgamated  themselves  witii,  and  been  in  a 
manner  lost  among,  the  Leicesters.  They  were  taller  than  the  present 
sheep,  flat-aided,  deficient  in  the  fore-quarter,  but  full  in  the  hind- 
quarter,  not  fattening  so  early,  but  yielding  a  long  and  heavy  fleeoe. 
Hany  of  these  good  qualities  have  been  preserved,  and  to  them  have 
been  added  tiiat  whic£  ii  ol  so  much  importance  to  the  former — the 
capability  nd  rearing  and  fatteniDg  so  many  mcoe  sheep  on  the  same 
quantity  of  land,  and  of  bringing  them  so  much  earlier  to  the  markeL 

This  will  be  the  proper  plaioe  to  speak  of  the  thtaring  of  the  sheep, 
or  the  separation  of  the  fleece  from  the  animaL  The  animal  is  first 
washed  m  some  running  stream.  Two  or  three  days  are  then  allowed 
for  the  drying  of  the  wool  previous  to  its  being  shtnn,  the  sheep  b^ng 
turned  into  a  clean  pasture,  and  remaiidng  theve  until  the  fleece  u 
dried,  and  that  the  new  yolk,  which  is  rajadly  secreted,  maj  penetrate 
tbroi^  it,  giving  it  a  little  additional  weight  and  a  peculiar  softness. 
As  soon  as  ue  sheep  is  shorn,  the  mark  of  the  owner  is  placed  upon  it, 
consisting  of  lamp-black  and  tallow,  with  a  small  portion  of  tar,  melted 
together.  This  will  not  be  washed  away  by  any  lain,  but  may  be 
removed  by  the  uipIicaUon  of  soap  and  vuter. 

Few  mles  can  be  laid  down  with  regard  to  the  rearing  and  feeding 
of  sheep  that  will  admit  of  anything  like  general  ai^ilioabon.  A  great 
deal^e^nds  on  the  kind  of  akwp,  and  the  nature  of  the  pasture  and 

Suppose  the  lai^^  kind  of  aheep,  and  on  arable  ground.  The  ewea 
are  generally  ready  to  receive  the  lam  at  the  banning  of  October, 
and  the  duration  of  pr^nanoy  is  from  about  twenty-<me  to  twenty- 
three  weeks,  bringing  the  period  of  parturition  to  nearly  the  begkming 
of  Ifaroh,  at  which  time  most  of  the  lambs  will  be  dropped.  The  ewes 
should  be  fed  rather  better  than  usual  a  short  time  previous  to  the 
male  being  introduced.  Bams  are  fit  to  propagate  their  spedee  in  the 
autumn  of  the  second  year,  and  that  la  also  the  proper  period  for  the 
impr^;nation  of  the  ewes.  The  ewe  is,  after  impregnation,  suffered  to 
graze  on  the  usual  posture,  being  anpplied,  as  occasion  may  require, 
with  extra  food,  and  especially  in  case  snow,  until  within  five  or  six 
weeks  of  lambing,  when  tmmips  are  given  to  her,  aad  continued  from 
that  time  until  the  apring  of  grass  renders  them  no  longer  necessary. 
The  turnips  are  laid  out  for  the  ewes  in  the  grass  fields  in  certain 
quantities  each  day,  but  by  no  means  ao  many  as  th^  would  consume 
if  permitted  to  feed  without  restriction,  as  it  is  considered  to  be  moat 
important  tiut  Qiej  should-  not  be  too  tat  when  the  lambing  seascra 
approaches.  The  hofpt  and  the  fattening  sheep  of  the  previous  year, 
now  one  year  and  a  half  old,  are  put  upon  the  tunu|)e  in  October,  or 
whenever  tiie  pastures  cease  to  improve  their  condition.  The  turnips 
required  for  the  cattle,  or  the  ewe-flock,  are  then  drawn  off  in  alternate 
rows,  in  the  proportion  of  one-half,  one-third,  or  one-fourth,  as  the 
convenience  of  the  situation,  the  goodness  of  ti^e  crop,  or  the  quali^ 
of  the  land  may  dictate.  The  remainder  are  consumed  on  the  ground 
by  the  other  aheep. 

Aa  the  period  of  parturition  approaches,  the  attention  of  the  shep- 
herd should  increase.  There  shoiud  be  no  dogging  tiien,  but  the  ewes 
should  be  driven  to  some  sheltered  inclosure,  and  there  left  as  muoh 
as  possible  undisturbed.  Should  abortion  take  place  with  regard  to 
an;  of  them,  although  it  does  not  ^>read  through  the  flock  as  in  cattle, 


>  yet  the  ewe  should  be  immediately  removed  to  another  inclosare,  and 
'  small  doses  of  Epeom  salta  with  gentian  and  ginger  administered  to 
1  h(T,  no  great  quantity  of  nutritive  food  bemg  i^owed. 

The  ewes  should  now  be  moved  as  near  home  as  convenience  will 
permit,  in  order  that  they  may  be  under  the  immediate  observation  of 
the  lamber.  The  operation  of  dattUig,  or  the  ranoval  of  the  hair  from 
undo-  the  ttdl  and  around  the  udder,  diould  be  effected  on  every  long- 
woolled  ewe,  otherwise  the  Iamb  may  be  prevent^  from  sucking  hj 
means  of  tiie  dirt  which  often  accumulates  there,  and  the  lamber  may 
not  be  able  at  all  times  to  ascertain  what  ewes  have  actually  lambed. 
The  datting  before  the  ^>proa6h  of  wintff  is  a  tudeas,  cruel,  and 
dangerous  operation. 

The  period  of  hunlnng  having  aetoally  oommenced,  the  ahepheid 
must  he  on  the  idert.  The  process  of  nature  diould  be  permitted 
quietiy  to  take  its  course,  unless  the  sufierings  of  the  mother  are  unu- 
sually great,  or  the  progress  of  the  labour  has  been  arrested  during 
several  hours.  Experience  will  teach  the  course  to  be  pursued  in  that 
case.  If  any  of  the  newly-dropped  lambs  ore  weak,  or  scarcely  able  to 
stand,  the  shepherd  must  give  tnem  a  littie  of  the  milk,  which  at  these 
times  he  should  always  carry  about  him,  or  he  must  xdace  them  in 
some  sheltered  warm  ptaoe;  in  the'  course  of  a  little  wuUs  the  young 
one  will  probably  be  alue  to  join  its  dam.  The  operation  of  castration 
should  be  performed  nine  or  ten  days  after  the  birth  of  the  Iamb. 

Unless  tjie  pasture  on  which  the  ewea  are  placed  la  very  good,  it  will 
be  advisable  to  continue  the  use  of  the  turnips,  A  moderate  quantity 
may  be  given  twice  in  the  day,  care  being  taken  that  the  whole  of  one 
^uanti^  shall  be  eaten  before  any  more  la  placed  before  them.  This 
is  a  beUer  practice  than  hurdling  off  certam  portiims  of  the  fidd  for 
the  aheep,  unless  the  land  is  perfectly  dry.  A  littie  hay  will  always 
be  serviceable  while  the  flock  is  fed  on  tumipe.  It  corrects  the  occa- 
sional watery  quality  of  the  turnips,  and  the  sheep  usually  thrive 
better  than  u  taey  are  fed  either  on  hay  or  turnips  alone.  Brau  and 
oats,  with  (ul-cake,  have  been  recommended  for  the  ewes  before  wean- 
ing time,  but  tlus  is  an  eiqienisTe  measure,  and  its  cost  can  lardly  be 
repud  either  by  the  ewe  or  the  lamK  By  tiie  end  of  Uoroh  or  the . 
b^inning  of  A^il  the  tumipe  are  generally  nearly  consumed,  and  the 
farmer  ia  occasionally  a  litUe  puzzled  to  find  sufficient  fowl  for  his 
flock.  He  should  have  had  some  plots  of  rye  to  aupport  them  for 
awhile.  Rye-gras  and  clover  are  very  serviceable.  Mangold  wuizel 
and  Swedish  turnips  that  have  been  carefully  stacked  on  dry  straw 
will  be  moat  useful,  tot  they  will  retain  tbdr  nubitive  quality  untjl 
the  flock  can  be  conveniently  supplied  with  other  food. 

At  length  comee  the  time  for  weaning.  In  a  poor  coontry  it  takes 
place  before  the  lambs  ore  much  more  than  three  months  old.  In  a 
more  plentiful  one  the  lomba  may  be  left  untU  the  fourth  month  is 
nearly  or  quite  expired.  If  the  pasture  is  good,  and  it  is  intended  to 
sell  the  lunbfl  in  store  condition,  the  weaning  may  be  delayed  until 
six  months.  Whichever  time  is  selected,  it  is  of  essential  oonsequenoe 
that  the  mothers  and  the  lambs  ahould  be  placed  so  far  apart  that  they 
cannot  hear  the  bleatings  of  each  other.  The  ewes  should  be  some- 
what carefully  looked  after,  and  if  any  of  them  refuse  to  eat,  they 
should  be  caught,  the  state  of  the  udder  ascertained,  and  proper  mea- 
sure adopted. 

The  hm\»  should  not  be  put  on  too  stimulating  food.  Tba  pasturo 
should  be  fresh  aad  sweet,  but  not  luxuriant.  It  should  be  suffident 
to  nuuntain  and  somewhat  increase  tiidr  condition,  but  not  to  produce 

any  dangerous  determination  of  blood  to  any  put. 

J^JHieata  o/iS^j).— Commencing  with  the  head,aparasite,  having 
the  appearance  of  a  bladder  filled  witii  pellucid  water,  attacks  the 
brain.  The  origin  of  it  is  connected  with  bad  management,  being 
Bcaroely  known  in  upland  pastures  or  in  grounds  that  have  been  waU 
drained.  As  the  parasite  grows,  it  jn'OBses  upon  the  nek^bouring 
substance  of  the  brain,  and  interferes  with  the  dischatse  ofits  func- 
tions ;  the  sheep  becomes  giddy,  is  frightened  at  any  trifling  or  imagi- 
nary object ;  he  separates  himaeJf  from  his  companions ;  he  commencea 
a  stiange  rotatoiy  motion  even  while  he  grazes,  with  the  head  always 
turned  towards  the  same  side.  This  is  the  characteristic  symptom, 
and  as  soon  aa  it  is  peroeived  the  animal  should  be  destroyed,  for  there 
is  no  certain  cure,  and  many  of  the  operations  that  some  persons  have 
described  are  cruel  and  inemcient 

A  somewhat  aimilar  disease,  but  with  which  the  hydatid  has  nothing 
to  do,  is  Hydroc^phfdui,  or  water  m  the  htad,  genenJly  indicated  by  a 
little  enlargement  of  the  skull ;  a  disinclination  to  move ;  a  slight  stag- 
gering in  t£e  walk;  a  stupidity  of  look,  and  a  rapid  loss  of  condition. 
This  disease  seldom  admits  of  cure  or  palliation.  If  any  amendment 
can  be  effected,  it  will  be  by  the  administration  of  good  food,  tonio 
medicine,  and  gentie  aperient^ 

Another  species  of  pressure  on  the  bnun  is  of  too  frequent  occurrence 
— Apoplexy,  A  flock  of  aheep  ahall  be  in  apparenUy  as  good  and  fine 
condition  as  the  former  can  desire.  They  have  for  a  omisiderable 
period  grazed  on  tiie  moat  luxuriant  pasture,  and  ore  apparently  in  the 
highest  state  of  health.  By  and  bye,  one  or  more  of  thorn  is,  witiiout 
any  previously  observed  change,  suddenly  token  ilL  He  staggers,  is 
unconscious,  falls  and  dies,  and  perhaps  within  a  quarter  of  on  hour 
from  the  first  attack.  With  regonl  to  now  many  over-fattened  aheep 
is  this  the  case  f  H  there  is  time  for  resorting  to  curative  means,  the 
jugular  vdn  should  bo  opened,  and  aperient  medidne  administered. 

/iVfosMiafioii(/tt«mmi  is  a  fre^nent  orauequenoo  of  over-ftediD(^ 
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It  i>  ushered  in  by  dullnen  and  diniiclinaticMi  to  move  :  but  pnMntly 
the  eye  brightens,  end  the  enimal  attacki  oreiything  within  nil  reach. 
If  it  con  be  nuuuged,  the  eame  toeatment  nuut  be  adt^ted— Ueeding, 
pfarde,  ftod  low  feeding. 

iTooN  lis  dietendon  of  iba  pMndi  with  food,  and  tlie  extricatbm  of 
am  fram  that  food.  The  hdlow  probeng  dunud  be  intat>duoed  into 
UM  stomach  to  dnw  off  thia  ns.  Foar  to  five  drMshnu  of  hartah<nn 
in  balf-»int  of  water  gives  eany  relief  to  the  enimaL 

There  it  however  s  <UMue  of  the  Uver—  tkt  Sot — ^fer  more  frequoitlx 
ooenniiu  in  ebeep  then  in  cattle,  and  bearing  a  paenliar  and  more 
deetruotne  eliaraeter. 

In  the  very  oarlieet  stage  alone  does  it  admit  of  cure.  The  decisive 
qrmptom,  at  that  time,  u  •  yellow  colour  of  the  eye  that  BUrrounda 
the  puidl  and  the  small  veins  of  it,  and  perticalarly  the  oomer  of  tiie 
OTe,  which  is  flUed  with  a  yellow  serous  fluid,  and  not  with  blood. 
Than  ii  no  other  iqiparent  morbid  appearance  until  it  is  too  late  to 
struggle  with  the  nuiudy ;  on  the  oontnuy,  the  sheep,  altiiough  per- 
bapi  %  little  dullra  than  ubo&I,  has  an  e^ent  propensity  to  faUen. 
*Saa  rot  ia  a  dinaae  of  the  liver— inflammation  of  that  oi:^ ;  and  the 
▼eiaelBOf  it  eontain  jfafat.  They  are  taken  up  In  tiie  food;  they  find 
their  way  to  the  liver  as  tiieir  destined  reeidenoe,  and  they  create  or 
aggravate  t^e  disease  by  perpetuating  a  state  of  irritability  and  dis- 
organisation.  The  rot  u  evidently  ocsmeoted  with  the  state  of  the 
pasture.  It  is  confined  either  to  wet  ee«s<xis  or  to  the  feeding  on 
ground  that  is  moist  and  nunhy.  In  the  same  farm  there  are  fields 
on  whioh  no  sheep  can  be  turned  without  getting  tite  rot,  and  there 
■re  otlieva  that  never  give  the  rot.  After  long  oratinned  rains  it  Is 
almost  sure  to  appear.  The  diwase  may  be  communicated  with  extra- 
ordinary  rapidity.  A  flook  <A  dieep  was  halted  by  the  mde  of  a  pond 
for  the  purpose  of  drinking :  the  time  whibh  they  remained  there  was 
not  more  than  a  quarter  oi  an  hour,  yet  two  hundred  of  them  eventu- 
ally died  rotten.  The  bet  is,  they  then  received  into  their  syitom  the 
■mnii  iriiioh  ultimately  asmmed  the  desbniotive  forai  of  thoee  flukea 
.  Si  the  liver  which  deattoyed  thon.  In  the  treataunt  of  the  rot  little 
'  that  is  satisfactory  can  be  done.  Some  sheep  have  reoovwed,  but  the 
decided  majority  perish  in  dei^ite  of  eveir  effort.  The  patients  how- 
ever may,  as  giving  them  a  little  chance,  oe  moved  to  tne  driest  and 
ooandeat  pastures,  and  there  fed  as  Uberally  as  possible ;  but,  above  all, 
ideoty  of  salt  dundd  be  placed  vrithin  the  animals'  reach,  and  given  to 
them  in  the  way  of  medicine. 

In  the  way  oi  prevention  the  former  may  do  much ;  be  may  dnUn 
the  most  suspiciouB  porta  of  bis  form.  No  monev  would  be  more 
profitably  expended  uian  in  oooompUshing  this.  Some  of  the  litUe 
ewampy  spots  which  di^^ooe  the  ^ipearanoe  of  his  form  possibly  lie 
at  the  root  of  the  eviL 

Xedmter,  or  the  effusion  <^  a  bloody  serous  fluid  in  the  cavity  of 
the  abdomen,  is  a  frequent  and  very  fatal  disease  among  sheei).  The 
cause  of  it  is  a  sudden  change  from  one  pasture  to  another  of  almost 
oppoaite  quality,  or  the  moving  of  the  flock  from  a  dry  and  warm  to  a 
damp  and  oold  utuotion.  It  is  most  destructive  to  lunba  if  erposed 
to  a  hard  froet  or  suffered  to  lie  on  a  damp  and  odd  soiL  The  sheep 
will  separate  himself  from  the  rest  of  the  flock ;  he  vrill  evince  a  great 
deal  of  pain  by  rolling  about,  and  frequ<mtiy  l/ii^  down,  and  imme- 
diately getting  up  again ;  and,  aometinus,  he  dies  m  less  than  twenty- 
four  hours  from  the  first  attack.  The  bdly  will  be  found  swelled  and 
flUed  with  tiie  red  water,  or  aerous  fluid  tanged  with  blood,  from  which 
the  disease  derives  its  name.  The  treatment  should  consist  of  mild 
i^MtientSf  vrith  gentian  and  ^nger,  and  a  liberal  allowanoe  of  hay  and 
com. 

/Katrftaa  is  a  voy  prevalent  disease  amtaig  lambs,  and  especially 
after  a  change  of  diet  or  of  situation.  When  it  Is  not  violent,  and 
does  not  aeem  to  be  attended  by  colic,  a  little  absorbent  and  astringent 
medicine,  with  a  few  gnins  of  opium,  may  be  administered,  liie 
diarrhcoa  of  sheep  may  be  similarly  treated,  but  when  the  disease  is 
ftrmming  the  character  of  dyieiiten/ — when  the  diaoharge  ia  more  fre- 
quent and  copious  and  mingled  whidi  moons,  a  larger  quantity  of  this 
nwdidne  ahoold  be  given,  and  aome  Uood  abstracted  u  there  is  any 
dcMme  of  lever. 

Tlie  dieeaaea  of  the  tmynmlory  orgttiu  are  often  of  a  serious  character. 
During  the  greater  part  of  the  winter  the  nostrils  will  scanetimea  be 
filled  with  mucus,  and  the  sheep  is  compelled  to  stop  for  a  moment  at 
every  aeeond  or  third  Ute,  Mid  snort  vi<dentiy,  and  stand  with  his 
munle  estoided  and  labouring  for  breath.  If  ma  general  health  doee 
not  seem  to  be  aSactad,  this  vriU  paas  away  as  the  spring  approachca. 
If  however  ai^  of  the  flock  ahould  now  appear  to  be  losing  fleeh  and 
atraigth,  it  is  too  jwobaUe  that  amtmtgstion  is  at  hand.  The  only 
chance  of  saving  or  doing  them  voj  good  will  be  to  place  them  in  some 
comfortable  paituie,  letting  than  nave  ample  food  and  lalt  within 
their  reach. 

Lambs,  whan  too  early  and  too  much  enosed,  are  subject  to  dieeaaea 
of  the  upper  air  passages,  one  attended  by  a  ringing  ooiu;h,  and  tiie 
other  by  one  of  a  more  wheering  sound.  Blonnfnir  wiUiJwqrs  be 
necessary  for  the  first,  with  Kperient  medicine.  A  mild  purgative  will 
usually  suffioe  for  the  second,  or  posaibly  an  ounce  or  an  ounce  and 
a  half  of  common  salt  may  ba  ginn  diwolved  in  ouncei  of  lime- 
water. 

/luCoimiatim  lAe  bmg§,  reoogidsed  by  the  dlffioul^  of  breathing, 
heaving  at  the  flanks,  and  dlatnaung  oougb,  is  a  diaeaae  of  frequent 


oocurrenoe  in  sheep.  It  speedily  runs  its  course,  and  the  lungs  are 
found  to  be  one  disorganised  mass.  Bleeding  and  pnig^  are  indii- 
pensable  :  but  as  sooo  aa  the  vidcnt  ifyn^tanB  aeem  to  rnni^  tonica 
must  f(dIow. 

OmrgeL — Inflammation  of  the  udder  is  more  frequent  In  the  ewe 
than  in  the  cow.  The  udder  should  be  wdl  lomented  with  irarm 
vrater,  and  may  then  be  returned  to  her  lamb. 

Ditecua  of  the  FeA—Tha  treatment  ot  foot-rot  eesentially  oonsists  in 
paring  away  all  loose  and  detached  horn.  This  is  the  comer-Btone  of 
skilful  and  suooeasfal  procticei  All  fungous  granulations  must  either 
be  out  away,  or  destroyed  by  the  muriate  of  ontimonv,  and  the  foot 
well  washed  vrith  a  mlntion  of  cdiloride  of  lime.  Tan  muriate  ai 
antimony  must  then  ba  lightiy  lulled  over  the  whole  of  the  denuded 
surface.  This  must  be  repeided  daily  until  the  whole  of  the  foot  is 
covered  with  new  horn. 

7%e  Scab  is  a  very  troublesome  disease,  common  in  the  spring  and 
summer.  The  ahem  is  continually  scratching  himseli  with  hia  feet) 
tearmg  off  the  woo^  and  violently  tublnng  hunseU  agunst  every  pro- 
tan  ding  substance.  It  is  a  veiy  infectious  disease,  for  efrary  i»aee 
against  which  the  sheep  can  rub  UmscU  beccnnes  tidnted  vHb  the 
poiscm.  The  sheep  must  be  boused  and  shorn  as  oloeely  as  possible, 
and  then  well  washed  with  worm  water.  An  ointment  composed  of 
one  part  of  menmrial  ointment  and  seven  of  lard  must  then  be 
procured,  acdsuch  a  quontitr of  it  as  the  diseased  parte  seem  to  require 
rubbed  in  on  every  second  day.  Every  place  in  the  fi^  and  in  the 
fold  against  which  he  can  possibty  have  robbed  himsdf  must  be  well 
cleaned  and  painted  before  he  ia  permitted  to  return. 

Ztoe  and  rich  will  be  best  got  rid  of  the  aj^cation  of  the 
mercurial  CHntanent  just  reoommendod. 

The  Fly. — Several  speoiee  of  fiy  frequentiy  deposit  their  ova  on  the 
wool  of  the  sheep.  If  there  are  any  sore  places,  they  are  selected  for 
the  habitation  of  the  larvn.  The  head,  as  tiie  meet  exposed  part,  is  the 
one  oftenest  attacked,  and  the  sheep  are  sadly  tormented  by  the  fly 
and  the  larvn.   The  best  preservative  or  cute  is  the  w^catiMi  of  a 

C)mr  composed  of  a  pound  of  pitch  and  a  quarter  of  on  ounce  of 
'  wax,  spread  on  soft  leathw  or  linen.  The  attack  may  however 
be  gener^y  prevented  by  the  application  of  a  small  quantity  of  spirit 
of  tar  to  the  head,  or  any  bare  or  sore  port  Two  or  three  applications 
of  this  will  be  suffident  for  the  whole  of  the  summer,  and  not  a  fly 
win  approach  a  sheep  thus  guarded. 

WOOL  AND  THE  WOOL  TRADE.  The  term  wool  is  now  applied 
almost  exolunvefy  to  the  fleuoe  of  the  dieep.  ^e  distinction  between 
wool  and  hair  is  more  easily  understood  than  described.  When  the 
vrool  Invmc^t  to  bear  in  the  oomporieon  is  that  of  sheep,  the  distisotitai 
is  tderaUy  well  marked ;  but  fn  various  other  animus  it  seems  often 
difficult  to  decide  whether  hair  or  wool  be  the  proper  appellation  for 
tha  external  oovwing ;  and  henoe  periups  the  reascai  for  the  an>ro- 
ptiatiott  tA  the  term  wool  principally  to  the  coating  of  the  sheep. 
Wool  compared  with  hair  is  genmlly  softer,  more  flexible^  and  more 
di^Meed  to  undergo  the  feltmg  process,  whitdi  imports  to  it  so  much 
value  in  monuta^ures,  Uany  of  the  wUder  ammals,  such  as  the 
beaver,  the  racoon,  the  wild  cat,  and  the  otter,  produce  both  hair  and 
vrool,  tiie  hair  farming  the  long  and  conspicuous  outer  fibres,  and  the 
shorter  fibres  of  wool  lying  hidden  beneath.  The  goats  of  certain 
r^iona  of  A^  Hinw,  "nbet,  and  Soath  America,  yield  vroolly  filnea 
of  great  beauty,  which  not  only  equal  those  of  the  sheep,  but  greatiy 
surpsss  them;  this  wool,  however,  as  we  shall  see  farmer  on,  is  too 
costly  to  oome  prominently  into  oompetition  with  that  of  the  sheep. 

In  a  oommereial  and  manufacturing  point  of  view,  a  notice  of  wool 
may  oontiatently  be  omflned  to  that  of  the  sheep;  and  f<»- an  account 
of  the  varietiaa  ot  aheap,  and  of  the  wool  thn  bear,  as  meliminaiy  to 
the  preaent  artfola,  we  rafiBr  to  tiw  artiola  Wooxi,  w^uA  hmnediatwly 
precedes. 

The  history  ot  wool  in  its  unmanufactured  state,  as  regards  the  legis- 
lative enactments  to  whidi  the  commodity  has  been  subjected,  f<»ms, 
howevM-,  a  distiiict  subject,  and  ia  full  of  instruction  in  reiarenoe  to  the 
[ninoiptea  of  commercial  economy.  It  enables  us  to  trace  the  ^rodual 
growui  of  just  Olsons  on  such  matters,  and  the  many  conflicts  by 
which  these  changes  were  vrrought.  Wool,  as  an  article  of  wealth,  baa 
been  singularly  exposed  to  these  contests ;  ior  the  agriculturists  ond 
manufacturers  for  ages  took  difierent  views  (A  what  measures  in  refer- 
ence to  the  irool  trade  were  for  the  natitmal  benefit,  influenced  narhaiMi 
by  what  Uiey  deemed  their  own  interests.  The  reoaon  lies  in  this  cir- 

OUmatanOe:  that  wliiwf  ■  t-li^         ^mi  iw^lnm  ^qnjinf^jtbiT"^"?**  "1™^ 

matflrialB  brouf^t  whol^  from  obrood,  the  wooUmi  monufaoturer 
employs  materials  both  of  home  and  of  forrign  inoduce ;  and  as  thia 
applies  to  foreign  as  well  as  to  English  manufacturers,  there  hove  ariaen 
four  distinct  points  upon  which  uie  l^isloture  has  from  time  to  time 
had  to  decide^  namely— the  free  exportation  of  British  wool;  the 
reatrktionsoDauch  exportation;  the  ma  importation  ot  fweign  wool ; 
and  the  restrictions  on  such  importation.  The  reasons  wtdoh  nave  led 
the  two  great  class  interests  to  take  oppoaite  ^dea  in  the  question,  and 
the  efleote  which  that  (vposition  has  nod  on  the  wool  trade,  wul  be 
seen  from  the  following  brief  details. 

In  the  time  of  Edwivd  I.  a  duty  was  imposed  on  the  exportation  of 
British  wool ;  and  great  oomplointe  were  nude  on  his  increasing  the 
dtt^  in  1298  from  20«.  to  tOt.  per  bag.  Lynn,  Newea^,  Kingston- 
npon-Hull,  Boston,  Yarmouth,  Ipawich,  goutiwnpttm,  Bristol,  an^ 


Digitized  by 


Google 


9S8  wool  AND  THB  WOOL  TRADE. 


Loodtm  were  appointed  ports  from  whence  wool  might  be  shipped,  and 
at  which  cufttnns'  officers  were  authorised  to  receive  the  dues.  When 
the  king  bad  tenninated  Mm*  of  the  wan  in  whioh  he  had  bwa 
•Dgaged,  lie  lowered  the  do^  from  40$.  to  half  a  mark  p«r  bag ;  but 
the  laA  do^  «h  iflUn  Inipnwd  at  a  nibaequent  period.  la  1887  tw 
hear  ol  the  flrat  enactment  for  prohituting  tiie  exportation  of  BritiBh 
wool,  a  measure  cdnoident  with  the  attempts  of  Edward  UL  to  anoou- 
nge  the  woolleo  manufacture  in  BDglaod.  Subeeqaently  the  aame  king 
obtained  grants  of  wool  aa  the  means  of  defraying  the  expenses  of  his 
wars;  and  the  gross  absurdity  of  his  former  restrictions  oould  not  be 
better  shown  than  by  the  faot,  that  while  he  ostenaib^  prohibited  the 
flxptnt  of  ]Mtish  nwA,  he  soit  his  own  quota  for  nle  abroad,  as  he 
eould  tiwre  obtain  a  higher  prios  for  it  than  it  home.  Tfaron^umt 
the  remainder  of  his  reign  Edward  had  frequent  oontesta  witli  the 
Commons  and  the  merchants  respecting  his  grants  of  wool,  the  du^ 

Gyable  on  wool  sold,  and  the  prohibition  to  exportation ;  the  ocmteetB 
ing  not  between  agriculturists  and  manufacturers,  but  between  the 
king  on  one  aide  and  ail  his  subjects  on  the  oUier.  By  a  statute  of 
27  Bdw.  XIL,  the  towns  of  Newoaiue,  Tork,  Bristol,  Linooln,  Korwich, 
Westminster,  Canterbury,  CSiidbflsta-,  Winohester,  Exeter,  Caermar- 
tiken,  Dublin,  Waterford,  CoA,  and  I^cgheda  were  appointed  ttajdei 
lor  wool ;  that  is,  plaoes  where  alone  wool  oould  be  sold.  Mayors  of 
the  staple  were  appointed  to  seal  every  sack  of  wool  aold ;  a  customs' 
duty  ol  half  a  mark  per  sack  was  charged  to  denizens,  and  of  lOi;  a 
sack  to  aliens ;  and  uie  power  of  exporting  was  limited  to  merohant 
strangers,  or  to  Hanse  town  merchanta 

Dming  the  reigns  of  Richard  IL  and  Henry  IV.  Uiere  were  repeated 
granta  or  subaidiw  of  wool  to  the  king,  petitions  from  towns  concerning 
the  placea  tot  the  staple,  atterations  in  the  oostoms'  duty,  and  licences 
granted  to  particular  parties  in  respect  of  exportation.  The  same, 
mdeed,  nw  oe  said  req)eoting  the  next  two  r^gna ;  but  by  the  time 
of  Henry  VX  the  merchants  of  the  staple  appear  to  have  acquired  a 
kind  of  monc^ly,  whioh  was  often  made  a  subject  of  complaint 
Edward  lY.  enacted  that  no  alien  should  export  wool,  uu  that 
denizens  should  enott  It  only  to  Calais;  and  in  the  next  three  reigns 
Uie  policy  ponoed,  however  mistakoi,  aeems  to  have  arisen  ratiier 
from  a  hope  of  encouraging  woollen  manutaotures  in  Enxland  than  to 
fill  the  ooCera  of  the  king.  In  the  reign  of  Edward  VL,  the  land- 
owners of  England,  finding  the  sale  of  wool  profitable,  began  to  inclose 
common  lands  as  shec^  pasturages  with  so  much  eagerness  as  to  cause 
great  complaints  to  be  made ;  and  this  may  perhaps  be  taken  as  the 
oommenoement  of  a  new  cader  of  proceedings,  so  far  as  the  cultivators 
took  up  a  podtdon  really  or  ^marentiy  opposed  to  the  interests  of  the 
people.  It  was  not,  however,  tul  the  time  of  Charles  L  that  the  timty 
lute  prohibition  of  exportation  was  determined  on  seriotisly ;  and  this 
seems  to  have  been,  in  the  first  case,  not  so  much  a  measure  demanded 
the  manufacturers,  as  a  source  of  revenue  to  the  king  by  granting 
lieenoea  to  favoured  persona  After  ihe  Restoration,  in  1660,  howerer, 
the  pnddbition  beouie  distinotty  enacted. 

Ftam  leeo  to  1835,  the  eoqwrt  of  wool  was  striotly  prohiUted.  The 
emsequenoes  of  this  lotdiibition  soon  showed  themsdvea.  The  wool- 
growers,  ^nt  out  from  a  foreign  market,  sutbred  from  diminution  of 
price ;  t3l  kinds  of  extrava^t  expediente  were  resorted  to,  to  increase 
the  oousumption  of  wool ;  a  system  of  wool-running,  or  smuggling, 
became  veiy  prevalent;  uid  many  punphlets jmpeered  from  parties 
takiog  oiqMinte  aidsi  ol  the  question  at  bmon.  lAa  urfoultuiists,  thus 
— TMfp^  fa.  iffn>ftij  '<r  tlie  vrdilbltrau  ol  the  impwt 

of  Irish  o^e,  as  one  means  of  malntainiiuuteir  rents;  this  disturbed 
the  course  of  trade  between  England  and  Ireland ;  and  the  attempts 
made,  at  the  instigation  of  the  woollen  manufaotureis,  to  compel  the 
use  of  woollen  goods,  excited  the  hostility  of  the  silk  and  linen  trades ; 
and  thus  the  whole  oommerdal  system  beoanie  disarranged.  Nomo- 
Toos  pamphlets  wen  published  in  the  last  oentuiy,  of  the  ftJIowinff 
general  tenor :  from  Ens^iah  wootgrowen,  to  show  tiiat  Irish  wool 
ou^t  not  to  be  imported  into  Engpund;  from  Bnglidi  manufactnren, 
to  show  thai  Irish  wool  ought  not  to  be  sent  to  ftveign  countries; 
frton  Izidi  grasina,  to  show  thai  both  of  these  resteietions  wero 
unjust;  and  from  foreigners,  to  show  that  the  non-exportation  <rf 
British  wool  led  to  retaliatiTe  measorea  on  their  part.  The  agrbul- 
taral.and  manufwtming  daaas  fait  that  th^  ware  kddstin  meo- 
sDxea  thrown  Into  antagraim;  and  there  arose  froot  time  to  time 
otnnplaints  on  both  siiMs.  A  slight  sketch  of  what  oooarred  in  1781 
will  convey  a  correct  idea  of  the  usual  state  <rf  party  feeling  oonoeming 
the  wool  trade,  for  a  period  long  Bubsequent,  as  well  as  loig  previous, 
to  that  date.  The  price  of  wool  being  low,  meetings  were  held  in 
Lincolnshire  and  dsewher^undartheauspioesof  the  gnat  landowners; 
at  which  p^titHis  to  psriuunent  wan  apeed  to,  praying  that  British 
vtotA  might  be  exported,  and  that  bish  wool  mipit  be  esdaded  from 
TgnglMwi,  Thereupon  tiie  Torkahire  manobcturars  met,  and  oame  to 
resolutiims  that  the  emwrtation  of  wool  would  be  ruinous  to  the  tnuie 
and  manufacturers  of  EngLuid ;  that  the  manufacturers  would  be 
obliged  to  leave  the  kingdom  for  want  of  emidoyment ;  and  that  the 
isqxvtation  <d  Irish  wooUen  yam  ouf^t  to  be  intradioted.  The 
wonted  manulaotuien  were  partienlaz^  rebement,  for  they  had  a 
notlam  iriiether  eorreot  or  no^  that  no  oUiar  country  jvodnoed  long 
ctanbing  or  worsted  woda  equal  to  that  of  Unsolnriiin  j  and  that  u 
th^  oooM  keep  the  whole  of  tiiis  wo(d  In  Sb^iii^  thsy  BUgilt  periMf* 
retidn  n  mew^dty  irf  the  worsted  tnde. 
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'  The  union  with  Ireland,  in  1800,  was  anotiier  cause  of  disagreement 
in  the  wool  trade.  B^  one  of  the  resolutions  of  parliament  prepara- 
tory to  that  measure,  it  was  determined  that  the  two  countries  i^ould 
be  placed  on  an  equality  as  regards  bounties,  jwdttibitiwu,  &o ,  on  the 
natoral  srodnee  u  eaon.  OneeObotof  this  would  be  to  legalise  the 
transit  of  wool  from  England  to  Ireland ;  and  the  manufacturers  in  a 
body  oj^osed  it,  but  without  success.  Thus  was  effected  one  step  ia 
the  attumnent  of  increased  power  on  the  pert  of  the  l^ingliith  wool- 
growers  ;  and  anotJier  step  was  nisde  in  1802,  by  the  imposition  of  a 
duty  of  6(.  &d.  per  cwt.  on  the  importation  of  all  foreign  wool  This 
latter  measure  of  oourse  uihsnoed  the  comparative  price  ot  En^idi 
wool  It  had  long  been  urged  that  foreign  wool  was  indiqwan^y 
neoeemy  to  the  mannbcture  of  some  kinds  of  goods,  and  tomida  the 
end  of  the  last  centnry  the  imports  became  considerable.  Tear  after 
year  the  qusntiW  increased,  and  by  1800  it  reached  4,000,000  lbs.  in 
the  year,  being  about  ^th  part  of  the  quantity  required  in  tiie  manu- 
facture, Hiia  alarm^  the  landowneia,  wlu>  thereupon  procured  tiie 
imposition  of  a  duty  of  5i.  Sd.  At  various  times  the  kading  agrioul- 
tunsts  made  laudable  attempts  to  improve  the  quality  at  Wmfah  wool, 
by  introducing  the  Spanish  merino  she^;  but  th^  still  round  that 
when  their  wools  came  into  the  market  with  those  from  Spain  and 
Saxony,  the  latter,  notwithstanding  the  import  duty,  commanded  a 
more  ready  sale  for  the  manufacture  of  the  finer  cloths.  Haaoo  an 
increase  of^the  import  duty  was  constonUy  urged  upon  the  government, 
and  Buoh  an  Incrwse  was  made  to  a  stnall  extent  in  181S,  by  fi^ng 
the  dutf  at  6t.  8d.  instead  of  6i.  8d  per  cwt  But  this  not  satiq^ring 
the  lanaowners,  renewed  deouuxbi  wae  made;  and  the  year  1816 
parties  were  jaaood  in  a  ouiious  antagonism,  which  nu^  Iw  t^>u 
represented . — 

lAtdovaers'  Oaims.'  KannHwtarenP  caafaos. 

Bestrlotsd  Imports  of  wooL  )        j  tTntestrloM  li^octB  of  wool, 
Vniestciattd  exporti  „    |       |  BesMoted  exports  ^ 

The  landownsrs  wished  to  keep  out  fmeign  wool,  that  their  01m 
might  oommand a  hif^w  price;  and  at  the  same  time  wished  for  an 
unrestricted  foreign  market  for  their  own  wooL  The  manufacturers, 
on  the  other  hand,  wished  for  a  free  import  of  foreign  wool,  be(»use  it 
was  best  adapted  for  their  work ;  and  at  tiie  same  time  wished  to  pre- 
vent the  export  of  British  wool,  as  a  means  of  monopolising  wmmen 
tnanufaoturea.  Each  party  argued  consistentiy  withlibeial  policyin 
one  instsDOe,  but  displayed  the  nurow  s^rit  of  monopoly  in  the  ower : 
there  was  a  right  ai^  a  wrong  on  each  mo— a  liberal  ai^  an  lUibOTal ; 
and  the  two  parties  were  so  far  pretty  equally  matched.  In  most  of 
the  subeequent  measures  taken  by  the  two  parties  in  reference  to  the 
wool  trade,  the  peers  and  ooounoners  belonging  to  Yorkshire  generally 
took  the  manuucturen'  view  of  the  question;  while  those  in  the 
aheei^Tearingaonntias  took  the  (^poaite  view;  and  petitions  and  reso- ' 
Intions  were  poured  forth  in  abuudanoe  hr  both  parties.  In  1818  the 
matter  was  brou^t  on  in  parliament  by  the  agricnltariBfa^  and  lost  by 
only  a  very  small  majority ;  but  in  the  fidloinng  vesr  tiis  oountiy  was 
taken  by  surprise  by  a  goramniMit  pnwontion,  which  was  earned  tiy  a 
large  majority,  to  inorewe  the  Import  duty  aa  foreign  wool  from  61.  M. 
to  66s.  per  cwt. 

The  depressed  state  of  the  woollen  trade,  partly  oonsequent  on  this 
impditio  tax,  was  one  of  the  moving  causes  to  the  disturbances  in  the 
north  between  1819  and  1821 ;  and  the  attention  of  the  government 
was  repeatedly  directed  to  th^  matter  by  the  opposite  statements  of 
diflbrent  parties.  In  1824,  Mr.  RoUnson,  after  alluding  to  the  peculiar 
tinge  of  monopoly  shown  in  the  arguments  of  both  parties,  proposed 
to  admit  the  expcnt  <A  Biitiah  wool  at  a  duty  of  one  penny  per  pound, 
and  the  impni  ui  forogn  wool  at  an  equal  duty—thus  slwwiog  to 
both  parties  the  aanw  msed  of  falmeas.  K^ther  party  eeuned  very 
well  pleased  with  the  proposal ;  but  ministers  brou^t  it  before  parlia- 
ment, and  carried  it  into  a  law.  In  the  following  year  (1826),  lib-. 
HuaUsBon  carried  |ome  of  his  measures,  which  still  furaier  opened  the 
woollen  toade. 

In  1828  the  wool-growera  induced  the  House  <^  Lords  to  appoint  a 
Commttleeof  Inquiry;  but  the  evidence  taken  beftffe  it  appears  to 
have  oonvinoed  the  government  that  it  would  bo  wrong  poHcy  to  re- 
impose  the  import  duty  as  a  protective  measure;  and  there  has  not 
since  then  been  any  renewal  ot  the  obnoxious  duties. 

Uany  of  the  leg^tive  enactments  here  alluded  to  depend  evidentiy 
on  some  peculiarity  in  foreign  wool  whioh  fits  it  for  manufacture ;  and 
this  was  striking  illustrated  in  the  evidence  beltve  the  Lords'  Com- 
mittee, in  1828^  where  ssTsial  eminent  msirafiwtnrevB  stated  that  they 
oould  soaros^  find  a  sale  for  any  woolUn  eloths  il  made  wholly  at 
Enfi^  wool.  This  led  to  many  landaUe  efbrts  to  improve  the 
ohwaoter  of  both  our  long  and  short-woolled  she^). 

We  will  now  briefly  trace  the  progress  of  the  wool-trade,  in  relation 
to  the  produce  of  English  fleeces,  and  the  importation  of  othen  from 
abroad. 

In  the  year  1800  Ur.  Loooodc  estimated  the  qaantily  of  wool  pn< 
diiced  in  Uag^and  and  Waki  thai 
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Ur.  Habbard'B  eeUmate  for  1838 

Short  wool   l»,917pukfc 

losimol  »3,S«7  „ 

ttmmol  ».<09  „ 

461,169  „ 

a  puik  beioR  equal  to  2i0  Ibe.  It  has  often  been  asserted  thai  the 
attempts  to  improTe  Uie  quality  of  English  mutton  has  deteriorated 
the  quality  of  ulb  fine  wool,  bat  increased  the  quantity  of  the  long 
wool;  ajod  thts  seems  to  be  bans  out  by  the  numbers  here  given.  Mr. 
fiischoff  j^reBatabletoabowtiiie  quantity  of  iorcdgn  wool  imported 
every  year  Axmi  to  1841.  We  will  gtva  afew  « tha  yeuB.  - 
lb*.  Ibt. 


1771 
1781 
1791 
1801 


1,639,778 
M7B,SS9 
3,0H,Slll 
7,371,774 


Iftlt 
IBSl 
18S1 
1841 


«,7  80,971 
0,770,103 
81,652,039 
49,710,396 


These  numbers  sufficiently  show  how  prone  English  woollen  manufac- 
ture is,  when  left  to  itself,  to  derive  aia  from  tlie  use  of  foreign  wool. 
All  the  finer  wools  used  to  be  brought  from  Spain ;  but  in  1765  the 
eleotar  Saiun^  impmted  Into  hu  dominions  a  few  llerino  iheep, 
wUeh  have  had  a  moat  Burpriaing  inflnence  on  the  trade  in  wool.  The 
Saxony  Merfnos,  instead  of  d^enerating,  improved  upon  t^eir  Spanish 
progenitoTB,  and  tiie  wool  Afforded  by  them  has  almost  driven  the 
Bpaolsh  wool  out  al  the  English  market.  In  1800  the  imports'  of  wool 
from  Spain  were  fourteen  timea  aa  large  as  from  Germany ;  whereas  in 
1S40  those  from  Qermai^  were  seventeen  times  as  large  as  those  from 
Spain. 

The  inquiries  made  within  the  last  twenty  years,  into  the  history  of 
the  wool-tnMle,  preerat  many  points  of  intciasfe.  How  many  shera 
there  are  grazing  in  the  United  kingdom  at  onetune^and  how  mow 
wool  is  obtained  from  them,  ve  matters  on  which  no  trustworthy 
figures  hare  been  given.  All  is  guess-work.  In  1860  Mr.  P.  L. 
Skmnonde  gave  a  ourions  comparison  of  estimates  made  at  di&rent 
times  during  the  present  eenturr,  relating,  in  most  instances,  to  the 
number  of  uieep  supposed  to  be  Uving  at  one  time,  bat  more  especially 
to  the  enpposea  weigbt  of  wool  annually  obtained  from  them.  These 
estimates  are  eleven  in  number.  The  quantities,  or  round  numben, 
an  as  f  <dlows :— 


Tear. 

Ompnter. 

Sheep. 

Wool. 

IGOl 

lAocock  , 

.  38,000,000 

94.000,000  UN. 

1818 

Hubbard 

I 

111,009,000 

>i 

1834 

U'CuUoeb  . 

.  33,000,000 

I 

1833 

U'Qoeen 

.  46,000,000 

347,000,000 

181» 

Low  . 

.  89,000,000 

157,000,000 

» 

1811 

SonOiey  . 

.  03,000,000 

375,000,000 

1S9I 

Poole  . 

.  81,000,000 

136,000,000 

1857 

Ashwwth 

1 

148,000,000 

•I 

1858 

Balnw 

t 

300,000,000 

1860 

Wj«7  . 

.  55,000,000 

375,000,000 

1S60 

.  50,000,000 

350,000,000 

■1 

TSx.  Leonard  Wra^,  in  1860,  made  an  earnest  attempt  to  arrive  at 
the  truth ;  the  opimona  ezpreased  to  him  by  wool-growers  and  wool- 
staplers  were  most  discordant;  but  he  arrived  at  a  hypothetical  result 
very  similar  to  one  whi(di  Mr.  Southey  had  put  forth  in  1851.  Mr. 
Slmmonda  luui  gjvea  a  curious  comparison  of  the  wool-producing 
powers  of  various  kinds  of  sheeps'  food,  only  possible  since  the  wide 
development  of  the  study  of  agricultural  chemistry.  Aocording  to 
this  comparison,  equal  weighto  of  the  foUowing  kinds  of  lood 
will  lead  to  the  |noduetic«i  of  the  fdlowlng  weights  of  wool : — 

P<riatoM^ raw, with saU  .      ,      •      .      .  e|orwo0I. 
MutceLworxel,  raw  •      .  .      •   .    5}  „ 

Wheat  U      ,,  * 

Oati  n  n 

Eje,  withsdl  14 

Bje,  wlthont  nit      >■....  13i 

^"'^  "}  » 

Pe"  18|  „ 

BaiAvbe&t    .      ,  10  , 

Peas,  wheat,  and  rye  with  salt,  thus  appear  to  be  the  beet.  What  is 
the  best  flUi<toii-prodaaing  food  for  she^,  as  ccmtrasted  with  lMo^pro- 
dudng,  we  have  no  concern  with  here.  There  are  six  difierent  quali- 
ties whioh  manufacturers  look  forinwool— ;!iMnMi^  or  equable  thinness 
of  fibre ;  fuUnm,  or  olosenesB  in  tin  growing  at  tiia  looks  on  the 
ebeep ;  /reenm,  or  absence  of  entaD|^emaDtia  the  ftfaves;  muuhum,  or 
streugth  of  fibre  when  pulled  in  combing ;  length,  or  a  fitness  in  the 
length  of  fibre  for  each  iiarticular  kind  of  mannfaotuvs ;  and  tofinat, 
or  a  certain  degree  of  silkiness  to  the  tooclL  According  to  the 
degree  in  which  wool  possessee  any  or  all  of  these  quimtiai,  so 
is  the  price  which  it  will  command  in  the  market  During  the 
latter  half  of  the  lost  oentury,  EogUsfa  wool  """"nindtd  from  M.  to 
la.  Id.  per  pound.  During  the  first  quarter  of  tiw  present  oentuiy, 
the  price  varied  between  the  wide  limits  of  7d.  and  8*.  Since  the 
fieodom  of  import  and  export,  the  price  has  depended  more  con- 
sistently on  the  actual  quality.  While  BngUah  wool,  very  little 
applicable  to  the  m^nufaoture  of  fine  olotb,  sells  at  lOd.  or  1«.  per  j 


pound,  Saxony  or  Merino  wool  will  often  oommand  2f.  to  4a  The 
good  Saxony  fleeoes  are  alwavs  smaller  in  w^ght  than  the  coarser 
English;  the  fOTmervarying  from  2  lb.  to  8  lb.,  the  latter  from  4  lb. 
to  5  Ibb  About  half  the  home  supply  is  used  lor  wonted  ffooda^  and 
bslf  for  dieap  woollens;  the  best  wooUens  nowdqtend  wholly  on  the 
use  of  foreign  wool. 

One  of  the  most  notable  raesent  features  in  the  wool  bade  ia  the 
competition  of  Australia  We  have  sud  that  Qennany  nearly  drove 
Spain  out  of  the  market ;  and  now  Australia  is  eclipsing  Oermany.  It 
is  found  that  the  climate  and  soil  of  Australia,  and  the  kind  of  labour 
obtainable,  are  favourable  to  the  growth  of  wo^  This  has  been  done 
with  vety  little  encouragement  from  external  sources. 

Wool  is  largely  imputed  from  tiie  British  poesesmons  in  South 
Airioa.  India,  it  is  bdieved,  could  easily  supply  us  with  200,000,000  Ibe. 
of  wool  anniully,  by  the  display  of  a  little  OMTgy.  Chinese  sheep, 
brought  to  Eng^d  and  America,  have  proved  very  prc^taUe,  produc- 
ing huige  fieeoee  oi  wool  suitable  for  cheap  goods.  Australia  could 
gieatly  increase  her  present  supply,  did  not  gdd-digEtng  frequently 
disturb  the  oourse  of  pastoral  imiustiy.  The  United  ^ates  do  not 
produce  enough,  wool  for  thdr  own  manufactures;  lhay  import  good 
wo(d  from  Europe,  and  ohe^i  wool  from  South  America.  It  aBbrda  a 
curious  instance  of  the  tendencies  of  trade  when  unshackled,  that  the 
United  States'  mills  woik  up  Australian  wool  which  has  come  to  them 
viA  England — a  distance  altogether  equal  to  two-thirds  of  the  circuit  of 
the  globe. 

The  total  quantities  of  wool— whether  sheeps',  lambs',  or  Alpaca, 
imported  in  reorat  years,  will  eoliTOiimtlj  be  snovn  ^xj  tudng  cwtain 
dates,  three  years  apart. — 

lbs.  lbs. 

1848  .  .  .  40,>43,09>  |  1853  .  .  .  08,761.458 
1640  .    .       .  05,355,483  1855  .  .       .  99,S00,44« 

1849  .       .    .  76.788,647  |       1658  .  .    .  136.T38,T» 

It  wOl  Buffioe  to  take  one  year,  1860,  to  show  the  trade  a  little  mora 
in  detvl: — 

lbs. 

Wool  ttom  Awtnlla      .....  50,165,089 
„      Northern  Evnps  ...  88,840,961 

,  „       EaatladlM  30,S14,178 

„       floUhAfUM   16,674,845 

„       Other  eooBtrka     ....  10,705,388 

148^00,651 

Of  this  qoantity,  however,  tatiwr  nan  then  80,000,000  Iba.  ware 
exported,  leaving  iaaiA  115,000^000  Dm.  tA  foteten  and  oolonkl  wool 
to  be  used  up  by  our  woollen  ai^  worsted  manufacture™. 

It  will  be  deairaUe  here  to  say  a  few  words  conoeming  the  pro- 
speetive  vapfij  of  that  peonliar  kind  of  wool  called  ahaea.  Under 
Alpixji.  Wool  it  «ai  itated  that  Awtraliaa  dieep  fsnnen  were 
b^inning  to  attood  to  tills  mbjeoi  We  will  here  bnefiy  notioe  «4iat 
has  been  done  once  that  artiiue  was  written.  It  ia  to  Mr.  Charles 
Ledger  that  we  owe  most  of  what  is  known  ooDoeming  the  wool  of  the 
o^xica,  Utma,  vtmAa,  and  jwoiuMo,  animals  which  pastare  on  the  high 
table-lands  among  the  Andes.  Those  four  kinds  have  slight  diSWenoes; 
and  by  orosa  breeds  between  the  animals  it  is  believed  that  wool  will 
be  obtained  of  finer  quality  than  any  yet  known.  Uta  Peruviana  uee 
llama  wool  ttx  saolung,  oo^a^,  carpets,  bed  oorailets,  Ac,  and  alpaca 
wool  for  various  texwe  fabrics.  Mr.  Ontrain,  Halifax,  first  over- 
came, in  1885,  the  difficulty  <rf  spinniDg  alpaca  wool  b^  maehineiy; 
and  Mr.  Titus  Salt,  of  Sutaire,  made  those  further  uKvovements 
which  established  alpaca  among  the  stifde  manuCactures  of  Yorkshire 
especially  when  combined  with  ootton  warp  for  strrag  but  vbmp 
goods,  and  with  sitt:  lor  wdsteoatings  and  ladiea'  dreosei.  A  dwnaaa 
having  been  thus  created,  the  supply  has  gradually  ineresssd.  Alpaca 
oomes  to  England  in  small  bales,  from  601be.  to  ISOlbs.  each.  1836 
was  the  first  year  of  c<»iBiderab1e  unport;  it  amounted  to  about 
100.000  Ibe. ;  thU  inorea«»d  to  1,200,000  Ibe.  by  1845 ;  and  from  1851 
to  1860  the  imports  avenged  about  2,500,000  lbs.  ymriy.  Th»  pctoe 
baa  fluctuated  o<»uaderably,  from  8dL  to  Si.  9d.  per  ItL 

Mr.  Ledger,  tac  many  y«an  a  xeddent  In  Para,  oomoatral  th*  Idaa 
tA  traoafairing  alpacas  to  Anitraliah,  a«  a  eommortfal  '^Moalatton*  In 
1868  he  went  to  Melbourne  and  Bydaev,  to  asoertam  whether  the 
climate  sod  soil  of  Australia  were  suitable  lor  his  puipoos ;  and  he 
found  spots  which  poasesBed  in  an  admirable  degree  all  the  requisite 
qualities.  He  returned  to  Peru  and  made  arrangements  for  gradually 
buying  and  rearing  a  large  stock  iA  alpacas :  undeI^pdng  great  hardships 
while  travelling  nmatedly  orer  the  Andaok  It  was  not  until  1858 
that  ha  oould  get  Us  flodc  into  the  AMgntina  States;  forthogorcm- 
ment  of  Pwu  plaoed  all  kinds  of  obstaoles  in  the  way  of  th^ 
ej^MFtatton.  At  length,  in  November  1858,  a  flock  iA  276  alpacas, 
Usmss,  and  vicufias  aoived  safely  at  Sidney.  In  Mi^,  1S69.  he  Dsgan 
a  tour  of  iiupection,  at  the  instance  of  the  New  BoaUi  Walse  gffrem- 
ment,  to  seleot  the  best  place  for  a  breeding  and  pasture  ground.  He 
fixed  on  the  Maneroo  district,  about  860  mitaB  from  Sidney.  71m  first 
shearing,  in  Kovamber  of  that  year,  was  too  early,  and  the  wd  waa 
pronounced  in  Torkshire  to  be  too  short-etapled  lor  the  best  goodsi 
Tha  fiodc  was  trani&rred  to  Maneroo ;  and  the  numbers  are  gradually 
increasing,  lb.  Ledger  baa  made  a  caloulation  that,  aHowjng  tac 
aeoidentB,  dsathji^  tied  ysar^  fta,  ha  vny  eanieBtly  IooIds  focipard  to 


Digitized  by 


Google 


WOOLLEN  AND  WORSTED  MANtTFACTOKBa  MS 


8000  klpaon  hv  1870 ;  and  if  thia  eatinutta  be  borne  out,  the  increue 
after  that  would  be  very  npid.  The  New  Sooth  Wales  goTemmmt, 
ngarding  tha  mbjeot  as  one  of  great  colonial  importanoe,  hare  tnade 
libonl  amngtUMOta  with  Mr.  Ledger ;  for  Toria£ire  will  eagerly  bu; 
all  the  alpaca  that  Austmlia  oao  produce ;  and  especially  wiU  this  be 
the  case  U  the  quality  oan  be  nudntained  at  a  hig^  standfurL 

WOOLLEN  AND  WORSTED  MANUFACTURES.  The  manu- 
faotniee  in  wool  and  in  wotsted  are  bo  oloaely  corm acted,  in  reference 
both  to  their  part  hiatoiy  and  to  the  induetiial  arrangements  inmlTed 
in  tham,  tiiat  ife  will  be  conveniaat  to  facat  of  them  mular  one  heading. 
Woola  an  divided  into  two  greafe  olawea  dorttay-wooti  and  eomUnff- 
vmoli,  or  Aort-wooU  and  tonff-wotUi  and  tlte  fabnca  woven  from  them 
an  termed  molleiu  or  voriedt,  aooording  as  the  one  or  Uie  other  is 
emidoyed.  Clothing-woola  poaaeaa  in  higb  perfection  that  peculiar 
properly  whidi  atables  the  ^bres  to  felt  or  interlace  one  among 
another,  uid  to  fom  thereby  denae  compact  material  of  which 
men's  nrmaDts  an  so  largndr  made  in  this  country,  as  well  as  tha 
atiU  thuker  tiAk  tat  hata^HAT  Mutufaotubx]  ;  whereas  oomhliig< 
wools,  thooj^  long  in  fibre,  are  defidetit  in  the  felting  property, 
and  are  therefore  aa^onA.  ior  atuffii,  meiinos,  hoeiery,  and  a 
laigs  number  of  fabrics  whioh  do  not  undergo  the  felting  or  fulling 
jaoceaa. 

Bitlery.—lt  is  probable  that  no  other  id  the  totile  manafiM>turea  is 
BO  ancfant  as  tlufc  a<  WDoL  Shsep  were  raved  bom  tiweoilieat  times, 
and  there  oan  be  Kttle  doubt  that  the  nee  of  the  wool  fcv  clothing  was 
Boon  adopted.  If  a  maas  of  woollen  fibres  be  pressed  flnnly  together 
in  a  flat  layer,  the  fibres,  by  virtue  of  their  felting  property,  will  cohere 
into  a  ocntdnuoDS  sheet  even  without  the  prooess  <h  weaving ;  and  tiiis 
property  could  not  &il  to  attract  notice.  The  paaeagos  in  the  Bible 
which  seam  to  aUnde  to  the  use  of  woollen  gannents  are  well  known; 
and  we  have  indireob  evidence  from  various  quarters  to  show  the  m- 
Taknoa  <tf  a  similar  oostoiB  in  the  But  generally,  in  early  timea  The 
nnmiiiig  of  the  fibres  was  moat  probably  rifocted  by  tha  fingers ;  while 
Uie  thistle  or  teaxle,  as  at  present,  was  \ised  to  comb  out  the  fibres ; 
the  dyeing  of  the  threads,  too,  it  is  quite  evident,  was  well  understood 
by  the  ancieutu.  Among  the  Greeks  and  Romans  the  woollen  manu- 
&otare  was  of  a  domestic  character ;  but  yet  it  wonld  seem  that  the 
clothing  of  hige  aimies  must  have  T«quired  arrangements  of  a  more 
eztamdve  Und.  The  natives  of  India,  after  the  epoch  of  Macedonian 
caa(iaesta  in  that  vmttrj,  made  ahawl-cloths  of  ezquiate  beauty,  oon- 
oisting,  as  is  supposed,  u  abort  wool  woren  without  felting :  and  the 
Gre^  and  Bcunaur  may  hava  dnivsd  some  of  their  modes  of  pro- 
oeediiu  from  such  a  quarter.  But  however  this  may  be,  the  Bomms 
of  both  auea  wore  woollen  garments  venr  generally. 

The  deoay  of  tha  arts  oonsequent  on  ^e  irruption  (d  the  barbarians 
into  Rome  did  not  appear  to  have  extended  to  this  manuftoture, 
WooGmi  clothing  was  still  made  in  most  (tf  the  eonntries  where  the 
Bomans  had  esttmiahed  colonfss;  and  there  are  indications  that  in  the 
lOtii  oentury  the  manufacture  beoame  Hbo  cooupatkoi  of  a  particular 
fratemi^  in  the  Low  CounMes.  Tha  wool  emiuoyed  waa  at  first  the 
produce  of  their  own  country;  but  they  afttirvnrda  imported  wool 
from  other  counties,  and  carried  on  the  mauubcture  to  such  an  extent 
that  the  Low  Countrifls  became  in  a  greatmeasore  tiie  dotiiing  district 
for  Bunpo.  Spain  modnosd  oletli  for  htnelf,  and  acqolred,  lUwut  the 
IStfa  eentory,  oou^esabla  repotrtioii  for  the  beatily  of  the  £abriea 
produced,  consequent,  we  may  mppoee,  on  tiie  fiiM  weed  which  the 
^tanish  sheep  have  for  oentonea  produced.  The  Italiana  and  Vksndi 
entered  opra  this  manufacture  at  a  later  period. 

In  the  time  of  William  the  Conqueror,  so  inundation  which  occurred 
in  the  Netherlands  drove  many  of  the  clothiers  into  other  oonnferiea, 
and  some  of  them  came  to  Englsud.  William  ^  Malmeebuiy  says  that 
the  Unf ,  glad  of  such  an  acceeslon,  traced  these  Flemish  clothiers  first 
in  Carlisle  and  then  in  the  western  eounties.  From  jibat  time  the 
mention  of  dothiers  is  frequent  in  the  old  ohroniclea ;  Lcmdon,  Oxf<nd, 
Liaoidn,  Huntingdon,  Ton,  Nottingham,  and  Winchester,  b^w  «a\3- 
mnated  as  towns  wherein  the  manufacture  wis  carried  on;  while  at 
other  towns  there  w«n  dotii-dealen  who  uid  a  licenoe4titT  to  the 
king  for  the  privilege  of  buying  and  selling  dyed  cloths.  It  has  hem 
stated  [Wool  ass  thi  Wool  Tradb]  that  the  king  frequently  derived 
eonddoable  revenues  from  Enj^h  wool ;  and  tbb  circumstance  led 
to  the  eoaotment  of  many  laws,  tending  to  the  exclusion  of  fore»pj 
wool  and  the  use  of  Ennlah  wmd  only  in  our  mannfactorea.  Thi 
exolusian  of  Spanlrii  wool  from  Engliah  broad-cloth ;  the  limitation  of 
the  width  <^  broad-cloth  to  two  yards ;  the  deteimination  of  the  widtii 
of  striped  cloth  made  at  Bristol ;  the  appointment  of  towns  where 
alone  w>ih  eould  be  bought  and  aolA ;  Uie  appointment  of  the  office  of 
kin^e  Avlnager,  whose  duty  It  was  to  attend  the  doth-markets,  and 
meeaum  all  the  doth  aold,  to  see  that  tiiere  was  no  dc^dency  of  length, 
and  who  reodved  a  fee  for  every  [uece  o£  doth  to  which  he  attached 
his  seal ;  the  prohibition  to  mart  woollen  cloths  until  they  had  been 
iulled ;  the  granting  of  pemnsDon  to  make  certain  coarse  kinds  of 
doth  tiiree-quartera  of  a  yard  in  width ;  the  fixing  of  a  leaden  seal  to 
pieces  of  doth  wrou^t  in  London  and  the  auborba — theae  are  aome 
of  the  laws  by  which  the  government  fried  or  hoped  to  r^ulate  the 
manufacture ;  and  tiiey  mil  serve  to  omvey  an  was  of  m  gnunal 
character  others. 

Bdward  IIL  hronght  about  a  great  extensi<m  of  tiie  manufacture  1^ 
fariting  ovsr  some  skilful  weavers  from  the  Netlkerlands,  En^iu 


wool  was  said  to  be  woriced  up  more  sneceaafully  in  the  Netheriands 
than  in  Engbudj  and  Edward  thought  that  by  getting  over  some  of 
the  naming^  to  Hiis  oountay,  be  oould  iinvove  the  native  maaufMture. 
This  scans  to  have  been  dose;  and  the  following  distribuUoo  of  the 
manufitcturct  consaqueot  on  tUs  iimnigntion,  shows  how  widdy  this 
branch  of  industry  became  spread — N<nfolk,  fustians;  Suffolk,  baise; 
Essex,  says  and  serges ;  Kent,  twtiad-doth ;  Devon,  ker^rs ;  Oloaoes- 
teidiire,  cloth ;  Worcestershire,  doth ;  Wales,  friezes;  Westmoreland, 
doth;  YoAdiire, cloth ;  Sometaetshira^  serges j  Hampdiire, Beikahin, 
and  Suaaex,  dotiiL 

For  several  reigns  subsequent  to  that  of  Edward  m.,  the  woollen 
dotha  made  in  England  appear  to  have  been  chiefly  of  a  coarse  quality; 
tha  majority  of  the  ma&uncturers  directing  tludr  attentimi  omefiy  to 
worsted  famics;  iriiile  the  finer  broad-dotha  were  imported  from 
Brabant,  a  proof  that  the  exertions  of  Edward,  thou^  suooeesful  as 
regarda  the  extent  of  the  manufacture,  were  not  so  in  respect  of 
qualify.  By  the  rdga  of  Heniv  TIIL  the  exports  of  English  cloths 
became  vety  large,  uieomudi  ust  vriteo,  through  foreign  vren,  the 
markets  of  Spain  and  the  Netherlanda  were  oloeed  to  the  EngUsh,  great 
complaints  arose  among  the  manufaoturers,  who  could  not  sdl  the 
doth  whioh  they  sent  to  Bhukwdl  Hall,  a  Und  of  Cloth  Hall  whence 
London  dealers  and  merehants  were  suited.  About  this  time  t^ 
mannfsotore  in  the  ooonUes  of  Someraet,  Qloucaeter,  Wilta,  and  Wor- 
cester was  limited  to  eccpomte  towns;  sad  the  mosk  absurd  laws  were 
passsd  to  oonflne  It  to  those  favoured  tpti^  During  the  rei^  of 
Elisabeth,  owing  partiy  to  many  of  these  restrioticma  being  removed, 
and  par^  to  the  immigration  into  En^and  of  many  weavers  driven 
from  the  Netherlands  by  the  peraecutions  of  the  duke  of  Alva,  a  oon- 
siderable  advance  was  made  in  the  English  QUaufaoture.  In  the 
following  retgn  the  English  dyere  succeeded  in  obtaining  a  law  pro- 
hibiting the  SKport  of  doth  in  the  white  or  nndyed  state,  under  tlw 
e^ectstion  that  tlugr  would  be  gainers  thereby;  but,  like  inany  other 
monopolies,  it  defeated  its  own  aim ;  the  Dutch  and  Germans  refused 
to  buy  English  doth  in  the  dyed  atate,  and  thus  the  exports  fell  so 
enormously  that  dyers  as  wdl  as  manufacturers  lost  by  the  ImpoUtu 
prohibition. 

During  the  tix^e  of  the  Stuarts  a  narrow  policy  almost  ruined  the 
manufiuAora  At  one  time  there  was  an  attempt  to  get  all  Spanish 
wool  brought  to  this  ooontry,  and  to  no  other  conntnea ;  at  another 
time  the  expcotation  ol  BngiMi  wod,  of  fuller's  earth,  and  other 
moturiala  of  manufacture,  was  prohibited ;  English  clothien  refused  to 
receive  Flemings  among  Uiem,  from  a  feeling  of  jedousy ;  the  Londcsi 
merchants  prooired  an  act  prohibitiDg  dl  forei^en  from  buying  and 
aelUng ;  aod  many  othw  measures  were  pasaed,  elthw  by  parliament  or 
by  cnporatioiH,  tontUog  to  oippls  the  free  nncad  of  Un  bade  and 
maDunctars.  L^dand  suflWed  severely  by  this  miseUevons  system; 
for  after  bdng  compelled  to  give  up  the  exportation  of  cattle  to  Eng< 
land,  on  aooonnt  of  the  oompkints  of  the  graaiers,  she  turned  attentim 
to  the  growth  of  wod;  but  this  ofiTended  the  Engliah  vrool-growera; 
and  if  Irish  dotha  ware  aent  to  England,  this  roused  the  oppoeitiou  of 
the  Engliah  cbthieia ;  so  that  frvm  about  IHO  to  the  end  of  the 
century  there  was  (me  oontnnuous  strug^  in  Ireland  to  bear  up  against 
the  selfish  policy  of  WwgiM^^f  {n  raneefc  to  wod  and  its  manufactures. 

Throughout  the  greater  part  the  18th  century  the  manufitoture 
ateadi^  increased  in  England,  especially  in  tiiose  fabrics  made  of  long 
or  comlnng  wooL  When  the  inventions  in  spiuning-machinery  gave 
an  extraordinary  impetus  to  the  cotton-manuuoture,  that  of  woollen 
beoame  thrown  ocHnpamtivdy  into  the  shade ;  but  the  application  of 
improved  machinery  has  sines  increased  the  power  of  the  mauu&c- 
tows;  while  the  great  Improvements  in  the  qualify  of  German  and 
Australian  wools,  combined  with  tiie  maintenanoe  of  a  liberal  policy  in 
commerce  and  interchange,  have  given  to  the  wodlen  and  worsted 
manuCtetores  in  England  a  more  healthy  tona 

WimUeM  Manufacture*. — It  has  been  before  explained  that  the 
woolloi  mannfiwtaure  relates  to  audi  &lnica  aa  require  the  use  of  short 
or  fdting  vrool.  This  wool  undergoes  a  vety  large  number  of  prooeesss 
in  the  course  of  the  manufacture.  If  we  take  a  piece  of  superfine 
broadcloth  as  a  iqrssentative  of  this  manufacture  generally,  the 
following  are  the  suoeairiVB  proeswes  by  which  ft  is  produoed>-» 


I.  Bortins  tha  wool. 
%.  Soouiinf. 
S.  Vsihlng, 

4.  Ihrlng'. 

5.  Djelng  (when  ijt& 

In  the  wool), 
e.  WlUyiiw. 
7.  PteUnf. 
S.  OOfaiv. 
9.  Moating. 

10.  BorlhUlas. 

11.  nmUng, 


19.  Ckirdlns. 

18.  SlabUng. 

19.  BeeUnr. 
10.  Warping. 

17.  Beaming. 

18.  Blnfefn^. 

19.  SlslnK. 
».  Waavtag. 
91.  Beaolas. 

99.  OyAv  (wkaa  «M 
Inaeatotb). 


33.  BuiiRgw 
14.  Fnllinff. 
tS.  Scwriagr. 
38.  Tentorlof. 

37.  Taaslisff. 

38.  Shesringt 
19.  BoUIdk. 
80.  BnuUag* 
91.  FtaUoff. 
99.  FiasBtBg^ 
19.  nasmlBr. 
94.  fcgUifr 


More  than  one-half  of  these,  in  the  most  improved  fonns  of  pro- 
oeeding,  are  effieoted  by  machinery. 

The  sorting  of  the  wool  is  the  first  operation,  and  is  one  of  much 
importance,  since  the  qualify  of  the  cloUi  depends  greatly  on  a  due 
admixture  of  difTerent  kinds  of  wooL  Each  pack  of  wool  oon tains 
many  diflbnnt  quaUtiei^  aoocoding  to  the  put  of  the  fleaoe  whsnoe  it 
waa  taken,  and  other  qrwnnrtwww;  and  imNh  tut  and  disoriviiMtfoo 
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are  called  for  in  the  aepantion.  The  aorter  hu  to  nuke  hie  nleotion 
in  relation  to  the  finmeu,  the  Miflnm,  the  ttrtngih,  the  eoloar,  Hbe 
cUannm,  and  the  wight  of  tiie  wool;  and  io  reference  to  fJieae 
qualities  he  aepantea  the  wool  into  many  paroels,  which  receiTe  the 
names  of  prmCf  Aoie^  tajper,  load,  dowttn^ut,  aeeoitdt,  Jbu  nib,  eoam 
abb,  livery,  too.  The  finert  fibre  la  that  ci  SpaniBh  ewe,  tiie  mean 
diameter  of  whidi  is  of  an  inch ;  while  the  coarsest  is  wt  of  WOta 
ewe,  measuring  an  iooh.   All  woolly  fibrea  are  thicker  at  one 

end  than  tiie  ol^;  biit  the  leaa  the  differeooe  in  that  reapeobj  the 
more  raluable  ii  the  wo(d;  and  this  li  one  of  the  faTOorable  pofaita  in 
Merino  wool 

When  tiw  ucper  kiiida  are  Mleoted,  tlm  an  nazt  aoiwndand 
to  free  thm  from  the  grease  which  inranably  attaohee  to  them.  ITie 
wool  is  aoaked  in  an  alkaline  ley  at  a  tempeimtura  ot  about  120*, 
rinsed  with  cold  water,  and  paesed  between  tne  rollen  of  a  powerful 
press  to  free  it  from  nrariy  all  moiatore. 

If  the  cloth  is  dyed  in  the  wool,  that  opentioa  succeeds  the 
■oouriiu;;  bat  if  dyed  in  tiie  piece,  many  other  processes  intervene ; 
and  it  depeods  a  good  deal  on  the  kind  of  colour  as  to  which  plan  is 
followed.  Supposing  the  dycdn^  to  be  comfdeted^  however,  the  wool 
undeigoea  the  prooesa  of  inUytug  or  unUowin^,  which  ia  somewhat 
analogous  to  the  haUivg  or  wetUehiag  in  the  cotton-manufacture ;  the 
object  being  to  open  uid  disentangle  the  locks  of  wool,  and  cleanse 
them  from  esndy  and  other  loose  impurities.  One  among  many  forms 
of  willy  is  a  kind  of  hollow  truncated  oone,  luving  an  axis  ronning 
timmg^  ita  oentra;  on  tbli  axlaara  find  time  wheeto  of  difSarent 
diameters,  bearing  on  their  circumference  four  longitudiiial  bars 
studded  with  sharp  spikes.  The  oone  rerolres  with  a  rapidity  of  ^ree 
or  four  hundred  rerolutions  per  minute,  within  on  outer  <r^lisdiical 
casing,  whoaa  bmer  surface  is  armed  with  similar  aplkes.  The  machine 
is  fed,  by  means  of  an  endless  apron,  with  wool,  which  enters  at  the 
small  end  of  the  cone,  and  b&vus  to  the  larger  end  by  virtue  of  the 
oentrifttgri  fnoe  produced  by  the  rot^oo.  As  It  pawns  onwards 
bet#een  end  amcmg  the  K^m,  it  becomes  opened  ai^  diaentangled^ 
the  fibres  of  each  lock  separated,  and  tiie  impurities  detached.  When 
the  wool  has  reached  the  lower  end  of  the  cone,  it  passes  into  a 
receptacle  where  a  fan  is  revolving  with  great  rapidity,  by  which  a 
current  of  air  is  generated  sufficient  to  blow  awav  all  the  dust  mixed 
with  the  wo(d;  while  at  the  same  time  a  kind  of  revolving  cage  dis- 
tribtttee  the  wool  in  a  fiat  equabls  l^er  or  stratum.  Thus  the  same 
matddne  disentangles  tiie  fibres,  tpwatea  the  impuriUea,  blows  away 
the  dust,  and  lays  the  wool  in  a  smooth  ilieet. 

Some  kinds  of  wool  reqiiire  willying  more  than  onoe ;  but  this  is 
not  the  case  with  the  finer  qualitiee.  There  are  however  frequently 
some  impurities  which  cannot  be  removed  by  the  willy ;  and  such  are 
afterwards  picked  out  by  boys  or  women,  oaUed  woal^DoateiB,  or  wool- 
laeken.  A  further  opening  of  fibres  resolta  from  the  prooesa  of 
aeribUHigj  but  before  this  u  efbeted,  the  wool  undergoes  ^that  of 
oiling  s  it  being  spread  out  on  a  floor,  sprinkled  wilh  oUve-oil,  and  well 
beaten  with  staves.  The  scnftfi^Mj^-tnacAuie  oonststs  several  oylin- 
deriL  on  whose  external  surhoce  are  rows  of  tee^  or  wires.  These  are 
eombmed  in  a  strong  frame,  and  so  fitted  as  jost  to  touch  aiu)  work 
against  each  other;  the  wires  on  one  i^linder  are  bent  in  a  direction 
eontrary  to  thoae  in  the  adjoining  me ;  ao  that  when  all  tiie  qrlhiden 
are  rev<dving,  and  wool  is  applied  to  the  first  one  of  the  aeries  by  an 
endless  apron,  it  is  caught  mm  tooth  to  toolh,  carried  rapidly  m>m 
cylinder  to  cylinder,  Beparated  completely  from  all  entan^ement,  and 
uially  given  forth  in  the  shape  of  a  delicate  fleece  or  sheet  It  becomes 
wound  on  a  revolving  roller,  after  having  passed  throu^  the  ecribbllng- 
machine;  but  when  it  leavee  the  ouoing-maohine  it  ^eienta  the 
appearanoe  irf  dendor  rod^  t^lindera,  or  pipo^  whidi  are  oalled 

These  oardingn  are  thm  Q>aa  into  yam  for  the  use  of  the  woollen- 
wmver ;  the  process  of  spinning  being  generally  effected  tqr  means  of 
the  »IuMHi^-&cify  or  sJuwuto-macAine,  and  afterwards  the  common 
jeany  or  tnuf«-(ptnTitMj;  mawiine;  the  slubbing-biUy  briiu;tDg  the  wool 
to  the  state  of  a  soft  weak  tiiread,  and  Ihe  e^ning-ma^ne  giving  it 
the  luoper  firmness  and  hardness  for  wn.  The  sfttUu^-^y  has  a 
wooden  frame,  wfthfai  which  la  a  moveabb  carriage,  runnii^  on  lower 
side-rails  on  firiction-wheels.  The  carriage  contains  a  number  of  steel 
spindles,  which  reoeive  a  rapid  motion  from  a  long  cylinder,  by  means 
of  separate  oords  passing  round  the  puU^  of  the  respective  spindlas ; 
this  cylinder  is  a  long  drum  of  tin  [date,  six  inches  in  diameter, 
covered  vrith  paper,  and  extends  across  tiw  whole  Ineadth  fA  the 
oaniwe.  The  qtfndles  are  placed  in  a  frame  so  aa.  to  stand  nearly 
upright  at  about  four  inches  apart ;  their  lower  ends  bdiw  so  fanned 
as  to  act  as  pivots.  The  drum  lies  horizont^y  before  ^e  s^ondlee, 
vrith  its  centre  a  little  lower  than  the  Una  of  the  spindle-pulleys.  The 
drum  reoeiveB  motion  by  a  pulley  at  one  end  wiUi  on  endless  band 
from  a  wheel  placed  on  the  outside  of  the  main  frame,  turned  by  the 
minner  with  his  right  hand  applied  to  a  winch ;  and  by  this  movement 
WW  sjdndles  are  made  to  revolve  rapidly.  Each  sphidM  reoalTeB  %  scrft 
card  or  slubbing,  which  oomee  through  beneath  a  wooden  rdler  at  one 
end  of  the  frame.  A  child  ia  employed  here,  who  brings  the  eardings 
from  tite  card-engine,  and  places  them  upon  an  inclined  doth.  These 
oardings,  being  drawa  bemeath  the  roller,  are  then  caught  between  two 
rule.  _  The  movemeat  tiiea  is  very  similar  to  that  in  Hatgreave'a  ' 
spinning-jenny ;  a  small  portion  of  each  oaiding  ia  allowed  to  poaa  \ 


between  the  rails  or  clasp ;  and  this  portion  is  then  drawn  'out  or 
eloa^ted  to  the  state  of  a  thread  by  the  recession  of  the  carriage 
towards  the  other  end  of  the  frame.  Heanwlule  the  spindles  have  been 
kept  in  motion,  by  which  a  slight  twist  is  imparted  to  the  thread  or 
slinibiug.  A  flJlar-wire  and  a  rail  aanst  in  regulating  the  winding  of 
the  thread  nnif<nmly  on  the  si^odles.  The  prooen  then  is  thus  oon- 
ducted.  A  child,  called  a  piecener,  takes  the  eardings  from  the  carding- 
machine,  and  lays  them  on  the  inelined  i^won;  they  are  thence 
carried  up  beneath  the  roller  and  between  the  clasp,  and  the  workman 
or  dtMer,  by  mana^g  his  moveable  carriage  with  one  hand,  and  the 
wheel  wtich  turns  the  spindles  with  the  otiier,  elongates  the  eanUt^ 
into  dtMinff,  and  vrinds  it  on  the  spindles.  The  pieonteta  are  enq^OTed 
and  paid  by  the  slabber ;  and  aome  years  ago  gi«at  orudty  was  said  to 
be  inflicted  on  the  chil^«n  by  the  workmen  for  mj  neglect  oC  their 
duty ;  but  the  inspectorship  of  factories  has  rMuoved  siun  souroes  of 
diB(»<edit  to  the  factory  system. 

In  the  tpitminy  of  the  wool,  which  follows  the  slubbing,  the  land  of 
machines  emjdoyed  sod  the  general  duwacto-  of  the  proocsaoa  are  so 
sindlar  to  Hbom  exhiUted  in  the  oottonmanufsotur^  ttutit  will  snflloe 
to  r^er  to  CotTOir  HavuFACTURB  and  Spmnira  for  details,  with  the 
following  few  additional  remarks.  The  soft  cord  or  sliver  ia  caused  to 
pass  between  two  pairs  of  rollers;  the  space  between  the  two  pairs 
behigrather  mora  thau  equal  to  the  length  of  the  fibres.  Tha  two 
pairs  of  rollers  between  which  the  sliver  is  oompreeeed  do  not  wparate 
mrthar  from  each  other  in  cHtler  to  stretch  it,  but  that  effact  la  pn>- 
dnoed  by  mddng  the  secimd  pair  ftf  rollen  rmralva  fsitv  than  the 
fiiat  It  is  necessary  to  arrange  tiie  Aslaiioe  between  the  two  pairs  of 
rollers  with  referenoe  to  the  average  teigth  <^  the  filamanti  of  which 
the  diver  is  composed ;  because  if  tiie  two  pairs  of  rollers  were  too  fsr 
apart,  the  soft  cord  would  be  liable  to  separate  between  them,  and  if 
they  wero  too  near,  so  tiiat  the  opposite  ends  of  a  filament  should  bo 
oompiwsed  between  them  at  the  same  time,  the  sliver  could  not  extend 
or  langthan  by  tlu  slidfaig  ot  the  filaments,  but  the  filaments  them- 
aelvea  most  l«eak  with  t£e  stnln.  Hence,  in  mschineiy  for  ipinning 
wool,  on  acooont  of  tiM  variable  length  of  the  filaments,  the  drawing- 
rollers  are  so  mounted  that  Hufj  maj  be  readily  adjusted  to  difinnt 
distances.  In  oonseqnenoe  of  the  greater  elastidty  of  wool,  the  relative 
vdodtiea  of  the  two  pairs  of  rollers  are  so  arraiged  as  to  produce  a 
greatw  degree  ui  stretdiing  wextenmon  than  is  usual  with  cotton. 

The  prooees  next  ft^lowuig  that  of  qpfaudng  Is  waving,  by  vrhkhthe 
yam  b  worked  up  Intos  teznle  fsbria  It  it  he  a  idain  cloui,  the  loom 
employed  is  very  nm|de  in  its  wrangementa;  if  it  be  a  twill  or  an 
onuunoital  &bno,  the  loom  is  somewhat  more  oMnplex;  but  the 
general  arrangements  wili  be  sufficientiy  understood  a  reference  to 
wunva  Hitherto  woollen  doths  have  been  principally  woven  by 
hand-weavna;  but  the  power-loom  ia  every  year  beotmiing  more  ar^ 
more  ^[died  to  thk  pnipoM.  Some  of  thedot^  Me  woven  aa  broad 
as  twdve-qnartera,  to  aUow  not  only  for  the  shrinkage  oooasooed  in 
the  subsequent  process  of  f ulliiK,  bat  for  an  edging  or  ust,  made  either 
of  goats'  hair  or  of  coarse  yam,  into  which  ths  tenterhooks  are  tbust 
in  tiie  pooeis  of  tmtering. 

As  tiie  wool  has  been  dressed  witii  oil  before  spinning,  and  with 
size  bafora  weaving,  it  becomes  nsooaiary  to  daaiiM  it  from  these 
impnriUsB  Immediately  after  the  weaving.  TUa  Is  the  el^Mt  of  a 
second  teomrbiff  nocees,  in  wUdi  the  olattL  is  beitat  wHh  wooden 
mdleta  in  a  kind  of  trou^  or  mill;  soap  and  inter  being  let  ia  tqxm 
it  first,  and  then  dear  water.  Bdng  then  carried  to  th«  oiylng-rDom, 
or  the  tenter-ground,  it  is  stretched  out  1^  means  <^  hooks  on  rails, 
snd  allowed  to  dry  in  a  smooth  and  exteoded  state.  It  is  then  taken 
into  a  room  and  examined  by  bwitn,  who  pek  out  all  irr^ular 
threads,  hairs,  or  dirt.  After  tbia  it  b  ready  for  the  important  proeesa 
ot  fulling,  or  felting,  which  imparts  to  wooloi  goods  that  peenUarity 
of  surfiwe  whereby  they  are  dietii^[uialied  from  all  others.  A  large 
mass  of  doth  folded  into  many  {dies  is  put  into  the  fidiing-miU,  where 
it  is  expoeed  to  the  long-continued  action  of  two  heavy  wooden  mallets 
or  stocks.  Superfine  doth  receives  four  fullings  of  three  hours  each,  a 
thick  solution  of  soap  being  spread  between  each  Imt  of  doth  every 
time.  During  tba  vicdent  percuanons  whleih  the  doUi  thns  recdves 
for  twelve  houn^  tiw  ffbrss,  bdng  at  every  stroke  strongly  Impdled 
together,  and  driven  into  tin  doeest  posdble  contact,  at  length  hook 
into  each  other  1^  means  of  the  little  serrations  on  their  surfaces, 
until  thqr  beoome  firmly  and  inextricably  united;  each  thread,  both 
of  the  warp  snd  weft,  bung  ao  compacted  witii  those  that  an  con- 
tiguous to  it,  that  the  whole  seems  formed  into  one  substance  not  liaUe, 
like  other  wovot  goods,  to  unravd  when  out  with  the  sdssors.  This 
compacting  foocess  In  the  doth  msnuficfcure  is  effected  by  beting,  and 
is  called /u^^tiff ;  in  the  hat-manufacture  it  is  effected  bv  jwressure  and 
rolling,  tmd  is  called  fAUng  ;  but  the  two  are  clearly  analogoua  in  {Kin- 
dple.  This  proceas  thiokens  the  doth  remarkably,  but  diminishes  it 
botii  in  Isngth  and  breadth  nearly  one  half. 

In  the  fulled  state  the  doth  preemts  a  wodly  and  rourii  i^teannee, 
to  improve  whidi  it  goea  throu^  tiia  proeossea  of  itamng  at  romt^, 
■nd  SMoHm  or  cutHng.  -Tiie  object  of  the  first  Is  to  rate  the  enda  of 
the  fibres  above  Uie  surface,  and  of  the  second  to  out  them  otF  to  a 
uniftnm  leveL  He  raising  of  the  fibres  is  effected  by  thistle-heads, 
teazling-cards,  or  wire  brushes.  Teazles  are  the  seed-poda  of  the 
d^iaev*  ffAlanxim,  having  small  hooked  points  on  their  surtaoes.  They 
were  formerly  used  io  the  doth  manufactun  thua :  a  number  of  them 
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were  put  iuto  »  Btnoll  fnme  with  handles,  ao  u  to  fonu  »  kind  of 
cuiry-comb ;  and  thiB  wu  worked  by  two  men  over  the  surface  of  the 
cloth,  which  was  suspended  horizontally,  the  direction  of  working  being 
finb  parallel  witii  tlie  waip,  and  then  pantUel  ivith  the  weft.  From 
the  trouble  required  to  clean  the  barbs  of  the  teules  when  filled 
with  woollen  fibres,  from  the  weakeuine  of  their  points  by  the  water 
with  which  the  cloth  was  saturated,  aad  from  the  high  price  which  the 
lai^  demand  enabled  them  to  oommaod  in  the  market,  nnmeroua 
attempts  were  made  from  time  to  time  to  substitute  metallic  points ; 
but  from  various  oauses  the  teazles  are  still  preferred,  and  are  now 
used  in  a  more  efficaoious  way  than  formerly.  The  teazles  are  arranged 
on  a  oylindflT  in  a  macfaine  called  a  gig-miUi  the  oloth  is  atretohed  on 


OlK-UUl. 

two  doth'beams ;  the  blinder  mores  in  one  direction  and  the  doth  in 
another,  and  the  fibres  become  thereby  worked  or  combed  up.  The 
annexed  cut  shows  the  section  of  such  a  machine ;  where  the  cloth, 
passing  from  a  roller  h,  round  the  roller  t,  comee  !s  contact  with  the 
brushes  c  on  the  wheel  a,  and  afterward*  passes  round  g  and  t  to  the 
roller  k  ;  the  roller  g  being  so  regulated  by  the  pinion  »  and  the  rack 
m  as  to  keep  the  cloth  tlu»oughly  stretched  ;  and  the  revolTing  brush 
/  being  so  adjusted  aa  to  clean  the  teasling-cards  e.  In  some  machines 
the  teozliag-pduts  are  made  oi  wire,  to  obriata  the  waste  of  8000 
natural  teailes,  idiich  takes  place  in  the  draaring  of  one  piece  tA 
doth. 

When  the  ends  <rf  the  fibres  hare  been  thus  rused  to  the  surface, 
th^  are  next  i^eamd  or  cropped,  a  process  of  great  beauty  and  singu- 
larity. Originally  this  process  was  performed  by  means  of  large  hand- 
shears,  the  motb  being  stretched  over  a  stuffed  teble,  and  the  workman 
proceeding  to  clip  the  ends  of  the  fibres  in  a  regular  and  equable 
manner.  Thin  was  an  operation  requiring  great  dexterity ;  and  the 
men  who  worked  at  it  being  in  the  receipt  of  good  wagee,  were  so 


Qoth-ahcBrliiK  Uachinr. 


But  the  macliiaea  bectuiie  by  degrees  extensiTely  employed.  They 
consisted  each  of  a  pair  of  shears,  as  in  the  hand-method ;  but  all  the 
morementa  were  effected  by  machinery.  More  recently  »  madiine  has 
been  introduced,  the  aotirai  of  which  is  regulated  on  a  dimrent  niineiple, 
as  will  be  seen  from  tiie  annexed  cut  \  bbb  are  disk-formed  cutters, 
working  against  a  thin  bar  of  steel,  a  a  a,  of  a  semictroular  form ;  which 
cutters  in  their  revolution  travel  round  against  the  edge  of  the  bur  or 
blade  in  suoh  a  way  as  to  diave  off  the  fiUmeots  staining  up  on  the 
surface  of  the  doth  beneath.  The  doth  is  represented  1^  the  shaded 
port.  The  wheel  cee,  set  in  motion  madunery,  imparts  aotion  to 
the  circular  cutters  attached  to  it  throuf^  the  medium  of  the  radc  d  d. 
It  is  easy  to  see  tliat,  whether  the  machine  travds  along  over  the 
doth,  or  the  doth  toavels  alon^  beneath  the  machine,  eveiy  part  of  the 
flbroii8  surface  is  acted  upon  m  predseiy  the  same  wi^  in  Ute  douUe 
ntatiiHi  of  the  whed  and  the  disk-ontten.  There  an  other  ihauiiiE 
machines  in  use,  of  equal  ingenuity. 

Whm  the  doth  lus  been  raised  attd  sheared  (which  operations  are 
repeated  two  or  throe  times  for  superfine  cloth),  it  is  onuhed  by  a 
machine  eonriating  of  a  system  of  bruahae  affixed  to  oylindera ;  the 
doth  being  exposed  at  the  same  time  to  the  action  of  the  brushes  and 
of  steam.  A  few  subeequent  operations  are  carried  on,  having  fw 
thdr  object  the  imparting  of  Bmootimess,  gkw,  fto.  to  ^  dothf 
paratoiT  to  itsbdiigplaceaitttheliuida  of  tlM  dealers. 

We  have  described  most  of  the  mannlae^tting  operations  in  thdr 
simplw  forma,  for  more  ready  comprehension ;  hut  it  is  well  to  bear  in 
mind  that  new  machines  and  new  processes  ore  being  continually 
brought  into  this  department  of  industry.  A  meeting  of  Leeds 
woollen  manufacturers  took  place  in  1860,  to  examine  a  new  French 
machine  invented  by  MM.  Tavernier  and  Vouilloo,  "  to  oonvcvt  slivers 
or  roving  aa  they  came  from  the  cardinff-engine,  into  threads  suitaUe 
for  weaving,  by  felting  and  friction,  without  any  ipinning  process." 
It  was  declared  that "  many  gold  tnecUls  had  been  awarded  in  France 
for  the  invention  ;  that  many  of  the  machines  were  at  work ;  that  no 
oil  or  size  is  neoeeeuy  as  a  dressing ;  and  that  80  per  oent.  of  wool  is 
saved."  Bo  fw  as  we  are  aware^  this  favoaiable  description  failed  to 
make  the  intended  fanprearioi  on  the  manufaotorers.  Many  of  the 
recent  novelties  in  tiie  trade  rdate  to  the  employment  oottm  for 
warp-threads,  and  of  rag-wool  mixed  with  new  wool  tor  weft ;  a  sub- 
ject briefly  noticed  under  Sboddt  Uakupaotobe.  One  inventor  has 
brought  into  osa  a  raadune  called  *  eombiner,  by  which,  when  attached 
to  the  carding-enginc^  the  wool  is  brought  off  in  a  continuous  sliver 
wound  on  c^Unders,  ready  to  be  cmveyed  to  the  spinning-machine. 
Mr.  Archibald,  of  TUlieouItiT,  in  1868,  introduoed  a  machine  tot 
piecing  the  lengths  <d  carded  wool  as  they  leave  the  oarding-eogine, 
imd  forming  them  into  a  continaou«  length  or  roving ;  the  rolls  drop 
into  reversing  channels,  and  thence  to  trnvelling  belts,  which  conv^ 
them  to  a  machine  where  they  are  connected  into  a  length  moro  urn- 
formly  tiun  in  tiie  ordinary  way.  WiUtout  noticing  the  almost  num- 
berless new  machines  and  processes,  we  may  j  ust  mention  a  very  curious 
process,  patented  by  Messrs.  Tolson  and  Irving,  for  imparting  a  metallic 
lustiv  to  fine  woollen  cloth.  The  cloth,  duier  in  the  yam  or  when 
woven,  is  steeped  in  a  solution  of  sulphate  or  oxide  of  copper,  lead,  or 
bismuth,  and  then  exposed  to  steam  charged  with  sulphuretted  hydro* 
gen  gaa,  by  which  a  metallic  depoutira  takes  place. 

OUier  matters  relating  to  the  mannfactnTe  <h  wodlen  dotiiwill  come 
tmder  notice  presently. 

WortUd  or  Staff  itanvfacUirt. — The  long  wools  for  worsted  &btke, 
not  being  fdted  at  fulled,  pass  throu(di  a  series  of  opwations  different 
frcm  those  hitherto  noticed ;  nnce  tne  object  in  view  is  rather  to  lay 
the  fibres  in  a  paralld  podUon  than  to  twist  and  entangle  them  one 
among  anotiier.  All  combing-wools  are  longer  in  fibre  than  the  doth- 
ing-woola,  but  they  are  subject  to  the  divisioa  into  long  uoA  sAorl 
combing  wools ;  the  long,  vaiTlng  from  ux  to  twelve  inches  in  loigth, 
being  used  prindpally  for  ocerse  worsted  goods ;  and  the  short,  from 
foOr  to  seven  inches,  hang  used  for  hosiery  and  some  other  purposes. 

After  the  wool  haa  been  torted,  tmsAed,  and  teoured  from  the  adherent 
grease,  and  dried  in  a  heated  room,  it  is  carried  to  a  machine  called  a 
plader,  containing  a  pair  of  ^uked  rollers,  by  the  action  of  which 
the  wool  is  deuised,  sepsnted^and  the  fibres  straightened, ptepantory 
to  the  process  of  comww.  In  kaitd-combing,  which,  until  modem 
times,  waa  the  only  mode  foQovedj  and  which  is  lathsr  laborioosworic, 
the  proosedinga  are  somewhat  aa  {dlow : — The  eomber  is  provided 


ToDl-CDnbs. 


ftlanned  at  the  introduction  of  shearing-machines,  in  the  early  part  of  '  with  a  pair  of  oombif  such  aa  are  here  represented,  a  comb-post  to 
the  present  ocntmy,  that  aerioos  riots  occnired  in  the  west  of  Kngland.  !  which  to  attsdi  fte  eombi^  and  ft  comb-pot     store  forhemngthe 
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teeth.  Each  comb  ooouBtB  of  two  or  three  rows  <A  steel  teeth,  b,  one 
row  longer  than  the  other,  iamrted  in  ft  wooden  stodt  or  head,  e,  from 
whioh  urotnidei  a  handle,  rf,  »t  right  aoglea  to  the  direction  of  the 
teeth,  ilte  woifanon  first  heats  the  teeth  of  cm  of  the  combi  m  tha 
rtove^  and  fixea  it  in  the  poet,  teeth  uppermoeb.  He  thea  tabee  a  aaall 
handful  of  wool,  ooDilBtii^  of  about  four  ounoea,  ^inUee  it  with  oil  to 
inomiM  the  nUana;  and  ductility  of  the  filaments,  and  work*  it  about 
between  his  hands  to  equalise  the  oil  on  every  part  of  (he  fibres.  The 
comber  then  takes  half  the  btindle  of  oiled  wool,  and  dashes  it  on  the 
upturned  teeth  of  tlie  comb,  tiU  it  »  all  depocated  tiiete.aad  oan^t 
between  the  teeth  sufficiently  firm  to  ba  ntuned.  The  c«nb  wUh  Ha 
wool  ia  placed,  points  downwards,  in  tiwatora;  and  the  eoinber  nest 
fixes  the  other  heated  oomb  in  the  oomb  post,  hys  theotiMr  half  <^  the 
bundle  of  worf  on  it,  and  places  this  likewise  in  the  sfcov*  WheB  boA 
combs  with  their  supply  of  wool  are  properly  warmed,  the  comber  holds 
one  of  them  over  his  knee  with  his  left  hand,  while  seated  on  a  low 
stool,  and  with  the  other  oomb,  held  in  his  right  hand,  he  combs  the 
wool  upon  the  first,  by  introducing  the  points  ra  the  testh  of  fme  comb 
into  the  wool  oootained  in  the  other,  and  drawing  them  through  it. 
This  repeated  till  the  fibres  are  liud  paralleL  The  wool  whioh 
rumina  ttnoombed  on  the  teeth,  and  which  constitutes  about  am. 
eighth  of  the  length  of  the  fibres,  is  unfit  for  epinning  into  worrted,  and 
ir  oonsequently  applied  to  other  purposes.  In  maehine  ctmti)i»ff,  the 
a^Kiratns  sometimeB  consists  of  two  wheels  of  large  diameter,  l&e  the 
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aae  here  sketched,  having  wires  placed  romid  the  drcnnrference, 
paiaUel  vith  the  axis,  and  pointed  at  one  snd  so  aa  to  act  Uke  teeth. 
A  hay,  sitting  on  the  grouira,  strikes  wool  on  the  points  of  the  teeth 
In  one  wheel,  so  aa  to  make  It  adhere  to  and  between  them.  The  two 
wheels  are  then  made  to  rotate,  the  distanoe  between  them  being  such 
that  the  teeth  of  the  one  can  diaw  through  or  oomb  the  wool  lying  on 
the  teeth  of  the  other.  TbiM  ia  efiectedwith  great  ruildity ;  andi»ien 
the  oombiug  is  completed,  the  top  or  combed  worsted  is  taken  off  a 
boy  or  girl  in  a  continuous  slirer  from  the  upper  port  of  llie  wheel, 
wUIe  the  noiU  or  unctnnbed  part  is  removed  by  another  boy. 

When  the  wool  has  been  combed  dthn*  by  hand  or  rasehine,  it  is 
tnuuferred  to  the  bnakitiff'jTmie,  the  object  of  which  is  to  open  out 
any  flbraa  which  may  bare  escaped  the  action  ot  the  ecnnbs.  In  ^Is 
macUoe  the  wocrf,  after  passing  between  rollers,  is  exposed  to  the 
action  of  a  kind  of  endless  oomb,  travelling  round  two  rollers  dkAant 
from  eaeh  other ;  and  the  arrangementa  as  to  rdatire  relodties  are 
such,  that  the  wool  beoomee  somewhat  drawn  out  aa  weU  as  combed 
parallel,  and  leaves  the  maddne  in  the  form  of  a  roll  or  narrow  belt 
The  sliver  of  wool  proceeds  to  a  large  bobbin  or  ^Under,  round  which 
it  is  ku)ped  into  a  continuous  roll.  It  is  tilien  passed  a  second  time 
through  a  bteaUng-frame,  having  teeth  finer  and  more  closely  set  than 
the  former.  The  soft  woolly  ricnnd  is  then  subjected  to  the  action  of 
a  machine  analogous  in  principle  to  the  drawing-frame  of  the  cotton 
manufacture ;  the  object  being  to  extend  the  length,  dimiDish  the 
thickness,  and  equalise  the  number  of  fibres  of  the  sliver.  Hitherto 
the  woolly  fibres  are  merely  slightly  coherent,  without  having  any 
twist ;  but  they  are  now  passed  uirougb  a  rtvinff-mtrcluHe,  preparatoty 
to  the  process  of  spinning.  The  working  parts  of  this  machine  ore 
alightly  shown  in  section  in  the  annexed  cut.  The  wo(rf-«anliog  or 
«liver  passes  beneath  a  roller  F,  towards  a  t^linder  K,  the  surf^oe^w^ich 
is  studded  with  points  or  teeth.  The  wool,  after  being  acted  on  by 
these  teeth,  passes  between  the  pair  of  pollers  a,  where  it  is  pressed  by 
the  upper  roller  bein^  urged  downwards  by  the  weight  c.  Of  these 
rollm  the  upper  one  is  of  wood  covered  with  leather,  and  the  under 
one  of  iron,  fluted  parallel  with  the  axis;  and  the  roOen  being  made 
to  Totete  faster  than  the  feedingroUer  r,  it  necesdnpUy  foUows  that 


the  sliver  of  wool  becomes  doomted  to  a  skate  of  still  greater  tenuity 
while  paasii^  between  them.  U  ia  then  caught  by  a  aeoond  pwr  of 
rollers  b,  k^  in  dose  cMitacb  hy  the  weight  d  ;  and  as  these  rotate 
still  vatae  napid^  than  the  fonner,  the  sliver  is  stiU  man  elongated, 
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until  its  thickness  ia  so  small  tiial  the  fibres  can  scarcely  cohere  But 
in  order  to  nve  them  the  requisite  coherent  strength,  they  are  sU^Uy 
twisted  ij  the  bobbin  and  fly  a,  that  beautiful  contrivance  which  is  so 
extensively  adopted  in  the  textile  manufactures.  One  fork  or  leg  of 
the  rotating  flyer  a  is  hollow  or  tubular,  snd  down  this  tube  the 
deUcnte  cord  of  wool  passes ;  then,  by  the  rapid  rotation  of  the  flyer, 
the  wool  or  rwing  liecomes  Wound  on  the  spindle  of  the  bobbin 
concentric  with  the  Sjee.  The  straight  or  rec^linear  motion  of  tho 
roving  while  approachmg  the  flyer,  oomtHned  with  the  circular  motion 
at  Ihe  flyer  itself,  imparts  a  tmst  to  the  sovin^  sufficient  to  enable  it 
to  undergo  the  process  ol  8[anning. 

The  spmning  of  the  worsted  bears  so  close  a  resemblance  to  that  of 
cotton,  as  described  In  CoiTOif  Hattufacture,  and  Snmniro,  that  a 
reference  to  tiiose  articles  will  suffice  to  convey  a  general  notim  of  the 
process.  When  spun,  the  worsted  yam  Is  wound  on  a  reel,  and  ia 
thence  made  up  into  hanks  of  660  yards  each.  These  hanks  receive 
denominaU<His  according  to  the  number  of  them  whic^  go  to  a  pound, 
and  the  yam  derives  its  name  in  like  manner :  thus,  No.  24  yam  has 
H  hanks  to  the  pound.  In  some  instances  the  hank  is  reckoned  at 
840  yards.  The  hanks  ore  tied  up  into  pounds ;  the  pounds  are  com- 
bined into  bundles ;  and  the  bundles  are  made  up  into  bales  of  2 10  lbs. 
eiich,  ready  for  the  market. 

Here  termiuate  the  operations  of  a  worsted-mill ;  lar  the  dyeing  at 
the  yam,  and  the  weaving  into  the  wious  kinds  of  textile  fahdc^  Uad 
us  to  other  deportmenta  of  industnr.   [Dtsiho  ;  Wxavikq.] 

The  wotsted  manufacture,  like  Utat  of  woollen,  has  been  marked  by 
the  introduction  of  many  new  machines  and  processee  witliin  the  last 
few  years.  Two  or  three  of  these  may  be  briefly  noticed.  English 
woof  is  becoming  less  and  less  fltted  for  oloths,  and  more  and  more 
fitted  toe  worsteds.  Horeover,  a  length  of  st^le,  neoeasaij  under  the 
old  process  of  combing,  is  teas  needed  under  the  modem.  From  both 
of  these  causes  anylkind  of  English  wool,  from  three4nch  staple 
upwards,  is  rendered  available  for  one  or  other  of  the  numerous  kinds 
of  worsted  manufactures.  Carding-macfaines  in  great  variety  have 
been  adopted ;  and  the  chief  invented,  Ur.  Lister,  made  an  attempt  in 
1855  to  overturn  the  patent-claims  for  many  of  them,  but  failed  in  a 
oourt  of  law.  Messrs  C^oft  and  Steel's  machine,  introduced  at  Keigbley 
in  1867,  has  a  number  of  oombs,  each  forming  a  circular  s^ment; 
they  are  fixed  to  the  outer  ends  of  radiating  arms  carried  by  a  hori- 
Eontal  disc,  which  rotates  on  a  vertical  axis.  "Die  oombs,  while 
rotating,  pass  in  front  of  a  feeding  iqiparatus,  and  hare  a  peculiar 
combing  motion  given  to  them  by  means  of  cranks ;  they  advance  and 
retire,  rise  and  fall,  and  rotate,  all  at  onoe.  Each  comb  takee  its 
proper  quantity  of  wool  from  the  feeder,  and  carries  it  round  to  the 
drawin^off  loUer.  There  are  circular  brushes  to  clean  eooh  comb 
after  its  passage,  and  a  hot  chamber  in  whioh  the  teeth  axe  wanned. 
The  great  inoteese  in  the  facility  of  machine-combing  has  been  one 
cause  of  the  more  rapid  advance  of  the  wotsted  than  of  the  woollen 
manufacture.  Another  is,  that  the  Sy-spindlee,  which  so  late  aa  1848 
only  made  2800  revolutions  per  minute,  are  now  driven  at  the  eaor- 
mous  velocity  of  6000  revolutions.  Another  is,  that  while  woollen 
cloth,  &Y>m  its  great  width  (often  9  feet  before  being  milled),  oanaot  be 
woven  at  more  than  about  50  picks  of  the  shuttle  per  minute,  worsted 
weaving  is  often  conducted  at  the  rate  of  160  picks.  So  great  is  the 
facility  now  offered  for  tho  use  of  cotton  in  mixed  goods,  or  stuffii  and 
worsteds,  that  ont  of  100  pieces  of  sU  kinds,  token  indiscriminately 
from  those  produced  in  the  Bradford  district,  it  is  estimated  95  have 
cotton  warps ;  white  the  total  weight  of  tiie  whole  produce  b  supposed 
to  be  two-tUrda  wool  and  one-third  cotton.  One  of  the  curious 
novelties  of  recent  years  is  Messrs.  Saunders  and  Smith's  procees  for 
utiliring  the  greage  resulting  from  the  various  soourings  and  washings 
to  which  the  wool  is  subjected.  Iron  pipes  convey  the  grea;^  water  to 
a  tank,  whence  a  pump  draws  it  up  to  other  tanks,  where  it  is  heated 
by  eteom  to  160  Fahr,  Certain  chemical  eubetancea  are  added,  by 
!  vhich  the  creamy  sud  is  converted  into  a  scum  and  a  sediment,  with  a 
I  liquor  between  wem.   The  liquor  is  drawn      as  useless.   The  aeum 
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tnd  (be  Mdlnwnt,  wmrfy  alike  in  eotnpotition,  «»  dninad  in  biga  oi 
matiting,  prened  forcibly,  and  nude  to  vield  an  oily  fluid.  The  fluid 
is  used  In  tnn^'ng  ateann^  eoap,  and  outer  saleable  ehemicolB,  while 
Uie  rtloM  oil-cMe  is  sold  ae  manure.  The  patentees  supply  all  tbe 
additional  apporatua,  bendee  buying  the  greaay  wash  at  a  stated  priee, 
Orecuh,  or  wod-waete  eo  eatorated  wiA  as  to  contain  nuffe  oU  than 
mol,  i«  eager^  bouglit  np  liv  iannan  aa  a  pomrful  manurs. 

ZoettliHa  taut  VorioUi  nf  l&e  nvde.— When  it  is  oonaMered  ibat 
woollen  and  worsted  goode  diflbr  primarily  ia  &e  length  of  fibres 
It  ia  eaey  to  imagine  that  many  TarietiflB  may  be  produced,  according 
to  the  extent  to  which  thie  aeparation  ia  carried  out.  The  various 
modes  too  in  which  the  waip  and  weft  tiireads  are  mada  to  interlace, 
aa  explained  in  WuTnra,  naturally  lead  to  the  prodaotion  of  many 
different  classes  of  gooda.  Theee  four  conditions,  namely,  the  lengw 
of  fibre,  the  appUcati<si  or  not  cA  the  felting  quality,  the  production  or 
not  of  a  Tehet-like  nap  or  pOe,  and  the  diTmitiea  depending  on  the 
loom,  gjve  rise  to  innumenible  and  hnoifully-named  kinds  oi  woollen 
and  worsted  goods.  Blankets,  flannels,  stum,  mninos,  monaseline-do- 
laines,  bombo^nea,  tammies  aluiloona,  aaya^  moreena,  oalimancoae,  cam* 
lets,  lastinga,  baiae^  and  a  lioat  of  other  names,  some  ol  vhioh  are  now 
near^OT  qidta  otrtol  iiia,ar  are  pringw^rto  othera,  point  to  the 
dtnm  ap^ioationa of  kng-wiNd  in  Uie  prodneticm  of  woreD  fabnoa; 
while  keraeiymere  and  other  names  indicate  distinotiona  in  the  felted- 
wool  goods.  But  beaides  thaae  dirersitieB,  there  are  other*  depeodinfi; 
on  Tttrioua  drcumstsncea ;  such  as  the  admixture  of  woollen  wit£ 
worsted,  or  of  either  of  them  with  cotton  or  silk,  in  ^ba  same  fabric ; 
the  dyeing  of  the  material,  aometimes  in  the  piece,  aometimes  uoiftmnly 
in  the  yam,  and  sometimfla  in  a  parly-ooloured  mode  called  dovding; 
and  the  printing  of  devices  on  one  surface. 

A  few  exami^  may  sufBce  to  illustiate  this  diveru^.  Plain  iroad- 
doth  ia  a  specimen  of  plain  wearing,  followed  by  the  lulling  process ; 
whereas  koieymert  ia  a  twilled  &brio,  similarly  fulled.  Soya  are 
twills,  having  worsted  warp  and  ooane  woollen  weft.  BUtnlxU  are 
made  <A  vetr  aoft  yam,  afterwards  wraked  up  into  a  kind  of  pile  by 
milling;  andmanjrTariiBtieaofooanwctothareof  anabgoaa  atmoture. 
BomhatM  la  a  twilled  niixhire  of  worsted  and  ailk ;  whereaa  Pi^Un  is 
an  untwilled  mixture^  Aowing  more  silk  than  wonted  at  the  aurface. 
SaxouMi  and  Orleom  are  made  of  Wool,  sometimes  mixed  with 
eotton,  and  aft«warda  printed.  iS^^  is  made  wbt^y  of  worsted; 
while  Merino  ia  a  flne  woollen  twill,  sometimes  printed.  The  material 
catted  Oeakmertf  if  pn^pealy  so  nanied,  is  made  <^  the  Aawl-goat  wool, 
mnehintiiaaamewiy  aa  merino ;  bat  most  of  the  £ibrlcB  m  called 
are  made  of  aheep'i  wot^  CAoINi  la  a  mlxbiM  of  wodlen  weft  with 
tSSk  warp,  and  ia  generally  printed.  Moiuatlmtdt^kHm  was  originally 
an  wool,  bni  ia  now  frequently  mixed  with  cotton,  and  genwally 
printed.  NerwMi  crape,  nnlike  common  orape,  ia  composed  of  wool 
and  silk,  aometiiing  like  ohallis,  but  without  being  printed.  Orfyt  de 
Lfo%  is  formed  tA  worsted  and  slk ;  and  /tetot  net  of  wonted  only. 
Li  WaMcoatimgt,  fkncy-weaving  adds  another  to  the  aouMei  of  diver- 
dfy.  Uany  of  toe  above  kinds  are  bri^  deeeribed  nndar  their  proper 
namea  in  tnis  Cydopsdia;  wtiile  a  number  of  additicmid  kinds  will  be 
found  noticed  under  Shoddt  "ULicKXjthfftvwK. 

The  West  Ridiog  of  ToAahire^  the  moat  important  dothlng^diabrlet 
in  En^and,  exhiUta  an  area  of  nearly  40  miles  hj  20  occupied  by 
clothing  towns  and  villages.  Leeda,  Bradford,  Halifax,  Huddarsfield, 
Dawsbury,  and  Wakefield  are  the  great  manufacturing  centres.  Mixed 
or  eolourtd  dotbs  are  made  principally  in  the  rillagea  west  of  Leeds 
and  of  Wakefield  ;  white  or  nndyed  dotita  are  made  chie^  in  tite 
villages  ocoapying  a  belt  of  ooun^  extending  from  near  Wakefield  to 
Shiidey.  FboneTs  and  baiaes  are  the  principal  woollen  arttdea  made  in 
and  near  Hali^,  together  wHh  army  clotii.  Blankets  are  made  on  the 
line  between  Leeds  and  Huddarsfield.  Bradford  provides  very  largely 
the  span  worsted  required  for  the  variotu  mann&otureaL  Btnfb  are 
made  at  Bndford,  Halifax,  and  Leeds;  and  narrow  dotiu  at  Hnddets- 
field.  Saddleworth  fuxniahes  broad-doth  and  keiseymenie.  In  the 
ncsfi^bourhood  of  Batley  and  Dewsbury  are  the  shoddy  milla.  The 
West  of  England  takes  rank  next  to  TorksMre,  and  formerly  took  pre- 
oedence  (tf  it.  The  finest  kinds  of  broad-doth,  from  Saxony, 
Australia,  and  Spamah  wool,  are  made  in .  GkraeeneraUra  !ne 
maiwifaotare  ia  carried  en  iitacliBtaiotealladllM  AoMosu,  tfidin  otlur 
parti  of  tiie  country ;  tike  town  of  Stroud  being  a  kind  of  centre  for 
the  whole.  Wiltshire  produoea  vei^  fine  ctot£a,  at  Bradfind,  Ihvw- 
bridge,  WestbuiT,  Helkaham,  Chippenham,  and  the  surrounding 
villages ;  while  cloth  of  various  kmda  is  made  at  Wilton,  Warminster, 
Heyteatniry.and  Oalne.  Taunton,  IVome,  Tiverton,  and  tiie  BUTTOund- 
ing  villages  constitute  the  SomeraetdUre  dothinff  dhArict  Devondiire 
and  Dtaset  have  Httle  WDidlatt  mannfaotare;  Tbe  K<nf(^  cfirtriAt  Was 
long  the  priooipal  seat  «f '  the  stuff  or  worsted  manuhdtute.'  "BOUba- 
msne,  eiapee,  camlets,  and  ahawb  have  constituted  the  chief  fabrics  for 
which  NchA^  has  beui  celebrated.  These  are  the  three  great  EngliBh 
districts  engaged  in  the  consumption  of  wool ;  to  whidi  may  be  added 
Leicesterdiire,  where  neariy  all  the  worsted  atocUngs  are  voaAa.  It 
must  be  noted,  however,  that  YoritsUore,  with  its  abundant  machinery  , 
and  duM  cod,  iaever^  year  abswbfaig  a  Iwger  and  larger  proportion  (rf  \ 
^  wlKue  mannfaetnre,  Walea  t£e  ptindpel  manufaatures  relating 
to  Wod  and  vMrsted  are  afaong  webs  or  high-country  dotbs,  small  wen 
or  lawcoantr;f  dotiis,  flannds,  atookings,  toAa,  wigs,  and  gloves  ^  Uie 
ebief  counties  being  Hontg^nnery,  Herionekb,  and  Den%k    ITlie  j 


atroog  webs  are  used  prindpalW  for  w<Hfancn'a  jackets,  ironing  dotiis, 
Ac  ;  while  the  small  webs  ue  hugely  used  for  slaves'  dothing  In  the 
West  Indies.  In  Scotland  the  fine  woollen  manafootare  ia  upon  a  very 
limited  scale ;  but  a  good  ded  is  done  at  Aberdeen,  Stirling,  GdiuhielB, 
Jedburgh  Hawick,  Inverness,  Eilmamock,  and  Paidey,  in  the  produc- 
tion of  varioua  kinda  of  woollen  and  wwsted  goods,  such  as  coarse 
plaiding,  dan-tartwa,  wodlen'JiMe,  bhudat^  flannda,  and  eapeoidly 
earpeta  and  ahawh.  The  manu&otairaa  of  woollen  ttaa.  worstecT  goo& 
in  Ireland  are  arnaU  in  extent 

Dtflhrent  uaagee  prevul  in  different  counties  respecting  the  oonneo- 
tion  between  employers  and  employe^  buyers  and  sellers,  in  Om 
woollen  and  worsted  manu  fact  urea  In  the  West  of  England  tiie  gene- 
ral plan  oi  operation  is  this The  masterclothler  bi^  his  foreign  wool 
from  the  imporber,  and  his  EngUah  wool  from  the  wod-sb^lar.  He 
employs  in  all  the  different  prooesaes  through  which  the  vrool  passes 
in  the  oourse  of  manufacture,  distinct  claaaes  of  penKKis,  who  some- 
times work  at  their  own  houses,  and  aometimes  in  tiie  £utonr  tS.  tiia 
master-dothier.  Each  workman  coiifines  himadf  exdusivdy  to  a  par- 
ticular branch  of  the  manufacture;  and  this  has  been  lapposeoto 
Iiave  led  to  the  axodlenoe  of  the  West  vA.  Wn^mMl  dotb. 

A  second  mode  is  on  the  faotoysystem,  now  ezteuivdy  adopted  in 
flu  West  Riding  of  Torfahlre.  TnemasteMnaaufaetorer,  whogeoo- 
rally  poaseawa  a  large  amount  of  capital,  em]pl(7a  a  great  number  of 
workmen  in  one  or  more  buildings,  under  tiie  inspectMU  of  himself  tye 
a  aoperintendenL  In  tills  system,  as  in  the  masterolothier  ^stem, 
tiie  workman  has  no  property  in  the  material  on  whitth  ha  la 
employed.  ' 

in  the  domestis  system,  which  was  the  me  ori^nally  adopted,  the 
airangemcot  is  altogether  difierent.  Under  Uiis  s^tem  the  manufac- 
ture is  ocuducted  by  a  number  of  amall  maatara,  who  are  generally 
poasesaed  iA  vary  limited  oa^ntal,  and  who,  besides  tlwir  buahiesa  aa 
manufactursrs,  mosU^  ooctmy  farms  of  a  few  acrra,  portiy  for  the 
support  of  their  familiea,  and  partly  for  the  ocmvenienee  of  t^eir  manu- 
facture. The  domeetio  olothieis  have  in  thdr  housea  from  one  to  four 
looms,  on  whidi  they  employ  themselves,  their  wives,  and  diildren, 
and  perhaps  other  aadstsnU  During  harvest  tiieir  wives,  diildten, 
and  servants  are  sent  oat  into  the  fields  to  work.  Formerly  theee 
dothiers  used  to  carry  the  wool  throu^  all  the  stages  of  its  manufac- 
ture, till  it  was  l»ought  to  the  state  of  undressed  doth ;  but  of  lato 
Tears  they  have  availed  themselves  of  public  mills,  which  are  esta- 
Dliehed  in  and  among  the  dothing-viUages,  for  the  perf onnanoe  of  aome 
of  the  prooease^  Tluse  mills  have  been  erected  on  a  joint^itoek  prin- 
ciple, by  diares  of  S(M.  or  lOOt  eadi,  prindpdiy  subscribed  by  the 
domeetio  dothiem.  When  maohineiy  began  to  be  extenaivdy  em- 
ployed in  the  wooUen  manufacture,  in  tiie  earlv  part  of  tiw  preeeoit 
century,  the  domestic  dothieis  be<»ine  violently  exdted,  under  the 
^prelwnaion  that  tlieir  trade  would  be  taken  from  them  by  the  newly- 
invented  machines.  A  pariiamentaiy  committee  was  appdnted  to 
inqidre  into  the  jvobaUe  opeiaUon  cA.  waA^mtf  ia  rei^Mt  to  the 
well-being  of  the  domeatic  dothiera :  and  after  OTamintng  numerooa 
witaesBai  they,  made  a  reptnt,  in  which  they  detdled  the  distinc^ve 
featurea  of  the  fact<H:y  and  the  domestic  ^sterna,  and  came  to  a  con- 
diudon  that "  the  two  systems,  instead  of  rivalling,  are  mutud  aids  to 
each  other;  eodi  aupplving  the  other'a  defects,  and  promoting  the 
other's  prosperity."  "  Experienoe,"  says  Mr.  M'CnUoon, "  has  proved 
the  oorreotneas  oi  these  oonduaions.  The  nnmbar  ol  smaU  mannfiao- 
tarers,  and  the  qnanti^  doth  produced  by  them,  have  both  inoraased 
since  1806 ;  but,  as  the  number  of  faottaie^  and  the  quantity  (A  doth 
made  in  them,  have  increased  still  more  ra{iidly«  the  former  ccmatitute, 
at  present,  a  lees  proportiim  of  the  trade.*  One  oircDinstance  whidi  luu 
enabled  the  domestic  system  to  maintain  its  ground,  ia,  that  the  great 
width  of  woollen  doth  iias  been  a  dificulty  hi  the  way  of  power-loom 
weaving;  the  hand-loom  oaniiol  compete  with  steun  in  tiw  stuff  trade, 
but  it  can  in  tvoad-doth.  The  domestic  systnn  would  nevertheless 
have  soocumbecL  bad  not  the  dothieis  prudently  adopted  the  joint- 
stock  print^da  for  their  mills.  Each  sharehdder  takes  his  own  wool 
to  the  mill  to  be  cleaned,  dyed,  carded,  and  span ;  brings  it  home  to 
weave  by  himself  and  family ;  takes  it  to  the  mill  to  be  niUed,  washed, 
udtaatvedrandsdlsitattheDloth  hdls  to  merdianta  who  emdoy 
drsssm  to  finiih  It. 

As  respects  the  of  the  doth,  halls  have  been  estaWdied  for  this 
purpose  at  Leeds,  Halifax;  Bradford,  Huddoafield,  and  other  towns, 
whMh  an  attended  on  tii*  pubiie  uorfoVdiqrs  by  thousands  lA.  the 
smaller  class  of  manufooturers.  The  halls  are  divided  into  long  walks 
or  gallniea,  cdnsiating  of  rows  of  stands,  eadi  of  whidi  is  marked  with 
the  name  of  the  person  by  whom  it  is  oeoapisd.  On  these  standa  the 
doth  is  eipgaad  lor  sde;  and  wihea  the  market  <^ns,  the  mannCao- 
torers  take  thdr  atotiima  at  the  stands  behind  their  goods,  the  mer- 
chants or  buyers  passing,  to  make  their  purchasers,  throu^  the 
avenues  between  the  rows.  The  time  during  which  the  halls  are  open  is 
limited  usually  to  about  one  hour  and  a  half ;  but  in  this  short  interval 
purchases  to  a  very  lai)^  amount  are  made.  The  cloth-halls  at  Leeds 
are  appropriated  exdusively  to  the  use  <A  those  who  have  served  regu- 
lar apprenticeship  to  the  busineas  of  dothmaking;  They  are  mauled 
by  trustees,  and  many  of  the  stalls  are  the  freehold  property  of  the 
peraons  who  occupy  them.  AU  the  doth  sold  in  the  halls  la  rough 
and  undressed.  Those  by  or  for  whom  it  is  bought  have  what  are 
termed  flnishing-sbops,  where  the  cloth  is  shorn,  dressed,  and  fi^ed 
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£or  use.  This  U  ftoalogoiu  to  »  sytteni  punnied  hf  th«  bobbin-not 
aaoafactorers  at  Nottingluiin,  when  ths  net  is  sold  by  the  maker  in 
the  rou£^  ttate  as  it  leavee  the  loom,  and  punhaaed  otlwr  partiaii^ 
wlu>         dnsa,  and  finish  it  ready  for  the  marint. 

StaHttia  of  tie  Tmde.~la  1789,  the  writer  of  a  pamphlet  on  the 
■object  of  wool  estimated  the  number  of  petaons  engaged  in  the  woollen 
manufacture  at  1,500,000,  and  tlieir  wi^es  at  ll,737,6O0iL  per  annum. 
This  estimate  was  obviously  an  OTevchaiged  une.  Dr.  Campbell,  in 
1774.  thought  that  there  might  probably  at  that  time  be  1,000^000 
peraona  emphnrad  in  the  manufaoture  in  En^and ;  that  the  valoa  of 
the  wool  used  was  8,000,0001.  per  annum ;  and  tiut  this  value  was 
inereased  to  1S,000,OOOL  by  the  proooaaes  of  monafsoture.  In  1 SOO  the 
woollen  maaufaoturers,  in  committee  before  the  House  of  Lords,  made 
the  extnmgant  estimate  that  then  were  then  l/iOO,000  penona 
directly  engaged  in  the  manufacture ;  tluit  an  equal  number  were  col- 
laterally empEorcd  in  it ;  that  the  value  of  the  wool  used  was  more 
than  6,000,000t  sterling j  and  that  fd  the  manufoetured  goods  nearly 
20,000,OOOC  iteiling.  In  1815  BCr.  Stevenson  supposed  that  there 
wer<  failf  a  million  peraoDS  employed,  receiving  9,600,000A  per  annum 
wages ;  and  that  thia  aum,  added  to  tiie  value  of  tiie  raw  materiiil,  the 
intereat  on  oqiital,  tiie  manufacturer's  profit,  ko.,  gave  18,000,0001.  as 
the  annual  value  oiE  tlte  doth  produced.  Mr.  M'Cullodi  ('Statistical 
Account')  ftuma  ao  estimate  on  the  following  d«ta:— That  thwe  are 
about  160,000,000  Iba,  of  wool  wotfcad  up  yearly ;  that  this  may  be  WOTth 
about  7,500,000j. ;  that  the  value  vi  the  manufaetarad  goocb  ia  three 
tim«a  that  of  tb*  raw  wod,  uaUng  thmfon  2a,600,00W.  per  annum ; 
that  this  value  ia  thus  mads  up : — 


Baw  msterlsl  . 
on,  Msp,  dye-tlofi,  8n. 
latiris^  proS^  to>  ■ 
WasH  .... 


.  £T,COO,OOI 

.  1,«00,0M 

.  4,a»o,ooo 

.  8,T»0,000 


<S1,1 00,000 

And  dividing  this  amount  of  wages  at  the  rate  of  a  year  to  each 
operative  on  an  average,  he  arrives  at  the  number  834,000,  which  ho 
thinks  a  probable  approximation  to  the  numbw  of  pawns  employed 
in  the  woollen  manuiaotuie  in  this  oonntiT.  lb.  Chapman  (one  of  the 
Aariatant  Hand-Ijoom  Commiwiooera)  made  an  estimate  whidi  agrees 
pretty  nearly  with  that  of  Mr.  M'Cnliooh;  although  at  the  fiiat  «uoa 
the  two  estimates  aeem  discordant.  He  thinks  that,  in  1881,  the 
number  of  familiea  directly  dependMit  on  the  manufacture  wen— 

In  the  Wast  Rldinx  of  Torlulitfe     .      .      .  li,m 

In  the  W«it  or  EnflaDd  10,131 

In  Motfeik  and  KsBdal  1T,S7« 

In  ths  bodery  distrlGt  ,  ....  .  30,464 
Ii  all  otbsr  plaeas  S0,o«o 

1S3.BS1 

Then,  taldng  the  average  number  of  persons  in  a  family  at  5^  he 
arrives  at  an  aggregate  of  874,505  persona  dlrecUy  supported  thenby. 
He  further  suppoees  that  this  number  must  Lave  inoreased,  by  1641, 
to  226,298  families,  or  1,218,421  individiula.  Mr.  M'CuUooh'a  esti- 
mate ia  of  the  number  of  persons  emploi/cd,  while  Mr.  Chapman's  is  of 
the  number  of  persons  tupported;  and  this  may  explain  the  apparent 
diicraponuy  between  the  two  estimates.  Aa  to  the  value  of  the 
manufacture,  Mr.  Cbapmau  proceeds  thus  :—i26fi»S  hmilica,  earning, 
on  an  average,  17*;  6it.  per  week  each  family,  which  amounts  to 
10,296,559^ ;  and  the  rehtion  between  thia  tnd  the  other  items  of  the 
ooet  he  thus  states : — 


Value  of  wool  emplojcd 
Oil,  dje^mib,  sosp,  fte. 
Wsfss  . 

Wear  sad  tear,  profit  . 


.  £10,000,000 
1,200,000 
.  I0,296,SS» 
.  4,330,911 

£M,19S,S70 


Li  ^  last  edition  of  hk  '  Commerda]  DteUonary,'  Mr.  H'Cullodi 
makfB  an  esthoate,  which  he  rapiwees  to  af^roximate  prrtty  nearly  to 
the  true  figures  for  the  year  1858.  He  takes  the  ooniumptioa  of 
Engliah  wool  at  110  million  Iba.  at  U  Sd.  per  lb.,  and  that  of  for^ 
at  60  million  Iba.  at  Sc.   'Sbaa  he  makea  np  four  huge  itema  thna  :— 


Wool  .... 
Wages  .... 
Boap,  on,  ^et,  *a.  , 
Proflt,  Intcrcrt,  wear  and  tear 


.  £13,17  S,000 

.  T,Ti&,000 
.  1,300,000 
.  4,300,000 

£30,000,000 


BendeB2,0OQ,000I.  wwth  aS  ahoddy  and  muqgo  maouiacturea.  So  &r 
**  "Sf"*  woolua  and  wcnted  mills,  and  the  penons  endued  in  them, 
■ee  Faotorus,  Some  writers  have  guessed  the  total  value  at 
50,000,000*.;  but  this  ia  only  a  gueaa.  At  a  recent  period,  in  a  vo(^ 
nototy  at  Leeds,  670  persons  were  found  to  be  earning  12a.  lid.  per 
week  on  on  avenge :  namely,  men's  average  22i.  Sd. ;  women  and  girls', 
!^^'°*'r^  Ur.Bainea,  in  an  article  in  the 'StetbtioalJoumal' 
lor  18$&,  eitimated  that  the  wooUea  nanufaetnrers  (without  the 
wontedj  use  up  158  mOlion  Iba.  of  Britiab  and  foieign  wool,  45  million 


lbs.  of  shoddy  and  mango,  and  cotton  to  the  value  of  200,0001. ;  that 
the  value  of  these  fibres  is  about  10,500,000;. ;  and  that  the  wagea, 
oil,  soap,  dyes,  profit,  interest,  reot,  and  wear  and  tear,  raise  the  total 
value  to  80^290,0001.  He  esthnatea  that  160,000  peraona  were  emi^t^ed 
in  the  woollen  manufaetmw  in  1868 ;  Mr.  M'CuUooh  erthnstM  Kijm 
pereooB  flmpkqred  in  ttw  wmKm  and  wonted  nunubatnraa  in  the  aame 
year. 

From  1726  to  1820  all  the  oloUia  made  and  fulled  in  the  West  Riding 
were  measured  and  stamped  by  officers  i^ipointed  for  that  purpoae, 
and  from  tiie  retuma  nuule,  it  mppean  that  tiiere  were  fullw^  in  the 
West  Biding,  the  following  numberof  pieoea  of  Inoed  and  narrow  doth, 
in  the  years  named 


1746 
17M 


Broad. 
W,6T1 

se,a37 

72,374 


Harrow. 

eB*,77S 
78,BS3 


la  178e 
1808 
1816 


Broad.  Narrow* 

US,7H  1SS,0SS 

S90,S6B  173,834 

333,449  130,001 


The  woollou  and  wortteds  enorted  m  1820, 1880,  and  1840,  had  • 
value  of  5,687,7581.,  4,7S8,6fi6IL,  and  6,S27,858f.  respectively.  In  1845. 
1850,  and  1855,  the  value  rose  to  auma  varying  from  nine  to  ten 
miUiom  sterling  annually.  Tho  figures  for  the  year  1860,  givw  some- 
what  more  in  detail,  will  show  in  what  way  the  maoufaoture  aub* 
divides  itself  into  kinds.  The  export*  in  the  year  juat  named  were  aa 
foUow:— 

WooUn  elocb  of  an  Uadi  ,  ,  .  .  970,135  pleoas. 
Mixed  atuA,  flannels,  blankets,  and  earpeu  93,079,384  yards. 
Uixed  atii&  entered  at  value  ,   .  £403,328 

Worrtcd  atoeUoii  ST!,33S  doxen  pslrs. 

Worsted  stub  3,010,736  ptaes. 

WooUea  sad  worsted  jams       ■      •      ■      343,889  cwts. 

Ihe  value  of  all  these  exporta  exoeedad  lOftOOfiftOl.  Tba  Ututed 
Statee  were  the  largest  purobasen  of  themmtgoodi!  the  yira  went 
in  greater  quanti^to  Qermany. 

WOORARL  WovrtUy,  (Ewari,  Urari.  The  extnet  of  the  bu^  oi 
the  SfaydbiM  toxifmi,  which  ia  used  by  the  Indians  of  Ouiana  to 
poison  their  arrows  Recent  hiTestigation  has  shown  that  tlio 
poisonous  principles  of  thia  extiaofc  are  itiTahain*  and  bnunne.  [Nox 
VouicA,  Alkaloids  or.} 

WOU^  UNIT  OF.  Thanunol  tiudynanuaaleflbotproduoedby 
a  prima  moTor  in  a  given  time  ii  known  in  bodn  upon  mechaniam  1^ 
the  term  (tf  ita  «mjt  of  w/rk;  butioiwder  to  beame  to  ounpare  toe 
relative  efibotive  values  of  the  various  moton  it  is  oostomaiy  to  refer 
them  to  the  unit  of  work  most  generally  oonndered  to  rqggaept  the 
nonnal  oonditiona  of  tn  artificial  prime  mover.  In  such  cases  the 
amount  of  work  is  takra  aa  bong  repreeented  by  a  wdght  raised 
through  a  definite  he^t  in  the  time  flven ;  and  as  horse-power  was 
foimeriy  the  one  moat  oommooly  oaed  for  meohanioal  purposes,  the 
custom  haa  arisen  of  oompering  the  efficient  power  of  maohines  in  pro- 
portion to  the  unite  of  work  they  oan  pertonn,  eaob  <A  which  nnita  ia 
equal  to  the  unit  of  work  performed  by  a  horse  supposed  to  raise  a 
weight  vertioaUy.  Writers  upon  physics  are  far  from  being  unanimous 
as  to  the  real  nine  to  be  aaaigned  to  the  AorKjwwcr;  butinEogjaod 
it  io  MBsnlly  oonddand  to  be  equivaknt  to  e  ww^  of  88,000  Voo. 
raised  one  foot  high  In  a  minute;  or  to  550  Iba.  raised  1  foot  in  » 
second ;  and  that  unit  tA  work  is  adc^ited  as  the  term  of  oomparison 
in  the  majority  of  oases  when  the  powers  of  steam  engines  are  com- 
pared. In  the  case  of  the  pumping  enginee  of  the  Cornish  mine*,  the 
unit  of  work  ia  made  to  refer  to  the  weight  of  water  actually  raised  by 
the  combustion  of  a  hundred  weight  of  ooels,  and  tiie  umb  of  moA.  ia 
teohidoally  known  in  that  diatariet  by  the  turn, "  duty." 

Of  oouiee  the  amount  of  work  performed  by  any  i»ime  mover  must 
vaiy  tmdw  the  aver  vaiying  mmditiona  of  praotioe;  sad  espedafly 
when  men,  horses,  or  other  animals,  are  employed  must  the  effint  they 
oan  exert  depend  upon  individual  constitution,  and  upon  aoddonUd 
oircunataneea.  The  units  of  work  aasigBed  to  tiie  reopeotire  motors 
mentioned  below  must,  therefore,  only  be  omaidered  to  represent  a 
rude  kind  of  ajarage  in  aaoh  inatanoe,  and  partieular  attoitioD  most  be 
paid  to  the  bffi  that  there  is  for  all  ctf  them  a  vdooity  of  the  point  of 
application  of  tiie  power,  an  effort,  and  a  duration  of  that  effort, 
whioh  are  tiie  most  favourable  Ux  ttw  useful  edeot.  Hie  average  unit 
of  work  may  oftoi  vary  from  1  to  {  above  or  below  the  quantities 
dted,  aooording  to  the  age,  or  the  health,  of  the  animal  motor^  or  to 
the  elimate  in  which  they  work.  The  table  ia  extracted  from 
Ponodeira  <  Mtenlque  IndustrieUe.' 

The  unit  of  work  iA  steam  ennnea,  the  horae-power,  has  long  ceased 
to  have  any  real  meaning,  for  the  real  power,  aa  asoertained  by  the 
dynamometw,  is  Invariably  inexcaas  of  the  nominal  horse-power  of  tiie 
enginea.  Tlie  oonunoa  rule  for  osloulating  the  aosiuial  power  of 
engines,  whose  piatons  more  at  the  velodties  preaoribed  by  Watt's  rules, 
ia  however  aa  followa :  multi^  the  square  of  the  diameter  of  the 
<srlinder,  in  mches,  by  the  VModtgr  Uie  pirton,  in  fee^  and  divide 
the  product  by  6000;  the  produot  will  be  the  number  of  nominal  horaei^ 
power.  As  this  formula  does  not  indude  any  term  expnnittg  the 
expansive  power  of  the  steam,  It  must  evidently  Im  unsatisfactory ; 
the  real  power  may  be  aacertained  by  means  of  the  indicator  asfollowa. 
Multiply  the  area  of  the  piston  by  the  residual  preesuFe,  after  dedncting 
for  the  friction  and  the  loss  of  power  in  working  the  air  pump  (thia  ia 
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usuaQy  I4  lbs.),  and  ihe  r^hatj  of  the  piston  in  feet  per  minotej 
the  product  divided  by  3S,000  will  represent  the  real  ^teUve  hon^ 
power  allied  to  th«  aiain  ahafb  In  both  these  cases,  the  unit  of  work 
of  the  horse-power  ia  taken  st  88,000  lbs.  raiaed  1  foot  hig^  per 
mtnuta.   Xa  WM'»  time  this  amount  of  wwkiwuld  mly  be  MBured 


bj  the  oombustion  <4  about  IS  Iba.  of  ooal  per  horse- po war  per  hour; 
St  the  ^eeeot  dn,  inordinai;  eondeniing  eoginea,  onlj  firom  7  to  8  Ibe, 
«n  required ;  vnUife  in  the  beek  ezpiiuioft^ared  a^stm  wiUi  mrbM 
oondaniaiaon  iha  lema  regqlt  fa  obtMn^d  the  OOmbwtton  ol  8  Ibfc  of 
ooeL 


T 
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A  mas  numnUflg  an  fuj  sUItdbm,  or  an  InoUne,  vlthoiit  a  load, 
hi!  work  MKuiitlDg  limpljr  in  storiBg  tho  weight  of  Ua  own' 

^  I 

A  man  railing  wdgtata  bjr  meana  af  a  oord  and  paUey,  wUeb  ) 

render*  luecuair  tU  return  of  the  eotd  wUhont » load         •{  J 

A  nan  talaiar  wal^la  bj  Ma  handa  

A  man  eariT^  a  wefgU  on  Ua  baA  op  an  eaay  taoUiM^  and 

tcbmlng  wHkotit  load     .  •  

A  Ban  TKlidBg  mateilala  hj  a  wlied>ibamw,  on  aa  Inollna  of  1  in 

1^  returning  anloaded  

Amnllire«iiiffeanli&7aspadaslMlgU<rfiliMt41aahM  . 

A  man  working  a  pin.wkwl  or  a  dram — 

lit,  at  the  lerel  of  the  axle  ...... 

lad,  at  bottom  of  wheel   .  , 

A  man  walking  and  pnaUng,  or  drawing  horisontally,  in  a  oon- 
tiaama  manner 

A  workman  aating  npoa  a  winch  

A  workaian  poahing  and  puUlna  altomatolj  in  a  rtrtloal  diieclton 
A  horaa  bameHWd  to  a  earriage  going  at  a  walking  pace  . 

„  »  „         atatrot     .      .  . 

A  horse  la  a  mill,  at  a  walking  pace  •      •      ■      •  • 

„  at  A  trot 

An  ox  in  a  mill,  at  a  walking  pace    •      ■      ■      •  • 
MnlO  „  „  ...... 

I  Donkey         „  „   
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■alMd. 
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mtttafwork 
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Lengthtf 
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day. 
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33*8 
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39 
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699 
>97 
418 
384 
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4-9 
8 

4-3 

8 
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1,044,000 
18,833,000 
11,313,800 
8,933,600 
7,014,800 
7,t9S,t0« 
9,7t3,«0» 
S,S«8.B13 

WOBEHOUSE.  Relief  to  the  indigent  ia  of  two  Undo,  in-door 
rdief  and  outdoor  ralief.  In-door  re&f  k  relief  in  the  wotkhoun. 
At  first  workhouaes  appear  ireauenUy  to  have  oomUned  the  eharacter 
of  a  bridewelL  In  the  r«i^  of  Edward  TL  the  poor  of  London  were 
nlnnnnd  into  three  great  divnaons,  and  the  third  comprised  the  "  thrift- 
less Tpoor,"  namely,  1,  the  rioter  that  coosumeth  all ;  2,  the  ngabtaid 
that  will  abide  in  no  place ;  8,  the  idle  penon,  as  tJte  strumpet  and 
others  :  and  the  king,  who  had  been  moved  to  the  neoessitjr  of  alms- 
deeds  by  a  eermon  of  Bishop  Ridley's,  provided  horoHala  tot "  the  poor 
by  impotencgr "  and  "  the  pow  by  oaaual^,"  and  Bttdewell  vaa  allotted 
to  the  "thnfUees  poor."  The  workhouse  at  Hambnig,  one  of  the 
oldest  institutions  of  the  kind  in  Emi^,  is  still  called  the  Correction 
Ukd  Poor  House.  The  Canterbury  Local  Act,  passed  in  1727, 
ezinvssly  orders  tiie  bridewell  and  workhouse  to  be  kept  up  within  the 
SMDe  prednota ;  and  thev  were  only  separated  under  an  aot  paseed  in 
184X  A  oentuiy  and  a  naU  ago  H  was  common  for  writers  to  apeak  <€ 
the  wmUtonse  as  a  plaae  whece  Idlera  and  vagabonds  ware  aefc  to  work. 
<See  '  Workhouse,'  Johnson'a  *  Diotaonary.*)  THa  general  dmnetor  of 
our  early  statutes  relating  to  the  poor  «H  hanh,  and  Indigenee  vas 
treated  as  a  penal  offence. 

One  of  tiie  great  objects  of  the  43  Eliz.,  o,  3,  the  foundation  of  our 
present  poor-laws,  was  to  provide  emplOTmeut  for  the  destitute.  The 
oveneers  and  justioea  of  the  peace  were  cUreoted  to  set  to  wco-k  children 
whose  psrenta  were  unable  to  maintain  them ;  and  also  adult  persons 
who  bad  no  means  of  muntaining  themselTes,  and  who  used  no 
ordinary  and  daily  trade  of  life ;  for  which  purpose,  with  the  fund 
miaed  for  the  relief  of  the  poor,a  ooaveniant  stock  was  to  be  purchaeed 
of  flax,  hemp,  wool,  thread,  iron,  and  other  ware  and  statL  Tbo  48 
EUb.  also  authorised  overseen  and  chnrchwardms  to  build  cottages  on 
wasto  land  for  tiie  poor  to  inhalat|  and  to  pUoe  inmates,  or  more 
fomiliee  than  one,  in  one  cottage  or  house,  such  ootta^  or  houses  to 
be  used  thereafter  only  for  the  poor.  Workhousaa  m  former  times 
were  generally  called  houses  of  industry,  and  for  the  most  pert  a  profit 
was  expected  to  be  derived  from  their  labour,  at  any.  rate,  to  the  extant 
of  making  such  inatitutions  in  some  measure  aelf-supporting,  Thehouae 
in  such  coses  became  a  linen  or  woollen  factory ;  or  sai^  nets,  and  a 
variety  of  other  articles,  were  mannftwitared.  StmietimeBlandwaarented 
or  purchased,  and  the  inmates.  o(  ibe  wnkhouae  were  employed  in 
agricultural  labour.  The  final  extfnotion  of  pocHsratea  was  regajxiad  as 
a  not  impossible  result  of  these  schemes  of  workbouso  industiy.  In 
1704,  when  the  popularity  of  these  schemes  was  at  its  hoght,  De  Foe 
dearly  pointed  out  their  inevitable  operation,  and  espeoially  their 
effect  on  independent  labour ;  but  he  was  soaroely  heeded.  Nearly  a 
century  aftanirarda  houses  of  industry  were  ereeted  in  Suffolk  on  a 
greater  scale  than  had  previously  bemi  attempted.  Instead  of  being 
employed  as  a  test  of  destitution,  these  houses  were  intended  to  provide 
occupation  for  all  the  unemployed. 

Previous  to  the  passing  of  Uie  Poor-Law  Amendment  Act,  in  1884, 
the  poor-houses  (or  workhouses)  presented,  generally  speaking,  only 
accumulated  instances  of  mal-administration.  Absence  of  cUnifioa- 
uon,  diwariine,  and  emplqymeot^  and  MEtzmvagsnt  aUowanoea^  rendwed 
them  prouflc  nurseries  of  pauperism  and  vioih   Some  of  this  eases  (tf 
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workhouse  ommpUon  would  be  ludicrous,  had  they  not  exhibited 
practices  so  ^botona^  demoraliiing.  In  ftf  the  Rreater  number 
of  cases,  the  woAnonsa  was  a  large  ahnehoose,  in  wUoh  the  young 
were  ^ned  in  idlMieaa,  ignoranoe^ and  vice;  um  aUe-bodied  main* 
tained  in  sluggish  and  sensual  indomoe;  the  aged  and  more  respectable 
exposed  to  Mlthe  misery  that  is  incid«it  to  dwelling  in  such  a  society 
without  government  or  clasaiScation ;  and  the  whcde  body  of  inmates 
subsisted  on  food  far  eneeding  both  in  kind  vaA  in  amount  not 
merely  the  diet  of  the  independei^  hboiver,  but  that  of  tiw  mqoritj 
of  the  peitoons  who  contributed  to  thdr  support.  By  80  Geo.  IIL, 
c.  49,  passed  in  1790,  the  Tight  of  visiting  any  workhouse  at  all  timee 
of  the  day  was  conferred  on  justioee  <n  the  'peace  and  idergymen ; 
and  on  their  representation  the  overseers  were  liable  to  be  summoned 
at  quarter-sessions,  whan  tiie  justices  could  make  orderaand  regulations 
for  the  remedy  of  any  defects  in  the  workhouse  management.  The 
ohief  reeommwndatton  ol  the  Gommtotioaan  of  Poer-Law  Inqniiy  in 
1684  was  to  wntt  parislm  for  better  woAhonse  management,  and  the 
relief  of  the  destttuto  poor.  This  ia  the  origin  of  the  Poor-Law 
Uniona.  Aa  soon  as  the  Poor-Law  C«nmiHdoners  ware  q>pointed, 
Qiej  directed  their  attention  to  the  uniting  of  parishes  into  unions  for 
the  purpose  of  the  administration  of  relief  bj  boards  of  guardians 
elected  by  the  ratepayers,  and  to  the  general  adoption. of  the  work- 
house system ;  but  tnrir  main  relianoe  toe  the  disooanjgsment  of 
pauperism,  and  for  the  establishment  of  independent  habits  anKmgA 
the  labouring  classes,  they  said,  was  founded  on  the  workhouse  nstom. 
Outdoor  rehef  to  ^  able-bodied  poor  is  now  prohibited  in  all  those 
unions  which  have  efficient  workhouse  aooommodation, — with  thft 
following  ezceptlona,  1.  Where  the  destitute  poor  shall  require  relief 
on  account  of  sudden  and  urgent  neoessity.  2.  Where  he  or  she  shall 
require  relief  on  account  of  any  sitAness,  aoddent,  or  bodily  or  mental 
infirmito  affecting  him,  or  any  of  his  or  her  family.  8.  Where  he  or 
she  shall  require  relief  for  the  purpose  of  defraying  the  expenses, 
eitiier  wholly  or  in  part,  of  the  buiial  of  any  of  ilia  or  her  family.  4. 
Where  the  person,  being  a  widow,  shall  be  in  the  first  aix  months  of 
her  widowhood.  5.  Where  the  person  shall  be  a  widow,  and  have  a 
legitimate  child  or  children  dependant  upon  her,  and  incapaUe  of 
earning  his,  her,  or  thor  Uvdihood^  and  nave  no  illegjtimato  child 
bom  after  tiie  oommenoement  of  her  widowhood.  6.  When  the 
person  shall  be  confined  in  any  jidl  or  place  of  safe  custody.  7. 
Where  the  person  shall  be  the  wife  or  child  of  aiiy  able-bodied  man 
who  ahall  be  in  the  service  of  her  majesty  as  a  soldier,  sailw  or  marine. 
S.  Where  any  able-bodied  person  not  being  a  sc^er,  sailor  or  marine^ 
shall  not  reside  within  the  uni(»i,  but  the  wife,  child,  or  children  (X 
Bach  person  ahall  reside  within  the  aam^  the  Board  of  Guardians, 
aocormng  to  thdr  discretion,  may,  subject  to  oertain  oonditions,  afford 
relief  In  the  workhouse  to  such  wife,  child  or  children,  or  may  allow 
out-door  relief  for  any  such  child  or  children  bmng  mthin  the  age  of 
nurture,  and  resident  with  the  mother  vrithitt  the  unioiL  Tban 
exceptions  may,  however,  in  speoial  oases  be  further  extended,  with  the 
sanction  of  the  Pow-Law  Board  previously  obtained.  In  all  other  casei 
Uie  guardians  may  grant  idief  either  in  or  ont  ol  the  vrorfchooN  as 
they  may  deem  expedient  under  the  drounutanoes  of  eadi  oaset 
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WurkliutiMA  are  guvemed  Under  tita  rules  and  reguIaUona  which  are 
contaiDed  in  the  ctmsoUdated  order  of  the  Poor-Law  Board.  Paupers 
are  admitted  to  them  in  one  or  other  of  the  following  modes  ■ — 1. 
a  written  or  printed  order  of  the  Board  4^  Quardians,  signed  by  their 
cleifc.  2.  By  a  proviuonal  written  or  printed  order,  signed  by  a 
relieviog  officer  or  an  overseer.  3.  By  the  master  of  the  workhouse 
(or  during  his  absence,  or  inabili^  to  actj  the  matron),  without  any 
ndo',  in  any  case  of  sodden  or  urgent  necessity.  Tiw  paupers  are 
divided  into  tiie  following  classes -1.  Men,  infirm  through  age  or  any 
other  cause.  S.  Able-b<^ied  men,  and  youths  above  the  age  of  fifteen 
years.  8.  Boys  above  the  age  oi  serea  yetrs  and  vadet  ttat  of  fifteen. 
i.  Women  infirm  through  age  or  any  other  cause.  5.  Able-bodied 
women,  and  girls  above  the  age  of  fifteen  years.  6.  Girls  above  the 
age  of  seven  yean  and  under  that  of  fifteen.  7.  Children  under  seven 
-years  of  agis^  The  following  officers  are  appointed  for  each  workhouse, 
except  in  the  case  of  very  mull  workhouses,  when  boom  of  the  offices 
are  eom blued — name^,  a  chaplain,  medical  officers,  master,  matron, 
sohoohnaater,  sduxdmistress,  porter,  and  nurse,  witii  such  wiiatsnts  as 
may  be  deemed  neceesary.  These  officers  are  all  appointed  by  the 
boms  of  guardians  of  the  respective  uni<ais;  and  they  are  paid 
adequate  suaries  by  the  guardians,  subject  to  the  approval  of  the  Foor- 
L«w  Board;  an^  with  this  eneption  of  the  two  first,  in  addition  to 
tlinr  salariea,  are  allowed  board  and  lodging  in  the  workhouse.  Thouf^h 
the  officers  are  appointed  by  the  boards  of  guardians,  unless  ^ey  volun- 
tarily resign  they  cannot  be  removed  except  by  an  order  of  the  Poor* 
Law  Board.  For  detailed  information  regarding  the  government  of  the 
workhouse,  that  is,  the  admissiim  of  paupers,  Iheir  classification,  dis- 
vip^M  and  diet,  punishment  for  misbehaviour,  and  the  duties  of  the 
mfUuniBe  offioors,  tiie  'Poor-law  Board  Orders,*  edited  by  W.  Cun- 
ningham Qlen,  Esq.,  Banister-at-Law,  should  be  ctntsulted. 

There  are  828  nmons  and  parishes  under  separate  boards  of  guardians, 
and  in  which  relief  to  the  poor  is  administwed  under  the  provisions  of 
local  acts  of  parliament,  all  of  which,  with  the  exoeptloo  of  about  ten 
unions,  have  workhouaee  c««ble  of  accommodating  from  a  oompsra- 
tivehr  small  number  up  to  8500  paupers  (in  the  Liverpool  workhouse), 
iMm  is  the  Isxgsst  number  aUowed  in  any  one  wonhouse.  There 
are  708  workboQses  in  "BnglMti  ud  Wales,  and  the  maximum  number 
o<  paupers  to  be  admitted  at  any  one  time  into  each  workhouse  is  in 
•Mm  case  limited  by  the  Poor-Jjiw  Board ;  the  total  acoommodation 
afforded  by  all  the  workhouses  provides  for  about  218,000  persons, 
beaidfla  acoommodation  for  the  officers  of  the  establishments. 

The  fallowing  are  the  numbers  of  pauper*  of  the  respective  classes 
«bo  wen  maintained  in  the  woAbouna  in  l&»ff<™d  od  the  lit  Johr, 
1800^  wd  U  iwiamj,  1661,  reqiectiTely 
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Under  ordinary  oircumttuoes,  thervfore,  the  workhouses  are  only 
about  half  full,  and  the  exoeas  of  aooommodatioD  proridfld  is  nierred 
to  meet  any  extraordinary  pressure  that  may  oocur. 

During  the  year  ended  the  26th  March,  1860,  the  total  ezpeoditure 
out  of  the  poor-rates  in  and  connected  with  the  relief  of  the  destitute 
poor,  amounted  to  the  sum  of  6,454,9841.  ?«■,  and  of  that  sum 
912,880t  was  expended  in  the  relief  to  the  poor  in  workhouses ; 
but  to  Uiat  sum  must  be  added  the  cost  of  the  workhouse  estaUish- 
ments,  including  the  salaries  of  the  <^cers,  to  arrive  at  a  correct 
estimate  of  the  cost  of  workhouse  relief.  These  itans,  however,  are 
not  sepMvtdy  distanguished  from  the  eost  of  the  union  salaries  gene- 
rally; which  during  tiie  year  referred  to  amounted  to  the  sum  of 
844,78M.  Si.  Taking  the  whole  of  tiie  workhouses,  the  average  cost 
rfmsiiitainingeftoh  pauper  therein  averages  about  8*.  2d.  per  week, 
which  is  the  ooet  m  food,  clothing,  and  necessaries  charged  to  tiie 
in-msintensnoe  aocounta ;  the  cost  of  tiie  food  being  about  2i.  lid.  per 
week,  and  of  the  clothing  and  neoeasaries  about  Sd.  per  week  for  each 
|>auper.  In  some  workhouses,  however,  the  cost  Is  much  higher,  ud 
m  otiien  oonaida^ly  kas  tbui  those  amounts. 

The  001*  of  enctlng  th*  Uverpool  worihouse,  which  is  the  largest, 
•mounted  to  upwards  of  120,000£  Some  of  the  smaller  workhousw 
eost  as  low  as  1600^  building,  but  taking  them  altogether,  Uw  avenige 
east  of  each  may  be  stated  at  about  8000^ ;  so  that,  there  being  708 
workhouses,  the  total  cost  of  these  buildings  may  be  taken  as  repre* 
eenting  the  sum  of  five  millions  and  a  half  (exclusive  of  intereat),  which 
unm  was  raised  bj  loans  seourad  cpcm  tiie  pot^nAee,  ranmble  by 
annual  instalment^  fndudinff  Intern^  in  periodnraryfaig  bom  ten  to 
twenty  yean. 

IMw  on  tha  labjeot  of  the  poor-hv  itatistiM  tha  nader  b 
Tdtemd  to  tha  papw  nn  tlia*&%Urii  Foor.Battt;  byUr,  nedsrlok 


Puidy,  in  the  'Jonnal  of  tha  Btatfatiaal  Sodalar  of  London,'  for 

September,  1880. 
WORLD.  [UHivKBsm] 

WORKS  AND  BUILDINOS,  BOARD  OF.  [Woods  akd  FOBEm.] 
WOBHS,HUMAN.  The  body  of  man,  like  that  of  the  lower  animals, 
serves  ag  a  locality  for  the  residence  of  sever^  of  the  lower  forms  of 
animals  vi^cbareknown  by  the  general  name.of  worms.  These  creatures 
all  belong  to  the  lower  forms  of  theannuloee  group  of  animals,  and  are 
sometimes  grouped  together  under  the  name  of  ^tocoa  [Ehtoxoa,  in 
Nat.  Hut.  Dir.].  This  is  not,  however,  a  philoaoiihioal  daanficatiMi, 
as  many  aomuds  belonnng  to  this  group  in  point  m  structure  have  not 
neceesarily  parasitical  haUts.'  Another  reastm  for  getting  rid  of  the 
term  Entosoa  will  be  found  in  our  preoent  knowledge  of  the  history  of 
the  development  of  some  groups  of  these  creatures,  as  there  is  reascMi 
to  bdieve  that  they  do  not  pass  all  their  existcnoe  within  the  bodies  d 
other  aaimals.  The  most  miportant  observation  made  with  regard  to 
these  annuals  in  modem  timeS}  is  the  identity  of  those  forms  of  worms 
called  eyatkf  with  those  which  have  been  called  catoid. 

The  researches  of  Siebold,  Kiichenmeister,  Leuckart,  and  Rainey, 
have  now  plaoed  this  matter  beyond  a  doubt  The  history  of  the 
common  tape-worm  {Taenia  soIu(a)  of  Uie  humao  body  may  be  taken 
as  a  type  of  the  whole.  The  eggs  of  this  worm  are  contained  in  the 
B^Hments  of  the  mature  worm,  which  are  called  pngloUidet.  [Ahthel- 
aiKTKs.]  These  eggs,  in  order  to  their  future  growth  and  develop- 
ment, must  be  swal^red  and  submitted  to  a  process  of  digestion  Of 
some  other  animal  before  they  reach  maturity.  This  prooeas  may 
occur  in  many  species  of  animals,  but  tiiat  in  wfaii^  it  takes  place  most 
cranmonly  is  the  jMg.  In  the  intestines  of  the  pig  the  egg  becomes  an 
embryo,  which  is  supplied  with  six  hooks,  by  means  of  which  it  pene- 
trates the  tissues  <a  the  intestines,  and  entering  the  blood-vessels  is 
carried  by  the  Current  ol  the  blood  to  the  various  organs  of  the  body. 
This  embryo  having  readied  a  place  of  rest,  is  developed  into  the  ctystio 
vrorm  known  by  the  name  of  Ci/ttiixmt  eeUulota.  This  form  of  Uio 
worm  is  well  known,  and  produces  in  the  flesh  of  the  pig  that  appear- 
ance which  is  called  in  the  markets  "  measly  pork."  Here  it  remains 
and  dies,  unless  the  flesh  containing  it  is  eaten  by  some  other  animal. 
When  eaten  man  sad  submitted  to  the  process  of  digestion,  the 
cvstio  worm  is  further  develc^ed.  In  the  ^st  thore  is  a  head  called 
the  "  Setdex  head,"  supplied  wuh  suckers  and  ho(^  adiqited  to  laying 
hold  of  the  mucous  mamlmne  of  the  intestines,  which,  when  effected, 
results  in  the  growth  of  those  segmenta  which  are  known  as  the 
ehamoteristic  of  the  ti^worm.  The  scolex  head  is  now  the  head  of 
the  tape-worm,  and  the  segments  are  the  pn^lottides  which  continue  to 
increase,  and  eventually  eadi  s^ment  is  developed  into  a  seJcual  beii^, 
ooDtaining  botii  the  tsma  and  f^iale  organs  of  generatioD,  and  the  eggs 
are  produoed.  These  facts  have  been  well  estabUshed  by  ezpaimenta, 
made  by  both  Von  Siebold  and  Kiiohonmeister.  Mui  is  also  subject  to 
the  attack  of  cystic  vrorms,  B^inotoccm,  &&,  which  attain  thur  mature 
develi^nnent  in  other  aninuls.  The  following  is  a  olaasificatioo  of  the 
vromis  at  i»esent  known  to  inhabit  the  homan  bo^ ; — 

Division  Aitkulosa. 
Subdivision  Anncloiiu. 
Order  ScOLEomA 
Section  Plattxlmia — Flat  vonnB, 
Family  Tmsiasm  •=  Ckstoidjl 
A.  Mature  States  :— 

Solhrioc^aKeUm  Ittftu — Broad  Ta^noaa. 

Tania  nfutiN— Commcn  Tape-worm. 

Tcmiamediocan^ata. 

Tania  nana. 

Tania  t  (Cttpe  of  Good  Hope.) 
Lur  ov  Uatcsb  amp  Immatobb  Wobms,  amt  mia  Hutrus. 


Immattue  BMn, 


Oytticeretu  ceUuhta 
C.  foMcialwit  .  . 
O,  pM/ormia  • 

C.  letmicotlit  . 

C.  itmominatut  Sj/perdtei 

0.  ItmffifolU*  Hyperdan 
(ktHvrm  etrArali$ 
Eckmocoeettt  vtlarino- 
nm 

{S.  Meotiefyartetu, 
KQoh.) 

(£  aUrietpariav, 
Kaeh.) 

Otrcmria  . 


Hd>ltat. 


Haturo  State.  HsUtat. 


Pig  .  .  , 
itat,  moose  .  . 
Rabbit , 

{Sheep,  lionc,  ) 
Rionkeri  iiun  i 
Hole,  flcld.moiuo  . 

Acep,  ox       .  , 

Uin,  makiaaatfa  , 


Uaa,  desMstle  an. 


Txnia  tolium 

T.  eratiiaMit  ,  . 

T,  lerratm  Mra 

{r.     cytJieerco  ) 
tmmeoUi  .  j 

T.  tetmieellit 

T,  eratiictpi  .  . 
T.  Menwnu  . 

r.  mAwomcctm  sc. 


TBEMATODA. 
Freih  water  mvaaeliDitloma  htpatioim 


Han. 

Cat. 

Doff. 

Doi. 

f  Harten, 
\  weasel. 

Dog. 
Dev. 


Sbecp,  man. 


The  tape-worm^  of  the  lower  animals  have  the  same  origin  with  those  of 
man,  and  their  histwy  has  rww  bem  traced  in  a  laige  number  of  animals, 
fniuiithe  dog  is  liable  to  tiuattaakioi  atape.wom(2teiiaa«m»ras), 
Tlie  egS  of  tiw  3**  MHanu^  m  beiiq[  nrallomd  br  tha  shaep,  produoea 
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a  cyrtic  worm  in  itB  bram,  which  has  long  been  known  by  the  nuue  of 
Oitnunu  cenfyraHi.   This  worm  produces  the  "  staggers  "in  the  aheep ; 

KOA  whm  drtgB  gat  awmm  to  fchn  l>A4iwn«  ahwip  nn  ilnf  ^hn—  ftii«^im«^^..T^,.ff, 

they  produce  the  Tama  canurta.  The  tat  it  liable  to  a  tape-worm 
called  Ttenta  crameoUU,  the  cystic  stage  (tf  which  is  found  in  the  liver 
of  the  rat  or  mouse,  and  is  known  to  naturaliati  ttttder  the  name  of 
OyiHcercat  faadolarit.  Evra  the  Trematode  worms  paaa  throudi 
stages  of  thia  kind,  and  the  Otrearia  oS  tlie  mond  beocmus  ma 
IHttoma  ni  the  aheep. 

A  queation  of  sttne  intereit  has  been  raised  as  to  whether  we  ought 
to  re^rd  tlieae  paraaitee  aa  Deeessatily  connected  with  a  diseased  state 
of  the  bo^^  and  therefore  to  be  got  rid  of  at  any  eoet.  It  is  a  curious 
fact  with  regard  to  tape-worms  and  neuratoid  worms,-  that  they 
will  exist  for  years  without  producing  any  inconvenience.  By  the 
Abysanians  they  are  r^arded  as  incucatira  of  health,  and  a  negro, 
slave  among  them  is  vahied  higher  for  it.  It  is  often  obswred  that 
persona  who  must  have  been  the 'subjects  of  tape  and  other  worms  for 
a  long  time  past  do  not  Bn£fer  tiU  they  become  aware  of  the  ezistenoe 
of  these  creatures.  At  the  same  time  there  can  be  no  doubt  that 
certain  states  of  the  health  favour  the  excessive  development  both  of 
the  immature  and  mature  states  of  the  various  species  of  worm,  and 
that  they  then  become  sources  of  serious  inoonvenienoe.  The  symp- 
toms attributed  to  Uie  presence  of  tape  worms  are  veiy  numerous. 
KUohennuister,  in  his  woric  on  the  '  Awantes  of  Uan '  (tranalated  for 
the  Sydenham  Society  by  Dr.  Lankester),  ^;iveB  the  following  account 
of  symptoms  observed  in  100  oases  in  much  tape-worms  were  known 
to  exist : — 68  suffered  from  cerebrospinal  affections  and  partial  or 
general  oonviilsions ;  49  from  nausea,  sometimes  with  vomiting  and 
fainting;  42  with  pains  in  the  abdomen;  33  from  disordered  digestion; 
81  from  irregular  and  voracious  appetite ;  19  from  luadache ;  17  from 
01^;  18  mm  abdominal  movemrats;  15  from  dissiness;  11  from 
shifting  pains.  It  will  at  once  be  seen  that  none  of  them  can  be  pro- 
nounced as  undoubted  sjrmptoms  of  wonns>  aa  they  may  all  result 
from  other  kinds  of  disorder.  The  ool^  distinguishing  sign  that  can 
bo  relied  on  witiiout  doubt,  is  the  discharge  of  the  proglottides^  or 
portions  of  the  worm,  from  th«  bowels  These  behig  wraiessed,  tiia 
case  is  certain. 

The  remedies  recommended  for  cestoid  and  other  worms  an  very 
numerous.  When  the  general  health  is  bad  it  should  be  improved. 
There  are,  however,  certain  remedies  which  act  in  an  especial  manner 
on  the  worm  in  the  intestines  which  should  always  be  administered. 
These  are  called  anthelmintics.  [Anthkliiiktics.]  Most  of  these 
act  in  two  ways : — 1.  They  destroy  the  worm,  and  act  aa  helminthl- 
cides.  2.  Tlu^  expel  it  when  dead  or  mfeeUed,  and  thus  act  as  pur- 
gatives. The  best  of  these  is  (41  of  turpentine.  It  has  been  used  ex- 
tenavdy  in  Great  Britain ;  and  Kildiemodstcr,  whose  auth<sity  is 
great  on  this  subject,  says — "  It  is  certainly  one  of  the  moet  energetio 
remedtea  agunst  tape- worm,  and  justly  merits  application  in  those 
cases  in  which  pomegranate- baxk  has  produced  no  result."  It  is  a  very 
disagreeable  remedy,  producing  sometimes  serious  effects  iu  the  nervous 
system  and  sometimes  straoguij.  CSonsequenUy  medical  men  try 
other  remedies  first.  Of  these,  roupo,  msM  fera,  pomegranate-bark, 
and  camelea,  ar4  preferred.  Koupo  bas  undoubtedly  proved  of  ser- 
vice, bnt  Kiioheomeister  says  he  has  always  been  more  or  less  unlucky 
with  this  remedy.  The  nude  fern  is  also  \isefuL  The  drcoction  of 
the  root,  the  powdered  sort,  or  etherial-oil,  are  given.  Rapp  says  by 
for  the  moet  efficient  form  is  the  fresh  root. 

Kiichenmeister  gives  the  preference  to  pom^ranate  bark.  He  uses 
ft  thick  extract  of  the  hark,  snd  s^  he  "  prefers  it  to  all  other 
remedies  against  tape-worm."  It  dislodges,  he  says,  the  head  of  the 
worm  more  effectually  than  any  other  remedy. 

For  a  good  abstract  of  the  present  state  of  knowledge  with  regard 
to  tape-worms  In  man,  see  an  Essay  on  this  subject  by  Dr.  D.  F. 
Weinlond,  published  at  Cambridge,  U.S.,  1858. 

WORSTED  HANUFACTURB.  [Woollek  axd  Wobsteo  Uanu- 

VACTUUj 

WORT.  [BBBWDni.] 
WOUD.  TWttD.] 

WQULFE'a  APPARATUS.  Under  various  forms,  and  with  several 
modifloations,  tliis  apparatus  is  much  employed  in  chemical  operations. 
The  arrangement,  first  described  by  its  inventor  in  the '  Philosophical 
Transactions,'  is  inconvenient  in  form ;  we  shall  therefore  give  a 
description  of  one  of  several  improvements  to  which  it  has  been 
sntgected.  A  retort  a  (Jig.  1.)  is  attached  and  sooured  by  means  of 
lute  to  the  fiiBt  receiver  b,  which  has  a  riritt-sngled  glass  tube,  open  at 
both  ends,  fixed  into  its  tubulure ;  and  the  other  extremity  of  the 
tube  is  made  totenninate  beneath  the  surfsoe  of  distilled  water,  con- 
tained, as  high  aa  the  horizontal  dotted  line,  in  the  three-necked 
bottle  «.  From  another  neck  of  this  botUe  a  second  pipe  proceed^ 
wUoh  ends,  like  the  firat>  ondar  water  contained  in  a  seeinid  twtUe  d. 
To  the  oentail  veA.  a  stnu^t  tabe,  open  at  both  ends,  is  fixed,  so  that 
its  lower  end  may  be  a  little  beneath  the  inirfiM»  of  the  liquid.  Of  these 
botUes  any  number  may  be  employed  that  is  thought  necessary.  The 
materials  being  introduced  into  the  retort,  the  arrangement  completed, 
and  the  joints  secured  in  tiie  manner  to  be  presentiy  described,  the 
distillatioa  is  begun.  The  oondensaUe  vapour  collects  in  a  liquid 
form  in  the  balloon  ft,  while  the  evolved  gas  peases  through  the  vent- 
tube,  beneath  the  surface  of  the  water  in  ^  whidi  ctmtinueB  to  absorb 


It  till  saturated.  When  the  water  of  the  first  bottie  can  absorb  no 
more,  the  gas  passes,  unoondensed,  through  the  second  rightanglod 
tube  into  tiie  water  of  the  second  bottie,  whick,  iu  its  turn,  becomes 
■aturoted.  Aigr  ^  that  may  be  produced,  which  is  not  absorbable  by 


water,  escapee  through  the  vent-tobe  e,  and  may  be  ooUeoted,  if 
requisite.  In  an  ur-jar  filled  with  and  inverted  in  water  in  the  pneu- 
matic trough.   This  is  represrated  iafig.ihy  ftf,  snd  g. 

Supposing  the  bottles  to  be  destitute  of  middle  neoks,  and  oon- 
sequentiy  without  the  perpendicular  tubes,  the  process  would  be  liable 
to  be  interrupted  by  an  aoddent ;  for  if,  in  consequence  of  diminislied 
temperature,  an  abeorption  or  oondensation  of  gas  should  take  plaoe  m 
the  retort  a,  and  of  ooorse  in  the  balloon  h,  it  must  neoeMrily  ensue 
that  the  vato'trf  the  botUea  cand  d  would  be  forced  by  the  pressure  of 
the  atmosphere  into  the  balloon,and  possibly  into  the  retort,  which  might 
cause  a  dangerous  explosion ;  but,  with  the  addition  of  the  central 
tubee,  a  sufficient  quantity  of  air  rushes  through  them  to  supply 
any  accidental  vacuum.  This  inconveniMioe,  however,  is  still  more 
effectually  obviated  by  Welther's  tube  of  safety  {Jff.  2)  b,  which  super- 
sedes the  e^iediency  (rf  three  necked  botties.  The  apparatus  being 
adjusted,  a  small  quantity  of  water  is  poured  into  the  funuel,  so  as  to 
iUx>ut  half  fill  the  ball  I.  When  any  absorption  happens,  the  fluid 
rises  In  the  hail  till  none  remains  in  the  tube,  when  a  quantity  of  air 
immediately  rushes  in  and  supplies  the  partial  vacuum  iu  a.  On  the 
other  hand,  no  gas  can  escape  under  ordinary  oiroumBtances ;  because 
any  pressure  from  within  is  instantiy  followed  by  the  Cormatioa  of  a 
hi^  column  of  liquid  in  the  petpendioulsr  tube,  whidi  resists  the 
qpesa  of  the  gss. 

We  have  already  observed  that  various  modifications  of  this  appa- 
ratus have  been  proposed,  an  account  of  which  may  be  seen  in 
different  chemical  treatises:  the  above  descripticm  is  taken  almost 
entirely  from  Dr.  Henry's '  Elements,' 

WCrUNDING.  [Haui.] 

WOUNDS,  in  Surgery,  are  solutions  of  the  oontinuify  of  the  soft 
parts  of  the  body  effected  by  some  external  agent,  and  attended  with  a 
greater  or  lees  amount  of  bleeding.  Wounds  vary  in  Uieir  character 
according  to  the  kind  of  instrument  by  which  they  hare  been  pro- 
duced, ss  well  OS  the  greater  or  less  amount  of  force  with  wbitih  it  has 
been  applied.  In  order  to  facilitate  the  description  of  treatment,  surgi- 
cal writers  have  divided  wounds  into  several  kintU  Thus  they  are 
spokot  of  generally  under  the  tettns  Imnsed,  punctured,  oontosed, 
Isowatedfpoistmed,  and  gunshot  wounds.  Wounds  (rf  psrtieularpartsh 
requiring  peculiar  treetntent,  are  also  dsseribed,  as  of  the  hted,  ibmat, 
chest,  Ac. 

Incited  wouadt,  cutt,  or  incmoKl  are  produced  by  cutting  instru- 
ments, and  are  free  from  contusion  and  Uoeration.  Punetured  uxmvdt, 
or  stoit,  are  caused  by  pointed  weapons,  ss  bsjmnets,  laooee,  nails, 
thoms,  fto.,  peoetiating  deep  into  the  flesh.  Cmttmd  and.  lanmkd 
womd$  are  ptvduced  by  the  violent  an>licatlMt  of  hard  blant  and 
obtuse  bodies  to  the  soft  parts ;  and  under  this  head  might  be  included 
ffunthot  Wfundt.  Poisoned  wmmdt  are  those  whidl  are  complicated 
with  the  introduction  of  a  poison  into  the  wounded  part.  Wouods 
are  more  or  less  dangerous  according  to  the  extent  of  soft  parts  they 
involve,  the  parts  thsy  occur  in,  and  tho  state  of  health  of  tiie  indi- 
vidual wounded.  In  small  wounds,  unless  txHsoned,  the  qrstem  geat^ 
t»3fy  snffbn  little  la  eMusqaeooej  but  when  ala^amouniof  lell 
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jMrta  b  faijarecl,  Rymptonw  of  farer  oome  on  inm  twen^  to  thirty 
hoiirikfter  theiecdpt  of  the  wound,  which  require  attoitioD  cn  the 
put  of  the  niigeon,  ta,  ueosding  to  the  eonsUtutioD  and  dcounutuioee 
of  tli«  patieat,  the  fersr  nuj  vwy  giwtly,  aitd  reqaipe  oppomte  mode* 
of  tnfttment.  The  fsnr  is  caUod  ^ptometie,  ud  in  moit  oeMs  ie 
influniiMtoiT. 

iiMwcd  IFoiMub. — The  efleot  of  »  cut  on  my  part  of  the  body  u  to 
piodaoe  »  gwag  H>u>e,  from  which  blood  in  moot  oaaei  inues,  and 
vainbiitt.  nie  Uood  uiaHfrtmi  the  bfeod-Teeiehof  the  part  hsvi^ 
bMB  eat  tfanH^  or  wounded^  and  the  pain  k  caused  by  a  nmilir 
i&jniy  to  the  nerrM.  l^e  amount  of  blood  that  Usuea  from  a  wound, 
a«  well  aa  the  pain,  will  alwaya  depend  upon  the  nature  of  the  part 
which  ia  injured.  Some  parts  at  the  body  are  very  copiously  wipplied 
with  bluud  TMioli  whidi  have  few  nerves,  end  vice  vtrtS;  so  that 
neither  pain  nor  Needing  is  constant  according  to  tiie  aise  of  the 
wound.  Tht  IniTir^^**  danger  of  incised  wonnda  does  not  so  much 
arise  from  the  extent  at  psrts  divided  aa  upon  the  kind  snd  sise  <rf  the 
Mood  Tswnli  whidi  are  injured.  Thus  extenuTo  wounde  may  occur 
«n  the  baA  and  other  parte  of  the  body  without  producing  sufBcient 
hssmoRfasge  to  endanger  life,  whilat  a  small  puw^ure  of  the  jugular 
vein  or  femoral  arteiT  mij^t  speedily  occasion  death.  The  integrity 
•too  at  some  parts  of  the  norrous  system  ia  ao  eeseutial  to  life,  that  the 
Mff,*m^  wound  will  prodnoe  an  immediate  cesaation  ol  the  functatHia 
frf  tiie  bo^.  l%ns a amallpanoture  of  aome  parts  of  the  brain,  cere- 
bellum, and  Bfiaal  cord  will  eanse  immediate  death.  The  remote  oon- 
aequences  of  wounds  slso  vsrr  in  some  meaaure  with  the  kind  of  tissues 
and  the  organs  wounded*  Wounds  aituated  near  moving  parte  some- 
times  never  heal.  Wounds  of  tendinona  and  ligamentuua  atructures 
do  not  heal  so  npfdly  as  thoae  of  muacular  and  other  tissues ;  and 
thus  it  is  thst  wouncis  of  the  joints  are  frequMitly  healed  with  great 
diflonl^'. 

The  amount  of  g^ng  <^  a  wound  depends  on  the  kind  of  tiasuea  cut 
thioai^  The  skin  ia  elastio ;  and  thus,  whenever  it  is  cut  through, 
the  wound  ^pes  by  reason  of  ite  dastioity.  Where  there  is  much 
flftU'iliF  tissue  Uie  wound  da«e  not  g^te  so  much,  as  this  tissue  is  not 
elastie.  Wounds  of  muaoles  differ  :  if  the  out  is  in  the  direction  of 
their  fibie^  then  the  woni^  but  little;  but  if  it  be  across  the 
fibrei,  then,  owing  to  their  contractile  nature,  the  wound  gapes  vei^ 
eonaidanbly.  Wounds  may  be  also  mode  to  gKpe  or  to  elose  their 
•dgM,  according  to  the  state  of  flexion  or  extenuon  ci  the  muscles 
under  the  part  in  whidi  they  are  situated. 

The  vessels  injured  in  indsed  wounds  are  wther  ettteria  or  «ewu,  and 
each  require  attMition  from  the  surgeon,  as  the  bleeding  frxim  them 
nqufres  somewhat  dlffibient  taatment  When  an  artery  is  wounded, 
ttiere  is  an  hnmirdiatir  retraction  of  the  «ida  of  its  middle  and  internal 
eoat^within  the  outer  or  investing  ooet,  and  also  a  contraction  of  all 
the  coaii  ao  aa  to  diminiah  the  oalifave  of  the  artery.  Blood  flows  from 
both  ends  of  a  divided  srteiy,  but  alwavs  in  greater  quantity  from  tiie 
orifioe  nearest  the  heart.  The  blood  from  an  artery  can  easily  be  dis- 
tingidahed  by  tta  bri^t  red  colour  and  by  its  coming  out  m  jerks. 
When  a  oat  artery  is  left  to  itself,  the  effiision  of  blood  is  great,  but 
the  flow  becomes  leea  and  leas  profuse,  and  in  paaaing  over  the  rough- 
ened surface  of  the  external  aheath,  from  wuoh  ihe  two  inner  ooats 
have  beMi  separated  ^  retraetion,  partidea  of  the  blood  adhere  to  its 
loosened  filaments.  These  particles  keep  incroaslng  hi  number,  till  at 
last  the  whole  qaoe  between  the  end  of  the  exttnul  dieath  and  the 
ends  ot  the  tsro  retraeted  ooats  is  filled  vp,  the  Uood  having  formed 
then  a  firm  ooagulated  mass.  When  this  ^ooess  is  completed,  the 
Ueading  from  tiie  artery  stops.  This  miti  <rf  ooagulated  blood  is 
oalladue  exUmal  cwynfiwa,  but  the  same  process  is  carried  on  within 
the  rrtncted  inner  coats  ot  the  divided  artery,  and  the  ooagulum  is 
oootinned  up  to  the  pmnt  at  whidi  the  artery  gives  oB  one  ctf  ita 
hsanahss.  llili  coi^idum  tsnmnatea  with  a  oaueal  sxtremity  in  the 
middle  <tf  tike  tube  ot  the  artery,  sad  is  eaOed  ttie  htttmal  eoagtihm. 
Hie  blood  also  which  is  effbaed  outaide  the  artery  altogether  coagulates, 
and  to  araie  extent  may  assist  in  the  natural  prooess  of  arresting  the 
hnmonbage.  But  these  coagula  of  blood  would  not  be  sufBcient  alone 
to  restrun  the  hnmorrbage ;  another  process  foUows,  which  perma- 
nently eCFeota  this.  This  consists  in  the  efi\idoa  of  lymph  frtnn  the 
psrietes  of  the  artery  itself.  TUs  bmph  fills  up  the  mtfro  extremito 
of  the  artery,  and  ia  first  deposited  hetweoi  the  external  and  intemd 
eoagula,  but  it  goes  on  inorearing  till  at  last  it  occupies  thrir  position, 
the  coagula  are  abaorbed,  and  the  lymph,  becoming  eventoidly  Mganiaed 
by  the  development  within  its  snbstuice  of  blood-vssiels,  forms  a  part, 
hs  it  were,  cNf  the  arteiy  itsslf,  and  onmesli  It  more  or  lem  with  the 
aurrounding  psrts. 

When  an  artery  is  only  parUaUy  divided  or  pnnotored,  ft  M»newhat 
difovnt  process  takes  idaoe.  Bbod  is  effteed  Mtwoan  the  artoy  and 
its  sheath,  both  above  and  below  the  wounded  part.  In  consequence 
of  this  the  artery  ia  distended,  and  a  difference  in  the  relative  positions 
of  the  internal  ooats  and  the  sheath  takes  place,  and  the  blood  coagu- 
lating ia  con&ned  by  the  sheath  over  the  wounded  part  of  the  inteiml 
coats.  Lymdh  is  eflbsed  as  in  the  former  case,  and  the  cure  is  oidy 
footed  by  the  oUiteratioa  of  tiie  artery. 

When  tiie  veins  are  wounded,  tbe  blood  which  is  ponred  out  Is  of  a 
dntk  colour,  and  comes  not  by  jerks,  but  in  a  uniform  stream.  There 
is  not  so  much  danger  from  the  bleeding  of  a  vdn  as  an  artery,  and  it 
is  much  nine  easUy  stopped.  When  a  vein  is  cut  through,  Um  oppo- 


Ite  ends  are  dosed  Uood  and  the  snbrnqnent  organisBtion  of  lym[A, 
as  In  arteries.  If  oidy  digfatiy  punctured,  and  longitudinally,  veina 
qm^y  heal,  as  is  seen  in  the  commcm  operatitm  of  venesection.  When 
veins  are  wounded  obliquely  or  transvenely,  the  wound  is  dosed  by  a 
coagulnm  of  blood,  and  the  lips  of  tbe  wound  secrete  lymph,  which 
eventually  beoomes  organised,  Mid  tdocks  up  the  whde  vein.  Bventu- 
ally  the  ooagulum  thus  formed  is  abeoihod.  This  VMamtivo  pnieeae 
ia  mu«di  longer  in  taking  plsoe  than  that  iriiieh  ooems  in  arteries  under 
the  aame  drcumstances. 

TreatmatL — In  tbe  treatment  of  incised  wmmds  the  objeeta  in  view 
are,  first,  to  srrest  the  itsemorrhage ;  secondly,  to  remove  sU  foreign 
bo^es  that  may  have  been  iutroduMd  into  the  wound ;  snd,  thirdly, 
to  womute  the  union  of  the  divided  psrts. 

The  arrest  of  bleeding  is  easily  aooompUdied  1^  bringing  &e  edges 
of  tiie  wound  tt^ether,  in  supendsl  wounds^  and  woimds  where  no 
Urge  arterial  w  venous  trunks  have  been  injored ;  but  whea*  large 
vessds  have  been  injured,  other  meana  will  be  found  naoessary.  Thm 
ia  nothing  perhqis  which  distinguiahes  modern  surgery  more  than  the 
power  which  it  has  sttained  of  arresting  Ikaemor^age.  The  surgeon, 
throng  his  knowledge  of  the  dnmlation  and  tbe  means  of  arrntinK 
medHnieally  the  flow  of  blood,  can  vantrnw  iqpon  catting  throng  all 
but  the  principsl  trunks  ut  the  arterial  and  venoua  mtem.  When  the 
bleeding  from  a  wound  is  great,  the  first  thing  that  con  be  dtaie  to 
arrest  ft  is  to  comprm  tlte  trunk  of  the  arteiy  which  supplies  the  part. 
This  may  be  done  by  means  (rf  the  tourniquet  [TocBsiqun],  or  a 
bandage  so  constructed  as  to  press  down  upon  the  artery.  The  eirou. 
lotion  of  the  blood  in  the  srterial  trunk  being  arrested,  the  hterowriiage 
fran  liie  wound  will  in  a  great  maesnre  eoass.  Compsessitn  howner 
can  seldom  be  used  for  a  sufBdoit  length  of  time  to  set  as  a  curative 
agent  in  stopping  the  flow  of  blood.  In  the  first  place,  althouj^ 
pressure  by  bandage  may  stop  tbe  supply  of  Uood  through  the  prindpal 
arterial  trunk,  it  mil  not  stop  it  tiirough  deeperaeated  Inandun ;  and, 
by  arresting  the  return  of  the  blood  by  the  veins,  it  may,  under  certain 
droumstanoes,  toid  to  increase  the  bleeding.  Even  when  circom* 
stances  are  most  favoorable,  the  tooniiqiiet  ral  bandama  ere  Skuij  to 
get  diqdaood,  and  thus  to  snSfar  tike  retain  ei  the  MmmIW, 

The  moat  important  of  the  means  of  Bt<^|nng  bleeding  from  wounds 
ia  the  l^tun.  This  oonsiata  in  seizing  the  wcujsded  ends  of  the  artery 
with  a  pair  of  forc^,  or  passing  through  it  a  tentaoulum,  and  then 
tying  up  the  artery  m  the  same  way  that  the  mouth  ot  a  full  sadc  is 
usually  tied.  For  this  operation  all  tbe  dull  that  ia  required  is  ana- 
tomical knowledge.  Care  ahould  be  takan,  whiirt  the  neoessaiy  instm- 
meots  are  being  prepared,  thst  the  bleeding  is  prevMited  1^  presaure 
on  the  tnxak  of  the  artery,  or  by  placing  the  finger  over  tlw  bleeding 
orifioe  itaelt  The  forceps  which  are  mosUy  used  on  this  oocaaion  are 
the  common  dissecting  foroepa,  but  Mr.  Lisbm  recommends  a  pair  of 
forceps  with  hooks  at  their  points,  and  whicii,  after  having  grasped  the 
arteiy,  are  kept  together  means  of  a  button  or  Iwk^  "  When  no 
assistsnt  is  at  hand,  sad  in  cases  of  «meigsm7,the  sorgeoD  provided 
with  this  little  instrument^  oan  tis  vessels  withoat  the  least  dmoul^; 
and  in  operations,  when  many  vesaela  spring,  aeveral  of  these  foroepe 
eon  be  applied :  there  is,  besides,  this  great  advantage  in  their  em- 
|>loyment,  that  a  dumiy  assistant  can  scairody  indude'  the  point  of  the 
instrument  with  the  veeseL"  (Liston.)  The  immediate  effect  of  a 
tightiy-diawn  ligature  is  to  arrest  the  flow  of  blood,  to  divide  the 
nUddle  and  internal  ooata  of  the  arteiy  at  the  ligatured  pait  (ttw  ezteiv 
wl  sheath  remrining  entire),  and  to  narrow  the  canal  fcv  smns  extent 
above  the  ligature.  The  same  process  of  ours  goes  on  then  as  when 
the  srtoy  hMls  ntontancously. 

Other  means  of  arresting  hsamorthage  are  sometimes  employed,  such 
as  the  application  of  styptics  [AsTBiKosjrra],  sponge,  the  actual  cautery, 
caustice,  &c  These,  however,  are  sddom  advisable  in  the  case  of  in- 
cised wounds  There  is,  however,  a  pomdar  prejudice  in  favour  of 
applying  various  styptics  to  ents  lor  the  purpose  of  stopping  the 
bleeding,  and  it  cannot  be  too  gsnenlly  known  that  all  these  i^f^plica- 
tions  are  injurious,  and  tend  to  retard  the  cure ;  sod  that  in  some 
instances  loss  of  life  is  the  ctmseqaence  of  these  miUmtions  to  wounds 
that  would  have  got  welt  bod  tb^y  been  left  to  tumsdves,  {Hmmo- 
bbhaob;  Abtbbt;  Ukabt.] 

The  seoond  indication  in  the  treatrout  of  indsad  wounds  is  the 
removal  of  foreign  bodies;  Unlem  all  extraneous  substsiwes  are 
removed  fatim  a  wound,  its  union  will  not  be  effected,  and  auiqMiraticn, 
abscesses,  and  po-hi^  sbughing;  will  occur.  It  is  in  gunshot  wounds 
tiiat  this  indintion  requires  the  greatest  attention,  but  foreign  bodies 
are  occadonally  introduoed  into  incised  wounds.  [Oohshot  Wodhds.] 
Wounds  from  bn^en  china,  g^asa,  and  eartheiiware  frequently  have 
fragnuots  oi  these  substsnoM  in  theoL  Sharp  inatminents  are  fro> 
qoMitbr  covered  with  dirt  sad  Tsrioos  imparities ;  hence  the  impott- 
ance  oi  deaoing  evm  incised  wounds.  John  Hunter  advocated  the 
leaving  blood  on  the  edges  ot  the  wound,  as  he  aupposed  it  was  the 
blood  that  became  oigsniaed  and  united  the  wound ;  but  this  is  now 
found  to  be  erroneoua,  and  all  aurgeons  advocate  the  praotioe  of 
removing  as  much  of  the  blood  as  possible  from  tbe  wound. 

The  turd  indication  in  Uie  tre^ment  of  hidsed  wounds  is  to  bring 
tbe  edges  of  the  wound  together,  and  to  retain  than  so  in  Sndi  a  man- 
ner as  shall  favour  thdr  speedy  unitm.  Wounda  may  unite  in  two 
ways— either  by  the  establishment  of  an  iuflammotion,  the  result  of 
wmch  is  the  secretion  of  pui^  and  the  formation  of  what  are  called 
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groMulatioiu,  or  the  tbrowliig  out  inm  the  wonndad  parte  ooagoJaUa 
lymph,  which,  becoming  oiiganiaed,  umtea  the  ec^ea  of  the  wound 
together.  TUa  latter  procen  la  ealled  «iiuon  by  tMeJint  tatentum,  and 
should  be  the  great  object  of  the  aurgeoa  in  tremig  wounda.  Evident 
aa  it  may  appear,  that  to  heal  a  wound  as  qoickly  aa  poanble  should  be 
the  great  object  of  the  aurgeon,  this  onivenal  rule  anumgat  Engliah 
Burgeoiw  is  objected  to  by  some  oontinentel  writars  of  the  preaeot  day. 
It  was  at  one  time  sappoaed  necaasary  that  wounda  should  heal  only 
after  a  Icng  and  totttDoa  |«ooeM  eon  by  graoulatwn,  and  tint  and 
.tow,  bandaig^,  oompreonoa,  and  a  TaTie|^  of  otiier  ^iplianoea  wape 
mads  uae  of  to  prevent  nature  f  mn  eBecting  the  object  in  her  own 
way.  The  reomante  of  thia  praotioe  are  still  found  amongst  the  popu- 
lace in  our  own  country  and  some  aargaons  on  the  cimtineat  Amongst 
the  latter,  M.  Koux,  <^  Paris,  has  diatiDguished  himself  by  advocating 
the  core  of  wounda  made  in  surgical  operations  by  faringiog  on  tlie 
tedious  proceas  of  granulation. 

When  the  blood  haa  ceased  to  com  from  the  sides  of  a  wound,  an 
effliaion  of  lymph  takes  place  of  a  plastic  character.  Into  tliis  lymph 
Tesaela  are  projected  by  the  proceaa  of  growth  from  the  udea  ot  the 
wound,  and  an  organised  unitm  of  the  whole  wound  will  frequently 
take  place  in  the  oouna  f<»t7-ught  houra.  Even  the  extent  of  sur* 
face  laid  open  bj  amputetion  of  the  thigh  is  often  aeourely  united 
throughout  ite  whole  extent  in  the  space  of  Borenty-two  houn.  So 
readily  doea  thia  prooees  occur,  that  there  are  many  instenoea  on  reoord 
of  puts  of  the  body  having  been  totally  severed,  >od  yet  union  by  the 
flrat  intention  haa  taken  place.  Oarengeot^  in  his  '  Tiaib^  dea  Opera- 
timia,'  mentioas  a  case  in  which  a  aotdier's  nose  waa  bit  off  by  one  of 
his  companioaa,  and,  heang  restored  to  ite  natural  poaition  immediately, 
a  permaaNit  imiMi  of  ue  aeparatod  part  was  effected.  Horarenti, 
Blegny,  Balfour^  BoaaUr  and  otherBf  have  also  recwded  insUnoes  of  the 
Teatnation  of  entire  union  of  parte  after  total  aniaration  by  aoddent. 
Hunter  tranafened  tiie  apura  of  a  cock  to  ite  comb,  and  the  testicles  of 
a  cock  into  the  abdomen  of  a  hen,  and  found  in  each  oaae  that  vascular 
union  took  place,  and  the  vitality  of  the  transferred  part  maintained. 
These  instencea  only  illustrated  the  restorative  nature  of  the  proceaa 
of  union  by  the  fiiat  intention.  It  is  not  often  that  parte  unite  after 
having  been  once  aeparated.  A  small  vascular  connectioo  being  pra- 
aerved^  tends  greatly  to  render  thia  proceaa  more  likely  to  occur ;  and 
numerous  instances  are  recorded  of  fingeia  sad  toes  being  nearly  sepa- 
rated, and  afterwards  uniting  by  the  first  Intention.  One  of  the  most 
remarkable  examples  in  which  the  surgeon  avule  himself  of  a  know- 
ledge of  tlus  fact,  is  in  what  is  called  the  Taliaootian  operation.  In 
this  operation  anew  nose  is  made  by  paring  the  edges  of  the  destitute 
part,  and  cutting  a  pyramidal  piece  of  skin  from  the  forehead,  ite  union 
with  the  rest  ot  the  skin  still  being  maintained  at  tiie  point,  and  bring- 
ing it  down  upon  the  face  in  tite  form  of  a  oose.  when  it  unites  with 
the  pared  ed^,  and  a  decent  substitute  for  the  lost  member  is  thus 
produced.   [Taliacotius,  Oaspar,  In  fiioa.  Dir.] 

In  order  to  induce  wounds  to  uidte  bv  tlie  first  intention,  the  edgea 
ought  not  to  be  brought  together  till  all  bleeding  haa  ceaaed,  for  the 
sli^test  quantity  of  blood  retards  and  may  alti^ietber  intemipt  tiiis 
process,  Whem  the  edgea  of  the  wound  are  ready  to  Iw  brought 
together,  there  are  several  modes  which  may  be  pursued  of  keeping 
them  in  contact.  Previous  to  brinjj^og  tile  edgea  together^  cold  water 
may  Iw  applied  to  tlie  wound  upon  lint.  This  will  keep  down  any 
tendency  to  over-action  or  inflammation.  It  was  at  one  time  supposed 
that  tiie  process  by  whidi  *"fg^l*MT  lyn^  waa  thrown  out  from 
wounds  was  one  in&mmaticni,  and  that  it  waa  desirable  that  the 
part  should  be  ke^  warm  to  enoounge  thia  sanatory  inflammatory 
prooesa.  But  the  reeeaiohes  of  the  Ute  Dr.  McCartney,  of  Dublin, 
seem  to  have  set  this  question  at  reat;  and  moat  phyiriokgista  look 
upon  this  process  aa  a  secretion  going  on  under  increased  action,  but 
not  aa  an  act  of  inflammation. 

Of  the  Tarioua  modes  of  kaef^g  the  edges  of  wounds  in  apposition, 
Am  application  of  adherire  plaster  ia  the  moat  common,  and  certainly 
aTOli<»Dle  to  the  greater  number  of  ordinary  inoised  wounds.  Tho 
plaster  should  be  applied  in  such  a  manner  as  to  maintain  the  edges  of 
the  wound  in  contact  There  are,  however,  aome  wounds  which  are 
too  eztenaiTe  for  the  um  of  adheaive  plaster,  and  then  the  suture  is 
used,  whidt  e^ttriste  in  bringing  the  edges  of  tiie  wound  together  try 
sewing  them  up.  [Sutdre.] 

On  this  subject  Mr.  Listen  remarks,  in  his  '  Elemente  of  Surgety' 
(p.  208) :  "  Of  late  I  have  greatiy  dispensed  with  atitehes  and  the 
common  adhesive  plaster,  using,  instead  of  the  latter,  slips  of  gisxed 
ribbcm  uueared  with  a  saturated  aolution  of  isin^ass  in  brandy,  which 
is  mndi  leas  initeting  and  wnan  tenadous  than  the  common  adheaive 
compost.  Tlie  parte  are  fixed  temporarily  with  a  single  stiteh,  or  two 
at  moat,  and  cloths  di[q>ed  in  oold  water  are  placed  over  the  woimd. 
The  ribbons  are  not  applied  till  the  adheaive  substance  has  partiy  con- 
gealed and  the  ooidng  of  blood  ceased. '  The  divided  margins  being 
approximated  by  the  fingers  of  an  assistant,  the  ribbcns  are  Uid  genUy 
over  and  held  for  a  tew  seconds.  Soon  after  a  suffident  number  have 
been  applied  the  stitches  are  withdrawn,  being  do  longer  neoeeaary. 
No  other  dreadog  is  required^  unless  suppuration  occur;  the  ribixma 
will  adhere  firmly  till  the  completion  of  the  cure,  and  thus  the  pain 
and  irritation  caused  by  frequent  dressing  ia  avoided.  Even  tiia  Uigeat 
wounds,  aa  after  amputation,  are  treated  In  thia  mannsr  with  tiia  most 
■^isiMtotynRilti.  01  late  yean  ftpUiter,  mad*  by  ooatingoUadiltt 


with  ■  solntion  of  isiag^,  haa  been  naedinsteiid;  the gkied  nrCsea 
of  tlie  slhw  ia  moiataiMd  and  mUed  aa  here  dinatad.''  Bargny  la 
dee^y  indebted  to  Mr.  Uston  finr  11^  hidd  and  fearleai  manner  in 
.which  he  haa  carried  out  a  simple  and  natural  treatment  of  indsed 
wounds. 

Wounda,  however,  under  the  best  of  treatment  will  not  alwaya  unite 
by  the  first  intention :  the  consequence  is,  that  the  parte  wUdi  do  not 
imite  at  onoe  will  aupptuate,  wad  granulations  will  be  fonned.  nUa  la 
called  wiilM  Ay  Ike  teeomt  uUemtum.  [iRrLAKHATKnr.l  When  lUa 
proceas  takea  place,  then  all  a{^licationa  to  procure  union  by  the  first 
mtention  must  be  abandoned,  and  all  attention  must  be  given  to  curing 
the  wound  hj  the  jHvoesa  of  granulation,  naatera,  sutures,  and  ban- 
dages must  M  removed ;  and  where  the  inflammation  is  great,  every 
means  should  be  taken  to  arrest  it.  Buppniation  should  be  aneonraged 
by  wum  ftimwitetiona,  by  ponltieas,  and  abor*  all  1^  the  warm*watar 
dreaabqb  wUdt  oonaiBta  of  nothing  more  than  i^edgeta  Ibt  dij^wd 
in  warn  water,  and  then  covered  over  with  oiled  ti&  to  prevent  evii^>o- 
rstico  and  oozing.  When  the  inflammatory  action  is  subdued  and 
granulations  are  forming,  genUe  preeaure  should  be  employed  for  the 
purpoee  of  avoiding  tiie  formatiMi  of  more  new  matter  by  granulation 
than  ia  absolutely  neceassiy.  The  dreednga  at  thia  penod  should  be 
light  Some  surgeons  are  fond  ointments,  whidi  alw^  be 
dispensed  with ;  mit  in  soma  oaaes  (rf  languid  grannbtlMi  a  aUmubting 
ointment  is  uasfuL  Lotions  are  genenJly  belter.  A  weak  aolution  of 
aulphato  of  aino  or  oilzate  of  diver  may  be  moatir  employed  vrith 
advantage.  Tba  wound  itedf  doea  not  require  the  washing  and 
spongiDg  and  dabUng  to  whidi  it  is  ao  frequentiy  submitted ;  but  the 
aiun  about  the  wound  cannot  be  kept  too  clean  and  free  from  impurities 
of  every  kind. 

Pttnctmrd  IFoMuii:-— llMae  wounds  are  dangerons  frwn  Ibrfpthptb^ 
and  the  internal  eAnum  of  serum  and  blood  which  nsuaUy  attend 
them.  In  oonsequenoe  of  this,  these  wounds  are  freqnen^  followed 
by  severe  inflammstion  and  suppuration.  These  resulte  used  to  be 
attempted  to  be  obviated  l>y  the  |[>raotice  of  dilatation.  Hue,  however, 
is  severe  practioe,and  onlgr  justtfiable  in  oases  of  the  axistcmoe  of  a 
foreign  boibr.  CMona  am  raoonunanded  by  the  Wanoh  anrgeons  far 
theaa  wounds,  but  Hum  an  M  many  el^eations  to  them,  that  tbciyara 
seldom  used  by  surgeons  in  this  country.  Whether  these  wounds 
unite  by  the  first  or  seoond  intentitm.  they  require  to  be  healed  up«l 
the  same  general  prindplaa  as  inoised  sad  gunshot  wounds. 

OmUumd  and  Zaetrated  Woundt, — These  result  from  the  colligion  ot 
blunt,  obtuse,  hard  bodies,  being  fordMy  driven  against  the  living  tex* 
tures.  Although  tbeao  wounda  may  occur  independent  <tf  gunshot, 
it  is  in  the  obss  ot  wounds  eaDed  gunshot  that  the  beat  axam^  of 
lacerated  and  contused  wounds  ooour.  The  rapid  introduction  of 
powerftd  msciiinary  into  the  manufactures  of  tnie  country  renders 
contused  and  lacerated  wounds  of  very  frequent  oocurtenoe  in  our  large 
towna.  In  theae  wounda  there  la  aeloom  much  bleeding,  arising  from 
the  ooate  of  the  arteries  beooming  twisted  and  doubled  up  l>y  the  force 
of  thair  ratnutlon.  They  are  muoh  more  liable  to  have  f  nmgn  bodiea 
in  them  than  indeed  wounds.  Sodi  wounds  sddom  unite  by  the  first 
intention,  but  In  their  treatment  thia  object  diould  alwaya  be  kept  in 
view,  as  frequentiy  portions  of  the  wotmd  may  be  induced  to  unite. 
During  suppuration  and  granulation,  the  same  plan  of  treatment  should 
be  pursued  aa  when  these  prooeasea  ooour  In  indeed  wounda.  Thd 
conatitoUonal  symptoms  arinng  from  these  wounds  are  generally  more 
severe  than  fn«n  oar  others,  and  require  attention.  Symptomntiu 
fever  must  b»  teeated  aoctuding  to  the  same  general  pmu^dea  Idd 
down  for  the  teeatment  of  fevers.  [Fbtibs.]  Another  oonsequnoo 
of  these  wounds  is  that  dreadful  ateto  of  the  nervous  system  oalled 
tetanus  [TxiAStiaL  vAMi  often  reaiste  alt  kinds  of  treatmoit 

Poiaoiud  Wouitat. — The  prindpal  forms  of  this  dass  of  wounds  seen 
In  this  oountry  ariae  from  the  mtes  of  raUd  animals,  prii^  and  cute 
reodved  in  dlsseatjcn,  and  the  bttes  of  vipen  and  the  sungs  of  insects. 
The  bitsa  of  rabid  animals  are  unfortnnatdy  too  oommcn,  and  often  in 
thia  country  require  the  attention  of  the  surgeon.  When  the  pdson  ia 
introdneed  Into  the  aystem,  it  produces-the  fearful  disease  known  by 
the  name  of  hydiwrtiobia,  toe  wUch  medical  adenoe  baa  not  hitherto 
fsnnd  a  remedy,  [MTDBonoBU.]  Where  peraons  have  been  bitten 
by  cate,  dogs,  at  WMvea  hi  a  tMA  state,  tiie  wound  should  be  fanme- 
diately  exdsed,  and  the  nitrate  of  silver  (lunar  caustic)  applied  to  the 
wound. 

DimOMg  Wounda. — Under  this  head  may  be  induded  not  only  the 
pnnoturea  and  cute  to  which  medical  men  are  expoaed  in  the  examina- 
tt<Hi  tA  the  dead  human  body,  but  alt  thoae  wounds  after  vrtiidi  iU 
eonsequeneei ansusi inirtddi warn  ia  reason  to  aiq^waa  sosna  pnaon 
generated  in  an  animal  organisation  has  been  introduced  into  the 
system.  It  ll  atill  sometinM  diaouased  In  bodca  on  surgery,  ai  to 
wiioUiar  tiw  aflbote  foUowing  theae  wounds  are  produced  byapaenHar 
poison  or  are  only  the  result  of  a  slight  wound  in  a  constitution  pre- 
disposed  to  disease.  The  frequency  of  the  ill  effeda  of  these  wounds 
amongst  medical  men,  as  compared  with  other  daasaa  of  persons, 
equally  liable  to  pricking  and  eotting  thdr  finger^  mnst  dedde  this 
qnesttcn  in  favour  of  the  exjatenee  of  a  pobon.  It  la  not,  however,  ai 
u  genenlly  aappcaed,  that  ^treeoent  bodiet  and  thoee  advanced  in 
deMmpcdtioB  are  moat  injurioua,  for  it  ia  genanlly  found  that  the 
worst  oonsequenoea  follow  vrounda  from  reoent  bodies,  espedally  of 
paiaom  iriw  dia  of  pnaapanl  peritooitli.  The  aoweqneneoa  folioiring 
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titflH  oats  are  unettsineM  and  fefitcring  the  wounded  part,  the 
■bawbrat  g^uHb  up  the  mn  become  infliimed,  there  b  pain  felt  in  the 
arm  and  In  tlw  f^bma  ot  tlie  uilh :  thoM  i^ptonu  an  altanded  with 
more  orl  em  farir,  tnd  gesenlly  gre&t  aaxiefcy.  These  aymptoiDB  some- 
tintM  incTMse,  the  cellular  tiaaue  of  the  arm  and  aide  becomes  inflamed, 
ihnnnira  fcnm,  and  the  patient  Bometimea  dies  from  the  fever  or  eub- 
aequent  exfaaaatitHL  Tma  disease  is  principallj  confined  to  medical 
men,  and  much  diffetenoe  of  ojanlon  haa  existed  u  to  its  treatment. 
Formo'lj  tonics,  wine,  and  bnncly  wen  administered,  and  aebive 
mMow  taken  to  destm^  the  poiwm  by  CMntie  potash,  liqiMv  ammonia, 
nitiia  aidd,  fto. ;  bni  at  the  preaenfc  day  tiiere  ia  a  general  opinicm  in 
faroor  of  mild  antiphlogistie  bvatmmt,  and  faaTing  reoonne  only  to 
toniea  and  wine  when  the  Bymptoms  aeem  to  require  it.  Leeches, 
bleeding,  poigatiTea,  antimtmials,  and  omum  constitute  the  chief 
features  of  the  treatment  in  the  early  and  inflammatory  stage.  The 
^tplieation  of  Ivnar  eanstio,  a  aolntiim  of  alum,  and  other  Uiinga,  hare 
beenreeommeoded  imnwdirtBty  after  the  reocipt  of  the  wound;  but, 
•fter«oine  eonddmUe  enpcnenee.  It  may  be  doubted  if  these  thinga 
Dramit  the  abaoration  of  the  poison.  At  any  nte,  if  any  good  is  to  be 
dooi^  the  appHoation  must  be  immediate, 

BUa  of  VmomomM  Br^aka. — These  are  frequently  fatal  in  tropical 
elinudM.  oidy  snake  thatt  la  to  be  feared  in  Great  Britain  is  the 
v^ter.  Its  Ute,  howww,  is  seldom  fatal  except  where  some  peculiar 
state  ol  the  aonitteution  is  faTonraUe.  Inunediatejy  on  the  reodpt  <A 
the  a  pain  SDd  a  binning  senaation  a»  f^  in  the  part,  whion  are 
loUowed  by  r^[dd  swelling  and  a  livid  disootoiataon  of  tiie  part;  The 
oomftstution  beomnes  affected  also  rapidly,  and  there  is  giddiness, 
soctreme  piosttation  of  strength,  dmesaioQ  of  spirits,  faiatneES, 
syncope,  a  small  quick  irregular  pulse,  oifBcul^  of  respiration,  profuse 
ecdd  dammy  sweats,  onifusion  of  vision,  headache,  vonuting  of  b^ous 
BuMVfagMMialycfflowtlnga  tA  the  ddn,  and  »  grMtn^  about  the 
navd.  Thmsynqitoma  are  obserred  in  gnater  or  less  degree  to 
the  bites  of  most  renomous  sn^ss,  His  Ute  of  soma  of  tiis  makes  of 
Africa  and  America  ia  eertwnly  Mai,  and  pononi  dis  In  a  faw  hours 
after  reoeiving  the  wound. 

In  the  treatment  <^  eases  of  bitea  from  soakee,  the  fint  objeot  should 
be  to  eodeavoar  to  ^event  the  passage  of  the  poison  into  the  system. 
Tarioos  modes  are  adopted  for  fumlling  this  intention.  The  most 
•flbetite  is  the  immediate  exdaion  of  the  part  This  will  hardly  be 
required  attm  the  Into  of  the  British  vipw,  as  it  seldom  proves  fatal ; 
but  it  is  frvQuantly  the  only  remedy  with  rq;ard  to  tropical  snakes. 
The  q^dieattoa  of  the  tourniquet  or  a  ligature  above  the  woundedpart 
has  been  reoommeoded ;  also  the  ^iplioation  of  eupping-glassea.  These 
remedies,  however,  do  not  extract  the  poison,  and  on^  arrest  Its  effiaot 
fllM  j^ipttoalion  tA.  eanstie  may  in  some  instances  have  the  ^ect  of 
dasta^^fing  the  wustm.  Varioos  local  uplicatiaiis  have  had  a  great 
reputation  for  ineir  prevention  of  the  effecta  of  the  poison  of  snakes, 
hut  none  of  them  seem  entitled  to  any  consideration.  The  b^ment 
of  the  constitutional  symptoma  oonsista  In  the  adminlstntion  of  stimu* 
laota :  of  these,  ammonia  ia  preferred.  It  is  the  basis  of  the  jRiu  dt 
luee,  a  remedy  once  vety  popular  for  the  bite  of  snakes.  Mr.  Ireland, 
whilst  in  ths  West  bidW  as  a  snrgeim  to  a  regiment,  eowk^fld  aiaenic 
In  dosea  itf  one  gnin  as  a  ramedy  against  the  eftcto  (tf  taeUto  of  the 
Coinber  earuiatmt.  In  Bouth  America,  the  plant  they  call  Ouaco  is  sidd 
to  have  a  very  beneficial  etEscfe.  Poepjog,  m  his  '  Heise,'  haa  oolleoted 
all  the  evidence  whidi  he  could  procure  of  the  value  of  Quaoo  in  these 
cases,  but  this  is  far  from  bung  satiafaotny  as  to  the  nlue  of  this 
remecty.  Cases  frmn  the  bites  of  rattlesnakes  and  other  poisonous 
aerpmta  have  occturod  in  this  country,  as  these  reptiles  are  often 
brmig^t  over  here  tor  the  purposes  of  ediibition.  A  nan  died  s  few 
years  ainoe  from  tills  cause  in  Bt.  Oecnge's  Hospttnl. 

If  oHMtfi  of  Pariieidar  Porta  of  the  Body. — When  any  of  the  visoera 
of  the  body  are  wounded,  quesUona  frequentir  arise  as  to  the  treat- 
mnit,  which  can  hardly  be  answered  by  general  princiides :  hence  the 
wounds  of  partieular  parts  of  the  body  require  consideration.  Wounds 
of  the  head  are  frequently  acxxtmpanied  mth  ooncusdon  and  aonqms* 
sion  requiring  a  modification  of  the  treatment  Wounds  of  the  scalp 
are  also  frequent  attended  with  severe  inflammatory  symptoms,  and 
BO  injoriflB  td  the  body  require  more  attention  and  dose  watching  than 
thaoe.  Of  all  wounds  irtiiflh  the  surgeon  Is  called  on  to  treat,  those  of 
the  throat  are  perhapa  the  most  common,  and  require  the  moat  prompt 
attention.  Thess  wounds  are  gmerally  the  result  of  attempted  snidde, 
and  vary  in  extent  according  to  the  neater  or  leas  deterauoation  of 
the  iudividud,  as  well  as  the  edge  <tf  the  instrument  used  i^eflBBOtbg 
the  wound.  The  fintthbig  to  be  attended  to  in  these  cases  Is  to  iFraat 
the  hramorrhage,  whidi  nmsl  hs  done  hgr  pkdng  lifrtum  on  the 
wounded  arteries. 

When  the  tgsdhos  ia  opened,  the  entrance  of  Uood  into  the  lungs 
should  be  avoided  as  nmdi  aa  poadble,  as  its  existence  then  as  a 
foreign  body  may  bring  on  inflammation  of  the  lungs.  When  a  wound 
occurs  in  the  laiyax  above  the  rima  glottidis,  every  attention  diould 
be  paid  to  mnoving  anything  that  may  initato  tha  glottis  or  prevent 
the  free  passage  of  dr  to  the  lungs.  When  the  ceeophagus  is  wounded, 
all  the  food  of  the  patient  should  be  administered  by  means  of  a  tube 
paned  timui^  the  mouth,  nostrils,  at  the  wound.  It  is  sometimes 
the  oaae  that  a  surgeon  sent  for  to  a  cut  throat  will  attempt  imme- 
diataty  lohriw ths  edges  of  ths  wound  twsther  by  Butmraa.  Uthis 
badons  ths  snansaa  an  that  ths  potisot  wiS  die  of  soflbnlKMi  as  aoon 


as  this  is  effected.  When  the  bleeding  has  censed,  an  attempt  should 
be  made  gradually  to  bring  togetho*  again  the  disunited  ^arta.  This  is 
frequently  dime  vtth  the  most  perfect  suceess,  and  sometimes  the  very 
wont  oases  of  out  throat  will  recover.  It  will,  however,  generally 
require  great  skill  and  attention  on  the  part  of  the  surgeon  to  meet  ail 
the  difficulties  that  will  arise  in  the  treatment  of  cases  where  so  many 
importuit  organs  are  involved. 

Wounds  of  the  chest  become  dangerous  wheu  they  involve  the 
viscera  of  the  thomx,  and  several  impwtant  questions  arise  out  of  the 
nature  and  extent  (d  these  wounds.  Ths  nmst  importsnt  eom^- 
cationa  of  these  are — 1,  ths  entrance  fordgn  bodies  into  the  cavity 
of  the  thorax ;  2,  the  injury  of  one  or  more  of  the  intercostal  arteries ; 
8,  the  protrusion  of  a  p<u:tion  of  lung  from  the  wound ;  4,  tiie  occur- 
rence of  emphysema  from  the  wounding  the  lungs ;  and  5,  extravasation 
of  blood  in  the  cavity  of  the  thorax.  Wounds  of  the  abdoauM,  when 
superficial,  require  the  same  treatment  aa  wounds  generally.  In  pene- 
tra^ig  wounoB  td  ths  ahdomen  there  is  idways  great  dangar  of  the 
ooentwaee  of  peritonitis,  Triiich  requires  watdiing  on  the  ^rt  of  the 
surgeon.  In  cases  where  there  is  protrusion,  the  same  general  treat- 
ment will  be  required  as  for  hernia.  [Hebhia.] 

(Cooper's  Dictionary  of  Svrgery;  Cooper's  Fint  Lina  of  Surgery ; 
Coopei^s,  Sir  AsUey,  Leetura  onSwrgery;  Listen's  JSf^emcati  of  Surgery.) 

WRANGLER.  In  old  times  the  word  Wrangle  was  used  in  the 
tmiverdties  In  ths  senae  "  to  dispute  publicly,"  that  is,  to  defend  or 
oppose  a  tiieds.  Hie  verb  has  gndually  acquired  a  meaning  of  re- 
proach (being  made  to  imply  undvU  and  indecraous  opposition},  whidi 
it  had  as  early  as  the  time  of  Shakspere.  In  the  'Taming  of  the 
Shtew,'  the  teacher  of  muaio  says  to  the  scholar — 

*•  Wranfiktt  peduit,  this  is 
Tha  patrOBSM  of  twavealj  AonNony," 

The  substantive  Wrangler  is  hardly  ever  used,  except  aa  dgnificative 
of  a  person  who  haa  passed  the  mathematicd  examination  for  the 
Bachdor's  d^ree  in  the  uuiverdty  <A.  Cambridge  (the  word  ia  unknown 
in  Oxford)  with  each  credit  as  to  have  had  his  name  inseribed  in  the 
hic^est  list,  or  list  of  wrao|^«is.  Of  th«a  the  first  hi  merit  is  the 
Senior  Wrangler :  but  persons  not  aoeustomed  to  the  i^mueology  of 
the  UniTardty  are  apt  to  oimfound  Wrangler  with  Senior  Wrangler, 
that  is,  to  iwiagin*  that  any  one  of  their  friends  who  may  have  obtajned 
a  wranriership  must  neoeaaarily  be  the  first  man  of  nis  year.  The 
sectmd  list  is  that  of  Senior  Optmii,  as  ttk^  are  called,  and  the  last 
that  of  Junior  (^Iim4$.  All  who  are  in  these  three  listo  (which  sra 
collectively  oalled  the  mathemaUcd  Tt^tos)  ato  said  to  take  the  Bache- 
lor's degree  with  howmn,  ot  to  go  out  in  honourt ;  those  whose  names 
appear  in  ths  Clasaiod  Tripos  are  said  to  take  dassicd  honours ;  while 
the  remainder,  who  aro  called  theol  mXkoi,  abbreviated  into  "  the  Pol," 
though  they  equally  take  the  Bachdor's  degree,  are  not  suppoaed  to  be 
honoured.  But  in  point  of  fact,  the  last  of  the  Junior  Optimds,  or  the 
last  on  the  list  of  honours,  baa  dw^ys  been  oonddered  an  unftwtnnato 
person,and  the  name  of  tMewiodmtpoo»*  has  long  baenattadied  to 
his  {dace.  It  is  not  ss  if  all  were  examined  together,  and  the  honoured 
were  sdscted  out  of  the  whole  list :  those  who  wish  to  go  out  in 
hoQOun  declaro  their  intention  and  are  examined  separately ;  so  that 
it  frequentiy  happens  that  the  last  of  the^ionoured  graduatea  is  a 
person  of  venr  inferior  attainments  to  many  at  the  head  of  the  im> 
honoured  mumtuds.  With  rspud  to  the  faoetioua  terma  currant  in 
the  univerdtieStiiduuld  be  known  that  the  niobuunes  invented  by 
imdergraduates  are  generally  adopted  in  the  univerd^,  which  become 
therefore  real  and  wdl-known  denmninationsu  From  the  vioe^chaiiutjUtn- 
to  the  freshman  oi  yesterday,  the  last  of  the  honoured  is  the  wooden 
spoon :  and  ha  must  l>e  a  f ormd  man  ta  "  regular  Don "  the  under- 
graduates would  call  him)  who,  in  speaking  of  the  "  mvious  examina- 
tioD,"  as  it  is  styled  in  the  grace  of  the  Senats  whkh  established 
should  use  those  words  instead  of  "  the  little  go,"  a  term  whidi  was 
borrowed  from  the  Oxtmiana  aa  soon  as  the  grace  was  psseed. 

There  is  no  history  sxtant  oi  the  origiDal  introduction  of  the  terms 
wrangler,  senior  optim^,  and  junior  optima.  Huber,  whose  history  of 
our  universities  haa  been  translated  by  Mr.  Newman,  aays  that  evoy 
attempt  he  has  made  to  unrsvd  ths  akdn  of  nniverdty  technicalitiM 
has  made  him  giddy  with  hasdaehs.  A  Cambridge  man  however  finds 
no  difficulty  in  sedng  how  the  word  was  used,  as  apidied  to  the  manner 
in  which  on  examination  (not  a  public  disputation)  is  passed.  The 
examination  which  takes  place  in  January,  and  at  which  a  young  man 
ia  said  to  "take  his  degree"  (because  in  fact  he  then  does  dl  that  will 
be  admd  of  him,  the  dd  disputations  having  long  been  abandoned^,  in 
old  times  was  not  an  examination  for  the  B.  A.  degree,  but  for  the  nj^ 
of  bdng  admitted  to  pwform  ths  dispatatima  neoeaaaiy  for  a  degraa. 
All  degrees  were  origimtl^  gdned  by  disputations,  the  substitution  of 
«p  *«"'THfm,  tfr  Sim  whrthur  ihn  flandiifatas  wimt  fit  tii  diariitir,  hning 
a  tiling  of  oonparativeiy  modem  times.  The  Tiqs.diaaoMlor,  whsn 

•  Bbwe  th«  iasUtotioB  of  ths  alasslBd  hoaoars,  to  wbkb  malhawartsal  ooea 
ara  a  aitiiiiry  pttUmitDnrj  at  CasiMdcti  tbe  woodta  apooa  lias  fteiiawtly 
baen  a  dIsUagulabed  oUmIo,  wbo  did  not  need  nor  wUb  liar  aajthlng  except 
tlie  formal  plaoe  on  the  maUinnatlcil  llit,  wbloti  was  required  pteTknalj  to 
eompctitioa  Cor  a  plaee  In  tka  elaidoal  oac^  tlwugh  by  teeeat  ehangas  claariaal 
koaoBia  auiy  ha  ebtalnsd  irithoat'  the  nsMidtr  of  pasftas  tlia  watlipsiatleal 
tT''"'»"f™j  and  the  d^rcc  of  B.JLto  obcaiaed  ihionih  ths  alaideal  tripsa. 
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the  usammatioQ  was  ov«r,  admitted  the  ouulidates,  not  to  the  Baohe' 
logr's  degree,  but  "  ad  reepoDdendum  queetitHU,"  and  the  penon  thus 
wbnitted  mm  oaUad  a  queMioniBt.  Toe  farm  of  asking  some  trifling 
qoflrtion,  or  keeping  » imjok  mat  [Aoi]  mui  ftfterwards  performed  be- 
tween the  qneattoobfc  and  the  Fnthar  of  hia  ooDflgei  wbitdi  it  the  name 
g^ven  to  one  of  the  fellows  whose  duty  it  la  to  preaent  the  candidates 
of  his  college  to  the  Tice-chancellor.  On  the  'nmrsday  aifter  Midlent 
Sunday  the  Tioe-chano^or  used  to  declare  all  the  QuestioniBtB  (who  in 
tile  interval  had  borne  the  name  and  asBumed  the  drees  of  Bachelor  of 
Alts)  "  actual!  tor  esse  in  artibus  baooalaureos."  The  term  wrangler 
then  must  imi^  one  wlw  is  hdd  iDore  than  osualty  qualified  to  tmoeed 
to  the  diipatMoiu  vUoh  mn  onoe  the  pntotiatf  test  <^  his  fltmss  for 
thedfloee. 

The  Tripos  lists  are  giren  Id  the  *  Cambridge  Calendar  *  from  1747 
downwards ;  but  the  wisji^en  and  senior  optimal  form  one  Hat 
till  17(2  incIuslTe.  It  is  said  ^t  the  regular  order  of  prerious 
yma  oeniiot  be  Moertained,  aa  the  procUm  mn  in  ib»  habit 
of  making  ^morsiry  semor  ogtimS»,  and  plsdng  them  in  the  list  efe 
plsMnire. 

WRECK.  [SmFWRKK.! 

WRIT,  a  law  term,  whioa  in  its  jwoper  ngnifloatitm  means  a  witmg 
under  tiie  kin^s  seal,  whereby  he  oonfera  some  right  or  privily,  or 
oommands  B«ne  aot  to  be  done.  Writs  are  either  pataU  (open,  com- 
monly oalled  tetten  patent,  Uieree  patenta),  whidh  are  not  sealed  up, 
but  nsTe  the  great  seal  attached  to  theia;  or  doit  {Ultra  cftwHs), 
wbSeb.  are,  or  are  supposed  to  be,  sealed  up.  The  former  are  addxmed 
to  alt  peisoDS  indiwniminately,  generally  in  these  terms— "To  all  to 
whom  theae  presents  shall  come;"  the  latter  are  directed  to  some 
officer  or  other  IndiriduaL  Of  the  former  kind  ia  Vbe  creation  of  a 
peer  by  patent,  which  is  a  royal  grant  of  peerage;  of  the  latter,  the 
oreation  of  a  pear  by  writ,  which  is  a  summons  to  attend  the  house  <^ 
peers  t^ttw  st^le  toA  title  of  some  bsrooy. 

Writ  in  Its  ordinary  snd  more  limited  sense  Is  a  term  sp^lkable  to 
a  ^ooess  in  dvU  or  mmuial  prooeedinga.  CStU  writs  are  divisible  into 
onffhal  Kid  Judicial;  original  writs  ttsue  out  of  the  Court  of  Chan- 
eeiy,  and  ^re  authori^  to  Uie  courts,  in  which  they  are  returnable,  to 
proceed  with  the  cause;  judicial  writs  are  awarded  by  the  court  in 
which  the  action  is  already  pending.  These  are  sgain  subdivided  into 
MOM  and  jCmoI.  Oridnu  writs  (whkh-  have  been  simtsseded  1^  the 
writ  oi  BummMis)  ussd  to  oontain  a  bri^  statement  of  tbe  phUntiff's 
slleged  oaoss  of  action;  and  such  a  writ  was  called  in  law  Latin  (rm, 
in  law  Frtooh  M^:  and  tUs  term  was  afterwards  aj^ied  to  judicial 
and  other  writs.  Oripnal  writs  issuing  from  Chancery  were  always 
witnsased,  or  te$ttd,  m  the  name  of  the  king ;  judidal  writs  issued 
from  that  one  of  the  superiiCff  common  law  courts  in  which  the  original 
writ  was  made  letamaUi^  and  wen  tested  in  tiie  naina  the  chief 
judge  of  sadi  oourt. 

There  are  many  kinds  ot  writs,  some  of  tlie  more  important  of  which 
may  be  here  menlooned.  Then  Is  the  writto  theaheri£F  of  aoomity 
to  dect  a  member  or  members  of  the  Common^  House  of  Parliament, 
in  case  of  a  Tscancy  or  general  election,  which  iAsues  upon  the  warrant 
of  the  lord  ehanodlor,  or  in  certain  oases  of  tiM  speaker  of  the  House 
ui  Commons.  'The  writ  of  Aoieas  corpus  (ad  ndtfioBiidiwO,  which 
la  directed  to  any  person  who  detains  another,  oomnuooing  him 
to  produos  the  body  of  the  prisoner  at  such  a  time  snd  place, 
together  with  the  oaose  of  bis  caption  and  detentbn,  to  do,  submit 
to,  and  reouve  (ad  fadmdtvni,  tui/tcwndtHn,  el  rec^>»enfl«m)  whatever 
the  court  or  judee  hy  whom  the  writ  ia  awKded  shall  think  fit. 
fHunas  COBFCS.J  There  are  various  other  writs  of  Aafieeu  corpnt, 
for  the  pmpose  of  bringing  a]p  pisonen  to  be  charged  in  execution, 
to  g^ve  teetunmy,  fto. — the  wnts  of  lahpana  ad  tatificandvm,  by  whi<^ 
a  par^  is  commanded  to  appear  at  the  trial  of  a  cause,  to  give  evidence 
under  a  peouniaiy  pmaUj/  ;  and  of  tubpcma  ducet  tecum,  by  whic^  the 
par^  is  commanded  to  bring  certain  specified  documente  for  the  pur- 
pose of  the  triaL  A  defendant  privileged  from  the  particular  suit,  or 
xrmn  being  sued  except  before  some  other  tribuni^,  is  entitled  to  a 
writ  of  friaiXtgt,  lAaiAt  the  oourt  is  required  to  discontinue  the 
fluitk  In  modem  times  a  party  is  allowed  his  [oivilege  without  suing 
out  any  writ  of  privilege. 

WRIT  OF  ERROR.  Writs  of  errorin  purely  civil  suits  ore  abolished 
by  the  Common  Law  Procedure  Acta,  and  a  more  rimple  procedure  for 
revievring  and  correcting  the  decisions  of  the  superior  and  other  courts 
of  record  was  estaUiahed.  HEbbob.] 

In  oriminal  oases  there  Ii  a  writ  <»  error  from  all  inferior  courts  to 
the  Queen^  Bench,  and  from  that  to  the  House  of  Lords. 

WmT  OF  INQUIRT.  In  cases  where  a  plaintiff  seeks  to  recover 
a  speoifio  chattel  (as  in  tiie  action  of  detinue),  or  a  specific  sum  of 
monc7  (as  in  d<i>t),  if  the  defendant  allows  judgment  to  go  against  hirn 
by  default,  this  is  considered  as  on  admiBBion  that  the  plaintiff  is 
et^iitled  to  what  he  daims ;  and  the  judgment  therefore  is  finaUn  the 
first  instance,  provided  the  pbuntiff  is  content  to  take  a  small  ^nhisl 
sum  for  the  damages  resulting  from  the  detention  tS.  the  chattel  or 
the  debt.  But  where  a  plaintiff  only  seeks  to  obt^n  damages  for  an 
injury  done  to  his  person  or  his  real  or  personal  estate,  or  for  the 
non-performance  of  a  promise,  if  the  defendant  lets  jud^ent  go  by 
default  this,  though  an  adnusuon  that  the  plaintiff  has  a  cause  of 
action,  does  not  operate  as  an  admission  of  the  amount  of  damages 
to  which  he  is  entiUad;  and  such  judgment  is  called  interlocutcay. 


In  such  cases,  and  also  where  the  plidntiff  seeks  to  reocrrer  substantial 
damages  for  the  detention  of  a  chattel  or  of  a  debt,  the  intervention 
of  a  juiT  Is  required  in  order  to  ascertain  fat  wlut  damages  the 
^aintaff  ts  entitled  to  have  final  judgmcot  Fn  tins  pumaa^  a 
jwdicyd  pnxMsn,  oaDed  a  writ  of  iiiwpuirp,  iasuai  to  the  dierifF,  oom< 
mending  him  to  summon  a  jury  to  inquire  what  demises  the  iHttftitiff 
has  sustained.  If  the  plaintiff  ofier  no  evidenoe  before  the  jury,  a  ver* 
diet  must  be  found  for  nominal  damages,  as  «i«fciwwt»  of  vmt  damage 
is  admitted. 

When  tiutM^mnfion  (or  finding  of  the  jury)  Is  returned,  the  plaintiff 
is  sotitted  to  judgment  vx  that  amount. 
WRIT  OF  SmUIONS.  [Wur.] 

WRIT  OF  TRIAL.  All  triala  of  causes  In  the  superior  courts  took 
tihoe  fmnerly  either  at  hat  before  the  whole  court,  or  tlkmUkpriwt 
before  one  of  the  judges  of  the  court,  or  a  judge  or  eerjeant  named 
in  the  oommiHsion  of  assiEe ;  but  now,  by  the  S  ft  4  WiU.  IV.,  o.  42, 
s.  17,  in  any  action  depsnding  in  any  of  the  sapetior  oourts  for  any 
defil  or  dnMHid  In  vhien  the  mm  Mopit  tobeieooveradsndindoned 
on  the  writ  of  summons  shall  not  saoee^SOl,  the  court,  cr  a  judge 
(if  satisfied  that  the  triiJ  will  not  involve  any  Aflknlt  question  of 
fiwH)  or  law),  may  order  the  trial  to  take  [daoe  befwetiieduriffef  the 
county  where  the  action  ia  brought,  or  some  judge  of  an  inferior  court, 
and  for  that  purpose  a  writ  uiall  issue  (called  the  Writ  A  Trial) 
directed  to  the  sheriff  or  nuoh  judge,  commaoding  him  to  try  the' 
cause  before  a  jury,  and  to  return  buml  writ  with  tM  finding  oC  ttie 
jury  thereon  indcmed.  Thestatnto  api^ies  ooly.to  aotions  IcradfSf 
or  demand  indorsed  on  the  writ  of  summons;  it  dbea  ncttikoefare 
extend  to  cases  where  the  aotion  is  brought  for  a  wrong,  or  lAere  the 
demand,  being  for  unliquidated  damages,  the  amount  cfadmed  cannot 
properly  be  IndOTsed  on  the  writ  of  summons.  The  ^oeeedings  under 
the  writ  of  trial,  when  directed  to  the  sheriff,  usually  take  fdaoe  before 
his  under-sheriff  or  other  his  depvty ;  and  tliey  are  oondoolad  in  the 
same  manner  as  at  a  trial  at  iiiifprjiis,*  and  the  oourt  wfllnmitanew 
trial  for  the  same  causes  as  u  the  trial  had  been  before  one  of 
the  superiw  judges;  but  a  new  trial  will  not  be  granted  uptm  the 
ground  that  the  verdict  is  against  the  evidmoe,  iriure  the  amount 
of  such  vsrdlot  is  less  ilun  fU,,  nnlesi  meh  vwdlot  be  maniCBBtfy 
pa-vme. 

WRITER,  in  Scotland,  Is  a  term  of  nearly  the  same  meaolng  as 
attorney  in  Kna^and,  and  is  generally  a{^lied  to  all  l^al  prootitiuiiers 
who  do  not  bwong  to  the  bar.  The  bcdy  who  in  Edinburgh  enjoy, 
conourrenUy  with  writers  to  the  ognet,  the  privilege  of  conducting 
cases  before  the  Court  of  Session,  the  'Court  of  Justiciary,  Ac.,  are 
called  solicitMS  of  supreme  oourts  (abbreviated  S.  S.  C),  and  the  prac- 
titionera  before  the  sheriff  court  of  Aberdeen  are  by  local  custom  called 
advocates.  In  each  county  there  is  gsnemlly  a  loaie^  of  wrltan 
privU^ed  to  praotdee  in  the  sheriff  court  and  in  tlie  other  loealjwUea* 
tories,  who  fiame  their  own  toe-laws,  and  regulate  the  terms  fA  adi^ 
sion  to  their  body.  Individuwty,  thi^  are  reB^Muilde  for  their  conduct 
to  the  local  judges  before  whom  they  pnvctiae :  and  as  bodies  tbqr 
are,  on  the  one  hand,  protected  from  the  infringement  (A  tlieir  privileges 
by  unUceosed persom^  and  on  the  ot^,  liable  to  judicial  ooirtr«lif 
they  attempt  unduly  to  reetriot  the  himqs  of  HmmBrm  to  thcdr 
prinlegee. 

WRITER  TO  THE  SIGNET,  abbreviated  W.8.,  is  tin  detlgnatuni 
of  tlie  members  of  tiiot  chun  of  ^tomeys  or  pioooraton  who  uijoy,  in 
common  with  the  solicitors  of  suinreme  courts,  and  vrith  one  or  two 
smaller  bodies,  the  privilege  of  conducting  oases  before  the  Court  of 
Sesrion,  the  Court  of  Joatioiaiy,  and  the  Commission  of  Tunds.  I^air 
peculiar  privikg^  however,  is  tuit  of  wsparing  the  writs  lAfafajpass 
tiie  royal  dgnet.  The  signet  was  a  aeif  or  die  milder  the  control  oftiie 
secretary  of  state,  with  whit^  the  writs  by  which  the  king  directed 
partiee  to  appear  in  court,  or  ordered  them  to  obey  the  deoreea  givoi 
against  ihem,  snd  other  executive  instructions,  were  stamped  for  the 
soke  of  authentication.  In  the  16th  oentory,  the  persons  who  were 
entitied  to  presoit  the  writs  which  received  the  impression  of  the 
signet  are  supposed  to  have  bem  the  clerks  in  the  secretary  <A  aiat^ 
office;  and  it  is  not  Imown  how  or  preciM^  at  what  time  tlie  persons 
who  transacted  this  department  of  official  burfnasB  became  converted 
into  a  body  of  private  practitioners.  Since  the  Union  of  1707,  the  signet 
has  been  under  the  disposal  of  the  Court  of  Sessioti;  but  down  to 
about  the  middle  of  last  century  the  keeper  of  the  rigaet  was  deputed 
by  the  secretaiy  of  state  for  tiie  home  department,  fi^ice  that  time  he 
has  been  appointed  under  the  great  seal,  and  he  names  a  dq>u^,  who 
is  a  member  of  the  society  of  writers  to  the  signet,  md  by  usage  pre. 
sides  at  their  meetings.  In  tiie  general  case  the  summons  by  which 
an  ordinary  action  is  brought  into  the  Court  of  Sessicn  requiras  to  be 
signeted,  and  to  be,  as  a  preliminary,  signed  by  a  writer  to  the  signet ; 
although  a  member  of  one  of  the  ottuH'  privileged  bodies  may  conduct 
the  case.  Advocation  f  Advocation],  ai^  some  otiier  anologioas  claases 
of  prooadnie,  required  iomierly  to  have  the  Intaivodtion  otthe  rignet ; 
but  tliis  step  in  the  procedure  has  been  ab(4ished.  The  writen  tothe 
signet  now  possess  few  privileges  which  m  not  shared  by  tlie  other 
pnctitioners  before  the  supreme  courts.  They  still  retain  their  privi^ 
aa  to  summonses,  and  they  have  the  excluaire  right  of  presenting 
dgnatures  in  exehequer,  or  of  jnesenldng,  through  the  judges  string  in 
exchequer,  the  indtused  drafts  of  tiie  writs  passing  under  the  great  and 
other  seals  in  geoUsnd  appended  to  crown  ohactoc^  ^tpototoumts  to 
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otBccs,  They  have  thas  a  monopoly  of  tha  bnsinaes  of  mskfaig  up 
iba  titles  of  the  crown  TaaakLB  in  Sootbmd.  The  society  require  of  tiuir 
intrants  an  apprenticediip  of  five  ytmn,  with  a  curriculum  of  nniverutj 
study,  whioh  includes  two  sesnons  of  atteadancej  the  one  at  Latin  and 
tji«  oUkf  at  some  otiier  litenij  ohm,  and  four  ooureue  of  attetwtaooe 


at  law  elasMs.   The  writera  to  the  signet  possess  a  library,  the  eidleet 
ing  of  wbwh  oommeneed  in  1766,  by  the  purchase  of  some  lav  books, 
to  which  works  on  other  svbjeots  were  added  in  1778.   It  is  now  ■up< 
parted  by  an  annual  grant  by  tlM  aodel^. 
Wai'mlO.  [AbHUXn.] 


Xto  an  EoE^ishinan  is  the  representatlTfl  of  wliat  might  as  well  be 
denoted  by  ttw  two  oooBonaDts  ib  «.  But  in  the  Greek  s^ihabet  H 
was  nararely  a  guttural  aspirate,  equivalent  probably  to  the  Qerman  ek. 
The  cause  oi  this  change  in  the  power  of  uie  symbul  i 


was  m 

_  ._  __.  ._   „        _  ,  ,        appears  to  admit 

of  the  fallowing  explanation : — Before  the  employment  by  the  Greeks 
of  their  character  H  or  {,  it  was  th^  common  custom  to  repreeent 
this  sound  1^  X  3,  as  may  be  seen  in  Boeckh's  inscriptions,  rather  than 
br  K  3,  of  which  there  exist  however  a  few  examples,  as  in  the  soKialled 
Vaniao  Inieriptiim.  {Althabbt,  ]dates  iL  and  mA  Kow  the  Bomans 
oi^ssdtiiiiaaieefc  practice,  and  we  consequently  mid  in  Latin  Inscrip- 
tions such  forms  as  XAXSTMn,  raoxsTXTS,  ie.  See  the  Index  of 
Marini's  '  Fratelli  Arrali.'  So  again  coins  mTe  us  the  proper  name 
AXBiTS,  where  the  later  orthography  would  have  been  AXira;  and 
even  existing  manuscripts  still  bear  traces  of  this  orthography.  Thus 
the  Meditean  US.  of  virnl  has  bxseba  ('Aen.',  viiL  418),  bxstit 
('Aen,*,  viii  567).  Bat  the  Bomans,  bdng  genenlly  averse  to  the 
mginHeA  krtten  (A  its^,  though  written,  seenw  not  to  hare  been  pro< 
nounoed  by  them),  had  litUe  or  no  occasion  for  the  ohancter  x  sx^pt 
in  this  oomlnnation  wiUi  an  8.  Tho  Terr  slg^t  therefore  of  an  x,  even 
before  the  eye  came  to  the  8,  raised  in  the  mind  the  idea  of  a  sibilant, 
and  thus  rendered  the  ^ilant  itself  a  superfluous  letter;  which, 
because  it  was  auperfluous,  would  b^ore  long  De  omitted,  and  thus  the 
angle  letter  X  viKiId  Mifoin  ib»  office  o{  l£e  two  oonsonants  x  B.  It 
may  be  objected  to  tus  view,  that  In  one  of  the  oldest  InaoriptionB,  the 
Baoebanalian  (see  the  plate  in  the  seventh  volume  of  Brake&borch's 
Livy),  we  have  the  form  xxdkickkent,  where  the  letter  in  question 
already  has  the  power  of  our  modem  z.  This  peiiiaps  is  an  erroneous 
idea.  It  would  probably  be  more  correct  to  look  upon  the  character  in 
this  word  as  the  simple  guttunL  tiius :  tehdaeenM^  from  which  the 
later  form  tdkert^  would  eauly  flow.  A  sibilant  fai  this  vend  would 
haTe  giveQ  the  same  dieooe  to  a  Roman,  as  c{3i8eMi  would  luTe  done 
to  a  Greek  ear.  It  should  be  recollected  too  that  the  old  Latin  -pn/po- 
lition  had  the  form  ec,  as  seen  in  eefari,  t^erre,  fto.  (for  thus  did 
Cicero  write  these  words),  and  tiiat  a  sibilant  was  added  toiIy  before  the 
sounds  p,  k,  t,  or  before  a  vowel.  An  argument  against  uie  view  we 
have  takra  in  refoence  to  Uie  change  of  power  in  the  symbol  might 
be  founded  upon  the  fact  that  the  Spaniards  employ  the  very  same 
aymbol  as  a  guttoraL  ^ns  In  the  gec^phioal  namte  Xerea,  Xakjia, 
Hexico,  the  X  has  Utile  or  notiiiiig  of  a  ^bUant  ehancter. 

The.  letter  x  was  the  last  in  the  Roman  alfdiabet,  neither  t  nor  z 
beloogiDg  to  it,  although  the  majori^  of  Latin  grammars  include  them. 
On  reflection  however  it  will  be  admitted  that  the  words  in  which 
those  two  letten  occur  are  not  reaUy  part  of  tiie  Latin  languagej  but 
borrowed  from  the  Greek,  as  tepkvnu,  tana  ;  or  from  some  Kaetem 
souToe,  as  goto.  Such  forms  aa  {odbyna,  Ayems,  qrfva,  are  rimply 
errors  of  modem  editors.   The  Romans  themselvef  wrote  taenma  or 
laeruna,  kiemtt  or  rather  Amoiw,  and  tUva.   But  the  fact  that  x  was 
the  final  letter  of  the  Roman  alphabet  is  established  by  an  aneodote  in 
the  Hit  of  Augustus  by  Suetonius  (c.8S). 
TIw  interchuigea  of  x  with  other  letters  are  as  follows : — 
1.  X  with    as  in  the  douhls  form^  already  mentionedj  of  the  Latin 
pr  Ore^  preposition  ex  or  ee: 
;  2.  «with«cor<£.  SeeS. 

8.  X  with  9,  as  in  the  Latin  ougeo  compared  with  the  Greek  ovfonr, 
and  luy-rvfu  compared  with  mix.  Eng.,  and  muc-tm,  Latin. 

i.  X  wiUi  ju,  as  the  Latin  exUi»  compared  with  the  Greek  ^'iXoi, 
Id  the  same  way  we  find  an  illiterate  Roman  officer  writjng  iri  tor 
ipti,  and  thus  too  pnxinuu  la  the  snperiaUve  of  prope.  Thia  change  is 
in  fitct  only  another  instance  of  tin  hiterchange  of  jt  and  e,  bo  common 
between  Greek  and  Latin.   See  C. 

6.  X  perhaps  with  A.  Thus  (trot  is  probably  in  the  first  syllable 
the  equivalent  of  the  Latin  hcttit  and  AoipeL  See  0  and  K.  So  again 
hatla  is  probably  connected  with  the  Greek  tnrm. 

6.  X  with&  Thus  in  Spaui^  a  J  is  found  where  the  Latin  has  an  x. 
For  example,  the  I«tiB  worda  enx,  pax,  have  become  ia  Spuish 
crur,  pw^  wlunoe  the  names  of  the  American  towns,  Fera  CHiBaiid 
la  Pat. 

XAKTBAMTLAHIDX.   [CABBAim  Aod.   Ba^koearbanak  t^f 

amyl.] 

XAMTHAMTLIC  acid.    Amyldttulphocarbmic  add  (C„H„0^, 

*  Oa{  ^"^(j^)-  Xanthamylate  of  potash  ia  ionmd  on  tre«tii«  a 

Mflution  of  potadi  in  amylio  alcohol  with  Uanlplude  of  oartxm  until 
alkaUno  reaction  no  longer  manifesta  itself :  the  salts  then  cryitallises 
biit  In  t^tea;  it  ia  MuUe  in  aloobol  or  ether,giTea  praniStates  of 


xanthamylatee  with  most  mstallio  solutions,  and  when  acted  upon  by 
hjdroiAluio  add  yields  up  its  xanthamjiiGSMd. 

Xaothunylie  aod  is  an  oily  liquid,  eolouikas  iriMU  qidie  port^  bat 
generally  of  a  yellow  tint;  it  has  a  pungent  disagreeable  odour,  reddens 
Btmus  vupvr,  is  heavier  than  water,  btona  with  A  luminmia  fiame^  and 
is  n*di]y  decomposed  hv  water. 

XANTHEiy.  A  yeUow  colouring  matter  eontained  in  flowera.  It 
is  extracted  by  ocdd  alcohol  from  the  petals  of  yeUow  dahlias  XanUiein 
ia  soluble  in  watsr,  aloolH^  lad  euar,  bat  oimm  bo*  oiyitalliae  from 
any  of  tiien aolntiana.  wmiTrinninatti  to  Jkimvriehbrown 

eolour.  It  oommunieates  a  brilUant  yellow  to  tianw^  taa  luitsa  with 
most  metallic  beaea  f nming  ydlow  or  brown  nhsa. 

XANTHBLENB.   [Xakthio  Aom] 

XAKTHENB.  Xuthene,  Mtlme.  An  tmimpoitut  M)d  ftoblamft- 
ticat  derivative     hydropetBu^hooyanic  acid. 

ZANTHIAN  HABBLES,  fiie  deaiBnation  gtrsD  to  a  ooUoolion  of 
andiitectanl  and  Bspuhdml  remains,  from  their  having  been  chiefly 
found  in  the  taij  of  Xanthus  in  I^yna,  a  ptovinoe  of  Aana  Minor. 
{Lycu.,  in  Geoo.  Vrr.,  ooL  6t&]  They  were  for  tit*  most  part 
obtained  by  Sir  Charles  Fellows,  during  reseKdus  ooodooted  at  the 
expense  of  the  ^tish  government  in  the  yean  184246,  and  are  mow 
deposited  in  the  I^ycian  gallery  el  the  British  Hosenm. 

The  Xuithianinsrbles  oomprisesoulpCiiral  remains  whioh  are  believed 
to  range  in  date  from  the  conquest  m  "^TfHfMiMff  by.tbe  Fenian^  B.a 
345,  to  the  period  of  the  Bysantine  emigre,  and  vary  oonsiderably 
therefoie  in  character  and  value.  The  oldest  aod  most  important  are 
the  rilievi  from  what  is  known  as  the  Harpy  Tomb,  whioh  stood  near 
the  theatre  at  Xanthus.  This  tomb  vras  found  almost  entire,  and 
eonsisted  of  a  solid  rectangular  shaft  17  feet  hig^,  surmounted  by  a 
amall  diamber.  The  frioMa  on  the  lidea  of  this  pedeirtal  exhibit  eo 
mwdi  r^Qmnnt  of  feeling,  combined  with  sn  almost  austere  purity 
of  style,  that  it  may  be  <^ubted  whether  they  do  not  belong  to  • 
period  anteoedent  to  the  Penian  invasion,  and  are  not  the  wwk  con- 
eequenUy  of  tile  descendants  of  tlM  Greeian  imhmistn.  before  their 
taste  was  vitiated  Fenrian  inflnenoi  The  date  niudly  aajgned  to 
tbem  is  about  500  9.0. 

The  tomb  hss  acquired  ita  name  from  four  figoxes  of  similar  deaign 
on  the  four  extremities  of  its  north  and  south  sides,  whioh  resemMe 
tiie  Harpy  of  the  ancients.  Hie  head  is  that  of  a  fraoale,  the  breast  is 
exposed,  and  the  body,  which  terminates  with  the  trunk,  has  wings 
and  a  tail  like  a  pigeon's ;  from  under  the  wings  comes  a  bird's  claw, 
elasfong  the  legs  ta  a  diild,  which  is  canied  in  the  bosom  of  the  figun*. 
They  are  all  flying  upwards  and  outwards  from  the  middle  of  each 
groop)  and  are  eariying  off  female  children.  There  was  no  insariptifln 
on  the  tomb,  whioh,  from  the  flying  figures  carrying  off  the  children, 
is  supposed  to  allude  to  the  story  of  JE^radsms,  king  of  Lyeia ;  these 
figures  being  the  harpies  cairjing  away  the  daughtera  of  Paodania. 
(Homer,  'Udyssey,'  b.  xx.)  Besides  thess  there  sre  seated  figures, 
probably  deities,  ud  other  personages  from  the  Greek  mythology. 
The  figures  are  about  three  feet  hi^  and  the  four  oompartments, 
about  nine  feet  in  length,  fonn  the  top  of  the  tomb,  and  are  elevated 
about  twenty  feat  above  the  ground  upon  a  square  shaft  cr  pedestal 
of  gray  stone,  and  roofed  with  two  flat  stones  of  a  dmilar  material ; 
the  bas-reliefs  are  in  white  marble. 

Close  to  this  tomb  stood  another  amilar  tomb  of  the  same  dimea- 
sions,  entirely  covered  n  ith  Lycian  charaoten.  These  Ti^?™  iomfaa 
attend  over  several  miks  of  country. 

Another  exbemdy  interesting  series  ooosistB  of  a  broad  and  a  narrow 
friexe,  and  various  arehitectuidf  members  (4  a  remsrkahla  Imuo  atruo* 
ture,  the  purpose  of  which  is  not  determined,  but  of  which  there  are 
in  tiie  room  an  exoellent  model,  according  to  the  restoration  propoeed 
by  Sir  C.  Fellows,  under  whose  direction  it  was  made,  and  a  picture 
showing  the  ^)pearance  of  the  spot  prior  to  the  excavations.  The 
frieaea  rqwesent  contests  between  the  heavily-acmed  Greek  soldiers 
aood  more  lu^Uy  equipped  Asiatios;  the  aiege  ol  a  ci^,  tad  a  aalfy  of 
tiie  besiegea;  and  a  Fenian  aatn^  rec^vinga  deputatini.  The  aubjeet 
referred  to  is  usually  considered  to  be  the  oonqueet  of  Lycia  by  the 
Persians  under  Harpagus,  and  the  building  to  have  been  the  tomb  of 
HarpagiiB,  or  a  memnial  to  his  honour,  and  to  have  been  erected  in 
the  4th  centuiy,  b.c.  By  some,  however,  the  bas-reliefa  ore  euppooed 
to  represent  the  sui^ireBsion  ci  the  revtdt  of  the  L^oiua,  B.O.  S87. 
Be  tost  ss  it  may,  toe  soulptuxea  are  tlKVoaghly  Persian  in  oharaoter, 
and  both  in  subjeet  and  s^le  reoal  to  the  memosy  tfmilir  lubjeets 
among  the  Aai^frisn  rilievi.  AiKrther  aeriaa  of  baHeUais,  part  of  the 
tomb  of  one  PUafa,  a  satrap  of  Lyoia,  has  WggcaentationB  of  mrrioit 
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fighting,  while  on  each  eado  of  the  tomh  was  ut  armed  figure  in  ft 
quadriga.  Other  slsbs,  statiieB,ftnd  wulptured  frsgments,  of  a  more  or 
lees  d«>ased  at^le,  carry  down  the  illiutratioaB  of  Lydan  art  to  tba 
period  mentioned  abovft 

(FeUowB*  Journal,  ;  Aee<nmt  of  D'ucnveritt  in  Lyda ;  Aecovmt 
of  the  Imie  Trophy  Monvmtnt  excowHed  cU  Xanthut ;  and  on  tht 

itdative  Date*  of  tat  Lydan  Mtmttmmit  in  Ou  Britith  Muteun  i  Sobarf, 
ObiervaHo**  on  ike  Sculptwa  $ee*  on  <A«  Monumenu  of  Andmit  I^feia; 
Q0eiaxd,Arehaol,  Zeitmt/,l8i5;  Official  Synopne  ^  Britiik  Mu$eajn.) 

XANTHIC  ACID.    Stdphoearhovinie  add.  Ethyldituipkocarbonic 

oeW  (CBH,0,S.=C,S,-[*^*g^).   Xanthate  of  potflflh  ia  fomed  on 

treating  an  alcoholic  solution  of  potaah  witli  bianlphide  of  carbon  until 
all  alkaline  reaction  be  neutiraUaed;  the  mixture  artificially  cooled 
depoaits  oolourleea  nrismatio  crystals,  which  are  Ytaj  soluble  in  water 
or  iJcohoI,  but  insoluble  in  ether ;  dilate  hydrocUoru  add  decomposes 
them  and  sets  free  xanthio  acid. 

Xantbio  acid  is  so  named  from  (ai^6t,  ydlow,  because  it  gives  a 
yellow  precipitate  with  salta  of  copper.  It  is  culy ;  heavier  than,  and 
insoluble  in,  water;  haa  an  acid,  astringent,  and  bitter  taste,  and 
pungent  odour.  Heated  to  ebullition  it  b  deoomposed  into  alcohol 
and  bisulphide  of  carbon,  and  ii  tot  inflammable.  It  atroag^ 
reddoiB  litmus  faper  and  decompoMB  atkaUne  axbomtM  with  e&r- 
veacence. 

The  xanikaia  are,  with  the  exception  of  xanthata  of  potash,  nnim- 
portant.  The  otqiper  salt,  already  referred  to,  seema  to  be  aocompanied 
by  a  cryatallisabM  compound.  Xanthdene  (zanthate  of  ethyl),  an  oily 
liquid,  is  also  oceaaiowuly  formed  at  the  same  time,  bat  ponibly  is  a 
product  of  the  deoompoaition  of  the  cryatalline  body* 

XANTHIC  OXIDE.   [Ubic  Qroup.] 

XANTHIN.  This  name  haa  been  applied  to  two  ^s^ct  bodies, 
namely,  to  a  oolouring  matter  oontained  in  madder  [Maddsb, 
CoLOUHma  Matters  of}  and  to  the  yeUow  coloaring  matter  of 
flowers.  The  latter  is  best  extracted  by  tzeating  the  gunfloww  with 
boiling  absolute  alcohol ;  on  oooliog,  the  idoohol  deposits  the  whtde  of 
the  xaothin,  whieh  is  <^  a  beaatiful  yellow  odour,  msoluble  in  water, 
but  soluble  in  hot  akohd  and  water.  It  ii  an  nneryatalUaable  lealnonB 
substance. 

XANTHO-COBALTIA  (OoyO,,  SS^B^  "SO^.  An  ammoniacal  base 
containing  cobalt  It  is  obtained  in  the  state  of  sulphate  by  trans- 
mitting  a  rapid  current  of  nitrons  acid  through  an  ammoniacal  solution 
of  solute  of  cobalt,  keeping  the  liquid  alkaline  by  the  oocasional 
addition  ot  ammonia,   The  sulphate  of  xaathooobaltiA  haa  Ou  formula 

CoaO^  SNHw  M0„  SSO^+HO. 

Tba  nltnie  and  ehlraide  hav*  tiw  following  formulia  :— 

Nitrate     .      .      .  00,0,,  SNH„  NO.,  3N0,+B0 
Chloride       .      .   .  CoiOOa.  »NH„  MO,+HO 

[Cobalt.] 

XANTHOGEKAHIDE.  [Cabbahio  Aom.  Sulphocatiamate  of 
eAyl] 

XANTHOPENIC  ACID,  [Opioh,  ALEAlOms  Of,  Opiammon.] 
XAKTHOPHTliL.  It  is  well  known  that  in  autumn  the  foliage  of 
nuLny  forest-trees  becomes  of  a  bright  yellow  colour,  which,  according  to 
Berzelius,  is  owing  to  the  replacement  of  the  green  oolouring-matter  of 
the  leaves,  or  Ckhropkyli,  by  a  peculiar  yellow  colouiing-matter  which 
he  calls  XanihophyU.  The  properties  of  tiiia  are,  that  it  is  a  fatty 
Bubstaooe  of  a  deep  yellow  colour,  which  melts  between  100°  and 
120"  Fahr. :  it  ia  insoluble  in  water,  but  disaolves  copiously  in  alcohol 
nod  ether ;  its  Bolution  exposed  to  air  and  light  la  rapidly  bleached ; 
alkalis  dissolve  it  sparingly. 

XANTHOPICRITE.  XasUho^crin.  A  substance  contained  In  the 
bark  of  the  ^nthoxylum  ClavaSereulit,  t.,  employed  hi  the  AntiUea 
as  a  febrifuge.  It  dTstaliises  in  greenish-yellow  silhr  needlei^  which 
aro  Utter  and  asMngaot^  readily  Mhible  In  alooho(  lU^tfy  m  la 


water,  and  insolnble  in  etiier.   It  ponenes  neither  acid  nor  alkaline 

quaUties. 

XANTHOPEOTEIC  ACID  (C,.H„N.0„  %  Aoootding  to  Mulder, 
th]9  acid  is  formed  when  albumen  or  any  other  jootein  compoond  is 
digested  in  nitrio  add;  theae  dissolve  with  the  eec^  of  nitrogen  gas, 
and  yield  a  yellow-ootourad  Mlutim,  while  oxalio  aoid  and  ammonia 
are  formed. 

Two  eqnivalenta  of  protdi^  1  of  water,  and  S  of  nttario  aoid,  yield  3 
of  oxalic  add,  2  of  ammonia,  and  1  of  xanthoproteic  add.  After  being 
washed  with  boiling  water,  this  acid  exists  aa  a  tasteless  orange-yellow 
powder,  which  eombinea  with  acids  as  perfectly  as  with  bases;  iti 
compounds  with  the  latter  dissolve  in  water,  and  ^ve  duk'Md  ooloured 
solutions. 

XAITTHORHAKNIN.  [CeBnoRaAiunK.] 
XANTHOXYLEirK.   [KBSxirnAL  Ons;  xxvAthoxylwn.'X 
XANTHOXTLIN.  nsisErnuL  Oils  ;  amtftawfiui,] 
XIPHIA3  (otmstellation).  [DobaiK).] 
XUTHENB.  [Xahthht.] 
XYLENE.  [Xylolb.] 
XYLIDINE.  [Xtlolb.] 
XYLITE  ^C,,H„0,t). 


,       ....  dins  to  Qmelin,  when  commercial 

l^itK^lio  siunt  IS  submitted  to  *'ftill»tiffn  from  ehlorida  of  oaldum, 
ft  vapour  rises,  which  oondenaea  into  a  liquid,  which  he  calls  x^Ute, 

The  properties  of  this  substance  are,  that  it  strongly  reeembles 
aloohol;  its  odour  is  like  tiiat  of  etheo'  and  agreeable,  atui  its  taste  is 
emj^freumatic ;  its  specific  gravity  is  0*816,  and  its  bt^ling-poiut  about 
143°  Fahr. :  it  is  misdble  with  water,  and  bums  with  a  white  fiame. 
The  density  of  its  vapour  was  found  by  e^wriment  to  be  2'177 ;  by 
theoiy  it  should  be  lather  lighter. 

With  aoids  xylite  produoea  ethereal  ocmqwunds,  which  have  not 
been  minutely  examined;  and  by  partaal  decomposition  it  g^ves  rise  to 
x^kAe  oetd,  nop&tAa,  retia,  and  aeyUte  oil ;  these  subetanoea, 
however,  haye  not  hitherto  been  very  particularly  tubjaoted  to  axpeii* 
meat,  and  the  whole  of  these  bodies  require  rft-iimwtigatiffn. 
XYLITE  NAPHTHA.  [Xilitb.] 

ZTLOIDIN.  Pyroxam  or  nitnnmiMw  (OuH/NOJOm  t).  A  sub- 
BtanoB  allied  to  pyroxylin.  [Qtm-ooTTOir^  Starch  is  dissolved  in 
nitric  add  of  sp.  gr.  1*S,  snd  the  sdutaon  immed^tdy  diluted  with 
water :  a  white,  taeteleas  Bubstaoce  is  then  precipitated  which  is  ths 
body  termed  j^^^lin.  It  Is  insoluble  in  water,  alcohol,  cr  ether, 
and  when  heated  to  856°  Fahr,  bums  rapidly,  after  the  manner  of 
gun-ootton.  It  ezplodae  when  smartly  struck  on  an  anvil  by  a  hammer, 
but  leu  powarfully  than  gun-cotton.  It  also  leaves  much  oarbonaoeoua 
reddoa  when  burnt,  antf  unlike  pyroCTlin,  la  easOy  soluble  in  nitrio 
add.   ftotosalta  of  iron  reliberate  start^  from  nloldin. 

ZTIiOLB  (CigHio).  ^/Une.  A  volatile  Uqm^  hydrocarbon  homo- 
logons  with  benJEole,  Ac,,  of  the  series  CaHa_«.  It  is  one  of  the 
ooDStituaits  of  the  oily  impurities  contained  in  commercial  wood- 
spirit,  and  which  sepamte  on  the  addition  of  water.  It  is  purified 
by  agitation  with  ocmoentmtedauh^uric  add  aod  fractional  diatillatitH]. 

Xyloleia  a  limpid  ooloatk«fluul;  boiling  point  269"  Fahr.  Faming 
ni^  add  oonvertB  it  into  nilrrhxylolt,  a  ywow  oil  heavier  than  water 
sod  <d  an  odour  somewhat  reaambUng,  but  lass  pleasant  tJian,  that  of 
nitrobenzole.  Nordhausen  sulphuric  acid  slowly  oombinee  with  it  and 
forms  oolourlesB,  deUquesceni  acioular  crystals  <xE  nJfo-xylmc  or 
x]flmyltul^ivarou*  add  (C„H,^0  J.  Nitrio  acid  acts  upon  tiie  latter 
compound  to  form  idlbn>mifa<^Mt  or  njtnKtiybaibii^iiroiM  add 

!^^^»M^^^,N).  This  alkaloid  much  resembles  ite  homologues, 
toluidin^  ftc  It  is  produced  by  the  reaction  of  nitroxylole  and 
sulphide  ot  ammonium.  When  pure  it  is  almost  oolouxieaa,  but 
beobmes  purple  on  e^qKisure  to  air  and  finally  redniflei.  It  tunu  red 
litmus  pu>er  blue;  bdling  point  416*  Fdir. 

XYI^B£TIM  (C^0«  r).  A  fosaU  redn  found  in  Danish  pent. 
It  etyitalliaea  in  ooutued  prisms,  whidi  are  iiumhibb  in  imt«r,  but 
very  solubla  la  aloohol  and  ether. 


V*  has  found  Its  way  bto  the  alphabets  of  Western  Europe  through 
-K-  the  later  Latin  alphabet  from  the  Qreek.  The  oldest  form  of  the 
Greek  character  appears  to  have  had  no  vertical  stroke,  but  to  have 
been  preoisdy  the  same  as  the  English  or  Roman  V,  so  that  the  small 
character  v  dWered  from  the  other  form  only  in  the  usual  subatitution 
of  a  curve  for  an  angle.  We  have  said  tliat  the  letter  Y  belonged  aaiy 
to  the  UUer  Boman  alphabet.  Thla  &ct  has  been  already  remarked 
upon  under  X;  and  an  argument  in  confirmation  of  what  is  there 
asserted  may  be  drawn  from  the  comdderation  that  the  Romans  already 
possessed  in  their  V  the  representative  of  the  Greek  Irtter.  How  thea, 
it  mi^  be  asked,  was  it  that  tbey  subeequmtly  adt^ited  this  letter  f 
The  answer  would  probal^y  be  this— that  the  Cbnek  diaracter  had 
ohanged  its  power  from  the  original  sound  <A  oo,  stuih  ai  is  still  rejpre- 
■ented  by  the  Italian  «,  to  a  somtd  probably  Ukfl  that  cl  the  nencn  it, 
ABTB  am  woL  vrr.  yol.  vm. 


or  even  to  a  weak  t.  If  we  traced  the  Greek  letter  Y  or  Y  still  farther 
back,  wo  should  perhaps  arrive  at  the  opinion  that  It  grew  itself  out  of 
a  carekady  written  0.  The  Hebrew  character  wid(£  oorre^Nrnds  to 
O,  namdy,  V,  already  eshiUti  the  t^woing  abofe,  jnat  aa  the  Hebrew 
does,  compared  with  the  Gredc  9.  So  too  the  En^idi  irften  write 
a  c^td  0  without  jdiUng  the  circle  at  the  top^  To  these  conaidera- 
tions  may  be  added  the  fact  that  the  Hebrew  dphabeti  which  ended 
with  a  T,  oontains  no  other  equivdent  for  the  Greek  T :  and  again  the 
Etniscana  had  but  one  character,  V,  without  any  0.  That  the  intro- 
duction of  the  fVTf^  Y  into  Ldin  words  has  been  carried  beyond 
the  proper  limit  has  becm  abeady  remarked  [X];  and  we  would  add  to 
what  haa  been  there  add,  that  in  the  well-known  Uedioean  Kanuaoript 
ot  Virg^  there  ii  aomething  sns^doui  in  the  iaot  that  this  letter 
tbnyw  orntope  the  othw  letten  in  mdi  a  DUmMr  that  the  vertiMl 
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diaft  !■  oltiie  Mtne  hdj^t  with  them ;  andUiuBitU  ponlUe  that  the 
ItoHM,  U  m  Tn«7  k  caSl  Hmoi,  were  attached  by  »  jnibeeqnent  hand, 
the  manoKiript  until  then  having  merely  an  L  (See  Fogg&i'e  reprint 
of  that  Uanuioript,  and  the  aeoond  line  of  the  ooi^eridate  faodmile  of 
the  nme  (BnudiTiidei)  in  Burmann's  '  yiigO,'  toI.  i.,  &aine  p.  xxxtL 

"'^ifeB^^di  kngnage  there  ia  a  greai  tendenor  to  nee  this  letter 
at  the  end  of  words.  Ilua  haa  probab^  arisen  from  our  habit  ,c>^ 
giving  a  tail  to  ihe  laet  unit  of  the  Roman  numerals,  preferring  ij,  Hj, 
vi.vy,  Ac  ;  BO  that  to  pleaae  the  ^  and  glTe  a  atxtt  of  Snish  to  a 
word,  iof,  boy,  tiey,  w<w  preferred  to  mti,  Sol^  AO.  Before  we  leave 
'  the  form  of  letter.  It  may  be  obaerved  that  In  y*,  y*,  fra'  the,  that, 
the  V  haa  bean  by  an  eaiy  error  substituted  for  the  Anglo^on  ]>, 
wUui  had  the  power  of  (A. 

The  Boand  of  9,  to  familiar  to  the  Endish  at  the  beginning  of  words, 
as  in  yo^  yumg,  ftite,  was  represented  in  Latin  by  a  mere  t,  which 
however,  when  so  need,  reoelTed  from  the  grammarians  the  diafeinotiTe 
name  of  *  coMonoiu.  Our  modem  edHint  have  for  the  moat  pot  sub- 
stituted for  it  a  j.  Thas,M«fwft,  or  raUisrmvii,whiA  Is  now  written 
juffum,  oommenced  with  a  sound  wbkh  is  oommonly  held  to  have  been 
the  same  vrith  oar  initial  y  in  yoke.  The  ineertion  of  the  sound  (day 
b^re  Towds  is  very  bharaoteristlo  of  Oie  Boasian  laiuuage,  the  alpha- 
bet <d  wluoh  has  no  less  than  four  oharaoten  which  denote  such  a 
sound.  The  English  too  have  a  haUt  ^  expreegbg  the  sound,  though 
they  do  not  write  the  letter.vrtMnew  ■  long  «  a  wnd,  as  WHeni 
iMiiy,  BO  that  thow  irtm  write  on  iutfiaeoiarimme$  taaat  a 

letter  at  the  end  of  the  fliat  word  which  no  one  would  pronounoe.  In 
Aog^Sazon  Mba  Bound  of  a  y  was  oonmumly  loprownted  by  an  e 
before  a  or  0,  and  by  an  •  before  e  or  u,  In  whioh  oases  the  allied 
languages  of  Iceland,  Denmaric,  and  Sweden  for  the  moat  part  employ 
a;,  ^ivuj  the  An^o-Saron  wrjtee  eort,  Eotalami,  eov,  Saaward, eahta, 
bedd-an  for  Mii,  JuUimd,  ym,  Biwmd,  tight,  toUi.  On  the  other 
hand,  represent  yet  yoiirt.  {Rask'a'Grandnar.')  lawvawl 

of  these  words  the  inttisl  y  no  Koaer  uqpean  in  modem  En^uh.  But 
it  would  be  unsafe  to  infer  that  the  change  always  takes  place  in  that 
direction,  for  one  who  observes  children  in  their  early  attempts  to 
spMk,  will  find  that  many  are  wt  to  prefix  either  a  w  or  a  y  to  all 
words  bcraming  wiUk  a  voweL  Thus  we  have  heard  a  child  uonounoe 
Und*»  Agiut,  ag^Tung,  Tang,  vap  ;  so  that  the  prefiadng  a  y 
where  then  was  noi»>  k  just  as  uoenble  sstodropa  previously  ex- 
iating  y.  The  sound  ol  y  again  is  neard  where  the  nenoh  write  U  or 
on,  aa  in  vofttcmf,  e^nmt;  in  the  Spanish  B  or  A,  as  in  MdUorea, 
Cormka;  in  the  F<ntuffueee  ft  or  11%,  as  In  jlMo,  JftnAo;  and  in  the 
Italian  gloTg»,t»  in  ^ho,  agndlo.  For  the  interchange  of  y  with  g, 
leeO;  for  the  use  of  «  with  the  sound  of  y,HeZ;  lasUy,  for  the  c<m- 
nection  between  the  Monds  oti  and  y,  see  J  and  Z. 

TACHT.  A  TOisd  used  for  ^eunre  on  the  water.  The  love  of 
juliring  indioateea  prominent  feature  of  the  national  charaeter.  Clubs 
andsooutiaa  arc  formed  all  round  the  eosats  of  Great  Britain,  many  of 
them  pooenbg  some  of  the  finest  specimens  of  naval  architecture.  Of 
late  yeara  pleasure  tripe  to  distant  countries  have  much  imjaiived  Vba 
■^le  end  ckii  of  vessels  nsed  for  recreation.  Wealtl^  owners  have 
o&neiwouragednonlupliaiiee*,  a^ 
iriUdk  irould  otiMrwiBa  have  fallen  into  neglect. 

Here  are  two  distiuet  i^edea  of  yaehtt^  which  are  reoogniaable  at 
sigl^  namefy :  the  mere  raoer,  wiui  enormoua  spars  and  sails,  and 
deej^  ballasted  huU,  with  the  finest  lines  imaginable,  but  saottKoing 
■pace  and  comfort  to  speed ;  and  the  elegant,  wetl-proportlened,  oom- 
modious,  safe,  but  well-manned  and  fast-sailing  family  yadit,  vA»  to 
anoDunter  the  wars  of  the  elements  in  any  part  of  the  ^obe.  Thoee 
aooustomed  to  river  navigation  only,  and  who  desire  to  otmsult  the 
models  of  thorough  "sea-boata,"  will  do  well  to  eiamine  some  of  the 
Cowee  i^lot  cutters,  and  the  pilot  schooners  of  the  Mersey.  Every 
precauticmary  qiplianoe  needed  for  the  roughest  and  nicest  practice 
of  seamanship  may  be  found  fitted  in  them  with  studied  oompaotnaes. 
Our  {oin^al  tivns  and  estuaiiea  in  the  summer  months  abonnd  with 
beautifully-modfllled  small  craft,  while  the  Solent  pre  wntosntly  offm 
the  ^ectecle  of  a  brilliant  flaa^  owned  as  wdl  by  thAwidtbyooiiainoiw 
as^  the  peer. 

YARD.  [WEiQHn  xsD  Kbabdsh.] 

YABK.  rTHBEAD.] 

YEAR.  Huoh  eonneeted  with  this  artiote  la  to  be  foond  In  KauDi' 
lUB,  PsBiODS  or  BnoLTinoK,  Uooir,  Chboroloot,  Tm,  9m, 
We  here  confine  ourselves  to  matters  of  uaeful  reference  connected 
with  the  length  and  snbdivisiona  of  the  year,  omitting  discussion  of 
points  of  h&tory,  wUdx  do  not  direotly  beir  upon  chnmological 
reckoning. 

The  year  ia^  zou^ily  ^eaking^  the  period  of  time  In  whidi  the  sun 
makes  the  oironit  of  the  heavens,  sad  the  scaaons  of  sgriouHure  ran 
throu^  Iheir  ooniM. 

A  mdentU  year  is  the  period  in  whioh  the  sun  moves  from  a  star  to 
tiie  same  agui;  that  is,  the  interval  between  the  two  timea  when  the 
inn  has  Uie  same  longitude  as  a  given  star.  The  mean  period  is 
865-2568612  mean  solar  days,  or  S65^  6^6, 

A  tnpieal  or  cmJ  year  is  Uie  time  in  wliich  tlie  ann  moves  from  the 
vernal  eqninox  to  the  Teraal  eanliiox again;  and  tti  immi  length  is 
Seff^2all4  men  sdlsr        or  365<  ^  48-  48^. 

TheawosniKirie  year  ia  the  time  in  whioh  the  mu  movM  fron  Hi 


(or  nearest  point  to  the  earth)  to  its  perigee  again ;  and  ita 
is  866-259598I  mean  aoUr  daya,  or  865*  6^  18-  49-a 
le  tromcal  year  ia  shorter  than  the  son's  actual  orbital  revolution, 
or  tlte  sioereal  year,  beeauae  the  equinox  movee  slowly  backwards 
f pBSGsasiOH^  and  therefrae  the  sun  meets  it  again  before  it  arrives  at 
&u  point  at  whidi  it  met  it  last.  The  anomalistic  year  is  longer  than 
the  sidereal  year  becaose  the  poigee  moves  forward,  and  the  sun  is  not 
nearest  to  the  earth  until  it  haa  passed  the  lon^tude  at  which  it  waa 
nearest  to  the  earth  before.  The  tropical  year  u  the  year,  when  no 
distincrtive  term  is  applied;  for  the  passage  of  the  sun  from  the 
southfcn  to  the  nmtium  ride  of  the  ecliptic  ia  the  posttive  phaw>< 
nunon  CO  iriiidi  the  Haaoas  tUptTtd,  though  it  may  not  be  oomofc  to 
say  that  it  is  then  that  the  auoceesion  of  aeaaons  ftty/mi. 

The  anomaliitio  year  does  not,  and  from  the  theory  of  gravitation 
most  probably  cannot,  fatj  by  esy  quantity  which  the  human  senses 
could  appreciate;  but  the  sidereal  and  trofdeal  years  vary  very  slowly 
in  length.  The  reason  is  twofold.  In  the  first  place,  the  amount  of 
the  yearly  precesBlon  of  the  equinoxes  is  slowly  increasing ;  so  that  the 
part  of  Vm  qAA%  hf  which  the  equinox  movee  back  wards  to  meet  the 
sun  becomes  greater,  or  the  duration  of  Uie  year  lese.  In  the  second 
place,  the  gradual  motion  of  the  equinox,  combined  with  that  of  the 
perigee,  brings  the  part  of  tiie  orbit  iriiioh  the  sun  ia  saved  from  per- 
forming by  the  reoesrion  of  the  equinox  Into  different  places  with 
ie^>eot  to  the  perigee  in  suooesrive  years;  so  that  the  excepted  p<ntion 
is  in  diffivmt  years  what  would  have  been  described  in  di&rent  times. 
The  second  conrideration  aflbots  the  sidereal  year  as  well  as  the 
trt^ioal ;  but  sinoe  in  both  oases  the  effect  is  veiy  small  and  slow,  a 
few  seconds  in  a  thousand  years,  there  ia  no  oocaaion  to  do  more  than 
pi^t  it  out  in  an  artiole  like  the  present.  Laplaoe  makes  the  tropical 
year  to  be  IS  seconds  shorter  than  it  was  in  the  time  of  Hipparchua. 

The  ezc^  of  the  trwieal  year  over  86ff  daya  has  bem  gjven  by 
diflbrent  astronomen  as  k^ows 
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Whether  the  Resent  length  of  the  tro[ttcaI  year  can  be  said  to  be 
determined  withm  a  Becond,  we  cannot  collect  from  the  writingB  of 
astronomers.  The  method  of  detemuning  this  length  is  by  oarefuUy 
observing  solstices  or  eqninous  (that  is,  times  when  the  sun  ia  in  the, 
soUioeB  or  eoninoseB)  at  distant  periods,  and  taking  the  mean  year 
from  th*  wh«e  interval  el^ied.  Unless  thai  interval  ware  a  wiude 
reroluUon  of  solar  perigsa  with  respect  to  the  a^oinos,  the  real 
mean  tropical  year  eould  not  be  determmedi  from  obaervation  alone, 
so  well  as  it  might  be. 

The  dvil  year  must,  for  oonvenienoe,  begin  with  a  day,  and  contain 
an  exact  number  of  days.  But  any  exact  number  of  days  would  have 
the  ditndvantage  of  the  old  Egyptian  year  [Sothuo  PuiodI  namely, 
that  the  seasons  would  be  thrown  into  ul  parte  ol  the  year  in  lue* 
eeasion.  Thoee  who  lived  in  the  intense  heats  of  Ksrdh  (when  that 
month  is  near  the  autumnal  equinox)  would  read  old  poets  who 
describe  the  sining  as  about  to  sirive  in  that  month,  or  allude  to  the 
past  winter,  and  tiiat  before  the  poets  would  have  becoiqe  properly 
anoient :  this  alone  would  be  worth  avdding.  Of  the  mode  of  doing 
it  we  shall  presently  say  more;  but  in  the  meanwhile  we  have  to 
observe,  that  it  has  alwaya  been  the  greater  source  of  difficulty  to 
combine  the  revolutions  of  the  moon  vrith  thoee  of  the  sun. 

The  Jewish,  Christian,  and  Mohammedan  rdigiona  all  regulate  their 
sacred  anniversKriee  more  or  lees  by  the  moon.  Various  nations  have 
constmcted  their  years  on  the  lunar  revelation,  though  moat  of  them 
have  aooommodated  their  years  to  the  solar  year  by  intercalated  months. 
Kow,  the  time  between  tiro  new  moras  (that  is,  the  average  time)  U 
29*5306887  days,  or  about  29^  days.  If,  then,  months  were  made 
alternately  of  29  and  80  di^,  IS  months  would  contain  854  days,  and 
lU  days  would  be  necessary  to  eompleto  the  Julian  yesr  of  865}  days. 
This  would  amount  to  more  than  a  month  in  three  yean.  Taking  the 
most  exact  values  both  of  the  lunation  and  the  solar  year,  and  undying 
the  method  in  FBAOnosa,  Coktutuxd,  it  will  be  seen  that  the  year 
contains,  over  and  abore  13  lunations,  awnething  leaa  than  8  Innaaooi 
in  8  yein ;  more  exioOj,  aometUng  mote  tun  4  lunationB  in  11 
yean;  more  ezaotiy,  ■onurthlng  leas  than  7  Innationi  In  19  years; 
more  exaotly  still,  something  more  than  X28  lunations  in  S84  yean,  leaa 
than  180  in  858,  more  than  268  fai  687,  leas  than  1895  in  8788.  Taking 
the  JnHan  year,  the  above  flgnrea  should  be  changed  into  leas  than  8 
ont  of  8,  more  than  7  oat  of  19,  leaa  than  171  out  of  4S4.  This  excess 
of  7  lunations  in  19  yean,  wmoh  varies  very  little  from  the  trvth, 
whetheraato  the  real,  Julian,  or  even  Oref;orian  year,  ia  the  fonsdatian 
of  the  oelelwated  Metonic  t^de  [Mnov,  in  Bioa.  Div.],  wbicb,  among 
the  Qreeks  and  all  who  have  derived  knowledge  from  them,  has  olfrayB 
been  the  foundattra  ol  the  lunisoUr  oalendar.  It  is  now  well  under- 
stood that  the  If  etonlo  moon,  and  not'Uiat  of  the  heavene,  is  the  referee 
in  the  setUamsnt  ol  reli|^oiH  fastivals;  that  la  to  anr,  a  moon  moving 
nidfam^yi*»nAn«to«tomifc«ittCliiMtkiMini9criiBd»yi«ii. 
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Owing  to  the  alternate  acceleration  and  retardation  of  the  son's 
motion  in  Ha  oriAi,  the  Iragths  of  ttw  finir  aatronooucal  Maaou  are 
dUbno^  n  follows  i— ~ 

d.  fc. 

From  TCTnal  eqidnox  to  nmmer  ■oIsUw  •  .  93  SSf 
Trom  nmmer  •oUttot  to  antnmwl  «v>l«n  •  •  "  I't 
From  aatumnBl  equinox  to  vlatn  soliitlae  *  •  ftB  In 
nom  winter  wlatlee  to  Tenul  eqidnoK     .      .  .  B9  If 

We  duJl  now  atata  Uw  piodpal  iaeta  onnwcted  with  the  yean  <d 
tha  natioiMi  -wbo  are  moat  OMmected  with  Uatwy. 

The  Jawi,  from  the  time  of  their  departure  from  Egypt,  began  their 
year  with  the  venial  equinox  in  all  rui^oai  reoknning,  retaSdiiur  the 
old  bMinning,  which  waa  at  the  avtomnu  •vrinoz,  in  all  dril  a&ira. 
In  ham  caaea  tkey  reckoned  from  the  new  moon  near  the  eqninox.  By 
making  twelve  montiha  in  the  year,  each  of  29  or  SOd^a,  withan 
inteteakiy  month  oooe  in  three  years,  they  seoored  themselvea  from 
the  iMceuity  oi  any  but  an  ooeadonal  altMatlon.  They  mi^t  hare 
gradually  allowed  ue  beginning  of  the  year  to  dida  vnf  nam  the 
Tenial  equinox,  but  this  thor  rites  prerented  them  from  doing, 
vnce  the  sacrifices  required  the  ofieiing  of  various  apeoimena  of  agii- 
cultural  produce,  depeiideiit  upoa  aeaacm,  at  apedfied  timea  of  the  year. 
The  neoeaaity  of  beuig  provided  with  young  jambs,  for  instance,  at  the 
Faasorar,  obUged  them  to  keep  this  foMt  at  one  time  of  the  aolar  year, 
and  fixed  it  at  the  full  moon  followiiu  tlw  Tatnal  equinox.  How  th^ 
managed  their  calendar  in  the  first  mstaoiee,  does  not  aj^iear;  but  as 
we  know  tii^  once  dipwded  npon  oatcUog  ois^tof  the  MsrnuKni  to 
aettle  the  bujiniung  <x  tiw  mouth,  and  oiuj  used  26  or  80  d^rs'  when 
they  misnM  <£air  obieet,  wa  must  infer  thai  they  won  in  the  haldt  of 
making  correctiona  frequently,  and  at  short  notice ;  which  oonld  be 
done,  as  remarked  by  the  editor  of  the '  Art  da  verifier  Isa  Dates,' while 
ih^  were  in  posseaaicHi  of  PakstfaWj  and  within  Tcasonshlo  distance  of 
each  other.  Tbare  is  not  any  traoa  of  aateonomy  in  the  old  Jewish 
writipB^  nor  reason  to  infer  that  they  thought  any  knowledge  of  it 
tnm  ScTpt.  Bat  during  the  Ci^Titydi^y  acquired  from  the  natioDs 
among  whom  they  ware  thrown,  either  a  period  of  B4  years  or  know- 
ledge to  construot  one.  Several  of  the  fathers  menticnl  this  Jewish 
penod,  and  state  that  it  had  long  been  used  by  them.  It  has  the  up- 
pearance  of  a  C&Limo  PnuoD  of  H  years  aU  batad^TiVith  the 
period  of  eij^t  years  added,  on  the  saraodtion  tibat  the  making  of 
three  interoaiary  months  in  the  addtionu  eight  yean  would  haTo  an 
error  of  a  contrary  kind  from  this  contained  in  the  Calipplo  period. 
But  thia  is  not  the  case;  and  84  years  is  reallv  not  so  near  to  an  exact 
number  of  Imiations  as  76  years  oU  but  a  day.  Some  of  the  early 
Christians  used  thia  period,  and  thereby  oootnbuted  to  the  confusion 
on  the  subject  of  Easter. 

'The  modem  Jewidi  ealeikbr  is  regulated  bythecydeof  19  yeats, 
and  its  lunar  yean  contain  wions  adjustments  which  refer  to  the 
religious  ceremonies  Their  present  usages  date  from  ^D.  838,  vj- 
eording  to  their  own  account  They  have  also  a  value  of  the  length  of 
a  lunation  29^  12^  44"  8*,  which  is  within  a  tenth  of  a  second  ot  tite 
truth.  This  has  been  stated  as  of  extraordinary  oorreotnon  by  thoae 
who  fnrget  that  the  average  month  ia  mooh  more  easily  found  than  the 
year.  Hipparchua  and  Ptolony  had  28'  12^  44-  8l> ;  reject  lha  frao- 
tion,  as  waa  so  often  done,  and  vre  have  the  Jewiu  value ;  and  as  it 
happen*  that  Ptolemy  and  HippansJiuB  had  ^  just  a  little  more  than 
the  fraction  too  much,  this  savmg  of  trouble  js  an  aooidsntal  eomotion. 
There  is  no  aooompanying  vahw  d  the  sun's  motton  more  oonsct  than 
that  implied  in  the  Julian  year.  On  the  Jewish  calendar,  aee  the' Art 
de  v^er  ka  Data,'  voL  iL,  p.  118,  the  '  Jewish  Cakndar  for  64 
Tean,'  E.  H.  Undo,  1888,  8vo,  which  goea  up  to  A.D.  1901,  and  also 
the  Helnrew  work,  puUished  with  a  htAm  tisnalation  by  Sebastian 
Munstar, '  Kalendarium  Hebnieom,'  Basel,  lfi27. 

The  Bel»ew  months,  aa  commonly  spelt  in  English,  are  as  follows : — 
opposite  to  them  are  written  the  names  of  the  English  months  in 
which  tiu7  sevenlly  Most  frequent^  be^  wilb  tluir  number  <d 
dm: — 

Kiwi,  or  AUb 


3j*T,  or  Zir 
S1t«b 
Tbammu  >  • 
A«        .  . 
Khd  , 
TIsrt 

Mareheewi,  or  Bui 
OiUsa 
Thebtt 
Bebat 
Adar  . 
Toadu  (Interoaiary) 


April. 
May, 
Jaw. 

m, 

.  Aagost, 
I  Septsmfesr, 


M 

» 

» 
SO 
t9 

to 


<fe|S. 


OetObMT,  ■  »  or  M  , 
NevendMr,  19  or  SO  , 
DeosBbsr,  19 
Isaaary,  S9 
Felvesry,  SS 
Msrdi,  S9 


See  an  account  of  these  months  undsr  their  several  titks. 
For  tha  BgyptiMi  yesr,  sea  SoTHUO  FniOD. 

The  twelve  mootiu  of  the  Athoaian  lunar  year  bear  the  following 
names;  bat  there  is  a  lUi^  diflereaee  of  (q^nion  about  the  ordei'  in 
which  they  ooni^  mbm  patting  MaituKm^tm  before  nimfiw,  and 
aome  after  it : — 


'bmofifimim,  80 

HevoTcrrviM',  S9  „ 

Btifipofump,      80  „ 

KoifMiBnipMn',  28  ^ 


niNuv^Mn', 

no7«8«*M', 


80  days, 

2d  „ 

80  „ 
20  » 


■EXa^^Xwwr,  80  days.         I      ©apTijXiwc,      80  days. 
MwTOxw*-,       29    „  I       XiapofoptttPf     29  „ 

The  intercalaiy  month  waa  a  second  noo-ctScwy  of  30  days.  It  is  said 
that  ancientiy  there  were  80  days  in  every  month,  but  that  Solon  first 
eetabUabed  the  alternation  of  SO  and  29  days,  and  called  the  lost 
day  tni  ml  old  and  new  (moon).  The  shorter  months  wen  called 
hollow  (ifotXsi),  the  longer  months  full  (wA^pttt) ;  and  these  terms 
hare  been  generally  adopted  by  ohronologeis.  T^e  year  in  wldch  a 
month  was  intercalated  was  called  l/tfiiJuftot,  or  ififio?^ui,  and  henoe 
the  word  embolismio,  which  ia  frequcntiy  used  in  the  same  way.' 

The  month  waa  divided  into  three  deoads,  tiie  first  two  of  ten  days 
eadi,  the  third  of  ten  or  nine.  The  first  day  was  wovft^wta,  the  second 
was  Swrifia  IrrafUitou  pap^t,  and  so  on.  The  eleventh  was 
/uirovwTot  mUt,  or  wptiT^  M  SvciSt,  and  so  on  to  the  Isst,  wUdti  wss 
(iKtb.  Hw  twenty-first  day  was  vpAni  Ir*  flbutti,  and  so  on;  the 
tiiirtieth  was  rfuwrat.  But  the  third  decad  vras  also  reckoned  hy 
counting  backwards  from  the  new  moon,  thus  :  the  twen^-firat  day 
was  Scntrq,  or  Mrri  ^^rwns  fn^s,  accwding  as  there  were  ten  or 
nine  days  in  the  daoad.  The  last  i^,  whether  twenty-ninth  oc 
thirtieth,  was  (yr)  ml  ti4a. 

Then  ia  some  doubt  whether  originally  the  first  of  Heostombsoa 
was  the  d»|  of  the  new  moon  nesrest  to  uie  summer  scdstice,  oe  next 
after  it :  wis  must  have  depended  on  the  mode  of  intercalation.  It  is 
enough  for  most  purposes  to  know  that  the  Attic  year  be^B^  near  tha 
sununn-  solstice.  •  (Clinton, '  Fast  Hellen.,'  Introduotion.) 

Aa  to  the  intercalations,  there  is  an  old  period  mentioned  of  two 
yean  (Surii^s),  with  an  intercalary  month  of  80  days,  ^ua  waa  also 
called  rpuTtipu,  because  the  intwcalation  was  in  every  third  yesr,  in^ 
eluding  that  of  the  former  intaroalation.  This  year  was,  with  r8q)eot 
to  the  sun,  mora  tJian  7i  daye  too  long.  There  was  also  a  tetra-eteris, 
but  the  £^  respectable  period  was  the  ootMteris  of  Cleostntas,  in 
Which  three  months  of  80  days  each  were  intercalated  in  eight  yean, 
namely,  in  the  third,  fifth,  and  ei|^th.  The  avenge  year  of  tiiis 
period  was  vrrong  by  1^  houn  with  respect  to  the  sun,  aid  14  days 
with  respeot  to  the  moon.  The  Hetonie  and  Callippic  periods  followed 
(B.a  482  and  880.)  The  latter  was  but  little  used  compared  with  tha 
former,  which  intercalated  seven  months  in  nineteen  yean.  [Mron, 
in  Bioo,  Div. ;  Pxbiods  or  RiroLinnHr.]  It  is  not  oortain  what  the 
yean  td  Interoslsition  ware. 

The  complete  Boman  calendar,  as  it  stood  immediately  after  the 
edict  of  Augustus,  oorrectiiu  the  use  which  had  been  nude  of  the 
edict  (rf  JuUus  Onsar,  ia  as  follows : — There  axe  twelve  months,  Jsnu- 
srius,  Februarius,  Martios,  Aprilis,  Haius,  Junius,  Julius,  Augustus, 
September,  October,  November,  December.  The  first  of  each  month 
is  its  kalends,  Ealendse  Januaries,  Februariee,  &a  The  number  of  daya 
in  each  month  is  well  known  by  tlie  dd  i^me.  The  18th  of  some 
months,  the  ISth  of  others.  Is  mSM  the  dsy  of  As  Ides  (Idn^ ;  and 
the  ninth  day  before  the  Idee,  inclusive,  ia  called  the  Nones  (Boms)  ; 
and  every  day  is  reckoned  Igr  its  poritiou  with  respe(A  to  tha  next 
simply  deoommate  d^,  be  it  Kalends,  Nones,  or  Ides.  Thus  the  third 
day  before  the  Nonea  (d  January,  the  day  of  the  Nones  itself  counting 
as  one,is  oiiMttimfertumAonaf/attuanM — a  rinffolar  mode  of  speech, 
Wh»di  does  not  appear  to  have  bean  foQy  e^wasd.  It  is  ge^rally 
rendsred  as  if  it  wm  dim  ftrtwM  onls  Aeiuw  /OMiariiif  (the  fbird  day 
before  the  Nones  of  Jaanazy).  These  deeignatinna  are  usually  written 
in  a  oantnetad  focm  in  the  msnnsei^ptB,  and  thsss  eoatrsmms  srs 
usually  sU  that  an  to  b*  found  in  ehnmolodcal  vodEa.  (Sea  QalUos, 
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ApriUh 
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1 
9 
B 
4 
« 
6 
7 

8  rt.  „ 

9  T.  ,. 

10  ir.  „ 
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The  intercalary  yme,  when  iatroduoed  Inr  Obmt,  had  tbe  addiUmial 
day  bagtowed  upon  it  by  doubling  the  nxu  day  before  the  kaknda  of 
Haroh  (whe&ee  the  year  was  ouled  bimxUU)  [BlBUxnue] :  wa  that 
the  month  ot  Fslmiaiy  ended  thus— 

SS  TU.EaLU>rL 

54  tL  Kal.  Hut.  poete. 

55  tL  EaL  If  art.  prior. 
Sfl  T.  XaLlbst. 

»  It. 

»   UL  tl 

SS   Frld.  EaL  Hart. 

There  was  thus  ante  dim  texltm  kaUndat  Mwrlua  petteriorm  oaA 
ants  diem  lextam  kaleadai  Mai^at  priartm.  The  general  rules  of  this 
olumqr  calendar  are,  that  the  idea  are  on  the  15th  of  March,  Hay,  July, 
and  October,  and  on  the  18th  of  all  the  othw  montha  :  that  the  nones 
are  always  on  the  ^;hth  day  beftnv  the  idea,  aooording  to  onr  mode  of 
counting :  that  the  fcalemda  are  alwsjn  on  the  first  day  of  the  month : 
and  that  the  intermediate  days  are  nnmbend  aa  far  as  numbering  ia 
required,  backwards  from  the  halenda,  nonea,  or  ides,  each  of  theae 
reckoning  aa  one  day  la  counting  baokwarda  from  it. 

The  original  Roman  year  is  Tariotuly  stated  by  hiatorians  at  twelve 
and  ten  montha ;  the  lattar  aeema  the  beet  supported,  and  the  old  year 
wanted  January  and  Felmiary,  and  had  Quinctilia  and  Sextilia  in 
place  of  July  and  Aognat:  tiieae  two  monthe  yidded  thdr  nantoito 
those  of  the  two  emperoTB  who  reformed  the  oatondar.  Numa  of  Tar- 
quin  inboduoed  what  was  meant  for  » lunar  year  of  855  days.  The 
year  is  aapposad  to  have  been  more  aaaimilated  to  the  solar  rear  by  tiie 
oecemTirs;  but  there  is  a  great  deal  of  discussion  upon  all  these  points, 
which  wotdd  be  quite  out  of  place  in  anything  but  an  hiatorical  artiela. 
In  the  year  45  b.0.  the  correction  made  by  Jnlioa  Ciesar,  with  the 
■Mtstmeeof  Sodgenes,  wm  intmdaoed,  the  preoedlng  year  having  been 
lengthened  into  445  d^n  in  order  probab^  that  ue  new  era  might 
Call  at  the  full  moon  following  the  ahortest  day.  The  pontiflcea 
maxim!  who  came  after  Juliua  Csasar  mistook  the  meuiing  of  hia  oor- 
reotion ;  by  a  bissextile  every  fovriK  year  they  thought  wis  meuit  one 
every  fourth  year,  counting  tiie  last  bissextile,  according  to  their  inter- 
pretaUon  of  Cteaar'a  rule,  by  which  the  fourth  numbers  begitming  from 
1  vrere  made  sot  0, 9, 18,  so.,  bat  4,  7, 10,  fto.  This  was  correoted  by 
Auguatus,  when  Pontifez  Uudmua  in  a.a  8,  who  directed  that  three 
bissextiles  from  that  date  should  be  onutted  (being  aa  mat^  as  had 
been  then  saperadded  to  Ctesar's  calendar  in  yean  preeeding),  and  that 
the  mistake  uiould  be  avoided  in  future. 

"So  further  ohronolwical  difficult  occurred  until  the  Srd  century, 
when  disputes  about  ue  mode  of  determining  Eaater^v  be{^  to 
per^es  the  Chziitian  wodd.  It  is  oranmonly  stated  that  uie  Council 
of  ince  made  that  adjustment  which  lasted  until  the  Oragoriaa 
reformation.  This  is  not  correct :  tbe  ooonofl,  aooording  to  Boselnus 
and  others,  only  ordained  that  all  Cauistlsnariurald  keep  Siaiter  on  ow 
and  the  same  anj.  [E^teb.] 

The  Qregorian  refonnation  (so  called ;  we  will  not  stop  to  give 
reasons  for  our  |at>teBt  against  the  word)  was  a  consequence  of  the 
dedre  that  the  asascns  should  remain  in  the  oune  months  ior  ever. 
The  Julian  calendar  gave  a  year  whlcb  la  too  long  at  the  rate  of  8  days 
in  400  yuan  nearly.  At  wis  rate,  in  24,000  years  nudsummer  and 
midwinter  would  have  fallen  in  December  and  June.  It  was  not  so 
much  to  avoid  this,  aa  to  keep  the  religious  festiTais  in  the  same  part 
of  the  year,  that  is,  in  the  same  kinds  of  mather,  tiiat  the  oorreotion 
was  insisted  on  by  its  advocates.  The  change  had  been  discussed  by 
individuals  and  even  by  eoanoUi  during  pieeedlng  oeahnie^  and  was 
finally  decided  on  Gregory  XIII.,  with  the  autlmil^  of  theeonndl 
of  Trent.  In  lfiS2  the  refcnmation  was  carried  into  effect :  ten  days 
were  struck  out  of  the  reckoning,  that  whidi  would  have  been  the  5th 
of  October  being  denominated  the  15th,  so  that  the  daTii  S,  0,  7,  8,  9, 
10,  II,  12, 18, 14  of  October,  1682,  never  existed  in  Italy  and  Spain, 
which  aooepted  tiie  change  aa  soon  as  it  was  decreed.  Some  other 
countries,  as  EVanoe,  whidi  aooepted  it  in  the  year  15^,  but  not  eo 
otrly,  had  to  moke  their  changes  according^.  Sm  Bttib  for  the 
times  of  adoption  in  different  countries. 

There  was  one  inoorrecteess  ^ut  this  part  of  the  change,  but  not 
of  any  detrimmt.  The  equinox  fell,  at  the  time  of  the  Nicene  council, 
on  the  21at  of  March,  and  the  suppression  of  ten  days  was  meant  to 
make  the  equinox  vilmte  between  the  21»t  and  22nd.  But  in  ptnnt  i>t 
fsot  the  Alphonrine  tahlea,  which  were  consulted,  are  wrong  w  a  day 
in  this  matter^  and  elenu  dm  should  have  bean  aapproaieiC  The 
c<msequ6noe  is  [Pbhiodb  or  Rstolutiom]  that  the  oqunoz  Tibrates 
between  the  20th  and  21st  of  March. 

Leaving  out  the  ports  of  the  Gresorian  correction  which  relate  to 
Easter,  we  proceed  to  the  altn^tion  of  the  mode  of  intercalation.  This 
ia  as  follows :— Every  year  whoae  numbm-  ia  divisible  by  4  ia  leap-year, 
except  only  when  the  number  ends  wiUi  00,  in  whidi  oase  it  is  not 
leap-year,  except  when  the  preceding  figures  are  divisible  by  4.  Thus 
1900  ia  not  leap-year,  but  1600  is.  If  we  take  the  moat  recent  value 
of  the  length  of  the  year,  865-2422414  mean  solar  days,  and  apply  the 
method  in  Fbactidsb,  Cohtinokd,  we  shall  see  that  the  excess  of 
tiie  real  year  above  that  oi  865  days  is  something  leas  than  1  day  in  4 
y«amjmorBthan7in37>leas  than  8  in  88,*  more  than  89  in  141,  and 

*  The  Fmhua  ara  sold  to  hars  nsad  the  latcrs^Uoa  of  8  dare  la  SS  year* 
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Imb  tfaui  342  in  999.  This  Ust  excess,  242  days  ia  999  yon,  is  ao 
Tory  correct,  that  it  ia  moat  fortunate  that  Gr^gor^a  advisera  dkl  not 
know  it,  for  thqr  would  in  that  eua  have  adopted  it  and  nddled  our 
worid  with  a  moat  trouUeaotna  "ni^w^n  of  interealaUooa  for  tiie 
benefit  of  po«t«rity  of  50,000  yeors  hence.  As  it  ia,  the  excasa  of  1000 
mean  Gr^iorian  yeara  above  aa  mam  of  865  days  ia  242*5  days :  it 
would  hare  been  nearer  the  truth  had  it  been  242-242  days.  Aceorxl- 
ingly  1000  mean  Oregorian  yeara  are  too  long  by  about  a  quarter  of  a 
day ;  more  oorreotiy,  8600  years  giTe  an  «Ror  of  a  day.  Ddambre 
propoaad  that  Uie  Anni  Domini  8600,  7200, 10,600,  Am,  should' not  be 
le^  yeaiB,  iriiiflh  Uiey  are  to  be  in  tiw  Oregoiiau  etlaudar.  If  the 
wmd  should  last  till  i..ix  8600,  we  hope  the  ooneoUon  will  be  called  hj 
Delambre's  name ;  if  his  memory  snould  then  have  perished,  atiU 
more  will  that  of  the  present  artii^e,  ao  that  there  ia  no  use  in  preeaing 
the  point. 

Tiie  European  years  have  been  made  to  begin  at  such  different 
perkda, tiiafe the hiatorical  inquirer  ia  frequenw;  punled.  Wehave 
moitiDnad  those  wfaieh  rslato  to  our  ooun^  in  Fbbiods  or  Bbvold- 
TioiT.  The  25tli  Daonnber,  the  lat  of  January,  the  let  of  Ifaroh, 
the  25th  of  March,  and  Baater,  have  all  been  lo  use. 

In  regud  to  the  common  year  aa  it  now  atanda,  there  are  several 
thingpi  which  it  will  be  uaaful  to  remember.  We  can  hardly  forbear 
to  quote  the  venea  which  are  so  oonsiantiy  in  use,  but  we  will  do 
it  from  ■  TeniiKi  of  1596,  in  an  arithmetical  woik  ^ 

ThliUe  daiea  hath  September, 
Aprllt,  Joaa,  and  HoroBbert 
Pebmsrie  tigbt  sad  twentle  aloMk 
AU  the  TMt  turtle  and  oae. 

The  common  year  b^;ina  and  ends  on  the  aame  day  of  the  week ; 
Ic^year  enda  on  the  next  day.  Thus  1 843,  not  being  leap-year,  enda 
on  Sunday,  aaitb(f[an;  had  it  been  leap-year,  itwMld  have  ended 
on  Mondn.  Many  of  thoae  who  call  the  year  52  weeks  are  hardly 
aware  that  it  is  52  weeks  and  a  d^y,  or  when  leap-year,  two  days. 

To  find  the  6af  of  the  month  without  an  almanac,  it  ia  vny  useful 
to  know  the  first  day  in  each  month  which  has  tlie  MOM  name  aa  the 
first  day  of  the  year,  as  in  tiie  following  list : — 

Ift  of  JannuT,  Ootobar, 
Snd  of  Aprii,  July, 
Srd  of  BcpCdiilnrf  DMM&IWf 
4Uiorjni>e, 

tth  of  Pebniaiy,  Uareh,  Herambart 
•th  of  Angosl^ 
7lhof  Mar. 

Thus  in  tiie  year  1643  all  the  days  just  mentioned  are  Sundays, 
the  same  as  the  first  day  of  the  year.  If  these  days  could  be  connected 
by  some  decent  dc^erel,  such  as  that  already  quoted,  any  one  who 
remembers  them  would  only  have  to  bear  iu  mind  the  name  in  the 
week  of  Uu  flnt  di^  of  the  ouzrent  year,  and  would  this  have  a  point 
to  start  from  in  every  month, 

Sinoe  the  above  recommendation  was  ^vea,  such  venea  h  were 
■aked  for  appeared  in  the  *  Notea  and  Quenea,'  aa  fcdlows : — 

The  tint  of  Oetaber*  700^!  And  if  joa  try. 

The  Mooad  (tf  April,  as  well  as  Jnlr, 

The  tUfd  of  Septembar,  wUeb  rhTous  to  Deeiinbart 

Tb»  liDWtb  day  of  Jmie,  and  no  ether,  raaembcr. 

The  fifth  of  (ba  laap-atoath,  of  Haroh  sad  Noreidbar, 

The  alzth  da?  of  Augcst,  and  Mrentk  of  Hay, 

Bhow  the  flnt  of  the  jtmx  In  the  name  of  the  day. 

Bat  In  leap-yaar,  Then  leap^onth  has  duly  been  reokoaed. 

These  month  datea  wUl  ihoir,  not  the  Stat,  bat  the  aeooad.** 

The  Mohammedan  year  is  one  of  twelve  lunar  months,  of  80  and  29 
days  alternately,  the  last  month,  however,  having  SO  days  in  intercalary 
years.  To  keep  the  months  to  the  new  moons,  a  cycle  of  thirty  yeara 
la  used,  in  which  there  are  eleven  intercalated  years,  being 

3,  5,  7, 10, 18, 16, 18,  21,  2i,  26, 29, 

tiie  cycle.  This  makea  a  vetr  good  lunar  cycle  :  it  supposes  10,681 
days  to  be  an  exact  nomber  01  lunations,  which  it  ia  within  about  a 
hundredth  of  a  day,  giving  an  error  of  a  day  in  2S00  years.  Of  oouree 
the  Mohammedan  year  is  vague,  ita  bwinning  retrograding  through 
the  different  seasons  of  the  solar  year.  The  mode  ^ven  in  TiritKisa 
Chsoholoot  doea  very  well  to  determine  the  oommenoement,  except 
Uiat  when  the  CSiristian  year  contains  tiie  commencementa  of  two 
Mohammedan  yeors,  the  rule  will  only  give  one ;  the  other,  however, 
may  easily  be  inferred.  When  the  oomparison  ot  datea  is  to  be  very 
close,  no  easy  rule  will  be  aufiSdent,  and  recourse  must  be  had  either 
to  tiie  list  in  the  'Art  de  verifier  lee  Dates,'  to  tiie  rule  and  supple- 
mentary tablea  in  the  '  Companion  to  the  Almanac '  for  1830,  or  to 
a  sufficient  method  in  De  Morgan's '  Book  of  Almonaoa.'  The  year  I 
of  the  Hegira  begins  from  July  16,  622,  and  the  year  1260  begina 
January  10, 1844.  But  from  and  after  the  year  juD.  1S88  (981  of  the 
H^[lra)  the  'Art  de  vfrifler  lea  Datea '  givea  two  oommenoemenia  for 
eveiy  year  (the  aaocHid  twdve  dijjn  later  than  tiie  flrat),  which  are,  it 

very  far  baek  In  the  middle  ogea ;  if  ao,  their  year  was  better  than  the 
OregOTlaai 


says,  according  to  the  old  calendar  and  the  new  one :  no  mration  ia 
made  of  this  diatinotiai,  that  we  can  find,  in  the  introduottim  to  that 
work,  jua  in  other  oommon  souroea.   Our  'Nau^ial  Alw^i^^iitff  > 
the  commencementa  aooording  to  the  new  oalenlar. 

The  unwiae  attempt  made  by  the  French,  during  their  first  revidu* 
tion,  to  alter  the  names  and  dispositions  of  the  years  and  months, 
might  now  be  quietly  consigned  to  oblivion,  if  it  were  not  that  many 
excellent  works  bear  the  revolutionary  dates  upon  their  title-pagea,  and 
political  ocouirenoes  are  frequently  referred  to  them  during  the  short 
period  of  their  floreecenoe.  The  year  1  of  this  period  was  made  to 
begin  September  92, 1792 ;  each  period  of  four  years,  or  Franciad,  had 
an  Olymfdo  or  biwextile  at  ita  end.  The  three  omitted  leu-yean  ot 
the  Gregorian  correction  were  found  by  the  same  rule  as  bnbre,  lelsF 
tively  to  the  yean  ending  with  00  :  and  the  4000th  year  was  not  to  be 
leap-year.  The  year  consisted  of  12  months  of  80  days  each,  with  five 
aaored  d^  at  the  end,  dedicated  to  Virtue,  Oenius,  Labour,  Opinion, 
and  Reward;  the  tnaiextile  day  bung  appropriid»d  evety  fourth 
year  to  the  renewal  of  the  oath  of  liberty.  For  further  detail  see 
Kalesdab. 

YEAH-B00K3.  [Repohts.] 

TEAST,  or  FERMENT,  a  substance  which  is  deposited  in  an  in- 
soluble state  during  the  fermentati<m  of  wine,  beer,  and  vegetable 
juioea.  This  sabetanoe,  aa  ia  well  known,  is  employed  to  produce  fer- 
mentation in  aaeciharine  aolutions.  Aoowding  to  Liebig,  toe  insoluble 
part  of  yeast  does  not  cause  fermentation,  for  he  states  that  if  it  be 
"  carefully  washed  with  water,  care  beiog  ti^n  tiiat  it  is  alwi^  covered 
with  water,  the  reudue  does  not  produce  fermentaticm."  Neither, 
according  to  the  aame  authority,  doea  the  soluble  part  of  yeast  excito 
fermentation  until  it  has  been  allowed  to  cool  in  contact  with  the  air, 
and  to  renwin  some  time  exposed  to  its  action;  if  in  this  state  it  be 
intnduoad  into  a  adlntion  (rf  logar,  It  mdnoea  briak  fiannentation. 

Yeast  is  a  prodoet  ol  tiie  decompontion  ci  gluten,  and  when  added 
to  a  aolution  of  pure  sugar,  it  gradually  disappean;  but  when  added 
to  vegetable  juices  which  contain  gluten  aa  well  aa  sugar,  it  ia  repro- 
duced by  the  deoomposition  of  the  ^uten,  in  the  aame  way  aa  it  was 
oriflnally  formed.  Acoordiug  to  Professor  Graham,  the  action  of  yeast 
and  all  other  ferments  is  deatooyed  by  the  temperature  at  which  water 
boib,  by  alot^iol,  bjr  adda,  salts  of  merouiy,  anlphurouB  add,  chlorine, 
iodine,  bromine,  by  aromatio  substances,  volatile  oils,  and  particularly 
empyrenmatio  oil^  smoker  and  a  decoction  of  coSbe;  these  bodiea  in 
soma  cases  omubining  with  the  fannenta  or  ^'^rtiT'g  their  deoom- 
poattion. 

Mr.  Fownes  gives  the  following  as  one  mode  of  producing  yeafit 
without  the  aid  of  a  ferment.  Wheaten  flour  and  water  are  nued  to 
the  oondatence  of  a  paste,  and  ali^tly  covered  up  in  a  warm  place;  a 
sour  odour  is  produced,  and  carbonic  acid  gas  given  off,  about  toe  third 
day ;  by  about  the  sixth  day  the  odour  becomes  vinous  rather  than 
sour ;  and  then  the  aubatance  has  practically  become  yeast,  or  a  sob- 
stituto  for  it.  It  ma^  be  either  uaed  at  onoe,  or  laid  by  for  future  useu 
In  the  latter  case,  it  is  made  into  small  thin  oakee,  and  dried  in  the 
air;  whan  about  to  be  osed,  the  cakes  are  diaaolved.  This  is  nearly 
eqidvaknt  to  the  ancient  mode  of  making  kavm.  Ux.  Coolev  describee 
a  mods  <A  making  yeast  with  the  aid  iA  a  fenoenL  About  |  lb.  bean- 
flour  is  Ixnled  for  half  an  honr  in  6  quarts  of  water.  The  aolution  is 
poured  into  a  vessel;  81  lbs,  wheat-floor  is  added  and  stirred  in ;  when 
cooled  down  to  about  55°  Fahr.,  2  quarts  of  beer-yeaat  are  add^ ;  and 
when  the  mixture  has  fermented  for  24  hours,  7  Ids.  of  barley-flour  or 
bean-flour  is  thrown  in.  The  ocnnpositwHi  is  kneaded  into  dough,  made 
into  cakes,  and  k^  in  a  diy  plaoe  till  wanted  for  nae. 

This  subject  ia  fiuther  filuitnted  under  Bbsao;  BBmrzra;  Vat- 

UHT. 

YELLOW.   [Cauco-Faiktiiiq  ;  Dteikq.] 

YELLOW  FEVER.   [FiiVBB,  Tkllow.] 

YELLOW  OCEBE.   [CoLonBiKQ  Mattebs.] 

YEW,  BoonomietU  Vkt  Nearly  every  part  ol  tiie  yew  tree  is 
applied  to  some  useful  pntpoee.  Considered  as  timber,  wood  ia 
hard,  compact,  of  a  fine  ud  dose  grain,  fl«dUe,  dastio,  easy  to  wdit, 
and  litUe  affected  by  atmorohetio  changes.  It  variee  in  tint  from 
orange-red  to  deep  brown,  wim  a  hard  wmto  sa^wood.  Both  the  real 
wood  and  the  sap-wood  will  take  a  very  high  p(dish.  It  has  been  found 
that  the  wood,  when  cut  into  thin  veneen  before  being  aeaacmed,  and 
steeped  some  mouths  in  a  pcmd,  took  a  pur^e-violet  colour.  Yew 
timber  takes  a  long  time  to  aj,  bat  shiinka  littie  during  the  drying ; 
showing  that  the  miHiture  oontahied,  though  not  large  in  quantity, 
clinsa  with  great  obetinaciy  amotig  the  fibrea.  The  Bomam  oi  its  grain 
renden  it  w«ul  fitted  for  cabinet-making  purposes,  when  uaed  as  a  veneer 
and  polished.  The  wood  is  converted  by  the  turner  into  vases,  boxes, 
and  numerona  kinds  of  useful  and  ornamental  artidea.  Beautifully 
veined  pieces  are  often  obtained  from  the  root  and  the  knoto  of  tlw 
Immches.  Yew  is  tna  ti  the  beat  of  all  kinds  of  timber  for  hydranlio 
engiQeering,  such  as  watw-pipes,  pumps,  pilea,  &&,  on  account  of  ita 
power  of  reusting  the  aotiw  both  of  ur  and  water.  In  France  axle- 
treee  are  often  made  of  yew.  The  branches  are  usrful  for  "i^'ng 
stakes  sad  hoopt ;  and  tiie  young  shoots  for  baaketa  and  ties.  Yew,  in 
its  power  repdiiiig  or  resisting  vermin,  has  been  recommended  aa  a 
good  material  for  wooden  bedsteads,  Before  the  inventitn  of  gun- 
powder the  moet  Unportaot  uae  of  the  yew  was  in  making  bows  fix-  the 
ardhen.  Boger  AacWn,inliii'To»^hile^*publiahadiiil«44,rtatai 
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that  "  Ewe  fit  for  a  bowe  to  be  made  osx,"  is  the  bouf^,  the  pluit 
(BteDi.l)i  the  bole;  the  bough  la  kiM)ttT>  the  plant  ia  apt  to  break, 
and  tlw  bole,  or  boole,  in  pronounced  to  M  tbe  beak  He  adda,  "  U 
you  oome  into  a  ahoppe  and  fynde  a  bowe  that  ia  noall,  loag^  hearye, 
atronRe,  lyinge  atrei^iie,  not  nyndynge,  not  marred  -witii  knoUe,  g&tile, 
wrn^hake,  wen,  fire»t,  or  pmoh — bye  that  bowe  of  my  wairant." 
I^e  pieces  of  yew  faahioned  into  bows  were  fma  4  to  fl  feet  in  lengUL 
lu  Oi»  time  of  Kliiabeth  foreign  yew  began  to  grow  acuce ;  it  was 
much  preferred  to  Engiirii,  iiMomuoh  that  ft  bow  of  foraisn  yew  vaa 
valued  at  6i.  Sd^  when  one  of  Endiah  yew  add  lor  It^,  Tuikef, 
and  Spain,  were  BuoQeaaion  neany  exnanated  of  ysw  for  fw 
until  at  Ungth  it  became  ouattHnaiv  to  join  two  pieces  iogeOier — yew 
to  make  Ute  belly  of  the  bow^  and  uh  or  elm  fc»  the  back.  M  the 
preaeoit  day,  very  few  yew  beea  are  found  witii  aoch  •  growth  <d  bimk 
and  branches  aa  to  be  luitable  for  bows. 

The  nut  yielda  an  oil  nutritioua  for  AttMung  poutey.  The  dried 
leavea  are  aometimea  oaad  mediciiuJly,  and  bo  are  other  porticaM  at  the 
tree,  but  not  to  any  great  extent,  aa  there  ia  mudh  poboDooi  matter 
aecreted  by  the  yew.  TIiU  poiaon  is  one  of  the  oauiei  ol  the  dtnatali^ 
of  the  tree,  aa  it  repela  the  attacks  of  inaeota. 

YORK,  CUSTOMS  OF.  [Wwk.] 

YTTKIA.  [YTTaiDitj 

YTTRIUM  (Y).  Thia  very  rare  metal  oeeura  as  an  <Hdde  in  lereral 
minerals  The  namea,  aouroes,  and  propertiea  of  thaaa  minerals  have 
ah«a^  been  deacribad.  [YTTBiini,  in  Nas.  Uan.  Dir.]  Yttrium 
itaeU  u  obtained  on  heating  a  alntifled  miztun  of  ohlorida  of  yttrimn 
andpotaanumi&a^atjaumeruciblek   After  remorlng  tiie  dhMrlde  id 
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potaaaium  by  water  the  yttrium  remains  in  dork,  iroa-gTBT,  shining, 
pulverulent  aoalea.  Under  tihe  bunuaher  it  aammiw  a  hi^  metaliis 
lustre ;  it  is  not  azidiaed  hr  iteam  or  at  a  red  heat  in  the  air. 

YUria  <  YO).  Yttaium  burm  with  apUndid  auntillBtiODa  fai  aai^gen 
gas,  and  yields  a  white  protoxide,  or  yttria,  Yttria  ia  beat  obtained 
from  the  mineral  gadolinite,  whioh  is  digeated  in  aqua  recia,  the 
mixture  filtered,  the  filtrate  ev^K»«ted  to  diyneea,  the  residue  digeated 
in  dilute  l^droddorio  add,  again  filtoed,  the  filtrate  mixed  with  lazve 
uceas  irf  ayttallised  0u^£ate  ot  potaah,  the  solution  car^ui? 
neotnliaed  fay  f^nnrK  iron  preo^ttated  faj  ■anrinate  of  amuiomi^ 
and  ammonia  added  in  ecuaaa  to  Huow  down  bads  Ktl|^te  U  yttria. 
The  latter  by  digeatioi  in  eailionate  (tf  ammonia  scdutaon  ia  ooatwrted 
into  carbcoate  <tf  yttria^  lAUh.  bf  onpaatiffii  to  dtyneH  and  ignition 
fumialwB  oxide  of  yttoium. 

Yttria  is  a  white  powder  of  spedfio  gravity  4'8i2 ;  is  inodorous  and 
taateleae ;  fa  inacduble  in  alkali^  but  aolnUe  in  their  carbonatee, 
espadally  that  of  mmnwT*,  it  ooouni  aa  a  hjfdrvte  wbaa  preeQttatad 
from  aqueoUB  aolntitniB  of  its  aalta. 

nioqduHiii,  ra^ur,  iodine,  tmndne,  &&,  eombine  with  yttrium 
to  form  more  t«  uaa  otyatalline  oolourieaa  aalte.  ■  Gdoride  of  yttrutm 
is  formed  oa  paaaing  duorine  over  a  mixture  ol  yttria  and  charcoal 
heated  in  a  porcelain  tube ;  it  forma  iribite  diining  noedlee.  Sidpkatt 
of  yttria,  obtained  aa  above  indiootedj  oooors  in  loiuNrided  tmimnnt 
prisma  whidi  loae  water  at  178*  SUir.  and  beeome  milkridiifea  iBthout 
change  of  form. 

Sfdutiona  ot  yttria  axa  duuMteriMd  I17  yisldiog  a  whit*  fredpitato 
with  terooTanids  ot  potMHunu 


y  like  Y,  was  only  found  in  tiie  later  Bomui  alphabet  [X],  from 
^>  which  it  has  been  traneferred  to  the  alphabeta  of  Western  Europe, 
In  the  Qreek  series  of  letters  it  oeeu^ed  tne  seven^  place,  the  aixth 
being  the  property  of  the  subaequently  disused  Vau  or  F.  Two 
questioos  then  arise  which  deserve  an  answer :  how  was  it  that  the 
Komana  gave  ttua  letter  a  place  so  diffivent  from  that  oocnpied  by  the 
Greek  letter  T  and  secondly,  how  are  we  to  account  for  the  Latin 
letter  G  occupying  the  place  which  ahould  have  been  given  to  Z  T  We 
would  first  observe  tliat  tlie  Greeks  were  anrrounded  on  ^e  norUi  by 
Slavonie  raoea,  with  whom  ui  abundance  of  sibilants  has  alwaya  been 
in  lavour,  ao  ttiat  the  eorly  position  in  the  alphabet  of  Z  need  surpriae 
DO  one.  In  Uie  aeeond  place,  we  Bb*ongly  auapeot  that  the  genuine 
sound  of  the  Greek  Z  in  early  times  was  not,  as  ia  sometimes  stated, 
that  otmiordt,  for  then  it  would  have  been  a  superfluous  letter,  and 
would  Bcaroely  have  appeared  ao  early  in  the  alphabet.  We  would 
rather  believe  that  the  sound  ma  similar  to  that  of  the  Engliah  j,  in 
whicli  caae  the  establiahed  interchange  td  C  and  it  before  voweds  would 
s  be  explained.  For  instuioe,  the  form  Zcvt  in  that  oaae  would  not 
auiprise  us  alcnsaide  of  either  A  us  or  Jupiter,  Jam,  &o.,  or  of  tlie 
Italian  Oiove.  [D;  J.}  Next  lo<^g  to  the  Boman  alphabet  we  are 
disposed  to  contend  tiut  the  character  Q  was  originally  employed  witli 
the  Bima  power.  At  m  rate  It  was  not  the  equWent  of  the  Greek  r, 
for  the  third  letter  ol  the  Roman  alphabet,  0,  aa  it  derived  ita  form 
from  the  Greek  r,  mereh^  ohanging  ita  angle  into  a  cum  <a  ohuige 
not  unknown  to  the  Greeks  tbemadves,  see  the  tables  of  the  dd  Greek 
character  under  Alfhabit),  alao  poasessed  precisely  the  same  power, 
a  fact  for  which  we  have  abundant  teatinwny  among  ihe  Romans 
themsdves.  [G.]  But  if  G  originally  represoited  a  sound  diflerent 
from  the  thiok  guttural  r,  what  sound  ia  more  likely  to  have  bdonged 
to  it  than  that  of  oar  Enffliah  y,  when  we  know  that  thia  sound  is  still 
current  in  Italy,  although  they  want  a  wingle  ohataoter  to  refooaent  it^ 
and,  secondly,  when  it  ia  an  undoubted  bet  that  tha  two  aounda  are 
very  apt  to  be  interchanged.  In  our  own  tongue  tjie  very  letter  ini 
question  performs  the  two  offices  we  are  speaking  of,  in  gtadcr  and  get, 
even  before  tiie  same  vowel ;  and  we  <moe  met  witii  a  diild  abeady  ten 
yeara  of  a^,  whose  ear  and  tongue  could  m^  no  distbictiai  between 
go^tnAjvMe.  In  point  of  fact,  the  three  aonnds  of  di  before  a  vowel, 
of  an  Ene^  ^,  and  of  our  initial  y.  are  dosdy  related.  Those  who 
read  the  ballads  in  Percy's  '  Reliques '  will  find  many  wrads  whete  a  s 
ia  used  with  the  power  of  a  y,  aa  is  still  the  case  in  tiie  Scotch  namea 
Jhbd,  MatAwM,  and  tJie  Sootdi  word  capefemtzU,  for  the  English 
pronunoiatioD  ot  these  wwds  is  inoorreot  in  giving  to  Ukem  the  sound 

ofonr&e^K  K^,  in  woidji  vrtwro  an  n  precedes  c,  the  sound  fv 
u  beard:  thus  Jfensjes  is  pronounced  Jftn^-u.  But  if  the  Latin  G 
and  tiie  Greek  Z  had  originally  the  aame  power,  aa  well  aa  the  same 
^au  in  the  alphabetical  series,  it  becomes  difficult  to  believe  that  the 
Odone  of  all  the  I«tin  letters  did  not  derive  its  J^rm  too  from  the 
Greek  symbol  Nor  ia  the  change  so  violent  as  would  at  firat  appear. 
If  tlM  Greek  z  be  written  with  ita  oblique  abaft  from  north-west  to 
Bouth-eaat  msU^  of  from  north-east  to  aouth-weat  (a  supposition 
havmg  httle  difficulty  in  It,  if  letters  wan  originally  plotS),  then 
U»  ordinary  ebann  to  an  angle  to  a  ourvo  wouldtaiM  na  to  aoma- 
uiing  very  near  the  true  Roman  Q    Or  again, takii^the  onUnary 


Gredc  Z,  the  upper  hwiaontd  lino  ia  already  greats  shorimed  in  tbs 
ouirive  character  Cftod  ia  the  aame  wi^  might  eadlv  slip  into  the  Latin 
character.  The  permutatiimB  to  which  Z  ia  liotue  have  partly  been 
Bp(^en  of  above,  and  all  tA  them  antic^ted  in  tlie  other  Mttem  [D ; 

d;  I;  J;  S;  T;  Y.] 
ZAFFBE.  [Cobalt.] 

ZEIMINDAB,  a  Peruan  word  which  aigniflea  literally  a  landholder. 
The  word  was  introduced  into  Hiaduatan  By  the  Mohaounedans,  but  it 
ia  probable  that  the  office  to  which  it  ia  applied  was  previmidy  in 
eodatenoe  aa  a  part  of  the  aystem  of  village  oiganisalion  which  extnida 
throue^ont  the  whole  of  Hindustan.  A  village  in  Hindustan  is  not 
rimp^  a  collection  of  houses  smaller  than  that  of  a  town;  it  ia  a  tract 
of  countiv  oomprising  hundreds  (sometimee  thousands)  of  acres  of 
arable  and  waate  land,  the  inhabituitB  of.wtiich  form  a  sort  of  corpo- 
ration, with  several  officers,  each  of  whom  has  his  distinct  duties.  The 
head  man  of  thia  village  corporation  ia  the  potaU,  who  has  at  his  oom- 
msnd  the  village  police.  A  number  ot  villagea  form  a  diatriot,  wbidi 
ia  larger  or  amuler  aooording  to  the  number  and  extent  <A  the  villages. 
The  head  man  of  such  a  dirtrict  ia,  in  the  gieater  part  of  Hindustaa, 
called  a  xemndur,  and  the  district  Uself  a  awtwdory.  The  chief 
busineea  of  tiie  zemindar  ia  to  ooUeot  the  revenues  of  his-distriot  for 
tlie  ^vemment;  and  that  he  may  do  this  effectually,  the  police  of  the 
distnot  is  under  his  oontroL  The  oolleototat^  however,  is  not  inaepa* 
xable  from  the  aemindary;  and  should  the  oalleotiaai  be  withdrawn,  as 
it  occasionally  Was,  the  eemindar  etill  remaina  the  head  man  ot  the 
diatrict,  and  the  refffeaentative  of  it  to  the  government. 

Hiis  account  of  the  semindara  applies  to  sudi  of  the  states  of  Hin- 
dustan as  were  independent  of  the  British  government;  butaohaage 
in  the  collection  of  the  revenue  waa  made  under  Warren  Hestiogg  in 
1772,  wlien  the  aemindaries  were  let  to  the  highest  bidder  for  a  term  of 
yean,  the  in  po— eaaton,  however,  being  preferred  when  he 

oSered  terms  whidi  wen  deemed  reasonable. 

At  length  a  pennaneat  aettlement  waa  made  with  t^e  lemindan 
during  the  government  of  Lord  Comwallis,  in  17&1,  but  was  not  com- 
pletely carried  out  till  1793,  forming,  aa  it  did,  a  part  of  the  great 
nnandd  and  judicial  refonos  introduced  by  him.  The  amount  to  be 
paid  to  the  government  waa  settled  at  a  fixed  lat^  in  the  fint  instance 
for  a  term  <^  ten  years;  but  this  was  to  be  rendered  permanent  if 
sanotkmed  by  the  authoritiea  in  England.  The  xemindan  were  recog- 
nised as  proprietors  of  tlie  sdl,  and  thus  have  become,  in  fact,  under 
the  British  government,  what  they  bad  not  been  before,  nor  are  yet 
under  the  native  govenunents — ^landed  proprietors  of  the  zeminduy. 
The  lyots,  all  of  whom  had  hereditary  rights  in  their  lands,  were  made 
over  to  the  aemindors,  who  too  frequently  used  tlieir  new  powers 
oppreerively.  But  in  1622  it  was  enacted  that  tenants  holding  lands  by 
any  hereditary  or  prescriptive  rights  should  not  be  disposseased  so 
long  oa  tiiey  paid  the  rente  agreed  upon,  nor  should  tne  rents  be 
inereased  except  under  eertun  specified  oiroumatauces.  The  aemindar 
may  dispose  of  the  landa  as  he  thinks  fit,  and  the  government  does  not 
interfere,  so  long  as  the  tax  ia  paid. 

(Mill's  Siitorv  nf  Britiek  India,  by  Wilson;  Malodm'a  GaUnd  ImUai 
Jonsa^Ant,) 

ZENS  la  the  nam*  niually  f^-na  bu  fanw  priMU  to  tht  langw^ 
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in  wbioh  the  oldest  doBunwnti  of  their  reUgfon  were  oompoaed, 
[Zbitd-Atebta.]  It  became  otniratwnich  in  Europe  tlizoushAiii],uetiI 
An.  Pemm,  who  took  the  word  Zend  u  the  name  of  tiie  ungtuKS  of 
the  Aveeta,  and  P&zend  as  that  of  a  ooirupted  dialect  of  the  Zend. 
This  viev,  however,  has  been  shown  by  modem  inTeetigationa  to  reat 
cm  a  mistaken  intai^vetation  of  a  passage  of  the  '  Ormuzd- Yeeht,*  and  of 
one  taken  from  the  '  Ulemi-i-Isl&m '  j  for  it  is  now  certain  that  Thomaa 
Hyde,  whose  yroA  aa  the  religion  of  the  old  PeniaQB  is  the  first  note- 
worthy ee8»  on  this  subject,  was  quite  correct  in  calling  Zend  and 
Pftund  not  languages,  but  books.  In  oonfinuation  of  his  View,  one 
passage  from  the  Fersiau  Dictionaiy  Burb&n-i-Q'tti  will  sufBoe.  It 
nus  aa  follows  : — "  Zend  is  the  name  of  a  book  which,  as  Ibrahim 
Zerdueht  affirmed,  had  oome  down  from  heaven  on  his  aoooont. 
Othen  say  Uut  it  is  the  name  of  a  book  of  Abiaham ;  and  otiiers  again 
maintain  that  Zend  and  FlEoid  are  tiro  works  or  parts  of  this  book- 
Zend  is  also  the  name  of  a  Turanian  Yezir  of  Sohrdb,  the  eon  of 
Buatem,  who  was  kiUed  In  Bustem.  ....  PAzend  is  a  oommentsiy 
on  the  Zend,  and  Zend  is  a  book  of  Zerdosht.  Some,  howeTW,  reverse 
til  in  definition,  by  saying  that  Zend  is  a  conunenti^  on  the  P^tzeodL 
Again,  others  nuuntcun  that  Zend  and  PAzend  are  two  books  on  fire- 
worship,  oompoaed  b^  Ibrahim  Zerdusht ;  and  one  author  aajra  that 
Pdrend  is  a  Izanslation  of  the  Zend."  (Spiegel,  'Qrammatik  der 
Fbsi-sprat^e,'  p.  3.)  This  passage  clearly  shows  that  neitlier  Zend  nor 
Fdzend  is  the  name  of  a  language  or  dialect,  bat  it  likewise  gives 
evidence  of  the  difiBcult^  which  even  learned  Pendans  evinced  in  asoer^ 
tuning  the  correct  meaning  of  the  terms.  Nor  can  we  affirm  that  it  is 
definitely  solved  by  the  present  results  of  Oriental  philology.  Dr. 
Friedritm  Sjdegel,  who  has  translated  into  Qennan  the  sacred  writings 
<d  the  PatBeeH,  enresses  himself  to  the  following  effect  (Introduction 
to  *  Avesta,  die  heiligen  Sohriften  der  Fmm,'  Lejpag,  185S,  p.  45) 
"  Avesta,  or,  in  its  older  form,  ApestAk,  means  literally  the  text,  and 
is  the  only  correct  designation  wLuoh  the  later  Panees  use  for  the  text 
of  their  sacred  writings  whenever  they  do  not  employ  Uie  term  dtn,  or 
*]aWj'  which  word,  however,  is  probatily  to  be  taken  in  a  mor^  limited 
■enae.  In  the  invooatitnia  of  the  Yai^na,  and  elsewhere  in  the  oldest 
period,  the  emressiMi  mant&rd  £pVitto  (that  is,  tba  holy  roeedh)  oocum  for 
the  sacred  wiitingi,  >ad  this  e^Hrassion  has  surrived  under  the  form 
of  MAnsttT-cpent  For  the  laog^ge  of  this  oldest  period,  the  Parsees 
use  the  expreanou,  language  of  tite  MarUhra,  language  qf  the  Avata, 
divine  language. ....  But  Zerid,  a  word  not  yet  sufficiently  ezplained, 
is  repOTted  to  designate  the  commentary  on  uia  saored  books,  probably 
the  Husvftresh  trsnslation.  The  language  of  this  translation  is  oiJled 
by  the  Fataeei  AunAvsft,  from  the  Zend  huzaSthia,  that  is,  bonum 
sacrificlum  habens.  In  connection  with  Zend  we  always  meet  with 
Pftzend,  which  word  seems  to  mean  the  oommentaiy  on  this  trans- 
lation." 

A  widely  different  i^inion  on  this  subject  is  given  by  another 
scholar,  wnose  labours  have  for  many  years  been  devoted  to  an 
understanding  of  the  old  Farsee  writings.  In  a  lecture  he  has 
zeoently  (on  we  Ist  of  March,  1861}  delivored  at  Poena,  on  the  Origin 
of  the  Parsee  religion.  Dr.  M.  Hang  makes  the  following  state- 
ment :  "  I  have  discovered  in  most  of  ihe  books  now  extant,  Yaa'na, 
Visporatu,  Yendidod,  and  Yashts,  all  the  three  classes  of  the  ancient 
religious  Persian  literature  which  are  spoken  of  by  ancient  Moham- 
medan writers  and  Persian  lexicographers,  viz.,  Aveeta,  that  is, 
'original  text,'  Zend,  that  is,  'oommeut«T,'*and  PAzend,  that  is, 
'explanatory  notes  of  the  oommeDtsiy.'  The  opinion  of  the  Parsee 
priests  that  Zend  and  PAiend  are  names  of  languages  is  wholly  wrong. 
These  three  claasee  may  be  best  discriminated  in  the  Yendid&d,  or 
code  of  reli^ous,  oivil,  and  criminal  law^  oustoms,  and  usages,  chi^y 
in  its  fourth  chapter.  We  find  that  vetse  1  (in  Westergaard's  edition) 
is  Avesta,  being  an  andent  and  scaroely  more  intelligible  law ;  2-10, 
its  Zend,  or  commentary;  11-16,  Faaend,  or  further  explanation  of 
the  oommenbuy.  I  shall  treat  this  snbjflc^  as  well  as  many  other 
tilings  f  ully'in  my  '  Essays  on  Hm  sacred  writings  and  religion  of  the 
Parsees,'  to  be  pubHsbed,  as  I  hope,  in  the  course  of  this  year." 

To  enter  into  any  speculation  on  the  different  periods  of  the  language 
of  the  Avesta  would  be  {n-emature,  after  the  oonfession  made  by  the 
best  living  Zeni  scholars,  that  th^  are  unable  as  yet  to  ocfpe  wiu  the 
considerable  difficulties  which  beset  its  study.  We  must,  therefore, 
confine  ourselves  here  to  the  statement  that  this  Isnguage,  which— as 
observed— WW  passes  by  the  erroneous  name  <4  Zend,  is  one  of  the 
Indo-European  stock,  and  bean  so  great  and  intimate  an  affinity  to 
the  Sanskrit  of  tiie  Yedas,  that  without  a  kiuiwledge  of  the  latter,  we 
should  probably  never  have  arrived  at  a  correct  appreciation  of  tiie 
forms  of  the  language  of  the  Avesta.  The  ingenious  oomparisons  be- 
tween both  languages  made  by  the  celebrated  Sanskrit  schoW.  Eug&ne 
Bumouf,  in  his  '  Oommentsire  sur  le  Ya^na,'  have  laid  the  first  solid 
fonDdati<Bi  of  our  present  knowledge  of  Zend,  and  the  place  it  holds 
amongst  Indo-European  languages  is  best  illustrated  in  tlie  excellent 
'  Oomrarative  Orammar '  of  Profeasor  Fianz  Bopp. 

ZEND-AYESTA  is  tiie  name  commonly  given  to  the  saored  books 
of  the  Parsees,  which  ore  ascribed  to  ^trathustra  or  Zoroaster;  it 
would  be  better,  however,  to  call  them  Avetla,  which  word  means  text, 
or  cr^mal  text,  rinoe  Zend  deaignatea  the  commentary  on  this  text. 
Panes  badition  tells  us  that  these  bot^  originally  consisted  of  twenty- 
one  aoiks  or  lane  divisioD^  but  that  th^  were  destroyed!^  Alexander 
th»  Qreat,  who  had  all  that  they  contained  of  medioise  and  aatn«iomy 


translated  into  Greek,  and  the  rest  bumtb  There  is  much  reason  to 
doubt  the  aocoraoy  of  this  reptfft ;  but  whethw  bue  or  not,  it  is  certain 
that  the  Grecian  conquest  was  highly  detrimental  to  the  (dd  Parsee 
religion  and  ita  sacred  texts,  and  taat  the  rastoiatioa  of  both  did  not 
take  plaoe  before  theelevatkm  to  tiie  throne  of  Ardeidiir,  the  first  king 
of  the  Sasaanian  dynasty,  or  about  220  after  Christ  He  and  tiie  kings 
of  his  lineage  ordered  a  otdleotion  to  be  mad«  of  aU  that  rmuined 
of  the  ssend  Psnsa  texts,  and  it  is  this  0(dlection  wbidi  we 
possess  now  under  the  nsme  of  Avesta.  Bat  not  all  (rf  Uie  books 
deemed  sacred  by  the  I^ursees  can  strictly  speaking  be  indoded  undeo' 
this  name.  It  belongs  more  particularly  to  tjte  throe  wUch  an  seve- 
rally called  Vendidad,  Vieaavdt  and  ta^na,  whweos  tho  rsDuiniiig 
writings  are  comprised  undsr  the  dnnnminstion  of  Ktrnk^AMtUt,  or 
"soudl  Avesta." 

The  latter  oontains  short  prayen,  and  especially  the  YaJtir  or 
TeAtt,  hymns  addressed  to  the  different  genii,  on  tiie  days  whidi  bear 
tiieir  names  and  are  saored  to  them,  or  on  tiie  days  of  those  genii 
who  are  oonsidered  to  be  the  attendants  of  the  former. 

The  Vtndidad  consists  of  twenty-two  Ftayardt  or  sections,  which 
treat  of  cosmogony,  and,  moreover,  may  be  oallad  the  rc^oas  and 
oivil  code  of  the  old  Parsees.   The  first  Fsrgard  relates  how  Ahura- 
Haida  (now  called  Qrmusd),  the  good  spirit,  created  the  several 
oountries  and  plaoss— sixteen  are  named — excellmt  and  perfeet  in 
their  kind,  but  that  Angrd-Mainpu  (now  called  Ahriman),  the  evil  or 
black  spirit,  created  in  opposition  all  the  evils  whioh  infest  these 
worlds.   In  the  second  f  ai^wd,  Zamthustm  (or  Zoroaster)  bids  Yima 
announce  to  nwikind  tiie  saored  law  he  had  taught  him ;  but  Yima 
refuses  cfflupliadse  with  this  behest   He  then  Uds  him  enlai^  the 
worlds  and  make  them  prosperous.   This  time  Yima  obeys,  and  carries 
out  the  orden  given  him       Ahura-Mssda.    The  third  Fkrt^'d 
enumerates  first  the  five  things  which  are  the  most  agreewe, 
then  the  five  things  whioh  sre  tiis  most  disagreeable,  and  after- 
wards the  five  thin^  which  convey  the  greatest  satis£action,  to  this 
world.   It  conoludra  with  questions  and  injuQotiona  of  a  kiikhed  sort. 
The  fourth  Far^ard  may  be  termed  the  eiuninal  code  ol  the  Avesta. 
It  snumerates,  in  the  ant  instsaeo,  varioos  (dffances  wbiA  sre  oon- 
ndfired  te  be  so  grave  as  to  aflkt  not  only  the  person  who  oomndta 
them  but  also  his  relatives;  and  then  prooeeds  to  define  the  pmiidi- 
mente  incurred  by  tiie  oWeoder.   The  eight  follovring  IVugards  ocntain 
injunctions  in  referenoe  to  impurities  caused  by  dead  bodies.  The 
thirteenth  FargBrd  begins  with  the  description  of  two  kinds  of  dogs, — 
the  one  created  by  Ahura-Masda,  the  othn  by  Angrd-Maiimi, — the  Idll- 
iog  of  the  former  being  a  erimmaL  that  of  the  lattiar  a  mento^^ 
end  1^  remaining  part  of  the  bow  is  devoted  to  the  prefer  treotaunt  of 
dogs  in  general,  a  subject  of  mntdt  importance  in  a  country  miarently 
much  infested  by  wolve^  and  continued  in  the  fourteenth  Fsigara, 
wMoh  ennmeratee  also  the  penalties  for  injuzing  doga   The  treatment 
of  young  dc^  is  likewise  the  subject-matter  of  the  latter  psrt  ol  the 
fifteenth  Fai^ard,  which  in  its  first  sections  treato  at  sexual  otEBooes, 
and  the  bringing  np  of  illegitimate  diildren.  The  sixteenth  SVagsid 
teaches  how  to  treat  women  m  their  mensee,  or  when  otherwise  afibcted 
with  impuritiea   Impurities  caused  by  the  outtiBg  of  hairs  uid  trim- 
ming of  nails,  are  the  subjeot-mattw  <u  the  seventeenth  Fargard.  The 
next  Fargard  is  more  of  a  mixed  choraoter;  it  treats  of  various  cere- 
monies, such,  for  instance,  as  are  to  be  toaotised  daring  tiie  night  and 
at  sunrise ;  and  gives  injunctions  on  ueanlinoss,  dooeiw^,  and  moral 
ooDdnct  The  lUutosnuL  IWgsEcl  zidatai  bow  An^lbinyu  aide»- 
Toured  to  IdU  Zarathnstra,  bat  how  the  Utter  suocessf  uUy  defended 
himself  with  the  weapons  given  him     Ahura-Maada.   The  evil  sfnrit, 
it  oontinaes,  being  aware  that  it  had  no  material  power  over  Zarathustrs, 
then  resorted  to  temptations;  but  these  too  were  defeated  by  the 
prophet,  who  now  resolved  to  conquer  the  evil  spirit,  and  fca-  thia 
parposs  sddressed  to  Ahora-Masda  various  questions  oa  the  rites  of 
purification  and  the  oondition  of  souls  aftw  death.  The  tweotietit 
£^tq;ard  eontalns  soma  Information  about  the  fint  man  iHm  underrt^ 
curing  disease.   The  twentgr-flmt  Fargard  is  devoted  to  iha  phenomena 
of  the  sky  and  the  luminous  bodies;  it  oomprisee  invocanons  of  the 
clouds,  the  sun,  the  moon,  and  the  stHs.   The  last  Fargard  relates  that 
AngrA-Mainyu  having  engendered  diseases^  Ahura-Masda  is  compelled 
to  devise  remedies  o^unst  them.  In  tbs  first  jdaoe  he  has  reeoune  to 
Mantkra^petUa,  the  sacred  won]*  bat  it  is  powsrless.   He  then  sands 
N'otty  o-sangha  to  Airyama  with  tike  oooimaDd  to 
MiimWia  and  things  tor  this  purpose ;  and  the  Fkisaid,  evldentiy  a 
ingaxmt,  concludes  with  relating  that  Aiiyama  prooooed  nine  kinds 
of  male  lumses,  nine  kinds  of  male  """^lii  nin*  Hmif  of  oxen,  nine 
kinds  of  snu^  cattle^  and  nine  kinds  of  pasture  ground. 

The  iana  of  all  these  Fugards  is  neariy  alwi^  thkt  of  a  dialogue 
between  AhnnFXaada  and  Zantfuisb^  aqd  the  Bsmefonnisainrsnd 
then  slso  observed  in  the  two  other  portfons  tA  the  ATesta^  wfaidh 
di^  materially  in  their  oontente  from  those  of  the  Vendidad. 

Vitpered  and  Yeu'ua  bear  prominoitiy  a  litur;B^cal  character.  Th^ 
are  invocations  of  natorc^  of  the  deities  who  are  believed  to  govern  its 
course,  of  time,  seasons,  and  other  objeote  connected  with  acts  of  pious 
veneration;  th^  also  ocmtain  views  of  creation  of  a  speculative  kind;  in 
short,  they  are  obieflj  the  religious  and  liturgical  code  of  the  old  Farsee 
religion,  whereas  the  Tendidsd,  as  observed,  is  chiefly — thoa^  not  ex- 
duaivdy— ecoosroed  wUh  the  rsaalatian  of  social  and  daily  iSfa, 
^nUgioaib^tau^inwe  ATtata  rests  on  tiwduiUimot  the 
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two  great  principles,  Ahttra-Miada  or  "  ilie  good,"  and  Atigrd-Sfainyu, 
w  "  tb«  evil  principle."  The  genii  wibordinate  to  tlie  former  are  Uie 
Amt^a-^pentai,  six  of  whom  are  named  in  the  Tu'na,  namely:  VoUu* 
manA,  who  protects  liring  beings ;  Aaha-Tohista,  or  the  geniua  of  fire ; 
Kshathra-voirya,  or  the  geniua  of  metala;  S'penta-ftimaiti,  or  the 
(female)  genius  of  earth;  Haurrst',  or  the  genius  of  water;  and 
Ameret&V,  or  the  genius  of  treea  The;  are  Beverallj  oppoaed  the 
DaepM,  or  demons,  nibordinate  to  Aogrd-Uainyu, — by  Akomand, 
Andar,  S'aurva,  N&onf|^thi>  Tauru,  and  Zurioho.  Other  demons 
occur  in  the  tenth  tVugard  of  the  Vendidad.  Both  theae  principles — 
which  in  the  mote  pbiloaophioal  language  of  the  second  part  of  the 
Yas'na  (the  G&th&a}  are  also  oonceived  of  as  the  principles  of  existence 
and  non-flxistence,  of  life  and  deaths  of  good  and  evil — pervade  creation 
and  are  in  permanent  strife.  The  worshipp^  of  fire  belcmg  to  Ahura- 
Uacda,  iriienas  the  vorahippers  of  the  Daevas  are  poaseesed  by  Angrft- 
Uainyu,  the  spirit  of  evil. 

It  IS  the  Utter  claea  of  deities  which  throws  a  strong  lig^t  on  the 
obscure  antiquity  of  the  sacred  books  of  Zoroaster,  The  Daovas  are  in 
Biibstance  and  name  the  Devas  of  the  Hindus.  To  the  latter,  how- 
ever, they  are  the  good  and  friendly  gods,  protectors  of  men,  and 
woi^pped  by  them  in  sacrificial  acts.  The  reU^;i(Hi  of  Zoroaater 
aaaumes,  therefore,  the  character  of  being  antagonistio  to  the  Hindu 
creed ;  and,  in  aoewdonoa  with  this  view,  we  find  that  Indra,  one  of 
the  principal  Vaidik  gods,  and  one  of  the  principal  Hindu  gods  of  the 
later  literature,  is  in  the  Avesta  the  Daeva  Andar ;  that  the  NdtcOyat,  or 
As' wins  of  the  Hindus,  are  the  Daeva  NadnriiMthi;  and  S'arva,  a  later 
name  of  S'iva,  is  the  Daeva  S'aurva.  It  woiud  seem,  therefore,  that  2^ 
roaster  belonged  to  a  poriod  of  antiqui^  when  great  religious  djsaenmons 
had  already  separated,  or  begun  to  sepomte,  the  two  sdster  nataons  of  the 
Uindtu  and  Paneea ;  but  it  would  be  haaardona  to  extend  this  inference 
to  any  all^tion  of  date,  or  even  to  the  asaumption  that  Zoroaster  pre- 
ceded the  vaidik  songs  of  the  R'igveda  poet^T ;  for  though  a  belief  haa 
been  recentl;r  exprened  that  the  word /oraaaiAti,  in  a  B^eda  hymn, 
is  the  Sanskrit  form  for  tha  name  Zarathustra,  tliis  bold  conjeotmn  is 
noways  warranted,  neither  by  a  soand  comparison  of  both  words  nor 

S'  the  context  in  which  faradaahti  occurs ;  whereas,  on  the  contrary, 
ere  are  dreumatanoea  which  seem  to  indicate  that  Zoroaiter  Inveighed 
against  that  form  of  Hindu  w<nship  which  belongs  to  a  period  posterior 
to  that  of  the  R'igveda  hymns.  It  is  remarkable,  for  inatraoe,  that 
though  there  is  a  manifest  tendency  in  the  Avesta  to  invert  the  cha- 
racter of  tiie  friendly  deities  of  the  Hindus,  the  Zend  ^Aura,  whioh 
emphatically  oocun  aa  a  propitiona  name  in  Ahum-Uazda,  correspondB 
in  msaning  and  ifxm  with  the  word  Antra  of  tiw  B'igvMla;  wnereaa 
this  same  word  Atura  means  a  demon  in  the  literature  of  the  Hindus 
subsequent  to  the  Vaidik  poet^,  and  then  only  is  the  counterpart  of 
the  Avesta  word. 

The  worship  tau^t  \yj  Zoroaster  seems  to  have  been  of  the  ainmlest 
kind,  the  adoration  of  fire  by  means  of  .hymns  and  ofieriaga,  chiefly,  if 
not  exclusively,  token  horn  ttie  vegetable  kingdom.  An  essential  oon- 
oomltant  of  Uie  sacrifice  ia  the  juioe  of  the  Hacma,  or  the  Soma  plant, 
which  oooufaea  an  important  part  also  in  the  Vaidik  rites.  [yEOA.] 
This  wonhip  however  must  not  be  confounded  with  the  complioated 
ritual  of  later  periods  of  the  Parsee  creed,  which  assiuned  a  similar 
development  to  that  based  by  the  Hindus  <m.  the  B'^cveda  tex^  and  is 
indicated  by  several  pottlona  oi  the  ATMta,  wUoh  cannot  be  looked 
upon  B8  its  earliest  part. 

This  part  evidenUy  oonnata  of  the  second  diviaion  of  the  TaaW,  or 
the  Q&tiifls,for  aome  of  them  are  quotedsevoal  times  In  ttu  remaning 
porUtms  of  the  Aveeta.  But  whether  all  the  GAthAs  precede  the  first 
part  of  the  Tas'na  and  the  rest  of  the  Avesta,  and  whether  the  dialect 
in  whioh  they  are  written  difiers  from  the  language  of  the  rest  merely 
on  account  of  local  peouliaritiea,  as  Prof  essor  Westergaard  holda,  or  on 
account  of  its  earlier  date,  as  other  scholars  assume,  is  a  question  which 
it  would  be  difficult  to  decide  in  the  pwaent  impeifeet  state  of  Zend 
philologjr-  would  it  be  safe  to  ta^  whether  Zoroaster,  to  vhtnn 
the  origmal  Avesta  is  ascribed,  compoaed  aU  or  any  of  the  remains  in 
whioh  the  present  collection  has  come  down  to  us.  Dr.  Haug,  it  ia 
true,  who  has  given  us  a  translation  of  the  QAth&s,  says  in  a  lecture  he 
delivered  at  Foona,  on  the  let  of  March,  1861 :  "  I  ahall  now  give  the 
proofs  that  these  collections  of  ancient  songB  (the  QAth&s),  or  at  laut 
aome  of  them,  were  really  compoaed  Zarathustra  himself,  with  some 
remarks  which  will  throw  a^A  on  tlie  origin  of  the  religion.  1. 
Whilst  in  those  portions  of  the  Zend-Avesta  which  are  written  in  the 
usual  Zend  language  (or  it  might  pertiaps  more  propeily  be  called 
Bactrian)  we  find  Zarathuatta  spoken  of  in  the  third  person ;  now  in 
these  songs  he  is  speaking  is  the  first  person,  and  sometimes  osjling 
lumself  his  own  name,  so  saya  he  in  one  paasage  (Taa'ni^  i8, 8) : 
'  I  am  Zarathuatxa,  I  diall  show  mndf  ai  a  destroyer  to  the  wicked, 
and  a  comforter  to  the  good.'  3.  IVom  the  whole  tenor  <tf  these  songs 
(cUefly  of  the  second  collection,  called  O&thA-uatavaiti)  vn  are  led  to 
the  opinion  that  a  man  of  quite  an  extraordinary  atamp  stands  before 
us,  acting  a  grand  part,  not  only  on  the  stage  of  hia  country's  history, 
but  on  that  of  the  universal  histoty  of  the  human  race.  He  says 
that  he  is  a  prophet  or  a  meeaenger,  sent  by  Qod  to  propagate 
civilisation,  especially  agriculture  and  the  bleadnpof  a  aemedBtato 
of  life  (once  he  Is  called  a  prophet  of  the  spirit  of  the  earth,  GhniaurvA), 
and  to  destK^  idolatry  as  ruinmg  the  body  aa  well  aa  the  aouL"  Bat 
» is  dear  that  argununti  of  th&  kind  do  not  warrant  the  eerti^t^ 
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the  tradition  he  had  received,  could  have  indited  the  poetiy  wfaic£^  has 
called  forth  the  foregoing  remarks.  QuestionB  liko  these  it  aeems  pre- 
mature to  decide  at  a  time  when  the  grammatical  laws  of  the  language 
of  the  Aveeta  are  not  yet  definitely  known,  when  no  real  dictionary 
of  this  language  ia  yet  in  existence,  and  when  the  few  tranalatore  of 
the  Avesta  reproach  each  other,  apparentiy  not  without  good  cause,  with 
having  misunderstood,  or  imperfectly  understood,  the  most  important 
parts  of  the  sacred  texts,  either  from  clinging  too  much  to  tradition, 
which  is  not  always  safe,  or  from  neglecting  it  altogether  and  inventing 
fanciful  meanings  of  words.  Those  seriously  engaged  in  the  study  of 
the  old  Parsee  texts  will  not  be  misled  by  bold  assertions  of  dotes 
and  confident  interpretations  of  texts,  but  to  the  genoal  reada  it 
is  wiser  to  confess  uiat  the  time  is  not  yet  come  to  decide  whether 
Zoroaster  is  the  real  author  of  all  or  any  of  the  fragmentary  portions 
of  the  Aveeta  which  are  the  subject  of  this  brief  notice,  nor  to  venture 
upon  a  guess  at  the  period  at  which  he  may  have  founded  the 
P&rsee  ruigion.  All  that  is  really  settied  by  modem  inveetigations  is 
that  it  would  be  erroneous  to  assign  to  him  the  date  of  Darius'  foUier, 
since  it  is  indubitable  that  the  Kav&  Viatas'po  of  tiie  Zend-Avesta, 
under  whose  reign  Zoroaster  lived,  ia  not  the  Vistaa'pa  or  Hyataspes, 
who  is  tiie  father  of  the  celebrated  king  Darius,  the  lineage  of  the 
latter  being  totally  different  to  that  of  the  former.  When  therefore 
the  modem  Farsees  assign  to  their  prophet  the  dato  of  £50  B.a  they 
must  be  wrong ;  and  if  Zoroaster  really  lived  at  any  of  the  remote  dates 
which  have  beoi  guessed  by  European  writers,  this  uct  would  give  us  the 
interesting  oonolasion  that  there  is  a  religious  community  whiw  believes 
its  foundertobove  existed  about  1000  year^Iater  than  he  aetoally  lived. 

ZEKITH  and  NADIR,  two  Arabic  temui,  imported  into  Europe 
with  astaonomy,  to  signify  the  point  of  the  heavens  Immediately  above 
the  spectator,  and  the  opposite  (invisible)  point  below  him.  The 
latter  term,  though  still  mentioned  In  books  on  tiie  use  of  the  globes, 
ia  quittf  obsolete  among  astronoinanj  the  former  ia  ray  frequently 
enwloyed. 

The  senitli  is  the  yAiA  at  which  a  vertical  line  outs  the  heavras.  If 
the  earth  ware  a  qnere,  tUa  vertical  line,  or  that  in  whidi  a  plumb* 
line  han^,  would  pass  through  the  centre  of  the  sphere.  But  the 
eartii  being  a  spheroid,  the  v»tical  line,  which  is  everywhwe  perpen- 
dicular to  the  tangent-plane,  does  not  paaa  through  tiie  oentie  of  the 
spheroid,  but  a  little  nearer  to  the  spectator's  side  of  the  equator. 

ZKKITH  SECTOR.  Thia  instrument  is,  as  its  name  implies,  a 
portim  of  a  divided  drole,  whioh  Is  em[d<^ed  in  measuring  the  taUth 
distanoea  ol  stars.  Fioonl,  in  his  celebrated  operation  for  aetomining 
the  figure  of  the  earth,  first  ^>plied  o  short  ore  to  a  long  telescope, 
thus  obtaining  ot  the  same  time  great  accuracy  with  portability.  The 
instrument  which  he  used  for  measuring  the  celestial  arc  between 
Malvoiaine,  Bourdon,  and  Amiena,  is  figured  and  described  in  his  tract 
entitled '  Mesure  de  U  Terre ; '  *  the  following  is  a  copy  of  his  plato 
and  description.  The  instrument  is  of  iron,  strengthened  with  edge- 
bm,  and  covered  with  copper  in  the  places  required.  The  limb  con- 
tains only  about  the  twentieth  part  of  the  (rircumference  of  a  circle  of 
ten  feet  radius,  and  is  divided  by  tranaveraal  llnea  [  Vernier]  to  thirds 
of  a  minute.  The  telescope  is  ten  feet  long,  and  the  wires  are  illu- 
minated either  from^he  top  or  by  an  aperture  on  one  aide  of  the 
telescope.  The  plumb-line  ia  enclosed  in  o  tin  tube  to  raotect  it  from 
the  wind,  and  the  observations  wen  always  made  in  a  dcse  apsrtanent 
through  an  opoture  in  the  roof. 

The  figure  shows  all  tiiis  suffidenUy,  and  also  the  foot-screws  for 
setting  the  axis  vertical,  which  it  is  when,  m  taming  the  instrument 
round,  the  [dumb-Une  han^  before  the  same  divisicm  of  the  limb.  In 
making  the  observation,  suppose  the  axla  to  be  vertical  and  the  limb  to 
be  towards  the  reader,  aa  in  1  (the  limb  ahoold  also  be  in  the  {done 
(tf  the  meridian),  and  the  talesocqiw  Greeted  to  a  star,  at  its  tranaitk 
Now  If  we  sumiose  a  line  to  be  drawn  through  the  centre,  parallel  to 
the  line  of  eight  of  the  telescope,  the  angle  betwerat  the  line  so  drawn 
and  the  plumb-line  is  the  aenith  distance  of  the  star ;  but  as  the  point 
where  the  arc  is  out  t)y  the  line  supposed  is  not  as  yet  defined,  except 
by  its  poraUeliam  to  an  optical  and  Intangible  linc^  there  is  as  yet  no 
measure.  Bead  oS^  however,  the  division  on  which  the  plumb-line 
beats.  Turn  the  instrument  half  round  on  its  vertical  axis,  when  the 
^umb-line  remains  on  its  former  divishm,  and  the  telesocpe  {Kdnts  to 
the  same  asnth  distance,  but  on  the  other  dde  of  the  zeuth ;  if,  then, 
we  would  observe  the  same  star  as  before,  the  sector  must  be  turned 
on  its  horisontal  axis  through  twice  the  aenit^  distance ;  and  oa  the 
plumb-line  always  keepa  pantUel  to  its  position,  and  paaaes  through  the 
centre,  the  diviuon  on  which  it  now  beats  must  be  distant  trvm  the 
division  fint  bisected  1^  twioe  the  ang^  moved  throu^,  that  is,  hj 
tirioe  the  stai^  sanith  dutanoe^  and  the  dividbn  whidi  uaeotB  the  two 
readings  ia  the  aero  point,  or  reading  which  corresponds  to  thq  zenith. 
It  ia  not  neoessanr  that  the  star  should  be  obeerved  in  both  positions 
on  the  same  night,  provided  the  centre  and  arc  ot  the  seotor  continue 
to  have  the  same  pontioa  with  regard  to  the  line  of  sight.  In  this 
case,  reveriiion  on  a  following  night  will  serve  just  as  well  for  detcr- 
minhig  the  dlvidon  vhioh  oorreqKmds  to  the  lenith  dkaotion  of  the 
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telewmpe.  If  this  reading  is  not  that  which  was  iDtended  by  the 
maker,  the  diESarenoe  is  oilled  the  error  of  oolUmatiuD,  and  is  »p^ied 


u  a  oorrectioD,  additive  or  aubtraotive,  to  all  the  ohsemtiossj  aoeordliig 
as  they  are  on  one  or  the  other  side  of  the  xenith. 

Picord  eaters  into  no -details  with  respect  to  his  observatioiu,  but 
S^Tes  at  ewdi  plaoe  a  senith  distance,  whi^  is  the  mean  oi  a  oouidBrable 
number.  He  only  obaerred  one  star,  and  that  to  the  north,  nimely, 
the  Knee  of  Cassiopeia  (S),  giving  as  a  reason,  "  that  a  star  nearer  to 
the  seniih  would  have  bem  more  difficult  to  obaerve,  and  that  if  the 
star  had  been  between  the  two  zenitha,  the  error  of  the  instrument 
(the  division  coireeponding  to  the  senith,  or  error  of  ooUimadon), 
which  might  have  been  imperfectly  determined,  would  have  been 
doubled  in  the  apparent  dia^ce  between  the  two  Mnitha,  because 
tiien  the  sum  of  the  two  observations  must  have  been  taken ;  whereas 
when  a  star  is  always  observed  on  the  same  side  of  the  imith,  than  is 
only  the  difference  to  be  taken,  whioh  must  be  oorreoi^  provided  the 
inBtniment  is  well  centred  and  well  divided."* 

In  1674  Hookepuhllshad  *  An  Attempt  to  ^rove  the  Motion  of  the 
Eartii  from  Observations,'  in  which  he  deecnbes  the  instrument  he 
contrived  for  observing  the  distance  of  y  Draconis  from  the  senith  of 
OrecJiam  Collie,  and  titte  apparatus  for  measuring  the  variations  whioh 
might  occur.  This  consisted  of  an  object-glass  of  8fi  feet  focus 
length,  fixed  at  the  top  of  the  house,  and  refened  by  two  plumb-lines 
haiunng  from  a  bar  in  the  object-oell  and  passing  through  aperturee 
in  uiA  floon,  to  a  ejBbBm  of  wires  below.  Before  each  observation 
Hooke  set  certain  maiks  in  his  wire-oell  to  the  plumlv-Unea,  then 
fixed  the  wire-cell,  removed  the  plumb-lines,  and  bisected  the  star; 
after  the  obeervation,  he  verified  the  position  of  the  wire-cell  on 
replacing  the  plumb-lines.  There  is  a  great  deal  to  admire  in  this 
simple  and  ingenious  contrivance,  but  ma  mouurotor  for  noting  the 
snutU  variatifHis  seems  dumsy  and  inexact.  "  Inoonvenient  weather 
and  great  indiqraeition  in  his  health  "  limited  Hoola'B  observationB  to 
four  in  number,  from  which  he  erroneously  concluded  that  there  ynm 
ad  annual  parallax  of  the  earth's  orbit,  and  therefore  that  Copemicus's 

*  We  luve  irtven  the  above  extraot  from  Pioard  beoauM  Itibowa,  we  Uaink, 
that  ha  did  not  reverse  Us  setter  «t  eaeh  plaee ;  If  he  had,  he  mast  have  got  a 
doaUe  seatth  dbtanoe  ftee  tma  all  JUti  errors  bat  those  of  oentre  and  division, 
and  hia  reuoaing  Is  not  correct.  The  assiunpUon  which  be  tadtly  makes,  that 
the  error  of  oollimation  continued  to  be  the  ume  dnrlng  his  obaerraitions  «t 
^gHavtU  pUoes,  is  not  allowable.  It  is  evident  tbnt  with  snob  an  instnunent 
the  exact  a4]astinent  to  the  meridian  would  be  dllBen]^  sod  bcnoa  probaUy  hla 
ehoiee  of  a  star,  wMsh,  being  dlstuit  from  tlia  lealtb,  required  len  vSmj  in 
tUa  sdjnstment. 
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theory  was  true.  With  verr  little  alteration,  such  as  a  nicer  reference 
of  the  [dumh-linee  to  the  oell  <rf  the  eyftf»eoe,  and  a  screw  micrometer 
f6r  a  menaarator,  Uooke'a  ^Mntna  would  still  be  applicable  j  and 
if  his  idea  of  using  a  deep  dry  well  for  the  telesoope-tube  were 
adopted,  we  conceive  that  most  aocnrata  detenninationi  might  now  be 
made. 

Several  observers  about  this  time  discovered  a  motion  in  the  stars 
which  they  could  not  account  for.  Ficard,  Boemer,  and  Ilamsteed  all 
found  that  the  posi&ni  of  Polaris  varied  at  difibreut  times  of  the  year, 
and  Flamsteed  fancied  that  the  change  was  due  to  parallaz.  In  or 
about  1726,  a  gentieman  of  the  name  of  Molyneux,  then  resident  at 
Kew,  employed  Graham  to  make  him  a  parattaetie  teleaoope,  so  called 
from  its  object,  namely,  to  discover  the  change  of  place  in  the  stars 
occasioned  by  the  earth's  change  of  position  in  her  orbit.  This  is 
described  in  Smith's  '  Optics,'  book  iv,,  o^  7,  and  more  fully  in  Hr. 
Hdyneuz's  own  words  in  Bradley's  '  HiaoelhuieouB  Works  and  Cor- 
reqmndence,'  p.  98.  It  oonusted  of  a  telescope  2S  feet  lon^,  with  a 
ehoti  cross  axis  at  the  upper  end,  just  at  the  place  of  the  object-glass. 
This  axis  was  so  adjusted  on  its  supports  that  the  telescope  moved  in 
the  meridian.  A  plumb-line  hung  on  one  end  of  the  axis  and  passed 
over  a  dot  in  a  plate  fixed  on  the  tube  near  the  eye-end.  The  tele- 
scope waa  drawn  forwards  in  the  meridian  by  a  string  and  weight 
paining  over  a  fixed  pulley,  «id  pushed  back  by  an  antagonist-screw, 
which  had  a  divided  head  and  index.  To  make  the  obeervation,  the 
plumh-line  is  first  made  to  bisect  the  dot  by  the  screw,  and  the  division 
read  ofT;  then  the  star  is  bisected  also  by  moving  the  screw,  when  the 
division  is  again  read  oS.  The  revolutions  and  parta  through  which 
the  screw  is  moved  measurea  the  angular  distance  of  the  star  from  a 
line  in  the-heavens,  which  continues  &ted,  if  there  is  no  change  in  the 
relation  of  the  object-glass  and  wires  to  the  axis  and  dot. 

Observations  were  made  at  Kew  for  soma  time  with  this  instnunent 
by  Molyneux,  Graham,  and  Bradley ;  and  in  1727  Bradley  had  a  zenith- 
sector  constructed  Graham  w^  which  he  made  his  celebrated 
discoveries  of  aberration  and  nutation,  Tliere  is  a  short  description  of 
this  instrument  by  Maske^ne  in  the  first  volume  of  his '  Greenwich 
Observations,'  p.  9,  which  Rigaud  haa  reprinted,  witii  some  memoranda 
by  Bradl^,  in  the  '  Miscellaneous  Worits,'  ftc ;  but  Bradley  himself 
gave  no  desoriptiiai  in  his  Memoir  on  Abwtatioa  {*  PhiL  Tram.'  vol. 
XXXV.,  p.  6S7),  and  in  his  following  Memoir  on  Nutation  ('  PhiL  Trans.*, 
voL  xlv.,  p.  1)  satisfied  himself  ay  referring  to  tiie  description  of  a 
sector  on  a  similar  construction.  {'  D6gi:i  du  M^dien  entre  Paris  et 
Amiens,'  1740.)  This  last-mentioned  sector  was  made  by  Graham  for 
the  measurement  of  the  degree  in  Lapland,  and  afterwaids  em[4oyed 
in  the  remeasurement  of  Pioard's  arc  We  have  now  a  full  and  minute 
description  of  Bradley's  instrument,  with  numerous  plates,  in  a  work 
entitied  '  Opffl^tions  fat  the  Verification  and  Extenaion  of  the  Abb^  de 
la  Culle's  Arc  of  the  Meridian,'  by  Thomas  Haclear,  Esq.,  pp.  67-81, 
published  by  order  of  the  Lords  of  the  Admiral^.  This  aoeount  is  by 
the  astrononMr.royal,  who  directed  the  alteratiMis  required  to  fit  the 
sector  for  the  field.  The  principal  parts  (rf  this  instruniont,  as  originally 
made  by  Graham,  are  a  telescope  with  a  short  sector  attached  to  tha 
eye-end,  and  a  short  cross  or  tiansitaxis  to  tha  objeot-end,  which  eausea 
it  to  move  in  the  meridian  whan  properiv  adjusted.  A  plumb-line 
passes  over  a  fine  dot  at  the  extremi^  of  the  upper  axis,  and  beats  on 
the  divvied  sector  below,  that  is,  it  almost  touches  the  dot  above  and 
arc  below,  but  still  hangs  perfeotfy  free.  To  pnrent  taj  djatoihanoa 
from  the  wind,  the  ^umb-oneii  screened  1^  a  taba,sad  um  bob  hangs 
in  water  tiiat  it  may  MWaer  oome  to  rest.  To  main  the  telescop* 
describe  tiie  meridian  oonwitly,  as  wdl  as  to  get  a  proper  fixing  for  the 
clamp  and  miorometeraorew,  another  arc  is  fixed  to  the  wall,  and  the 
tdsBoope  canies  a  frame  with  rollers  at  its  eye-end,  and  is  thua  kept  in 
oontaot  witii  the  fixed  aro  before  and  bdiind.  A  damping  appantus, 
whioh  slides  along  the  fixed  an,  and  can  be  attadied  to  it  tf  sorewa  fat 
any  position,  carnas  a  Hm  sonw  with  a  nktometer  hea^  whidi  pushes 
the  telesoope  by  acting  on  a  piece  of  bsrdened  sted,  while  the  teles* 
cope  redsts  dther  by  gravity  othytk  counterpoise  weight;  There  are 
numerous  parts  and  oontrivances  for  different  adjushnents,  whkdi  will 
he  eadly  understood  from  Hr.  Airy's  account.  In  mnjcjng  the  observa- 
tioi,  the  tdesoope  is  first  to  he  set,  ox  nearly  so,  to  the  star,  the 
bisection  of  the  ui^wr  dot  ia  verified,  and  then  a  divudtm  bdow  li 
bisected  by  carrying  the  screw  one  vray,  /arward,  for  instanoe,  and  the 
micrometer  head  is  to  he  read  ofi*.  When  the  star  is  in  the  centre  of 
the  field,  it  is  bisected  by  carrying  the  screw  atill  formrd,  and  the 
micrometer  is  again  read  off*.  Finally,  the  screw  is  s^  to  be  carried 
forwxrd  till  tiie  next  division  is  bisected,  and  the  micrometer  read  aSL 
A  simple  proportimi  will  give  the  quanti^,  whidi  is  to  be  added  to  the 
first  reading,  or  subtracted  from  the  second  reading,  in  order  to  get  the 
reading  oorresponding  to  the  star.*  Bradlqr'a  seotoraa  ori^nally  made 
was  not  reversible,  and  waa  therefore  only  fit  for  meaauring  differences 
or  variations.  When,  after  its  removal  to  Greenwich,  actual  senith 
distances  were  required,  the  instrument  was  shifted  across  the  room, 
from  the  east  to  the  west  dde,  where  a  second  fixed  arc,  Ac  were  ready 
to  reoeive  it.   We  need  not  say  that  this  waa  very  objectionable,  as 

*  In  some  of  the  books  referred  to.  It  will  be  seen  that  the  dot  blMCtod 
before  observing  the  star  ia  directed  to  be  Ueeetod  again,  and  the  smm  o(  the 
readiiqrB  taken.  But  a  lerev  wUeh  eanlsB  wdgftt  never  reada  the  saau  when 
novad  forwards  a&d  badnrardi^  and  it  Is  alwi^  safest  to  osrrx  tha  lorew  the 
ssme  wq  in  thesaneop"*^""'* 
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ittoh  an  operation,  talce  what  earn  you  may,  is  always  liable  to  derange 
Uie  nlntiOQ  of  Ute  parts  of  the  instromeDt,  and  so  to  lead  to  untrue 
ooDoIiMioiu.  Even  while  it  was  at  Wanstead,  and  oonsiderod  to  be 
immoveable,  a  aUg^t  change  to  have  taken  idace,whudL  haa  bean 
inTa*ti»ted  by  Dr.  Buech,  In  the '  Keduotdon  of  the  Obttrntiam  mad* 
W  Bndhy  si  Kew  and  Wooatead,' Oxford.  188S.  In  nmoonting  tfe, 
the  asUoooroer-royal  haa  (  riven  the  prujjei'ly  of  iweivon  vwy  wtia- 
fketoiily,  and  Mr.  Maclean  observations  with  it  are  of  eztzaovdinaiy 
acoiuacy. 

A  se^or  was  used  in  the  measurement  of  the  merktiaa  in  France,  by 
OasiAm  da  Tfaurr  and  La  CaiUe,  which  greatly  resonbled  the  sector  a 
Picaid,  except  that  the  arc  was  of  much  greater  extent,  beuig  fiSi"  and 
framed  with  three  radiL  The  telesoope  was  fixed  at  the  Yitek  of  the 
instrummt,  so  as  to  be  at  onee  nuve  firmly  hstwisd  &Dd  out  of  the 
way  of  the  plumb-line ;  and,  lastly  ita  micrometer-ecrew  was  »pplied  to 
the  wires  of  thf  teleaoope  (sometimes  called  the  tnUrior  micrometer), 
instead  of  movmg  the  yrboln  aector.  In  this  mode  of  observing,  the 
instrument  la  aet  mvoximatdy  to  the  star,  and  the  nearest  dot 
aooutately  Useoted.  When  the  star  is  in  the  centre  of  the  field,  it  is 
bisected  aj  the  micrometarHMirew  which  oarriee  a  wire  in  the  fooos  of 
the  objeot-f^MB,  and  thus  the  exeete  or  defect  from  the  nearest  dot  is 
■sesT tamed,  ^ia  improvement  in  the  appUcation  of  the  micrometer- 
seraw  is  due  to  the  Cnevalier  Louville,  and  in  this  respect  we  prefer 
the  French  to  the  En^iah  construodnL  Sea  'Ija  iCMdieooe  de 
PObeervatoire  Royal  de  Faiis  verifi^/  par  M.  Caasitti  de  Thury, 
Puia,  1740.  The  seotor  la  figured  at  page  31,  and  deacribed  at  page 
IxxL 

BeogiMr  and  La  Condamine,  in  thdr  measure  of  the  arc  of  Peru, 
were  compelled  to  fabrioate  their  own  senith  sectors,  and  adopted  a 
Tsry  dagant  mode  ot  giadoation,  the  merit  of  which  is  given  oj  La 
OoDdainuie  to  tbeir  ool  league  Oodin.  The  tekeoope  and  arc  being 
prniared,  a  star  b  selected  iriiiah  has  pretty  nearly  the  same  zeniUi 
dmuroe  at  both  extremities  of  the  are  of  the  meridiazL  Now  caloulate 
approximately  the  value  <rf  the  (du»d  ct  the  donUe  aenith  distanoe  of 
me  star,  and  find  vrliat  fraotioiialpart  it  is  ei  the  radios.  Suppose  it  is 
nearly  ^  of  the  radtua,  then  take  a  beam  oompan,  marie  two  dots  on 
the  arc,  and  step  seventeen  tinus  with  the  same  opening  along  the 
ndha,  and  so  fix  the  dot  over  whioh  the  j^umb-liue  is  to  pasa.  Tlw 
ioatonDMit  ia  now  Adi»tod,and  ia  wed  as  follows:— After bdi^ 
•djuated  to  the  nasMiaB,  the  plamb^Sne  k  made  to  pan  over  tlie 
vpper  dot  and  <»b  ot  the  lower  dots,  after  which  the  star  is  bissoted 
by  the  interior  ot  Louville's  micrometer.  On  a  following  day  the 
instrument  is  reversed,  and  the  plumb-line  being  brou^t  over  the 
upper  dot  and  the  other  lower  dot,  the  star  is  again  Inaeoted  Itj  the 
mknmetH'.  It  ia  plain  that  the  double  M&ith  distanos  c<  the  star, 
eoBTsotsd  for  nteewa^  abemtiDii,  is  meanEed  the  are  sab- 
landed  at  the  oeatael  dot  bj  the  two  dots  bsloir  ±  the  sum  or 
dtfieranos  of  the  mknmieter  readings.  BntthearaIs,t^oonatnwtion, 
that  the  sine  of  whkh  Is^whieh  ia  found  from  the  tables;  and  the 
value  of  the  midnmwter  readings  being  also  known,  the  seoith  distance 
of  the  star  is  known.  The  operation  mqr  be  repeated  at  the  other  end 
ol  the  are  with  the  same  star,  and  using  a  diflerent  sulmndti^  of  the 
ndins.  Bee  *]lesare  dee  trail  pnmieia  degrds  du  mAi^an,' par  M. 
de  La  Oondamin^  Paris,  1761,  ppb  lOff  et  seq. ;  '  Figure  de  la  Terre,' 
par  IL  Booguw,  Pario,  1749,  pp.  176  et  seq. 

We  insni  here  the  method  empli^ed  hj  Uoupertuis,  Caille,  and 
others  to  ascertain  the  value  of  the  total  are  ot  the  sectw.  A  line  of 
eoaisidarable  length  was  carefully  measured  from  a  weU-defined  spot 
and  a  dgnal  erected;  then  a  peipendioulBr  was  maaeored  from  the 
aignal,  <a  such  a  length  as  very  nevfynblandedefe  the  qtot  the  an  to 
bawified,aiidhereaseocmdaBalwH^aoed.  ne Motor waa than Ud 
hocisMitaUy  mi  a  bed  preparedfor  the  centre  b^  enctly  over  the 
defined  ^oi^  and  the  telescope  punted  to  the  flnt  olfpul;  when  this 
waa  done  sstiahatorily,  a  fins  Ime  was  stntehed  over  the  centre  and 
tiie  first  dot  of  the  divided  arc.  Now  shifting  the  sector  round,  the 
eeoond  aignal  waa  bisected,  and  it  waa  seen  what  division  was  W 
aeoted  by  the  line  which  oontinned  to  pasa  over  the  centra.  The 
true  an^  is  evidentlr  that  marked  on  the  gioanci.  Hid  ia  oalco- 
lated  from  the  given  length  of  the  perpeodioular  and  tite  dlstanoei 
The  value  of  the  arc  read  ofT  on  the  sector  is  compared  with  this,  and 
the  enor  of  the  total  an  detected,  which  is  afterwards  nsad  for 
eotreotang  all  the  anslea  observed.  At  preesnt  the  value  of  the  total 
arc  of  a  sector  woola  be  determined  by  a  ocnnparison  with  the  mnnl 
cirdieL 

In  1775  Bird  erected  a  Konith  sector  at  the  Obaarvatoiy  of  Ozfcid, 
which  is  in  most  respects  similar  to  Graham's,  but  it  is  fixed  to  an 
upright  pillar  whuHx  revolves  freely,  so  that  the  instmnMut  is  rever- 
sudei  FrcMu  some  cause  or  other,  though  oboervationa  have  been  made 
with  this  iostrununt,  they  have  net  been  oonddeied  satiabotory.  It 
ai^san  to  us  to  be  an  exosUanfe  instrument,  and  one  capable  of  doing 
good  work,  thon^  (me  diief  use  of  senith  sectors,  naiiui^iiaMrtainiiig 
the  iuOex  error  of  the  meridian  deolinaticn  instrumeoMtt*  been  eup- 
plied  to  modem  drdes  1^  observations  by  nOexion. 

The  seoith  sector  of  Bamsden,  whidi  was  used  in  the  trigonometrical 
survey  of  Great  Britain,  and  in  the  Hdatein  aro.  is  desoribed  and 
figured  m  great  detaU  Inthe 'FUL  nanB.'iDr  1808,  and  hi  the  seoond 
T<dume  ot  the  « Aooount  of  the  Ordnance  TdaxxMmwtriMl  Borrey  of 
XBi^Mod  and  Wales.'  It  waa  bomad  in  the  lie  whioh  consuned  a 


oonsideraUe  part  of  the  Tower  in  184L  As  this  ins^ment  ia  very 
hUj  detailed  in  the  aoootmt  rdernd  to^  it  is  useleas  to  enter  into  par- 
tiouWa  hare.  Bamsden  viewed  the  upper  dot  by  a  long  microeoopo, 
which  saved  omsiderable  trouble,  as  w^  as  avoided  the  chance  ot 
dsranginK  the  bisection  by  mountiog  to  read  iL  The '  AstnxKHnical 
ObaerratEooa  wiUi  Bamsdsn'i  Zuiw  Seetor,'  redooed  by  lieutenant 
Tdland,  BJS.,  vrere  published  in  1S48  hy  order  of  the  Board  of 
Ordnance. 

After  the  destmotion  of  Bamsden'a  sector,  Colcmel  Colby  ^>^ied  to 
the  Astronomer  Aoyal  for  his  advice  as  to  the  beet  form  of  insbiuoeot 
for  determining  latitude  «a  the  Jbid.  The  construction  given  by  Mr. 
Aii]y,  and  executed  br  Mr.  Sinuns,  difiers  in  many  teapecta  frcnn  any 
which  preeaded  it.  Tlwdsaaription,  withealaaatoryfigarea|,isto  be 
found  In  the '  IfonUi^  NoUeee  ot  the  Bo^  Astomomieal  Soaety.* 
voL  v.,  p.  18S.  The  vertical  axis,  which  is  cast  in  one  pieoe,  and 
strongly  framed,  carries  at  its  book  three  levels,  one  above  the  other, 
whioh  being  read  off  at  the  momeat  the  star  is  bisected,  determine  the 
position  of  the  axis  with  re^teot  to  the  zwiith.  The  telescope-frame 
with  the  eye-  and  object-end  is  oast  in  another  solidly  braced  piece,  and 
ia  held  at  na  middle  on  a  centre  in  front  of  the  vertical  azia.  This 
second  frame  moves  fredy  for  a  few  degrees  on  each  ride  the  senith. 
The  divided  arcs  are  gradiuted  on  the  vertical  axis  near  its  top  and 
bottom,  and  thwe  are  tour  micrometer  microaoopes,  one  at  each  aide 
of  the  ol^ect  and  qre-end,  the  tubes  of  which  are  bored  in  the  solid 
telescope-frame.  There  is  a  wire-micrometer  in  Uie  focus  of  the  tele- 
soope. A  stop  to  the  axis  enables  the  observer  to  turn  the  inetmmeat 
esnctty  half  roundly  touch,  uadalmoatiaatantaneously.  Theobssm- 
tions  sre  made  thus : — ^Tbe  insbument  bong  pretty  nearly  in  the 
meridian,  and  the  axis  vertical,  the  telescope  is  set  newly  for  the  star, 
and  the  microROopee  are  read  oS.  Before  the  star  reaches  the  ceotre  ot 
tiie  field,  tiie  observer  bisects  it  with  the  micrometer- wire,  noting  the 
time,  while  the  assistant  reads  off  both  ends  of  each  level  The  wh<^ 
instrument  ia  thep  turned  half  round,  and  the  star  is  apnn  obeerved, 
the  bisection  being  now  performed  by  the  tangent-aoew  of  the  tele- 
scope-frame, the  time  ia  again  noted,  the  aaeiBtant  reads  off  the  levels 
as  before,  and,  finally,  the  arcs  above  and  below  are  read  off  by  the 
micrometer  microscopes.  In  ihia  way  the  double  aoiith  diatance 
of  a  star,  free  from  all  error  of  collimation  or  of  the  Tertical 
axiB,  may  be  obtained  in  a  few  minutes.  This  instrument  performs 
verysatisfoctcni^.  The  telescope  is  <»M  of  8^  feet  fooal  length,  and  the 
instrument  bears  the  same  relraon  to  a  muni  oirde  that  the  ordinary 
sector  doee  to  a  quadrant. 

When  Troughton  first  proposed  the  mural  circle  as  the  best  form  for 
a  meridian  declination  instrummt,  great  doubt  was  thrown  on  tiie 
pnoticaUlit^  of  observing  by  lefieximi  with  sufficient  nioefy,  and  in 
that  case^  ai  the  muni  oirae  doee  not  rereme,  a  aappleinentary  instru- 
ment was  wanted  to  show  the  porition  of  the  lenith  or  noricon. 
Partiy  on  this  account,  but  chiefly  to  settle  the  oonstants  of  aberration 
and  piteeadtat  with  the  greatest  precision,  Troughton  planned  a  snnbh 
(afie,  ''■wumriing  ci  «  teusoope  of  25  feet  focal  length,  without  any 
sector,  and  in  iriiioh  the  variations  of  zenith  distanoe  of  y  Draoonis  and 
dose  asoitfial  itan  ware  to  be  measured  by  a  micromatsrearew.  The 
telseeope  rseta  on  ita  lower  end,  eontinued  b^tmd  the  foou^  en  a 
piece  iHuoh  has  adjustmeota  for  vetticali^,  and  a  edlar  below  the 
objeot-glasa  is  preafled  by  a  spring  into  a  T  beitring^  The  wires  at  the 
focus  are  moved  by  a  nucrometer.earew,  and  the  star  and  wirea  are 
seen  through  a  diagonal  four-glass  eye-pteoa.  The  plumb-line  hangs 
within  the  tube,  and  is  viewed  above  and  below  by  micrometer 
microscopes.  Instead  ot  adjusting  the  plumb-line  before  each  obaer- 
vatlon,  it  is  bisected  by  the  mierameters  after  the  ofaearratiei^  and 
a  oocTsefaon  qiplied  wbioh  is  deduoad  from  the  upper  and  lower  reed^ 
ina.  Mr.  Aiiy  having  bad  some  reason  to  subset  that  the  wire 
twisted  on  reversing  the  insbrument,  gave  a  double  suspenaion  to  the 
phunb-line,  and  made  the  instrument  reverwble  on  a  star  in  the 
same  night,  by  using  a  stop  as  in  the  ordnance  sector.  The 
observations  with  the  senith  t«U>e  are  jainted  yearly  in  the  Oreenwioh 
Obaervationa. 

The  senith  sector  has  not  been  much  used  upon  the  oontinent  since 
the  great  aurveys  mode  in  tiie  middle  of  last  century  tor  ascertaining 
theSgiue  <^  the  earth.  In  the  French  arc  from  Dunkiric  to  Foi^ 
mentera,  the  liditudes  were  observed  by  the  repeating  circle,  and  in 
acme  of  the  stations  there  ia  reason  to  suspect  that  error  has  been 
OMumitted.  Hon  recently,  the  tiaoait  in  the  prime  vertical  tias  been 
emplqyed  in  Germany  and  Busaia  for  ascertwiing  differences  of  lati- 
tude, and  as  it  would  asem  with  great  success.  [Tbahsit.]  A 
laime  vertioal  tianrit  was  constructed  by  Bepsold  for  the  imperial 
obaervatonr  of  Fulkowa,  of  which  a  most  favourable  account  has  been 
given  hj  Frofeeaor  Struve.  While  admittuig  the  excellence  of  this 
kind  of  instrument  tor  telescopes  of  moderate  size,  we  do  not  see  how 
thOT  oan  equal,  far  lus  surpass,  tiie  senith  aector  when  made  reversible 
and  of  the  [soper  magnitude. 

Some  yeers  Ur.  Babbage  proposed  a  oonstruction  fm  a  senith 
sector  ('  llemoin  of  tiie  Astronomical  Society,'  vol.  ii.,  p.  1 01 }  which 
might  perhaps  be  applied  in  the  following  maonrar : — Ocmcelve  a 
parallel  ruler  to  be  puced  uprif^t,  one  of  the  bars  being  mode  into  a 
vertical  axis  with  the  necesBarr  adjustments,  and  the  other  carrying  a 
teloeoopek  It  is  clear  that  if  the  bands  were  equal  the  telescope  womd 
eontinM  penllel  to  itaelf  Thethar  the  ruler  be  open  or  ahnk  But  if 
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cneof  the  liandiif  s  UtHs  knun  Una  Hm  otbar,  Hun  k  vary  luige 
angular  motLon  of  the  band  wilfgiTa  a  smkll  ufftuar  motion  to  the 
telescope-bar,  and  aa  the  measuranent  of  the  fonner  angle  caa  be 
eaaOy  made  with  tolerate  aocurapj,  the  latter  an^^e  can  be  computed 
with  great  exactnen.*  Exquisite  workmanship  would  no  doubt  be 
requirad  to  make  such  an  instrument  uwwer,  but  we  think  that  for 
this  and  other  difierential  piupooeg  Mr.  Babbage's  saggesUtai  ia  de- 
aerring  o<  rttsntionj  espedaUy  where  teleioopea  <rf  limted  dm  are 
used. 

The  adjustments  of  a  aenith  sector  or  Eanith  tube  will  diflbr  aectaid' 
ing  to  the  congtmetion  <tf  the  instroment.  Where  it  is  not  rerenible, 
the  time  of  the  traosit  of  a  atar  near  the  zenith  must  be  got  htaa 
oltsemtioiiB  with  another  instnimeDtj  and  the  star  made  to  pass  the 
meridian-wire  at  the  oalenlated  tinia  1^  the  |«oper  adjusting  screwi. 
"When  this  is  done  and  the  teleeeope  secured,  a  star  most  be  made  to 
poH  along  the  deoUnation-wire  (this  dtonld  be  oarriod  by  a  miaromet«r- 
screw)  by  twisting  the  wire-oeU,  when  the  adjnstment  f<»-  a  fixed  lanith 
talasoope  is  oomp!Eet&  It  the  telescope  rest  on  a  cross  axis  and  oanies 
a  sector,  the  cross  axis  must  be  made  horizontal,  the  transits  <^  stars 
towards  the  extremities  of  the  arc  must  be  obeerred,  and  the  asimuthal 
deviation  ascertained  [Tbansit]  and  oorreoted ;  or,  the  time  at  which 
an  extreme  star  akeuM  pass  being  known,  the  oroes  axis  at  top  and 
fixed  aro  below  must  be  turned  so  as  to  man  the  star  pass  at  the  right 
time. 

When  the  instrument  is  rereaiBible,  the  axis  is  first  to  be  set  truly 
uprif^t.  Suppose  the  instrument  in  its  meridian  position  nea^,  and 
&boe  east,  read  off  the  division  biseeted  by  the  |dumb-line,  or  the  two 
ends  of  each  level  Kow  turn  half  nnmd,  read  m  again^  and  bring,  by 
the  adjusting  screws,  the  idumb-line  or  Um  levels  half-way  to  the  first 
readiaga,  and  finally  adjust  each  lerd  by  its  own  serew  to  read  sadi 
end  alULe.  If  this  be  oarefuDy  done,  when  the  iostnunrat  is  restored 
to  its  first  position,  the  plumb-line  or  levels  will  remain  undisturbed 
by  the  last  reveraal.  Now  turn  the  axis  one-quarter  round,  and  correct 
whatever  change  is  thereby  caused,  by  the  east  and  west  screws  of  the 
axis.  The  axis  is  now  vertical,  or  by  a  r^>etiti(m  of  the  prooess  may 
be  made  so.  The  next  adjustmeoit  is  to  make  the  line  <dii^tdea8ribe 
agreaidrole.  This  is  the  ocdilmatlon error  the trandt  ^niismaybe 
done  as  described  above,  from  knowing  the  true  time ;  or  by  observing 
one  star  or  two  stars  near  the  aanlth  in  rtpened  poaititms,  when  the 
disagreement  between  the  observed  and  computed  difierenoe  will  give 
the  quantity  and  direction  of  the  alteration  required.  In  a  mooBm 
Instoument  this  adjustment  would  be  antagonist  aorews  earning 
the  wire-plate.  If  the  instmmeat  be  simply  a  cenith-tube,  make  a 
atar  nm  along  the  declination-wire,  and  tiie  adjustment  is  finished. 
With  a  sector  plaoe  the  instrument  nearly  in  the  meridiui,  observe  the 
transit  of  a  zenith  star,  which  gives  the  time.  Then  by  turning  round 
the  axis,  make  an  extreme  star  pass  at  the  ^per  time  and  damp  the 
axis.  In  the  present  ordnance  sector  the  mstiument  rests  on  a  tray 
which  is  adjasted  as  to  meridian  by  strong  screws  on  the  stand,  acting 
against  the  sides  of  the  tray.  Finally,  twist  the  wire-cell  till  a  star 
runs  along  the  deolination-wun.  A  comparison  of  the  aenith  distances 
of  the  same  stars  observed  in  reversed  poeiticms  of  the  instrument,  will 
give  the  error  of  ooUimation,  and  this  taav  be  corrected  if  the  observer 
wishes,  but  it  is  better  to  leave  it  untooehed,  and  to  ecoaider  the  sum 
of  two  obaarmtioD^  Fue  East  and  Vaaa  West,  aa  a  draUs  Mnilii 
distance^ 

Por  flatsa  and  descriptions  of  some  of  the  oonstroctiims  here 
1  to,  and  oUiers  which  we  have  <mdtted,  sea  Pearson's  Praetieal 
Atiromomy,  voL  il,  pp.  531,  564,  plates  xiL,  xiii,  xxvi,  xxvii.) 

ZENZO,  ZENZIC.  The  Arabs  used  a  word  for  the  square  of  a 
number  which  has  tiie  same  meaning  as  the  Latin  worn  tauutt 
aocordiDdy  LeoDBnl  of  Fias  Laoaa  PadoU,  aad  the  early  Italians,  used 
ratltv  and  coao  for  the  nnkiunni  quanti^,  and  ctnmu  far  its  aquare, 
which  became  cento  in  Italian.  The  Germans  corrupted  theaa  into 
cenzuB  and  zenzo,  and  hence  in  their  algebraic  writings,  aad  in  aome 
of  the  early  English  ones,  the  Renzio  power  is  the  square.  From  this 
and  the  vord  cube,  various  denominations  of  poweis  were  formed,  as 
zenzi-cubic  for  sixth,  zenziceDziieiuio  for  dghtb,  Ao.,  from  whic^  we 
are  now  ha^ly  dtdivwed. 
ZERO.  jTanuroiiKTXB.] 
ZERO.  rlHnxiTB,  fto.1 

ZETETICS,  a  name  gmn  If  TuVA  [Bioa.  Dir.}  to  iha  part  of 

•  I«t  tke  lenglb  ^  flw  appn  tend  be  of  flw  lowor  biad  a-l-Jt,  the  dis- 
tance Mwesa  the  baada    and  1st  ths  baais  to  lunlaontal;  Oe telweopeJwr 

h 

aakss  wl&  the  senltb  aa  aa^  the  tangent  cf  lAiA  B  ^ ;  when  the  bands  are 

Axeosf 

lacUned  at  an  angle  B,  the  tangent  of  aanltb  ""rt'^f  n  — ^ — .   The  qnantltj 

A  maj  be  measnnd  and  legvbted  bj  a  sderanelar-wsw  wd  laeh  a  tUt  given 
to  the  tdwcvt,  tbat  tto  star  aaa  to  observed  In  revasad  poaitleas  of  tto  axb^ 
and  tbus  tto  doable  saaith  distaaee  found.   The  ssro  of  tto  mkovmetar-aorei* 

U  foand  from  its  posltim,  whea  opening  and  elaatBg  tto  bars  makes  no  dtaage 
in  (he  place  of  a  star.  We  prefer  this  eoaatruetton  of  a  aenith  sector  to 
that  of  Mr.  Babbage.  The  aenith  point  la  0DI7  to  be  got  by  rcTenlon,  and  the 
upright  bar  miut  be  watched  aad  atcertalned  by  levels,  fte.  Mr.  Babbage  baa 
given  an  exact  formnla,  when  the  points  of  attachment  of  the  telesetqw-bar  are 
fonalant.  We  tove  anpposed  an  sdjaatment  in  one  of  these  potnl^  wUoh  altows 
tto  beads  to  to  boriKtttal,  wUle  tto  teUseqpe-bar  Is  Inellnad. 


algebra  whidi  eondita  in  the  dbeot  aaafdi  after  unknown  qmmtitiaa ; 

it  ia  now  disused. 

ZEUS,  the  supreme  deity  of  the  Greek  Olympus,  the  god  of  heaven 
and  of  earth,  to  whom  the  Jupitw  of  the  RmnaDS  nearly  oorreqionds 
botii  in  power  and  attributes,  was  probably  originally  an  elemental 
dirinily,  who  was  wtnahipped  as  the  god  of  rain,  snow,  lightning,  &c. 
Apart  from  otiier  considnationa  the  etymology  of  his  name,  both  in 
Greek  and  Latin,  would  seem  to  lead  to  this  oondualozk 

Accordmg  to  Homer,  Zeua  was  the  son  of  Kranca  and  Rhea. 
[Kbohos.]  In  order  to  save  her  son  from  being  destrt^ed  by  his 
Urther,  Rhea  concealed  him  soon  after  his  birUt  in  a  cave  in  Crete, 
where  he  passed  the  first  years  of  his  life.  As  Zeus  grew  up,  Ercnos 
called  to  lUs  aid  the  Titans,  in  order  to  secure  his  dominions  against 
his  son ;  bat  they  were  eventually  conquered,  and  Kronos  himself 
dethroned  by  the  youthful  Zeus.  In  the  HcHneria  poems  Zeus  is 
represented  as  the  supreme  ruler  the  gods  and  of  men ;  and  though 
subject  himself  to  the  decrees  of  Fate,  his  oommands  cannot  be  dis- 
obeyed ;  his  wisdom  is  infinite,  and  faia  power  irreaiatible.  His  wife 
was  Eera,  and  their  childien  Hephtestus,  Ares,  and  Hebe.  Tho  wor- 
ship of  Zeus  was  co-extensive  with  the  Grecian  raoe.  His  temples 
were  numerous,  the  chief  being  at  Elis  and  at  Athens— the  former  oon- 
tained  RildiaBVi  nblime  chryaalwthantine  stattu  ci  the  god,  the 
latter  beinf^  whan  perfect^  nolueM  tMopis  periiapa  of  the  anoient 
world. 

Cicero  infonns  us  <'De  I7at  Deor./  iiL  21)  that  there  were  three 
Roman  deities  of  the  name  of  Jupiter:  one  the  son  of  jEther;  the 
seocind,tha  son  of  HaaTcn;  and  the  third,  tiw  eon  of  Saturn.  The 
last  waa  wocshteped  at  Rome  under  various  namea,  and  many  tenqtles 
were  erected  to  his  htmoui;  of  whidi  tiM  meat  oelebcatad  was  the  one 
on  tiie  Cai^toline  Hill,  where  he  was  worahipped  under  the  name  of 
Jopiter  OptiuuB  Maximus. 

As  the  supreme  god,  Zeus  taxed  the  hi^est  powers  of  the  artiste  of 
andent  Greece.  The  Greeks  themselvea  believed  tiiat  Phidias,  in  the 
seated  ohiyHelephantfaw  statoe  of  Zeus  -wiaek  he  exeouted  im  the 
temple  of  Elis,  had  attained  tiw  loftiest  eonoepUon  d  the  divlni^. 
Zeus  himself,  Pausanias  tells  us  (K  v.  0.  10),  gave  a  viable  expresBum 
of  his  approval  of  tiie  sculptor's  art ;  and  Quinotihan  declares  tnat  the 
work  equalled  in  majesty  the  god  hhnseU,  and  added  somewhat  to  tiie 
religion  of  thoee  who  saw  it.  The  statue  has  long  been  lost,  but 
several  attempts  have  been  made  to  restore  it  from  contemporary 
deecriptions— the  best  known  being  that  at  K.  Quairamira  da  Quinqy, 
in  bis  'Jupiter  O^mjnna.*  This  woik  of  niidiaa  seems  to  have  been 
accepted  by  the  Greeks  as  an  authoritative  model  for  the  form  and 
features  of  the  deify.  Phidias  probably  followed  in  tiie  general 
cxtnoeptiott  some  more  ancient  type,  but  hia  was  thenceforwwl  the 
normal  form  which  all  suooeeding  artista,  aooording  to  their  ability, 
soiu^t  to  Introduce.  UUller  thus  chaiaotwises  the  external  features 
ofZeuaiaafoundinworfciof  the  beat  and  later  periods  of  Greek  art: — 
"The  hair  rose  up  from  the  caotre  of  the  forehead,  like  that  of  alien, 
aad  then  fell  down  on  both  aidaa  like  a  mane ;  the  brow  clear  and 
bright  above,  but  greatiy  anting  forward  beneath ;  eyee  dee[4y  sunk, 
but  wide  open  and  rounded ;  delicate  mild  lineaments  round  the  upper 
lip  and  cheeks ;  the  full  rich  beard  deacending  in  large  wavy  treasee ;  a 
noble,  ample,  and  open  chest,  as  well  aa  a  powerful,  but  not  unduly 
anlaigad  muasnlar  developmaut  ttf  the  whole  body."  ('  Anoiant  Art,' 
8  849.)  From  tids  genwal  chanoter,  which  belongi  to  the  beat  statuea 
of  Zeus,  deviations  ocour,  where  he  is  represented  in  a  youUifuI  form, 
or  aa  an  excited  and  vengeful  deity. 

Zeus  was  usually  represented  seated  on  an  ivory  throne,  with  a 
acepb«  in  his  left  hand  and  in  his  right  a  thunderbolt.  The  Olympian 
Zeus  of  Phidias  bore  in  his  right  hutd  a  Victory,  made  like  the  statue 
itself,  of  gold  and  ivoiy.  In  early  art  the  representatifHu  of  Zeus 
chiefly  have  refwenoe  to  his  divine  chaiacter,  and  his  more  sublime 
attributes.  Later,  and  especially  as  art  became  the  minister  of  luxury, 
and  too  often  of  voluptuousness,  the  intrigues  of  the  god  with  the 
loooer  goddeeeee,  and  with  mortals,  afforded  a  more  acceptable  class  of 
sub j eats,  and  Jnpiter  and  lo,  Jupiter  and  Ganymede,  Leda  and  the 
like,  were  figured  in  every  varie^  of  form  and  material;  and  at  the 
revival  of  the  study  and  imitation  of  classical  art,  it  need  hardly  be 
added  that  this  series  of  drcumetaaoee  in  the  mythic  history  of  Jupiter 
was  aeiced  upon  with  avi^Ufy  by  the  painters  and  soulptora  of  Italy. 

ZIF.  IU1  nauM^  written  )T  in  Hebrew,  oooon  taij  in  the  fiiat 

book  of  Kings,  in  the  6th  ch^iter.  and  in  the  Ist  and  87th  verses.  It 
is  the  month  now  called  Jyar.  The  word  is  derived  by  the  Jews  from 
a  root  signifying  to  be  splendid,  in  referenos  to  the  qdeadour  the 
seascm  wh^  the  month  occurs,  ApiH  and  Hay.  The  word  is  found 
sevml  times  with  a  alight  orthographical  difibrenoe  in  the  book  of 
Daniel,  ukL  is  usually  translated  "  bri^tness."  [BuL.] 

ZINC  (Zn).  Spdter.  A  comment  metal  which  has  been  known 
in  the  metallic  state  afnoe  the  time  of  Faraoelaua.  It  is  never  met 
with  in  tile  native  state,  but  is  »tzaoted  from  two  one— calamine,  or 
carbonate  of  zfaio,  and  AJmde,  or  sulphide  zinc.  A  native  oxide  of 
zinc  found  in  New  Jersey  has  also  recently  been  rendered  available  for 
the  extraction  of  the  metal. 

The  commercial  metal  is  never  pure,  thouj^  usually  sufficiently  ao 
for  most  chemical  purposes.  The  pure  metal  may  be  obtained  by 
dianMng  eoTrni^n  dno  in  dUuto  aulphnric  add,  flltttini^  treating 
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witb  excen  of  inlf^uretted  bydmgen,  again  flheriog,  uai  preoipitatios 
the  boiled  flltnte  with  ewlwiiata  of  loda.  The  wMhed  end  ignited 
culNMiite  must  thai  be  diatiUed  in  »  poreeUin  retort  with  chtrcori 
from  lump  sugar. 

Zinc  is  a  bluish-white  cryBtalline  and  hard  metal,  brittle  at  400° 
Fahr.,  malleable  and  ductile  between  300°  and  200°,  btit  again  some- 
what  brittle  at  ordinary  temperatures.  It  melts  at  773°,  and  boils  at 
•  bright  red  heat  estimated  by  1904°.   In  contact  with  ur 

the  vapour  boms  witli  a  magnifioeni  greenish-blue  flame,  forming 
co^oua  white  flocculi  of  fMVtoxide.  At  ordinary  temperatures  dno 
gradually  "xidif^  in  a  moist  atmosphere,  but  the  sup^cial  film  of 
oxide  preeerres  tiie  remaining  metal  for  a  long  time  UDcbanged.  It 
readily  dissolves  in  dilute  mineral  acids,  and  iu  concentrated  solutions 
of  potash  and  soda.  It  also  combines  with  chlorine,  iodine,  and 
bromine  at  ordinaiy  temperatmvs.  The  equivalent  of  zinc  is  82'7, 
*Dd  its  medfio  ffravitgr  0*8  to  7*1. 

The  foUowing  are  Uie  principal  oomponnds  of  zino 

Oxide  or  Protoaidt  of  Zinc  (ZnO),  Zinc-KktU. — This  is  the  oxide 
which  exists  in  the  native  carbonate.  It  may  be  prepared  in  various 
modes :  first,  by  merely  igniting  the  metal  in  contact  with  air ;  in  this 
case  combustion  takes  place  r^dily,  and  a  light  white  compound  is 
formed,  which  was  called  by  the  old  chemists  by  the  various  names 
kA  ttHiil  atftiHM,  lana  jiAtloewAtai,  poK^ptelix,  and  junwen  of  dne. 

Oxide  of  sina  m^  also  be  ^nrooured  by  dissolving  the  metal  In  a 
dilute  acnd,  either  the  sulphuno,  nitric,  or  hydrochloric,  and  decom- 
posing the  aoluti(m  by  a  carbonated  fixed  alkali ;  carbonate  of  zinc  is 
first  precipitated,  but  this,  when  heated,  loses  its  carbonic  acid,  and 
the  oxide  U  obtained  as  a  yellowish  powder. 

In  the  manufacture  of  brass  an  impure  oxide  of  vine  condenses  in 
the  flues  of  the  fumaoae  and  is  sold  under  the  name  of  tutly. 

The  properties  of  oxide  of  dno  are, — ^that  it  is  inodorous,  insipid, 
insoluble  hi  water,  and  infoMble  by  heat;  it  combines  readily  with 
acids,  and  also  wilJi  the  alkalies  ammonia,  potash,  and  soda.  So  that 
when  it  is  ^irecipitated  b^  them,  they  redissolve  it  if  added  in  excess. 
It  is  the  basis  of  all  the  oxisslts  of  zinc. 

Peroxide  qf  Zinc,  nvbably  a  binoxide  (ZnO,  X),  la  obtained  by  taking 
gelatinous  hydrate  en  uno,  and  pouring  upcm  it  an  aqueous  solution  of 
binoxide  of  hydrogen  (oxygenated  wat^),  containing  about  eight  times 
its  volume  of  oxygen  and  shaking  the  mixture  thoroughly ;  the 
peroxide  of  dnc  resulting  from  this  (^peration  is  white,  inodorous, 
msipid,  and  decomposes  spontaneously  when  kept  moist  or  when 
heated.  It  is  also  decomposed  bv  acids,  which  diwolve  protoxide  of 
zinc  and  reproduce  binoxide  of  hydrogen. 

Chloride  of  Zine  (ZnCl)  may  be  formed  by  the  direct  action  and 
combination  of  these  elements.  When  zino  filings  are  thrown  into 
chlorine  gas,  heat  and  light  are  evolved,  owing  to  their  combination ; 
it  is  more  readily  prepared  dissolving  oxide,  or  still  better  metallic 
zinc,  in  hydrobhlorio  add,  and  ov^wtrnting  to  dryneee ;  or  by  heating 
the  metal  in  a  tuba  through  which  diy  hydrochloric  acid  gaa  ia 
transmitted. 

The  properties  of  chloride  of  zinc  are, — that  it  is  colourless,  has  a 
very  at^itio  taste,  is  readily  soluble  in  water,  and  crystallises  from  it 
with  difficulty';  it  is  very  volatile  at  a  red  heat.  It  was  formerly 
called  Imtter  of  line. 

Bromide  of  Zime  (ZnBr)  is  formed  by  paszing  bromine  in  vapour 
over  zinc  heated  to  redness;  or  it  may  be  obtained  in  bdIuUod  h* 
agitating  a  mixture  of  these  element*  and  water :  Ui«  solution  is 
colourless,  and  when  evaporated  till  a  pellicle  is  formed,  it  becomes  a 
erystalline  mass  on  aooliug. 

This  bromide  has  a  sweetish,  astringent  taste,  and  is  very  deli- 
.  quescent ;  it  becomes  dry  when  heated,  and  fuses  at  a  red  heat. 

Iodide  of  Zine  (Znl)  is  readily  obtained  heating  iodine  and  zinc 
together  in  water;  the  aoliition,  when  perfeot,is  ootourless,  ancl  is  to 
be  evapomted  in  a  retort,  and  when  tne  water  is  entirely  separated, 
the  iodide  of  zinc  fuses  and  TnTntilinwi  In  fine  nimaiae  crystals.  By 
sxposure  to  the  air  tlda  Iodide  is  decomposed,  the  metal  being  oxidised, 
and  the  iodine  set  free. 

Svlpkide  (ffZine  (ZnS).— This  compound,  which  exists  plentifully  in 
nature,  is  obtained  artifidally  with  considerable  difficulty,  and  by  the 
direct  action  of  its  element  ii  periu^  soan^  possible ;  but  when 
oxide  of  zino  Is  heated  with  anl|diDr  in  exoess.  a  yellow  brown 
sulphuret  of  the  metal  is  obtained ;  when  also  sulphuret  of  potassium 
is  added  to  a  solnticm  of  a  salt  of  sine,  a  iriiita  hymita  of  the  snl^de 
of  zino  ia  imoipitated. 

PKotphide^  of  Zinc  is  i«t)cured  \fy  strongly  heating  in  a  retort  a 
nuxtare  of  ux  parts  of  oxide  of  zino,  six  parte  of  phosphoiio  acid,  and 
MM  part  of  powdendoharooal;  a  sublimed  mass  u  obtained,  whiiih  is 
•rf  a  sUvery-white  eolour,  mebdlic  lustre,  and  vitreons  fracture.  Its 
composition  has  not  been  determined. 

Selenide  of  Zinc — If  the  vapour  of  selenium  be  passed  over  zino 
heated  to  redness,  the  mass  takes  fire  and  explodes,  and  the  exterior 
of  the  vessel  is  covered  with  a  lemon-yellow  powdery  substance,  which 
is  selenide  of  zinoj  this  is  partial^  soluble  in  nitric  add  with  the 
evolution  of  nitrio  oxide;  and  s  red  powder  is  dBpodted,  whioh  ia 
however  finally  dissolved. 

We  shall  now  briefly  describe  some  of  the  oxisalta  of  zinc,  or  those 
consisting  of  acids  combined  with  oxide  of  zinc. 

;^t(rate(/Ztiic(ZnONO,  +  QUO).— This  salt  is  readily  obtained  by 


the  action  of  the  add  upon  the  oxide  of  the  metal,  or  upm  the  metal 
itaalf ;  in  tiu  latter  case  nitric  or  nitnos  oxide  is  produoed  aooording 
to  the  degree  of  ooooentratim  of  the  aoid. 

The  aolution  of  nitnte  of  rinc  is  colourleBs,  and  by  due  evaporation 
it  yields  colourless  crystals,  which  are  deliquescent ;  very  soluble  in 
water  and  in  alcohol :  they  are  decomposed  by  ignited  charcoal,  and 
impart  to  it  a  greenish-blue  flame. 

S^hOe  of  Zinc  (ZnOSO,  7H0).— This,  which  ia  the  salt  of  ano 
most  extensively  em[Joyea  both  iu  medicine  and  the  arts,  may  be 
pr^>ared  hf  dissdving  the  oxide  of  the  metsl  in  lUute  snlidiario  add ; 
but  it  is  always  jovcured  by  acting  on  the  metal  itself,  which  is 
oxidised  by  the  decomposition  of  water,  with  the  oxygen  of  which  it 
combines  uid  evolves  the  hydrogen.  The  solution  is  colourless,  and 
by  evaporation  readily  yields  crystsls,  which  are  usually  small,  and  tite 
primaiyf<nm  of  which  is  a  right  rtumibio  prism.  Sulfate  of  zine 
has  a  disumasUe  metsllic  taste ;  it  ia  not  altered  enosnre  to  tba 
air,  but  u  moderate^  heated  loses  its  water  of  crystaUisatimii  and 
when  subjected  to  a  higfa  temperature  is  entirely  deoompoeed,  the  acid 
bdng  e:q>elled,  the  oxide  only  remaining.  This  salt  is  very  soluble  in 
watet  at  60°,  and  much  more  so  in  boiling  water.  There  is  an  impure 
sulphate  of  due  used  in  tiie  arts,  under  the  name  of  vhiU  vitriol ;  it  ia 
a  colourless  granular  mass,  obtained  by  the  oxidisemwtt  of  the  native 
sulphide  of  zinc  or  blends. 

CarhonaU  tf  Zine  <2  ZnOCO, -(- 8ZnO  HO).— UaUllie  dnc  and 
hydrated  oxide  of  zine  are  both  dissolved  by  an  aqueous  solution  of 
carbonic  add ;  but  the  nature  of  the  carMnate  formed,  when  the 
excess  of  carbonic  add  is  expelled  by  spontaneous  evaporatioo,  has  not 
been  ascertained.  When  an  alkaline  carbonate  is  added  to  a  solution 
of  a  salt  of  zinc,  a  white  predpitate  is  obtained,  which  is  Uie  above 
compound  of  carbonate  and  hydrate  of  zinc,  and  not  a  umide 
carbonate. 

AettaU  <tf  Zinc  (ZnOC,H,0,-H3HO)  is  prepared  by  dissolving  either 
the  metal  or  its  oxide  in  the  aoid,  or  decomposing  sulphate  of  zinc 
by  acetute  of  lead.  The  solution  is  colourless,  and  yields  thin  ihomlue 
plates,  which  are  not  deliquescent,  but  are  very  soluble  in  water.  It  ia 
occasionally  employed  in  medicine, 

Characteri  of  tht  Salta  of  Zine. — They  are  usually  soluble  in  w^er, 
colourless,  have  an  unpleasantl  metallic  taste ;  the  alkalies  ammonia, 
potash,  and  soda  decompose  them,  predpitating  a  colourless  hydrate, 
which  is  soluble  in  excess  of  these  predpitaote.  The  alkaUne  car- 
bo  na  toe  also  deoompose  the  salts  of  zinc,  but  the  carbonate  of  ammonia 
only,  when  added  in  excess,  redissolves  the  carbonate  thrown  down  in 
any  notable  quantity.  H^droeulphuric  add  decomposes  neuti«l,  but 
not  add  or  alkali  do  solutions  of  zinc ;  the  predpitate  obtained  ia  a 
hydrated  sulphide  of  zine.  Tincture  of  nils  gives  no  predpitate,  and 
ferrocyanide  of  potassium  a  white  one  wiui  the  salts  of  zinc 

A  lloyt  of  Zine. — Potassium  and  sodium  form  with  zino  brittle  alloys, 
decomposable  by  exposure  to  air  and  moisture.  With  copper  it  com- 
bines to  form  brass,  and  with  iron  it  yields  a  very  hard  alloy,  which  is 
very  energetically  acted  upon  by  sul{diurio  odd.  If  plates  of  hot  iron 
bo  dipp^  into  melted  zino,  they  acquire  the  mMsranoe  of  tin-phto. 
and  the  iron  ia  prevented  from  rusting.  Buoli  coated  iron  is  termed 
galvaniaed  iron. 

Sheet-zinc  is  now  largely  employed  for  oovering  buildings.  Plates 
<^  this  metal  ore  also  used  in  Uie  constroction  of  voltaic  batteries. 

ZIKC,  Medical  Propertia  of. — In  the  purdy  metallic  stato,  sine  pro- 
duoes  no  eSiect  on  the  human  system,  but  its  combination  wiUi  oxygen, 
forming  oxide  or  flowm  of  zinc,  is  suffident  to  invest  it  with  consider- 
able power  over  various  organs,  both  those  with  wluoh  it  comes  into 
direct  contact  and  some  remote  ones,  especially  the  nervous  ceotres.  Its 
local  action  is  that  of  an  irritant,  astringent,  and  dedcoative,  while  ita 
remote  action  is  that  of  a  tonic  and  antispasmodic,  lha  emetic  pro- 
|>wtieB  of  the  oxide  are  less  than  those  of  the  su^hato  or  aoetate,  unlesa 
it  meets  with  adds  in  the  stfansch.  In  this  way  it  is  tarefrremployed. 
it  is  for  its  remote  eSbota  that  oxide  of  zino  is  valued.  While  it  has 
the  properties  common  to  all  the  metallic  antispasmodics,  it  is  dis* 
tinguished  by  its  power  of  restraining  inordinate  action  of  the  nervous 
system ;  being  Mlmlna-  soothivg.  The  brain  and  the  function 
al  sensation  appear  to  feel  less  of  ite  influence  than  the  spinal  cord. 
Hence  the  nerves  of  moticm,  and  the  funotioDs  of  the  drcuistion  and 
renpiration,  ore  chiefly  acted  upon ;  it  produoea  ite  efiects  speedily,  but 
they  quicklv  disappear  when  given  in  such  doses  as  can  bo  safely 
administeored.  The  long-continued  use  of  it  seems  to  prodnoe  a  dryness 
and  induration  of  the  frame,  which,  if  carried  to  excess,  is  dangerous, 
but  the  lesser  degree  of  which  is  in  all  probability  the  source  of  the 
utility  of  this  medicine^  by  dimimshing  the  mobility  of  the  system ; 
irregularities  in  the  oiroulation,  and  sudden  congestions  of  blood,  bdng 
the  immediato  causes  of  attaolu  of  epilepsy  and  hysteria,  the  diseases 
which  are  most  benefited  hf  oxide  (tf  sbc.  This  denocating  property 
rend«n  it  tiie  most  potent  means  yet  disoovered  of  checking  the  col* 
liquative  persiurations  of  consumptive  persons.  (See  '  Clinical  Lectures 
on  Pulmonai^  Consumption,'  by  Theophilus  Thompson,  M.D.,  p.  194.) 
For  use  in  this  way,  and  even  tox  use  as  an  ointment,  it  requires  to  be 
prapsred  in  a  state  of  far  greater  purity  than  it  ia  met  with  when  prs- 
pared  for  ose  hi  the  arts.  Above  aU«  it  must  be  free  from  adtnixturs 
with  sulphate  of  zinc 

In  spasmodic  affbctions  of  the  cheat,  such  as  asthma,  anrana  peotoii^ 
and  pal[dteti(»i  of  the  chest,  when  these  do  not  proceed  from  vtg/aic 
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denngeinenta,  oxide  of  nno  is  ofbeo  semoefeble,  flRpeoiall;  when  com- 
bined with  conium.  In  the  cramps  of  the  stomooh  to  which  habitual 
dninkarda  are  subject,  it  ia  very  uaefuL 

Impure  oxide  of  zino  ia  caUed  tutty.  It  is  8ometim«e  used  exter- 
nally as  a  dusting  powder,  as  a  mild  absorbent,  on  excoriations,  and  to 
heal  chaps  and  cracks  in  the  skin.  It  is  also  used  as  an  ointment. 
Pure  oxide  of  zinc  forma  an  ointment  of  much  value  where  »  mild 
astringent  la  needed,  eapeoially  in  the  chronic  inflammation  of  the 
eyelids. 

Carbonate  of  sine  when  impure  ia  termed  calamine.  This,  after 
being  aubjected  to  divov  proceeaea,  is  called  prepmrd  calamine.  The 
only  use  made  of  it  is  to  form  an  ointment,  which  Is  most  useful  as  an 
ajq>lication  to  bums,  excoriations,  and  superficial  ulcere. 

Sulphate  of  nno  is  in  small  doses  a  very  valuable  astringent,  tonic, 
and  antispasmodic ;  in  larger  doses  It  ia  a  very  certain  and  speedily 
acting  emetic ;  and  in  very  large  doaea  it  is  poisoDous.  It  is  the  most 
useful  emetic  in  cases  of  narooUo  pc^sonlnK,  aa  ife  ia  not  so  apt  to 
infiame  the  stomabh  as  tattarised  antimony :  oat  the  stomach-pump  is 
preferable  to  either. 

The  tonic  effects  are  best  seen  in  afiections  of  the  mucous  mem- 
branee.  In  tha  sutTocative  catarrh  of  aged  persons,  and  the  extreme 
defluxions  on  the  chest  after  influensa,  sulphate  of  zinc  afibrda  a 
valuable  remedy :  it  must  be  given  in  snult  doses,  as  the  sudden 
BuppreasioQ  of  the  secretion  may  cause  inflammation.  Its  utili^  is 
increased  by  combining  it  with  Uie  compound  rhubarb  |nll,  or  with 
tnyrrh  only.  The  use  of  the  solution  aa  an  injection  requires  the 
Bame  caution. 

Acetate  of  tiuo  is  poanoosed  of  nearly  aimilar  properties,  but  in  a 
-weaker  d^^;  and  aa  an  injectifm,  seems  in  some  oases  entitled  to  a 

preference. 

Chloride  of  zino,  called  also  butter  of  sine,  is  a  powerful  escharotic 
or  caustic ;  this  action  results  firom  its  strong  affinity  for  albumen  and 
gelatine,  which  [viQciples  it  abstracts  from  the  livmg  tissues,  and  so 
forms  &n  eschar.  Its  powers  in  this  way  have  been  taken  advantage  of 
to  destroy  parts  affected  with  malignant  diseaaes,  such  as  cancer  and 
lupus,  and  to  remove  nsevi  matenoi,  or  mother-marks.  In  none  of 
these  is  it  to  be  resorted  to  unless  they  are  very  superficiaL  Deep- 
seated  cancer  of  glands  can  scarcely  be  removed  by  it,  but  other  forms 
are  often  sucoe£fuUy  treated  by  it  (Walshe,  '  On  Cancer,'  p.  219.) 
Properly  diluted,  chloride  of  zinc  is  most  beneficially  used  to  correct 
the  fcetor  from  suppurating  ears  of  children. 

Cyanide  or  c^^inuret  of  aino  is  a  ^werful  antisptamodio  and  tonic. 
No  medicine  is  so  potent  in  allaying  irrital»Uty  of  the  stomach, 
atUmded  with  great  debOi^.  The  dose  must  be  small  and  often 
repeated.  Yelenanate  of  sine  has  lately  been  much  reoommended  as  a 
mnedy  against  tio-douloureux  and  other  nervous  affections.  Where 
the  patients  can  tolerate  the  repulsive  odour  and  persevere  in  its  use, 
it  often  proves  veir  serviceable, 

^no  pans  have  been  much  recommended  for  use  in  dairies,  as  the 
niilk  speedily  coagulates  in  them,  and  the  quanti^  of  cream  is  great : 
but  if  the  milk  beoomea  sour  while  in  them,  the  aoid  acta  upon  the 
zinc,  and  forms  unpleasant,  though  pwhaiM  not  poLsonoui  compounds. 
Upon  the  whole,  white  porcelain  veasel^  npt  thdvoughty  dean,  are  the 
best  material  for  milk-vessels,' 

ZINC  MANUFACTURE.  The  mode  of  obtuniag  zino  firom  the 
au)pburet  and  other  ores  is  explained  in  the  article  Zwa  As  brought 
to  market,  coiftmonly  under  the  name  of  tpdter,  it  is  a  bluish-wmte 
metal,  having  cnnsidMable  hardness  and  tou^^ees.  The  chief  English 
supply  is  from  Flintshire  and  the  Isle  of  Han;  but  the  market  is 
most^'  supplied  from  Upper  Silicia,  where  the  ore  is  smelted,  and  the 
spelter  sent  for  shipment  from  Dantzic,  Stettin,  and  Hamburg : 
shippers  are  willing  to  convey  it  freight-free,  to  serve  as  ballast  for  £e 
ships  that  bring  Uermon  wool  to  Rngland.  Hr.  Bobert  Hunt  has 
given  the  followii^  as  an  account  of  the  British  mes  of  one  brought 
up  to  the  surboa  m  1857 : — 


Cornwall     .      •      •  « 
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Cardigan     •      ■      •  « 
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Cumberland  •      •      •  ■ 
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n 

£80,98S 

presenting  on  average  of  about  66«.  per  ton.  The  largest  mass  of  zinc 
ever  described  was  that  which  was  displayed  at  the  Qreat  Exhibition 
in  1851,  and  which  wughed  16,000  lbs.  It  was  smelted  from  the  ore 
by  Messrs.  DetxtK^,  of  New  Jersey,  in  the  XJi^ted  States.  Iliere  is  a 
vein  of  zinc-ore  "9  feet  thick,  at  a  spot  abont  AO  miles  from  New  York, 
and  easy  of  access,  as  it  is  not  far  beneath  the  sur&oe.  The  ore  is 
carried  to  Newark,  in  New  Jersey,  where  it  is  converted  partly  into 
metallic  zinc,  but  mostiy  into  zinc-white  for  house-painting.  The 
metal  is  sep^ted  from  the  oCher  ingredients  of  the  ore  by  a  process 
of  vaporisation,  as  desoribed  in  the  article  Zoio;  bub  at  Measrs. 
Detmold's  establishmcoit  some  of  the  operations  are  conducted  in  a 
remarkable  way.  A  vapour,  oontuning  nearly  all  the  zino,  ia  sent  by 
Uast  along  pipes  to  a  «a(eftHvAoHM,  where  it  passea  into  enormous 
bags  of  cottui  6  ftoet  In  diameter  hj  150  fe^t  Itnig;  thn  (riiini  jam 


through  the  meshes  of  ihe  bag,  while  an  oxide  of  zina  cools  down  to 
thesti^ttf  awliite  powder,  which  is  shaken  out  of  die  bag  at  interval** 
This  ia  tiie  mode  adopted,  not  in  procuring  metallic  nne,  but  as  the 
preliminary  stage  in  making  zinc-white.  The  powder  is  eiUier  sold  in 
a  dry  state,  in  barrels  containing  200  lbs.,  or  is  ground  up  with  linseed- 
oil  and  sold  in  kegs. 

In  reference  to  the  zinc-white  above  mentioned,  it  may  be  observed 
that  the  substance  ia  reoommended  as  a  substitute  for  white  lead  in 
house-punting — not  as  being  better  suited  in  itself,  but  as  being  lass 
injurious  to  the  workmen.  Some  persons,  moreover,  attribute  to  it 
much  greater  pennanency,  and  other  qualities  superior  to  those  posseassd 
by  white  lead.  Linseed-oil  and  spirit  of  turpentine  are  mixed  with  the 
zinc-white.  Oil  in  good  proportion  gives  it  durability  and  efficacy  of 
covering  the  sut&ce  of  the  work ;  in  excess,  it  has  a  softening  and 
darkening  effect.  Turpentine  in  good  proportion  gives  a  ready  fluidity 
for  spreading;  in  excess,  the  paint  becomes  too  transparent,  and  has  a 
tendency  to  pulverise. 

MetaUio  zinc  is  mostly  used  in  the  form  of  plates  or  sheets.  When 
heated  to  a  certain  temperature  it  becomes  malleable  and  ductile,  and 
may  then  be  rolled  out  to  any  convenient  de$;ree  of  thickness ;  and 
although  brittle  before  this  heating,  the  britUeness  never  returns  aftw 
the  cooling.  This  is  found  to  be  a  valuable  property  in  zinc.  In  the 
form  of  sheets,  zinc  is  laigely  used  for  baths,  cisterns,  tanks,  spouts, 
pipes,  chimney-pots,  roofing,  as  also  for  plates  for  engraving,  sheathing 
for  ships,  and  as  one  element  in  voltaic  batteries.  Being  so  much 
lighter  than  lead,  zinc  is  found  to  be  very  useful  for  roofing.  The 
joining  of  plates  of  zino-  requires  to  be  effected  in  a  peculiar  way. 
[SoLDEEiNO.]  In  the  making  of  zino  door-pliubes,  a  dieet  at  rolled  nno 
is  cut  to  Uie  proper  size  and  shape,  scraped  to  a  clean  surface,  ham- 
mered flat,  ploouhed  with  a  broad  and  smooth-faced  lu^mer,  and 
polished.  Plates  for  zincographic  engraving  require,  not  a  smooth, 
but  a  fine  granular  surface ;  they  are  rubbed  first  with  ordinary  sand, 
and  then  with  fine  sifted  sand  and  water  applied  by  means  of  a  wooUen 
rubber. 

Many  modes  of  coating  iron  and  other  metals  with  a  tliin  layer  of 
zinc  have  bten  described.  Among  these,  one  has  been  patented  by 
Mr.  Alexander  Watt,  alitor  of  the  *  Chemist'  Steel  or  iron  is  pit^led 
in  a  solution  iA  sulpho-muriatio  add,  and  then  exposed  to  galvanic 
action  in  a  battery  supplied  with  cyanide  of  potassium,  liquid  ammonia, 
metallic  copper,  metaJlio  zinc,  hydrochloric  acid,  and  oarboiute  of 
potash.    This  subject  is  further  treated  under  TiNNlHO. 

The  chief  use  of  zinc,  perhaps,  is  as  a  compound  in  the  formation  of 
brass.  [Bbass.] 

In  1880,  metulic  zinc,  under  the  name  tA  apeUtr,  was  imported  from 
foreign  countries  to  the  »taat  of  fii,000  tons. 
ZINCAMIDE.  [Amides.] 
ZINC-AHTL.   [Oroanouetaujo  Bodies.] 
ZINC-ETHYL.   [OROAHOitBTALLio  Bodies.] 
ZINO-METHYL.   [OBOANOHBrALLio  Bodies.] 
ZIN&WHITE.   rZiNo;  Oeideo/.] 
ZINCOaBAPHT.  [LitHOQRAFkr.] 

ZINGIBER  OFFICINALE  (Oikoer),  Medical  Pnptrtia  of.  The 
native  oountay  (tf  this  iJant  seems  unknown,  thoimfi  Gloebel  asserts 
that  it  is  Guinea.  It  is  liowever  extensively  ctdtivated  in  China,  Java, 
and  the  East  and  West  Indies.  From  the  cultivated  plant  alone  ia  the 
ganger  of  commerce  procured.  Of  this  there  are  two  varieties,  the 
black  and  white ;  but  some  writers  affirm  that  these  are  the  produce 
of  two  diatinot  species,  while  othen  ascribe  the  difference  of  appearance 
to  diversity  of  treatment  after  the  rhizome  ia  dug  up.  The  rltiaome, 
or  root-stock,  is  perennial,  but  it  is  only  that  of  a  young  plant,  or  the 
annual  shoots  from  an  old  one,  which  are  met  with  in  commnce. 
When  first  dug  up,  the  colour  internally  is  red.  Those  procured  the 
first  year  are  used  fresh,  or  preserved  in  sugar,  and  constitute  the 
sweetmeat  known  as  prem-ved  gtnger.  This,  when  sent  from  ttw  West 
Indies,  is  in  small,  round,  tendw  pieces ;  when  from  the  East,  laiger, 
flat,  and  stringy  portions :  the  former  is  preferred. 

Black  ginger  is  stated  to  be  the  rhizome  dug  up,  scalded  in  hot 
water,  and  dried  in  the  sun.  White  ginger  is  also  sialded,  and  Uien 
scraped  to  free  it  from  the  rind  before  it  is  dried,  whidi  last  operation 
is  said  to  be  effected  by  artificial  heat,  but  probaUy  mostly  W  the  sun. 
Both  kinds  are  vei^  liable  to  the  attacks  ot  ma  insset.  To  prevent 
these  attacks  the  rhizomes  ars  dipped  in  a  solution  ctf  Ihne,  the  wUte 
particles  of  wfaioh  often  adhere  to  the  surface.  To  cause  Uaok  ginger 
to  resemble  the  white,  it  is  bleached,  after  its  arrival  in  thin  oountiy, 
in  a  solutioa  of  chloride  of  Ume,  or  exposed  to  the  fumes  of  burning 
sulphur.   This  impairs  the  activity  of  the  article. 

Ginger  occurs  in  oomtneroe  in  pieces  termed  raea,  of  various  shapes, 
but  generally  flattiah,  branched,  lobed,  or  palmated,  rarely  more  Uiaa 
four  inches  long^  The  uuscn^ied  has  a  wrinkled  efodermis;  the 
scraped  is  devoid  of  this  covering.  Jamaica  ginger,  which  is  most 
esteemed  in  this  country,  occurs  in  races  larger,  rounder,  and  thinner 
than  the  other  kinds ;  externally  of  a  yelloiri^  white,  internally  of  a 
^dlower  hue.  The  taste  is  agreeably  aromatic  and  pungent,  but  this 
is  lost  with  age,  so  that  old  pieces  ore  n'orthlees,  as  are  ahio  portiooa 
which  have  been  digested  In  akohol  to  form  aamce  tsf  gi»ger.  flingjii, 
when  chewed,  exdtee  a  flow  of  saUva ;  ttie  powder  applied  to  the  naa> 
tiils  causes  Boeed^g:  Tho  quantitative  analysia  of  100  parts  of  ^n«r 
have  been  given  fay  Buchols : — 
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Tellow  mlKtfla  oU     ......  1*S6 

AiMmtU,  aerid,  nft  nda    ......  S*90 

XzbMttn  nhiU*  in  ■laohol  0<6i 

AeUaloH  ud  lerU  ntnellTe,  intohUe  In  kleobol    .  10*50 

Gun  ll'OB 

BUrch  (ualoffons  to  iMtaorin)  

Apotheme,  extracted     potnih  .      .      ■      .      .  S6*00 

Bunria  8*>B 

Voodffibn  8*00 

Water .  ll-SO 

lOS'H 

Moriu's  analyita  yieldB  alw>  ftcetio  add,  aoetete  (rf  potanh,  and 
mil[^ur,  and  a  resin  insoluble  in  ether  and  oils ;  while  the  aohea  give 
numerous  metallic  salts  and  alkaline  salts. 

The  V(jatile  oil  is  of  a  pale  yellow,  lifter  than  water,*  taste  at  first 
mild,  then  hot  Tha  soft  resin,  obtained  by  digesting  the  alcoholic 
eztriictai  ginger  fiist  in  water,  tb«i  in  ether,  and  evaporating  the  etherial 
tincture,  ia  not  quite  analogons  to  the  principle  nnfftberin,  procured  by 
Beral,  and  by  him  termed  peperoid.  This  last  is  got  by  submitting 
ginger  dhectly  to  the  action  of  sulphorio  ether,  Beral  recommenda 
many  preparations  this  principle,  but,  except  from  their  smaller 
bulk,  it  is  difficult  to  perceive  what  adTsntage  thej  poasess  over 
coDunoQ  ginger  and  its  preperatians.  Qinger  is  an  aromatio  stdmulant 
of  ooludderable  power.  Tta  aflbets  are  greater  on  orgns  witii  vriuch 
it  comes  into  direct  contact  than  on  remoter  ones.  Thus,  when  chewed, 
it  is  a  powerful  Bial(^e,  and  relieves  toothache,  rheumatism  of  the 
jaw,  nod  also  relaxed  uvula.  When  received  into  the  stomach,  it  pro- 
motes digesta<m  in  languid  habits,  and  relieves  flatulent  colic  Gouty 
subjects  are  much  benefited  by  i^  and  for  sudi  persons  no  form  is 
more  bsnefielal  than  that  of  preserred  gfaiger  taken  at  dessert  after  a 
mixture  of  via&dii  But  it  has  tbe  disadvantage  d  impairiog  the 
flavour  of  the  wine  taken  at  the  same  time. 

llie  action  of  ginger  on  remote  organs  is  greatest  on  the  mucous 
membranes.  Hence  (be  lungs  are  maricedly  excited  in  the  relaxed  and 
■uflboaUve  catarrh  of  old  people.  The  mucous  membranes  of  the 
urino-^sidtal  organs  are  also  excited  by  it  in  languid  habits.  Muiy 
iaeble  femalea  rMsive  much  advant^  from  the  domestic  preparation 
termed  ^ger-tea.  Some  headaches  of  a  sympattt^  Und,  originating 
in  irritation  of  the  intestinal  canal,  are  often  relieved  (7  it.  A  poultice 
of  sonved  ginger,  to  which  wsnn  vrater  has  been  added,  forms  a  8ub> 
ntitute  for  a  mustard  poultice,  and  often  relievee  headache  when  applied 
to  the  forehead.  Oinger-beer  is  often  a  grateful  beverage  in  summer 
heat,  but  with  some  persons  it  disagrees ;  this  is  owing  to  the  sugar, 
for  if  made  without  it,  it  agrees  with  such  penona  weE.  Lemon-jtiioe, 
when  taken  with  sugu,  often  disagrees,  as  for  sample  wHh  paneakee. 
The  lemon-juice  alooe  is  most  wholesome. 

ZIRC017IA.  [ZiBOOHiUM.] 

ZIRCOMIUH  (Zr).  A  rare  metal  found  in  the  minerals  zircon  and 
jacinth,  which  contain  tite  oxide  of  the  metal  united  with  silicic  add. 
'fo  obtain  metal,  the  double  fluoride  of  potassium  and  zirconium 
is  to  be  ftroQ^y  heated  with  potassium ;  from  the  oold  reudue  diluted 
liydrodikiiio  acid  dissolves  out  eveiything  except  pulverulent  sir^ 
cMiinm,  which  must  be  washed  first  vrith  scdution  of  cliloride  of 
ammonium  and  then  witJi  aloohoL  Zirconium  has  not  yet  been  fused : 
obtained  in  the  manner  just  described  it  piesenta  the  appearance  of 
a  Uacfc  powder,  whidt  aMomes  a  slight  metalUo  loatre  under  the 
bimiisher  and  aoaraa^  oondnota  an  daetrie  cnrrent  Zirconium  in 
this  pulverulent  form  indicates  the  {m^Mrtiee  of  the  masdve  metal  as 
little  as  pulverulent  aluminium  did  those  of  the  latter  beaattf  nl  metal 
before  it  was  obtained  in  malleable  maaaee  by  Bunsen  and  Deville. 
When  heated  below  redness  in  air  or  oxygen,  ainxHiium  takes  fire  and 
barns  with  a  ver^  intense  lit^tiprodnobiigcirccmia.  It  Lb  also  gradually 
(oddiied  in  boilmg  water,  diluted  hjdrochloiio  and  sulphuric  adds  do 
nob  act  upon  it,  but  hy^nduorio  acid  dissohres  it  with  evolution  of 
^drogen.  The  equivumt  of  sirooniam  is  88'6  if  sroonia  be  written 
but  if  written  ZrO,  the  equivalent  Is  22*4. 

Zireema  (Zr,0„  or  ZrO,).  Zirconium  and  o^gen  fonn  only  one 
compound,  ziroonia,  whion  is  obtained  \}j  futing  flndy-powdered 
siroon  with  oaostio  prtash  or  soda  and  than  diasolving  the  fused  mass 
in  dilute  hydroohkno  aeid.  Exasaa  of  add  and  mdsbora  are  expelled 
by  heat,  irtken  on  the  addition  ol  water  the  dilaidaa  of  dnxmium 
and  potasiBum  or  sodium  are  dissdved,  leaving  insoluble  slliea ;  from 
thiat  solution  excess  of  ammonia  prediMtates  ziroonia  as  hydrate,  which 
must  be  washed,  dried,  and  ignited.  It  then  presents  we  appeataooe 
of  a  white  infusible  and  insoluble  powder.  The  hydrate  is  gelatinous, 
insoluble  in  the  oaustk  alkalieB,  but  readily  souiUe  in  add^  and 
i^arins^  so  In  oariwnate  of  ammonia. 

Sromia  fonna  mlts  with  adds,  wUeh  posaeas  the  following 
dianataia:— Thevhavean  astringent  taste;  they  are  predintated  by 
the  oauatio  alkallsa  potash  and  soda,  and  an  excess  of  titem  doea  not 
redissolve  the  predpitate.  When  boiled  with  sulphate  of  potash,  a 
subsalt  of  suoonia  is  framed,  and  bdng  insduble  subsides,  Infudon 
of  galls  produces  a  yellow  prec^tate,  and  plKmhaie  of  aoda  a  white 
one:  carbonate  of  droonia,  iriien  raoantly  pree^pttatad,  is  soluble  in 
iM-oarbonate  of  ammonia  and  of  potash. 

ZODIAC  (in  Oinsk,  i  ZvBwtis  aAAst,  "tin  Zodiae  drole'*)  iaa 
UBwginntoaKaw  of  the  vidUa  heavena,  estandii«  fn  breadth  to 
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certain  eq\ial  distances  on  both  sides  of  a  great  circle  of  the  celestial 
sphere^  in  the  piane  of  tJie  earth's  orbit  produced.  This  drde,  with 
which  the  appHsnt  annul  patii  of  the  aun  ooinddea,  is  oalled  the 
ecliptic ;  at  preaent  it  makea,  with  the  [dane  tA  the  aarthV  equator,  an 
angle  equal  to  about  28°  27'  95",  and  it  is  divided  into  twelve  equal 
parta,  called  ngnt,  which  receive  their  denominations  from  those  of  the 
figures  intended  to  designate  tiie  constellations  or  groups  of  stars  about 
it  Host  of  the  figuree  bedng  those  of  auimak,  the  name  of  zodiac 
(from  i4ttov,  t6dian,  the  diminutive  of  C^¥,  zticn,  "  mi  animal "}  has,  in 
consequence,  bean  applied  to  the  seme. 

The  plaaes  of  the  orbita  of  all  the  planeta,  when  ptodnoed  to  the 
cdeetial  sphere,  ore  supposed  to  be  comprehended  wiuun  the  breadth 
of  tiie  sodiao,  and  that  breadth  Is  determined  by  two  small  circles 
paralld  to  the  plane  of  the  eolipUo.  Before  the  discovery  of  Ceres, 
Pallas,  ai^  Vba  other  asteroids,  the  greatest  inclination  of  the  orbit 
of  a  planet  to  the  ediptio  scarcely  exceeded  7  degrees,  and  tbere- 
fore  tiie  breadth  of  the  lodiaoal  zone  was  imagined  to  be  about  16 
d^nrees,  or  8  degrees  on  each  dde  northward  and  southward  of  the 
eoEptio.  The  orbit  of  FaUas  (that  vrhicb  deviates  most  from  the 
ecliptic)  is  indineil  about  85  degrees  to  that  plane ;  and  it  mif^t  now 
be  understood  that  the  breadth  of  the  zone  is  about  70  degrees.  ■ 

The  line  in  which  the  plane  of  the  ecli^c  interseota  that  of  the 
tarreatzial  equator,  being  produced  indafimtefy,  outa  the  celestial 
nbera  In  two  pdnts  diametnoalfy  oppodte  to  eaclh  othar:  and  one  of 
tnaaa  meeting  the  heavens,  in  the  age  of  the  eariieet  QtmA.  astronomy, 
nesT  certain  stars  forming  a  constellation  to  which  the  figure  of  a  ram 
(Aries)  was  assigned,  is  generally  called  the  first  point  of  Aries.  Ytom 
this  point  sre  reckoned,  on  the  ecliptic,  the  Icmgitudes  of  celestial 
bodies ;  and  on  the  equator,  their  ri^ht  asoendona.  The  twdve  equd 
parta  or  signs  into  wmch  the  ecUptio  is  divided  are  distinguished  by 
the  names  of  the  oonataUationa  which,  in  the  age  above  aUuded  to,  feU 
within  tiudr  nmMtlve«cteiitainl<»gitude;  and  the  namea  both  of  the 
signs  and  eonatellatlona  are  as  follow Ariea,  Taurus,  Gemini,  Cancer. 
Leo,  Viigo,  libra,  Soo'^ah  Sa^ttarios,  Cajfficomun,  Aquarius,  and 
Pisces. 

The  distiibution  of  all  the  visible  stars  into  groups  or  constellations 
was  the  first  step  in  laying  the  foundation  of  astronomicd  sdence.  It 
must  have  taken  {daoe  in  the  earliest  ages  of  the  world ;  and  there  u 
the  hiriieat  d««gree  of  probaUli^  that  the  zodiacs  of  all  nationa  have 
beend^ved  from  a  common  source,  though  in  passing  from  one 
people  to  another  it  may  be  easily  conceived  that  the  figures  would 
suffer  changes  from  the  vanity  or  oi^>rioe  of  individuals.  Among  the 
sndcnta,  we  place  of  the  aun  in  the  zodiac  served  to  regulate  the 
seasons  of  the  year;  the  representations  of  the  figures  associated  with 
the  groups  of  stara  ware  almost  ooostont  omamenta  of  the  religious 
edifices;  uid  sttpentition  aaugned  to  the  regions  of  space  influences  on 
the  lives  and  dtaractera  of  men  dqiending  upon  the  qualities  of  the 
animals  or  objeota  which  distinguished  the  oonsteUationa  in  the  corre- 
sponding parts  of  the  celestial  sphere. 

The  loss  of  the  writings  of  the  anoient  Babylonians,  and  the  entire 
destruction  of  their  edifices,  have  deprived  the  vrorld  of  every  monu- 
ment by  which  li^t  mig^t  be  thrown  on  tiie  state  of  astronomy  among 
a  peopto  iriicoe  [oteete,  aooording  to  Strabo,  were  mostly  engaged  in 
the  study  of  the  sdence.  In  fact,  oar  information  reflecting  it  consiata 
'  chiefiy  A  the  notices  given  by  Ptolemy  concerning  a  few  of  their  obser- 
vations, end  frcm  the  evidence  tA  Geminus,  Diodoms  Siculos  states 
('Biblioth.  Histor.,'  iL  80)  "that  the  Babylonisns  had  twdve  chief 
ddtles,  to  each  of  whom  the^  assigned  a  month,  and  one  of  the  ao-called 
twdve  animals,"  by  which  he  means  the  twelve  parta  of  the  zodiac ; 
and  from  this  it  may  be  Inferred  that  they  divided  the  lodiac  into 
twelve  signs,  Sextus  Empiricus  ('  Adversus  Math./  lib.  v.)  makes  a 
-like  statement,  and  shows  how,  by  means  of  a  clepsydra,  Uie  dividon 
wu  or  may  have  been  made.  With  respect  to  the  ostronMnicd  monu- 
menta  which  adorned  their  edifices,  a  few  frasmenta  only  of  atone, 
having  on  them  figures  which  mtyr  or  may  not  have  been  fiitendad  aa 
repreaentatioos  of  those  which  distinguish  the  oonstellatioos,  have  been 
dug  up  near  Bagdad;  and  tiie  most  remarkable  of  these  is  one  having 
on  ita  face  a  solar  disc  accompanied  by  a  serpent :  the  figure  may  have 
designated  Ophiuohus,  and  it  ia  poaeiue  that  it  may  have  been  part  of 
a  Cnatdasan  ptonkphere.  Hm  dividm  of  the  lodiac  into  twdve  d^ 
nu^  ham  been  ori^nally  made  far  the  oonnsiienoa  of  disHngnishing 
the  portions  which  the  sun  passes  through  in  the  aavenl  months;  and 
a  divinon  into  twemty-dght  parta  ia  alluded  to  bj  Oerninns  {paieMrA 
tU  *tu¥ifMm),  which  vras  probably  made  to  denote  the  qiace  daily 
described  by  the  moon  by  her  proper  ntotion.  The  former  division 
was  used  by  the  Egyptians,  the  Ore^,  and  by  sll  the  dvilised  nations 
1^  Asia;  and  tin  latter  is  found  anumg  the  Pandaaa,  Aiaba,  Hindus, 
•ndChnieae:  liie  tvranty-driit  parta  are  coUad  the  dottoM  or  aftoda  of 
the  moon,  beeaoM  this  fuii£iaTy  Is  in  acme  one  of  them  eadi  day. 

During  the  invadon  of  Egypt  by  the  F»nch,  in  1 798,  General  Deeaix 
discovered  some  remarkable  sculptures  on  tiie  ceiling  of  an  apartment 
in  the  great  temple  at  Denderah  (the  andent  Tectyra),  and  HH.  Jollois 
and  D^illiers  almost  immediatdy  perceived  among  them  figures  neariy 
similar  to  Uiose  which  are  traced  on  celestial  globes  at  the  jHrasent  time. 
Tha  whda  of  the  aitaronomioal  flguraa  are  vmhin  the  droumfsmioe  of 
a  drde  abore  five  feat  in  diameter;  and  the  apartment  in  which  they 
ware  lonnd  li  in  the  upper  part  of  the  buildfaig :  adjoining  it  ia  an 
apartnuid  of  equal  di^  whidt  ia  «pan  to  tha  dk^,  the  aioent  to  both 
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being  by  rtepi  in  the  interior.  BkB-reliefa,  ftppuently  of  an  utrono- 
mic^  charaoter,  are  fouod  in  serenl  otlier  npartmentB  within  the  Bune 
temple ;  and  in  the  oeiling  of  ita  portico  ore  figures  reeembling  coiutel- 


lationa,  among  wliioh  are  those  of  the  zodiac  diapoeed  in  two  Unea,  one 
near  each  extremity  of  the  portioo,  and  parallel  to  the  longitodinal  axla 
of  the  temple. 


The  Eodiaoal  figoree  in  the  apartment  first  mentioned  are  dispoeed 
nenrly  within  the  breadth  of  an  annulus  formed  by  two  oirclee,  whose 
common  centre  is  at  some  distance  southward  from  the  centre  of  the 
wholfl ;  the  figure  wliich  is  conceived  to  repreeent  Cancer  is  however 
within  the  space  inclosed  by  the  interior  circumference  of  the  annulus, 
and  nearly  opposite  the  interral  between  Oemini  and  Leo ;  that  interval 
being  oocupted  by  a  human  figure  with  a  bird's  head,  above  which  are 
a  bird  and  certain  hieruglyphical  symbols.  The  figure  of  Canoer  is  also 
surmounted  by  a  liieroglypbical  symbol,  which,  according  to  Visoonti,' 
seems  to  express  a  proper  name. 

Except  the  sodiacal  figures,  scarcely  any  in  the  ceiling  resemble  those 
which  are  now  assigned  to  the  consteUations ;  and  a  great  efibrt  of  the 
imagination  is  required  to  discover  in  what  manner  they  may  be  con* 
aidered  as  emblems  of  the  latter.  From  tiie  sodiacal  figures  only  has 
it  been  possible  to  form  opinions  conoeming  the  nature  of  ti^e  projec- 
tion employed  in  the  execution  of  the  wonc,  and  the  epoch  to  which 
the  aspect  of  the  heavens  represented  by  it  is  to  be  referred. 

The  first  discoverers  of  this  ancient  monument  immediately  per- 
ceived  that  the  horw^  or  declination  circles,  if  drawn  upon  it,  would 
be  represented  by  straight  lines  diverguig  from  the  centre :  the  latter 
is  consequently  tiie  pole  of  the  equator;  but  we  ore  indebted  to  M. 
Biot  /'  Recherchee  sur  I'Asbo&omie  Egyptienne ')  for  tiie  very  probable 
Idea  that  the  space  within  tiie  exterior  circle  repreeents  a  development 
of  the  whole  surface  of  the  celestial  sphere,  tiie  radii  of  the  cirole  being 
e^uol  to  half  the  circumferences  of  the  hour  oirclea,  so  tiiat  the  exterior 
circle  represents  the  south  pole  of  the  equator  in  the  heavens.  The 
figures  of  Uie  constellations  are  supposed  to  be  placed  oa  the  radii 
corresponding  to  the  droumferenoee  of  the  hour  oirclw  passing  through 
the  groups  of  stars  to  which  the  figures  belong,  and  at  distances  from 
the  centre  of  the  planisphere  equal  to  the  angular  distances  of  the 
figures  from  the  north  pole  of  the  equator.  The  distortion  produced 
by  such  a  development  of  a  spherical  surface  is  evidently  very  great 
near  the  margin ;  but  a  spectator  when  duly  instructed,  on  comparing 
the  figures  near  t^e  centre  with  the  groups  of  stars  about  tiie  norw 
pole  in  the  heavens^  might  diH(:'"guirii  tbcie  to  which  the  fignrea  wei« 


intended  to  refer ;  and  the  apartment  without  a  roof,  adjoining  that 
which  contained  the  planisphere,  is  suppoeed  to  have  been  intended 
for  the  purpose  of  facilitating  such  comparison.  One  propertv  of  the 
species  of  projection  or  development  just  mentioned  is,  that  in  tne  direc- 
tion of  a  line  passing  through  the  centre,  or  pole,  the  distance  between 
two  points  corresponding  to  two  which  ore  diametiic^y  opposite  to 
one  another  in  the  heavens  is  equal  to  half  the  circumference  of  a  great 
circle  of  the  sphere ;  and  U.  Biot  found  that  this  condition  is  satisfied 
by  the  planisphere  aa  nearly  as  can  be  expected  in  a  representation 
which  does  not  admit  of  great  precision. 

In  order  to  ascertain,  if  possible,  tiie  epoch  of  the  planisphere,  M, 
Biot  assumed  as  oorreot  the  positions  of  four  stars  upon  it,  which, 
being  accompanied  by  figures  of  men  and  by  hieroglyphical  symbols, 
appeared  to  have  been  distinguished  on  account  of  some  particular 
interest  attached  to  them  ;  and  concluding  from  their  poeitions  with 
respect  to  the  nearest  zodiacal  signs  that  they  must  represent  Fonial- 
haut,  Antares,  Arcturus,  and  0  Fegad,  he  first  verified  them  by  the 
near  agreement  of  their  measured  >iigtjnw  from  each  other  on  the 
planisphere  with-  the  distances  obtained  by  computation  from  their 
known  angular  distances  in  the  heavens ;  then  computing  the  angles  of 
the  tnangTe  formed  by  two  of  the  stars  and  the  centre,  or  pole,  of  the 
planisphere,  and  also  the  angles  of  tiie  triangle  in  the  heavens  between 
the  arcs  joining  the  two  stan  and  the  pole  of  t^e  ecliptic  in  1760,  he 
found,  by  comparison,  the  latitude  and  longitude  of  the  centre  of  the 
planisphere  wiUi  respect  to  Uie  positions  of  the  ecliptic  and  the  equi- 
noctial point  for  that  year.  The  position  of  the  centre,  thus  found,  is 
that  wbjch  the  pole  of  the  world  must  have  occupied  about  the  year 
716  B.C. ;  and  he  thence  concludes  that  the  planisphere  presents  the 
state  of  the  heavens  at  the  latter  epoch.  M.  Biot  afterwards  calcu- 
lated for  that  epoch  the  places  of  the  prinoipa]  stara,  and  determinett 
thor  situations  on  a  plane  by  the  rules  of  the  projection  supposed,  as 
above  mentioned,  to  have  been  iieed  in  constructing  the  Egyptian 
monument :  on  comparing  the  map  so  formed  with  an  exact  copy  of 
the  planisphere,  he  found  the  stars  to  &I1  upon  or  nenr  the  figures  to 
wbiw  they  were  presumed  h  o  belong.   Thus  the  stars  of  Ursa  Minor 
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<idl  near  th«  centre,  precieely  on  the  figure  of  aa  udnul  resemblinK  a 
dog  or  wolf,  probaUy  tiie  C;^ noaura  of  the  Greeks ;  and  those  of  Onon 
on  the  figure  of  a  man,  apparently  intended  for  Hotub,  the  son  of 
Oriris,  to  whfon,  acoording  to  PlutAToh  ('  De  Iside  et  Osiride Orion 
was  consectated. 

Several  indicatioQa  exist  hi  the  planisphere  of  an  intentional  dis- 
placement of  ^e  flgnres  deadgnating  the  oomteUationL  In  some  cases, 
apparently  when  a  constellaaon  could  sot  he  conveniently  introduced 
in  tta  proper  plaoe  for  want  of  room,  it  has  been  transferred  to  the 
margin  in  the  direction  of  a  line  drawn  from  the  centre  throu^i^  the 
true  place  of  the  constellation.  In  other  coses  a  constellation  appears 
to  be  removed  and  a  hieroglyphic  flfure  substituted  for  it.  Thus  a 
line  drawn  from  the  centre  of  the  [uasisphere,  timni^  TauruB*  leads 
near  the  maipn,  to  a  group  of  asren  atws,  wbudi  ^hably  dwdgnate 
the  FMadsa;  aad  near  it  if  anothar  group,  whidi  may  repreaent  the 
HyadeiL  Again,  between  Aries  and  Pisces,  and  a  little  above  them,  is 
an  animal  in  a  aitting  posture,  which  is  found  to  coincide  with  the 
computed  places  of  the  stars  in  Cassiopeia ;  and  near  the  margin  of 
the  planisimere  in  a  line  drawn  through  tho  centre  and  tiiis  animal, 
there  is  a  human  figure  seated  in  a  chair,  as  Cassiopeia  is  always 
npnaenied.  In  a  few  eassa  some  emUem  of  a  ocHuteQation  iafonndai 
the  margin  o{^iosita  the  figure  denotang  the  constellation :  tiiua  the 
head  of  a  run  surmounted  by  a  winged  globe  is  in  the  direction  of  a 
line  drawn  from  tiie  centre  urough  the  front  of  Ariee  in  zodiacal 
ring.  A  great  figure,  which  is  Bu|»>osed  to  represent  a  hippopotamus, 
is  situated  near  the  centre  of  the  planisphere  in  a  place  corresponding 
to  a  part  iA  the  heavens  very  near  Uiaa  Major,  but  where  there  are  no 
remuhableitan;  and  U.  Slot  conjectures  that  the  animal  be  an 
emblem  (rf  that  constellation :  he  craceivea  that  it  may  indicate  ^plKa, 
who, according  to  Plutarch  ('De  Iside'),  is  represented  by  a  m^po- 
potaiuus,  and  to  whom  Una  Major  is  assigned.  That  the  ancunt 
Egyptians  bad  a  constellation  which  was  designated  by  this  name  is 
stated  by  Plutarch  and  by  Diodorus  Siculua  (i.  27) ;  tJie  latter  has 

E'ven  tnoislations  of  two  inscriptions  in  hieroglyi^iuM,  which  ai^>ear  to 
kve  existed  in  hu  time;  and  in  one  of  these  Osiiia  ia  mads  to  say 
thai  he  had  been  to  the  uninhabited  parts  of  India,  to  the  rejpona  <n 
the  Bear,  and  to  the  sources  of  the  Ister  (Danube). 

In  the  direction  of  a  line  drawn  from  the  centre  of  the  planisphere,, 
towards  the  north,  and  passing  through  the  figure  of  Ctmoer,  is  the 
representation  of  a  cow  having  a  great  star  between  its  horns ;  and 
near  it,  in  the  direotiim  of  a  line  ccanciding  with  the  lonsitudinal  axis 
of  the  temple,  is  a  t^  lotus-stem  surmounted  by  a  hawc,  the  symbol 
of  deity.  On  this  stem  t^e  place  of  Sinus,  computed  for  t^ie  epoch  of 
the  ^UUBphere,  is  found  to  fall ;  and  l^e  cow  probably  represents  Isis, 
to  whom  the  ster  Sinus  was  consecrated.  The  solsticial  colure  being 
due  north  and  south,  it  is  probable  that  the  planisphere  was  intended 
to  show  the  aspect  of  the  heavens  at  the  time  of  the  venal  equinox, 
when  the  colures  pass  through  the  four  cardinal  pcnnts  of  the  horizon ; 
and  the  line  passing  through  Canoer  and  the  cow  being  in  the  plane  of 
the  solstioial  colure  is  an  indication  that  at  midsummer,  at  the  epoch 
of  the  [danispliere,  Sirius  rose  witlt  the  stars  of  Cancer.  The  line 
representing  the  direction  of  equinootial  colure  paeeee,  on  the 
eastern  ade^  between  two  symbolical  figurea  of  men,  a  little  way  from 
which  is  a  small  figure  (snpposed  to  be  Harpocrates)  issuing  from  a 
lotus-flower,  and  having  above  his  head  a  star  with  a  hiwoglyphical 
inscripti<m.  According  to  Plutarch  ('  De  Iside ')  the  Egyptians  repre- 
sented the  rising  sun  by  a  child  issuijog  froma  lotus;  and  hence  it  is 
infnred  that  the  symbds  indicate  the  rising  of  the  sun  in  the  east  point 
ol  the  horison  on  the  day  of  tiie  vernal  equinox. 

The  heads  of  all  the  figures,  with  scarcely  an  exception,  t«id  towards 
the  centre  ot  the  planisphere,  and  the  figures  in  the  southern  half  of 
the  sodiao  are  arranged  so  that,  to  a  sped^or  standing  in  the  centre  of 
the  rooia  witii  his  face  to  the  south,  and  looking  upwards,  they  must 
have  appeared  as  if  moving  from  east  to  west ;  ^atislnthe  diroHion 
of  the  a^^iarent  diurnal  motion  of  tiie  heavens.  The  longer  axis  of  the 
temple  is  inclined  to  the  meridian  in  an  angle  of  about  17  d^p'ees,  and 
the  walls  are  directed  so  that  the  points  at  which  the  remarkable  etan 
Sirius  and  Antana  most  have  seemed  to  rise  oohicided  with  the 
directdonsof  the  north  and  south  ends  <rf  the  building.  A  tonple  near 
Esne  (Latopolis),  in  the  portico  of  which  is  a  representation  of  Uie 
zodiacal  signs,  is  disposed  so  that  the  longitudinal  walls  tend  to  the 
points  at  which  Antares  and  Sirius  set;  and  though  no  great  stress 
ought  to  be  laid  upon  this  circumstance,  there  is  some  {Mvbability 
that  the  dispositions  may  have  boen  intentional,  since  no  reason  can  be 
asHgned  why,  otherwise,  the  temides  should  not,  like  the  pyramids, 
have  bad  ttudr  walls  directed  to  the  cardinal  pinnta  of  the  norizon. 
The  golden  circle  of  Osymaodjas,  which  is  mentioned  by  Diodorus 
Siculus  (L  49)  as  being  jdaced  in  the  tmnb  of  that  ancient  king  at 
Thebea,  was  366  cubita  in  circumference,  and  to  each  oubit  was 
assigned  one  of  tiie  366  days  of  tiie  year,  with  the  risingi  and  settings 
of  we  Stan  for  each  day  marked  on  the  several  divisions. 

The  ceiling  of  the  portico  belonging  to  the  temple  at  Dendenh  is 
nearly  covered  with  sculptured  figures,  many  of  whi(^  resemble  those 
in  the  droular  planisphere,  and  the  twelve  signs  of  the  zodiac  are 
distinctiy  represented  m  two  bonds  parallel  to  the  axis  of  the  building  : 
^  of  the  figures  appear  to  be  entering  the  temiJe  on  the  eastern  side 
of  the  portioo,  and  of  these  Canoer  is  the  Ust ;  tiie  other  six,  of  which 
the  first  ia  Leo,  tpjpen  to  be  quitting  it  ou  the  western  side,  so  that 


(the  front  of  the  poriaco  being  towards  the  north)  the  direction  of  thev 
motion  ctnresponds  to  that  m.  the  apparent  diurnal  rotation.  Within 
the  two  lines  of  figures  are  those  which  belong  to  the  northern  con- 
BteDations,  and  beyond  them,  near  the  eastern  end  western  extremitaes 
of  the  pOTtico,  are  figures  relating  to  the  southern  constellations. 
Among  the  former  is  a  human  figure  sorrotrnded  seven  atan, 
disposed  rimilady  to  Itiiow  of  XSrm  Haior  in  the  h«avaM,  and  near 
them  is  a  lotu8<stem  surmounted  by  a  hawk,  l&e  that  which  in  the 
circular  fAanisphere  Is  in  the  place  of  Sirius:  this  emblem  in  the 
planisphere  of  the  portico  is  therafore  supposed  to  be  an  indication  of 
Sirius ;  and  the  opinion  ia  confirmed  by  tae  fact  that  it  is  preceded  by 
a  oDw  (Isis)  and  a  great  hieroglyphicalinaoription. 

In  the  i^anLqdum  portico,  as  ww  as  in  thai  of  the  temple, 

the  figure  auDpoaed  to  be  that  of  Canoer  is  plaoedoa  cawiideof  the 
poritim  vrfaioh  it  should  occupy  among  the  aodiacal  constdlationa; 
snd  this  circumstance  has  prea  rise  to  a  doubt  concerning  the  justnev 
of  that  supposition.  Some  penens  have  imagined  that  Ute  figure  mi^it 
have  been  intended  for  the  mythological  acarabens ;  but  as  in  wis 
temple,  as  well  as  in  those  at  Esne,  it  has  eight  feet,  while  the  scanbeus 
has  but  six,  it  is  more  probable  that  it  represents  the  zodiacal  rign; 
and  thai,  agreeably  to  tu  hypothena  of  Biot«  the  di^aeement  was  in 
order  to  nwe  room  for  some  flmUem.  In  fact,  the  plaoe  of  Canon-  is, 
in  the  portioo,  oooupied  by  a  head  of  Isis,  which  Is  plunged  in  the 
solar  rays;  and,  sinoe  Sirius  was  consecrated  to  Isis,  it  is  reasonable  to 
suppose  that  the  emblem  was  intended  to  express  that,  ai  the  epoch  of 
the  planispheres,  the  star  Sirius  rose  heliacally.  By  calculation  it  is 
ascertained  that  about  700  years  before  Christ,  in  the  latitude  of 
Denderah,  Sirius  rose  with  the  star  of  Canoer  whoi  the  sun  was  in  that 
constellation,  that  is,  ai  the  sumtoer  sobtioe. 

The  two  temples  at  Esne  have,  in  the  ceilings  of  their  porticoes, 
r^reseoitationB  of  the  twelve  zodiacal  oonstellaUons  in  two  lines  parallel 
to  tiie  axes  of  the  buildings.  In  the  smaller  traiple  bz  of  the  figxires 
appear  to  be  entering  on  the  southern  mde,  and  six  to  be  issuing  on  l^e 
nortiiem  ride :  the  m>nt  of  the  portioo  bmng  towards  the  east,  the 
direction  of  their  movement  oorroqxnKls,  oonsaquently,  to  that  of  the 
diuioal  rotation,  as  in  the  tea^eai  Denderah;  out  there  is  this  differ- 
ence in  the  divisicm  of  the  figures,  that  at  Esne,  Leo  is  tiie  laet  to 
enter,  and  Vii^  the  first  to  quit  the  temple.  M.  Biot  endeavoun  to 
account  for  this  difference  by  the  dififerent  inclinatitNU  which  tiie  axes 
of  the  two  temples  have  to  the  meridian ;  the  axis  of  the  temple  at 
Denderah  deviating  1 7  degrees,  and  that  of  the  small  temple  at  Esne 
71  depee^  both  of  them  being  from  tiie  north  towards  the  east.  He 
obsarrea  that,  in  the  former  t«nple,  a  meridian  line  passing  through 
the  centre  of  the  circular  planisphere  cuts  the  zodiacal  band  in  Cancer 
towards  the  north,  and  in  Capricorn  towards  the  aouth;  thus  dividing 
the  twelve  figures  so  that  the  rix  which  are  on  the  western  side  con- 
stitute all  those  which  at  a  certain  hour  are  descending  towards  the 
west,  and  those  which  are  on  the  eastern  side  are  ascending  towards 
the  meri^an.  At  the  head  of  this  descending  aeries  is  Leo,  which  is 
the  first  to  pass  the  inferior  meridian  and  eater  the  eastern  series ;  and 
at  the  head  of  the  ascending  aoies  is  Aquarius,  which  is  passing  the 
upper  meridian :  this  distribution  ooResponds  to  that  which  is  repre- 
sented in  the  zodiac  of  the  portico.  A  Uke  oorreepondeoce  would  be 
found  to  exist  in  both  the  temples  ti  Esne  if  a  circular  plamsphere 
were  supposed  to  be  placed  in  the  ceiling  of  each,  with  the  lotaa^tem 
in  the  longitudinal  axis,  towards  the  north,  and  the  planisphere  were 
cut  1^  a  meridian-line  so  as  to  divide  the  figures  into  such  as  ascend 
and  such  as  descend. 

That  there  were  among  the  ancient  Egyptians  a  variety  of  sculptured 
representations  of  the  heavens  is  evideait,  since  the  planisphere 
described  by  Scaliger,  in  his  '  Notea  on  ManUiua,'  contained,  amcaie 
many  animalii  having  no  correspondaioe  in  form  or  situatitHi  wit£ 
those  which  have  been  mentioned,  the  figure  of  a  man  holdiog  a  scythe, 
and  of  another  who  is  kiUing  a  bear;  and  in  the  'Memoires  de 
I'Acad^mie  des  Sciences,'  1708,  there  is  described,  b^  M.  Bianchini,  a 
fragment  of  an  Egyptian  planisphere  consisting  of  a  circular  space  sur- 
rounded by  five  concentric  bands  :  in  the  centre  are  two  bears  sepa- 
rated by  a  serpent,  as  in  the  present  qihores;  and  in  the  nearest  baud 
are  twuve  figures  representing  constellations,  most  of  which  differ 
from  the  zodiacal  signs  above  described;  the  place  of  Geniim',  for 
example,  being  occupied  by  a  serpent.  In  the  two  next  bands  are  the 
signs  of  tiie  Qreek  udiac,  and  on  the  exterior  of  these  is  a  band 
divided  into  36  parts,  in  each  of  which  is  a  deity;  these  are  the 
spaces  of  10  degrees,  into  which,  in  the  East,  the  zodiac  was  some- 
f^es  divided. 

There  con  be  littie  doabt  that  the  Egyptians  and  Chaldcoans  distin- 
guished the  groups  of  Bbini  in  the  visible  heavens  by  the  figures  or 
symbols  of  the  deities  wiiich  they  worshipped,  and  of  the  men  who, 
among  them,  had  signalised  themselves  by  great  actions;  but  it  has 
been  also  assumed,  that  the  names  of  the  zodiacal  constellations  were 
given  from  circumstances  relating  to  the  apparent  motion  of  the  sun, 
to  tiie  labours  of  husbandry,  or  to  the  productions  of  nature  in  differ- 
ent seasons.  Maorobius  mentions  ('  SaiumaL,'  lib.  L)  that  the  constel- 
lation in  which  the  sun  is,  at  the  season  when  he  ascends  from  the 
winter  solstice  towards  the  equator,  received  the  name  of  Capricronus, 
because  the  goat  is  an  animal  accuatomad  to  ascend  to  the  hi^est 

Eoints  of  ground ;  and  that  the  constellation  in  which  the  sun  is  when 
e  returns  from  tiie  summer  soUtice  towards  the  south  was  designated 
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Canoer  firm  the  erab  bcdog  an  animal  which  ia  aaid  to  have  a  baokmrd 
mavtmeat.  Biahop  Wartmrton  in  tiiia  ooaxAry,  and  M.  Pluoh^  in 
'VranoAt  oarrymg  out  the  Bune  idea,  have  imagined  that  the  oonstella- 
tioaa  Ari«a,  Taurus,  and  Qemini  received  tiieir  namee  from  the  young 
«l  animala  being  Wought  to  the  fields  in  the  spring ;  that  Leo  indi- 
cates th.e  violmt  beat!  <rf  aummer,  and  Virgo,  presumed  to  be  a 
leaner,  denotes  the  time  of  harvest,  and  so  on.  M.  Dupuis,  aaeuming 
that  the  lodiacal  oonstdlatifma  were  first  imagined  in  "Egyv^  and  that 
thOT  indicated  airoanutanoea  oooneoted  vith  the  laboon  of  hoabandty 
in  we  difierent  mootha  of  the  year,  endeavoared  to  aaoertain  at  wh^ 
epoch,  in  t:  e  dboate  of  Egypt,  the  symbols  would  be  in  aooordanoe 
with  the  oii  oumbtanoes  which  they  were  supposed  to  repreeeat;  and 
the  result  of  biv  inquiry  was,  that  the  agreement  oould  have  Bubeisted 
only  when  the  vernal  equinox  was  in  the  constellation  Ubra.  At 
present  it  is  in  the  cmstellatim  Pisces;  and  eomputing  the  time 
during  which,  by  the  efieot  of  preceaaum,  the  equinoo^  points  would 
move  over  about  half  the  eircumlerenoe  of  the  ediptio,  he  asrigned 
15,000  years  before  the  Christian  era  for  the  time  of  the  invention  of 
the  Kx£ac.  Tlus  extravagant  epoch  he  afterwards  reduced  to  about 
4000  yearn  before  Christ    ('  Origine  des  Cultes,'  1796.) 

M.  Fourier,  in  his  *  Recherches  sur  lee  Soiencea  et  le  Qouvemement 
de  r£gy^te,'  assumes  that  the  representation  of  the  head  of  Isia  partly 
ptanged  m  the  solar  rays  near  the  figure  of  Canoer,  among  the  soulp- 
tures  in  the  portico  ctf  the  t«n^  at  Deoderah,  is  an  emblem  of  the 
hdia«al  rising  of  Sinus  when  the  sun  was  in  the  sign,  or  in  the  con- 
atellation  Cancw ;  and  observing  that  Cancer  is  the  last  of  the  figures 
which  appear  to  enter  the  portdoo  of  that  temple,  while  in  the  sodiaos 
•t  Eane  the  lion  is  the  last  which  enters^  he  conceives  that  the  latter 
circumetauoe  is  an  indication  of  the  aun  being  in  Leo  wh^  Sirius  rose 
lieliaoally.  Supposing,  then,  that  Uie  epochs  ot  the  Eodiacs  at  Denderah 
•nd  Esne  are  such  as  the  podtions  of  the  sun  denote,he  determines,  by 
computation  founded  on  uie  progressive  displacement  of  the  point  of 
the  heliacal  rising,  that  the  interval  between  t^em  is  1800  years,  the 
sculptures  at  Esne  referring  to  the  more  ancient  period.  This  result 
must,  however,  be  oonaidered  as  overthrown  by  the  oalculations  of  MM. 
Ideltf  and  Biot,  wlio  have  determined  the  longitudes  of  the  sun  at  the 
terminations  of  three  sotbiac  or  canicular  periods  of  1460  years,  within 
wliich  the  heliacal  risings  of  Sirius  return  to  the  tame  of  the  summer 
solstice;  and  have  found  that  between  the  year  2782  b.o.  and  139  A.a 
tiie  sun  was  in  the  constellation  Leo  and  in  the  sign  Canoer  at  all  the 
three  epochs.  M.  Biot  oonciudss  therefore  that  the  aodiaos  at  Den- 
dsnh  and  Bane  do  not  Indicate  that  the  sun  had  paaied  from  one  con- 
stellation to  the  neit  in  the  iutoral  between  the  epochs  to  which  they 
are  supposed  to  refer. 

In  the  temple  at  Denderah,  according  to  Dr.  Toung,  Leo  may  be 
intended  to  represent  the  leading  sign  of  the  zodiac,  or  Vbe  sign  pre- 
ceding that  in  which  the  sun  was  on  the  first  day  of  the  aanm  vagui 
(year  of  866  days);  and  on  this  supposition  it  muld  follow,  from  the 
jEQOwn  mto  at  whuh  the  plara  ooeupied  by  the  son  in  the  eoUptie  at 
the  eommencement  of  suui  year  retrogrades,  and  also  from  toe  &ot 
that  the  year  ot  S95  days  began  on  the  day  of  the  vernal  equinox  in  the 
year  180  B.O.,  tiiat  the  epoch  of  the  planisphere  is  between  11  B.a  and 
108  B.O.,  or  in  an  age  earlier  by  1500  ^sars.  If  Yirgo  were  the 
leading  dgn,  as  it  may  be  sufmosed  to  be  m  the  small  temple  at  Esne, 
the  epooh  ol  the  sodiao  woiud  be  tibe  year  900  BA,  or  IfiOO  yean 
«ariier. 

It  has  been  asoertained  by  IQC.  duunpollitm  and  Letronne  from  the 

Greek  inscriptions  on  the  temples  of  Denden^  and  Esne,  that  those 
edifices  were  constructed,  or  finished,  during  the  tomea  of  tiie  Roman 
empOTors  ('  Pr&as  du  Systime  Hierogljrphique,  Recherches,  Ac.');  yet, 
as  it  is  known  that  during  the  reigns  of  the  Ptolemies,  and  even  after 
the  conquest  of  the  country  by  the  Bomana,  tlu>  Egyptians  0(H)tinued 
to  build  temples,  whidt  they  oonseoiated  to  their  tmties,  with  deoora- 
tions  luniUr  to  those  which  were  executed  in  more  ancient  times,  it 
may  be  presumed  that  the  present  sculptured  zodiacs  are  copies  of 
others  which  were  the  works  of  the  earhest  artists ;  so  that  tbou^ 
they  determine  nothing  respecting  the  time  of.  the  construction  of  tiie 
tuples,  they  may  fltill  serve  as  incUcatifaH  of  the  manner  in  which  the 
heavens  were  represented  in  the  East  in  the  lnbn<^  ai  astronomical 
science.  The  circular  plaoisphere  which  once  adorned  the  interior  of 
the  temple  at  Denderah  was  removed  to  France  in  1821, 

The  country  from  whence  the  Greeks  derived  the  figures  of  the  con- 
stellations is  not  with  certainty  known :  that  all  the  extra-zodiacal 
signs  in  tiudr  desraiptions  of  the  heavens  did  not,  from  the  first,  recaive 
their  deaignatiaos  from  mbjeets  connected  with  the  Orsek  mytiudogy 
is  evident,  sinoe  in  the  notioea  given  by  tho  earliest  writers  on  astro- 
nomy, two  of  them,  which  subsequently  received  the  appetlaUons  of 
Herciilee  and  C^gnus,  have  the  general  names  iy  f6tiaaa',  a  huding 
Jigarey  and  tpvis,  a  bird;  and  that  some  of  the  figures  were  borrowed 
from  the  Chaldeans  ia  probable,  since  in  the  time  of  Herodotus  it  was 
'  supposed  that  tiie  Greeks  acquired  from  the  Babylozuaos  the  know- 
led^  of  the  poIni  (irikos),  t'ke  gnomon  or  s^le,  and  the  division  of  the 
4^y  into  tmlve  parts.  (Herod.,  iL  o.  109.)  It  may  be  imagined  that, 
from  the  intercourse  between  ^e  Bgyptiana  and  Greeks  in  very  early 
times,  a  great  ree«nblanoe should  befound  among  the  figures  employed 
by  the  two  people  to  represent  the  groups  of  stars ;  but  that  th^  diflwed 
in  some  respects  from  one  anotiier  may  be  inferred  from  the  testimony 
of  Achilles  Tatius,  who  states  that  the  Egyptians  bad  not  the  ouistel- 
ARTS  AMD  SOL  DIT.  VOL.  Till. 


lations  Draco,  Cepheus,  and  C&saiopeia ;  and  it  follows  that  tiiese  must 
have  been  infarodoeed  by  the  Greeks,  or  at  least  that  the  latter  \ieapl« 
aubstitttted  them  for  ooreeponding  figures  in  the  Egyptian  sphere.  It 
toKsr  be  remarked,  however,  tliat  in  the  <ddest  deeoripUons  of  the  Greek 
zodiac  tTKOfwlos  and  x^Atu,  the  teorpion  and  the  dam,  make  one  eon* 
stellation ;  whereas  in  tiie  Egyptian  aodiace  the  oorrespondiog  part  of 
the  heavens  is  divided  between  the  scorpion  and  tiie  balanoeTwe  latter 
occupying  the  plaee  of  the  cUwa.  MowinaworkontW"oonstellatiaiia,* 
afloribed  to  Bntoathoiea,  who  lived  in  the  time  of  Ftolnny  Eueigeta^ 
it  is  stated  that  the  great  length  of  tiu  oonstellatioit  caused  astrono- 
mers to  divide  it  into  two  parte ;  and  in  s  poem  attributed  to  a  oertun 
Manetho,  supposed  to  be  the  priest  of  that  name,  and  dedicated  to  one 
of  the  Ptolemies,  it  ia  expressly  stated  that  "  the  claws  of  Scorpio ' 
were  by  the  priests  changed  into  "  the  balance."  It  would  seem  titere- 
fore  that  the  Egyptians,  in  or  before  the  time  of  Manetho,  adopted  in 
their  Bodiae  a  name  whidi  had  been  ^ven  by  the  Greeks:  yatas  aa 
argument  in  favour  of  the  great  antiqmly  of  the  tdgn  it  may  be  observed 
that,  according  to  Ptolemy,  the  Chaldfeans  designated  by  a  word  signi- 
fying a  balance  the  constellation  called  by  the  Greeks  '  it 
may  be,  however,  that  he  alluded  then  to  the  Clialdeaans  <^  his  own 
time. 

The  designations  which  are  given  to  the  oonstellations  in  the  writings 
of  t^e  Greeks  apparentiy  indicate  peraons  or  objects  oonnaoted  y^n. 
the  Argonautic  e^>editlon ;  and  it  u  reasonable  to  auppose  that,  about 
the  epoch  of  that  expedition,  the  Greeks,  having  acquired  a  knowledge 
of  the  manner  in  which  the  Chaldteans  or  Egyptians  remmented  the 
visible  heavens,  transformed  such  of  the  figures  as  they  did  not  reject 
into  others  having  relation  to  the  actions  of  their  own  lieroes.  On  this 
hypothesis  it  has  been  assumed  that  Aries  represents  the  ram  whose 
golden  fieece  was  the  object  of  the  expedition ;  Taurus,  the  bull  or 
bulls  which  were  tamed  by  Jason ;  Gemini,  Castor  and  Pollux,  and  M 
on.  The  ship,  among  the  southern  constellations,  is  supposed  to  be 
the  Argo ;  and  Ursa  Major,  the  nymph  Callisto,  The  history  of  Perseus 
is  imagined  to  be  rejmswited  by  Perseus,  Andromeda,  Cepheus,  Cas- 
siopeia, and  Cetui ;  utd  the  labours  of  Heroulas,  1^  Draco,  Leo,  utd 
the  constellation  bearing  the  name  of  that  hara  Ifewton,  in  his 
'  Chronology,*  appears  however  to  assume  too  much  when  he  considers 
tiiat  Ciiiron,  whom  he  supposes  to  have  given  the  names  to  the  con- 
stellations, disposed  Aries,  Cancer,  Libra,  and  Caprioomus  so  that  the 
equinoctial  and  solsticial  oolures  passed  through  their  middle  points : 
we  {seoise  determination  of  theae  points  was  beyond  the  soienoe  of  ths 
Greeks  long  subsequently  to  the  age  of  Chiron. 

Hssiod  mentionB  ('Opera  et  Dies')  the  Pldadei^  Aroturus,  and 
Orion,  stating  that  land  would  be  plou^ed  at  the  helboal  setting,  uid 
com  reuied  at  the  heliacal  riung  of  the  Pleiades  (about  the  middle  ot 
April) ;  he  directs  also  that  com  should  be  threehed  at  the  lising  <d 
Orion,  and  vines  pruned  when  Aroturus  riaea  in  tiis  evening.  Homsr 
also  mentions  the  Pleiades,  Hyades,  the  Bear  or  Waggon, 

and  Orion  in  the  dssorintion  of  the  dueld  of  Achilles  ('  R,'  xviiL,  487) ; 
it  is  evidmt  therefore  inat  already  in  the  time  of  Homer  those  o(»ist^ 
lations  were  introduoed  in  the  sphere  of  the  Greeks.  Plutarch  asserts 
that  Anaximander  (probab^  about  600  b.0.)  oonatruoted  a  dial;  and 
that  represmtationB  of  the  dusters  of  stan*  together  with  figuxas  <rf 
the  oonstellatitma,  ware  freqmntly  exsouted  in  Gnaoainthe  timaol 
HipparohuB,  is  evident  from  a  passage  in  the  oommoatary  of  that 
astronomer  on  the  poem  of  Aratua :  planispheres,  he  observes,  are  oaD> 
struoted  for  men's  use,  and  therefore  the  figures  on  them  are  tnosd 
just  as  tliey  appear  in  the  heavens  to  the  view  of  tiie  spectator. 

In  the  work  of  Autolycus,  entitled  '  On  BisingB  and  Settings '  of  the 
Stars  {wtpl  'EviToXan'  jcoi  Ainmy),  and  in  the  '  Phssnomena '  (tenffMra) 
of  Euclid,  the  signs  of  the  aodiao  are  mentioned,  and  the  parts  into 
which  that  band  of  the  heavens  waa  divided  are  called  dodeoatMoniea, 
or  twelfths ;  but  it  is  in  the  as^nomical  poem  of  Axatus  that  the  most 
oompleto  knowledge  of  the  celestial  sphere  of  tiie  Greeks  is  to  be  ob. 
tuned.  TUb  writer  lived  about  S70  years  ba^ore  the  Ctiristian  era, 
and  hia  poem  is  a  paraphrase  of  two  works  which  W€ve  composed  by 
Budoxua  of  Cnidus,  who  lived  100  yean  {ffeviaualy,  that  is^  in  tha  age 
of  Autolycus  and  Euclid. 

In  describing  the  etmBtellationa,  Axatus  begins  with  those  imma- 
diatoly  about  the  north  pole  of  the  equator,  ajxd  prooeeds  from  thence 
to  the  xodiac,  nearly  in  the  directions  of  the  declination  or  hour-drolea 
of  the  sphere.  He  mentions  Ursa  Major  and  Ursa  Uinor,  observing 
that  th^  are  placed  so  that  the  tail  of  one  corresponds  to  the  shoulden 
of  the  other,  and  he  adds  that  the  constellation  Draco  winds  betweea 
them.  Near  the  head  of  Draoo  he  placee  the  figure  of  a  man,  who  ia 
aaid  to  be  on  his  knees  (Hercules,  whose  attitude  has  sinoe  beto 
changed),  and  behind  him  the  northern  crown.  Near  the  Vniwiing 
figure  is  Ophiuohus,  the  serpent-carrier,  and  under  the  latter  are  tha 
great  claws  (of  Scorpio).  Beliind  Ursa  Hajor  is  Arctophylaz  (Bootes), 
with  the  star  Aroturoa  bdow  his  giidk;  and  under  his  Iseb  is  the  oon- 
stellation  Viigo.  Kear  the  head  of  Ursa  Uajtn-  are  Gemini  {AtSu/m) ; 
under  his  body  is  Cancer,  and  under  his  feet  Leo.  Auriga  and 
st^  C!apella  are  said  to  be  on  the  left  of  Gemini,  opposite  ^na  Uajor; 
and  at  the  foot  of  Auriga  are  the  horns  of  Taurus,  whose  head  is  indi- 
cated by  a  cluster  of  stars  (the  Hyades).  Cepheus  ia  behind  Ursa 
Minor,  and  near  him  is  &M^ogvMt,  tiie  stars  of  which  are  aaid  to  b« 
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wrrUDgpA  in  tfa«  fonn  of  a  key :  Cuidopna  has  her  banda  r^aed  above 
har  head  as  if  bewafling  the  fate  td  her  daughter  Androm«da,  vho  is 
placed  below  hsr.  The  arau  of  the  latter  are  ezteoided  and  chined  (to 
a  rod) ;  ai^  under  her  b«ad  is  Pegaaua.  Aries  ia  bekw  the  girdle  of 
Andromeda,  and,  aa  well  aa  the  olawa  d  Scorpio  and  the  girdle  of 
Orion,  it  ia  in  tiie  equator ;  the  triangle  (ScATwrbr)  ia  above  Aries. 
The  ooiutellati(m  Piaoes  ia  below  tha  triangle ;  and  Perseus  standa 
iilth  hia  hand  near  the  chidr  of  Caariopeia.  Below  his  1^  knee  are 
tiM  FMadea,  and  the  names  of  the  aeTen  d&ught«n  of  Atlaa  are  given 
to  the  stars  of  the  oluster.  Antua  observea  that  there  are  biit  six 
■tars  in  the  eluater ;  but  Hipparohns,  in  his  oommentory  on  the  poem, 
statea  that  againat  a  dark  al^  seven  may  be  eeea  The  bow  of  Sagit- 
tariua  tends  towardi  the  tail  of  Scorpio.  The  Lyre,  and  the  ec^le 
which  carries  it,  ia  between  Perseus  and  the  head  of  the  bird  (Sfms). 
{This  ia  Uie  oonirtellation  Cygnua,  which  also  by  Manetbo  and  Ptolemy 
ia  called  the  Krd.  Tha  name  (^gnus  is  first  applied  to  it  in  a  work 
on  the  ocDstellationB  which  is  ascribed  to  Eratosthenes.)  Cygnua 
extends  towards  the  other  eagle  (Aqnila^,  and  neu:  the  head  of  Pegasus 
is  the  right  hand  of  Aquarius,  which,  it  la'remarked,  rises  before  Capri- 
oomoa.  Over  the  latter  ia  the  Dolidiin.  All  the  above  constellations 
are  stated  to  be  between  the  zodiao  and  the  north  pole ;  and  the 
Bodiacal  ccmateDationB  are  afterwards  mentioned  in  oi^ot,  beginning 
witti  Canoar  and  ending  with  QeminL  UbiB  ( elsewhere  called  (vyiv) 
is  not  tn«iti<»ied,  while  Scorpio  and  tiie  Claws  are  deeotibed  as  if  tiiey 
fonned  two  consbeUations. 

In  the  description  of  the  coostellationa  between  the  zodiao  and  the 
south  pole,  it  is  stated  that  Oricm  is  placed  obliqnely  to  Taurus,  and 
that  Canis  3Cajor  is  at  Us  feet  Under  him  is  s&kl  to  be  Lepus,  and  at 
12ie  tail  of  the  dog  is  the  head  of  the  ship  Ai^.  Under  Aries  and 
Fiscee,  and  above  thia  river  (Eridanua),  Cetus  advances  towsrda  Andro- 
meda, and  below  Capriooniua  is  the  Southern  Fish.  Under  ^[ittariua 
ia  a  drele  of  stars  (tiie  Southern  Crown),  and  below  the  sting  (^Scorpio 
la  tiie  Altar.  Und^  the  Scorpion  is  Centaurua,  while  &rther  on  is 
Hydra,  hariiig  ita  head  under  Cancer,  and  its  tail  above  Centaurua : 
alMut  the  middle  of  its  bo^r  i»  Cnteros,  and  near  Ute  tail  U  Cornu. 
The  fari^t  star  Prooyon  ia  under  Gemini 

Sooh,  nearly,  la  the  doMsiption  given  W  Aratus  of  the  celestial 
qphcre;  and  the  constella^ns  are,  in  general,  the  same  as  those  which 
are  represented  on  the  modem  glotaa.  Some  inoonalBtendes  which 
exist  in  it  were  pointed  out  by  Hipparchua,  who  lived  about  100  years 
before  Christ,  and  wrote  a  commentaiy  on  tiie  poem.  It  ia  plain  that 
Hudoaeriptions  have  been  oom^Isd  from  oteervaiionsniade  by  persons 
at  difflsmnt  ^ilacea,  and  probably  in  diffsrent  ages ;  for  in  one  part  of 
Ibe  work  It  is  stated  that  the  eiDtremfty  of  Ihaoo,  and  in  another  the 
^ttOe  at  Cephens,  touches  the  horizon,  while  in  a  third  place  Bootes  i» 
said  to  go  below  that  oirde,  except  his  hand :  and  these  drcumstanoes 
are  quite  incompatible  with  obserrationa  made  in  tiie  same  latitude. 
It  should  be  mnarked  thai^  in  the  Greek  aphere,  the  atars  are  not 
ilwqrB  placed  in  tite  aame  parte  of  the  figures  as  they  occupy  at 
xveeant :  thna  the  prln<apal  star  of  Aries  is  placed  by  Hippatohus  in  the 
front  fteit  of  ihe  animaL  while  on  the  modem  uobes  it  is  placed  in 
thehead. 

It  would  be  dedrable  to  asoert&in  from  the  poem  of  Aratna  the 
position  of  the  equinoctial  or  solsticial  points,  in  order  to  find  the 
epodi  of  the  observatvnu  on  which  the  deeor^on  is  founded,  but  it 
fa  to  bo  ivgretted  lhak  noihing  aatiaCMtoiT  flan  be  cBaocvand  concerning 
the  subje^  It  ia  atated  In  the  poem  that  the  soothen  tropic  cuts  the 
middle  of  Caprioomus,  and  hence  the  equinoctial  colore  should  pan 
throngh  the  middle  of  Aries.  Now,  Id  the  presumed  age  of  Eudoxua, 
tiie  first  remailable  star  y  in  Ariaa  was  nearly  at  the  point  in  which 
thetnoeof  the  ecliptic  in  theheavens  cute  that  of  the  equator;  and  if 
we  suppose  the  extent  of  the  oonstelktum  to  be  80  d^;reee,  the  middle 
point,  reckoning  from  tiiat  atir,  would  be  near^  at  the  ICth  degiee 
of  longitude.  The  longitude  td  that  atar  ia  now  about  80*,  and  hence 
the  equinoctial  colure  wonld  have  retrograded  as  much  as  45  degrees, 
whioh  at  the  known  rate  of  the  precession  would  t^e  place  in  about 
8200  years :  consequently  the  epoch  would  be  about  the  year  1400  B.a 
Or,  if  witii  Ptolemy  it  is  suppomd  that  the  extent  of  the  constellation 
between  the  flnt  star  y  of  Aries  and  the  first  star  of  Taurus  (now  S 
Arietis)  is  only  18  decrees,  the  middle  pohit  would  be  in  the  9th 
degree  of  longitude,  and  the  retrogmdation  would  be  89  degrees,  which 
would  place  tiie  epoch  about  the  year  970  B.O.  Nottihia  however,  can 
be  more  uncertain  than  oonclnsions  drawn  from  such  data^ 

The  taste  fw  ornamenting  buildings  wlUi  sculptures  representiiw 
astamomical  subjects  ^pears  to  have  existed  in  ancient  Rom^  as  w^ 
as  in  Egypt  and  in  the  East ;  for  in  1706  a  fragment  of  a  pluusphere 
was  discovered  in  that  dtj.  It  has  in  ita  centre  a  serpent,  [mibably  an 
emblem  of  time,  and  near  it  two  animals,  awarently  bears ;  about  the 
aerpent  are  the  remains  of  three  concentric  Atgi,  divided  into  compart- 
mento  containing  figures,  tmoag  which  are  nome  al  the  eodoacal 
■ona*<Ustkms. 

M.^*J^  Bomana  adopted  the  Greek  sphere  ia  evident  from  the 
dascripttons  of  ttie  constellatiims  in  the  '  Astronomioon '  of  Uanilioa : 
(hose  of  the  zodiM,  in  particular,  are  given  in  the  venes  "Auiato 
princepsarfea  in  vellere  fulgena,"  Ac;  and  the  ponn  oontaina  a  detadled 
Moount  of  their  astrolo^a  dispositions  and  qualities.  The  twelve 
algna  are  divided  into  masculine  and  feminine  alternately,  and  are 
■ippropnated  to  different  deWea.   There  ia  abo  a  dMrion  of  the  sodiao 


into  twelve  parts,  which  are  dengnated  Athla,  or  labours,  and  relate  to 

the  occupations  or  pr(^earions  of  men  (lib.  iii.,  T.  98).  Four  oonstella. 
tions,  comprehending  a  space  equal  to  one-thind  of  the  cireatnfarenco 
of  the  zodiao,  are  said  to  constitute  a  trigon ;  three  a  tetragon,  and  so 
on ;  and  there  are  four  trigons  arising  from  the  different  constellations, 
which  may  coincide  with  the  angles  of  an  equilateral  triangle  supposed 
to  be  inscribed  in  the  zodiao  :  the  like  is  to  be  understood  with  respect 
to  tiie  tetragon,  hexagon,  ftc.  Eaoh  sign  of  the  xodiao  ia  suppoeed,  in 
the  poem,  to  give  a  certain  number  of  years  to  tiie  life  of  a  man ;  and 
his  profession  or  fortune  is  imagined  to  depend  on  the  pertionlar  tuga 
which  is  rising  at  bis  birth,  according  to  the  qualities  or  uses  of  the 
animal  by  which  the  sign  is  distinguished  (lib.  iv.,  v.  122).  It  is  also 
asserted  that  the  characters  of  men  depend  on  the  qualities  of  the 
extra-zodiacal  oonstellations :  thus,  persons  bom  when  the  ship  Argo 
rises  are  said  to  become  seamen  or  to  have  an  intereet  in  navu  affitba 
(Ub.  v.,  V.  89). 

Scahger,  in  his  notes  on  Haniliua,  has  given,  from  a  manuscript  <A 
Aben-Eera,  a  description  of  three  planispheres,  of  whioh  one  is  sup- 
posed  to  have  related  io  the  astronomy  of  tlus  ancient  Feieians,  and 
another  to  'that  of  the  Hindus ;  the  third  is  supposed  to  be  either 
Egyptian  or  Qreek.  The  significations  <^  the  figures  in  the  Penian 
sphere  are  very  uncertain ;  but  among  those  whidi  have  been  reoog- 
ntsed  are  Ursa  Major  and  Uisa  Minor,  and  a  winged  horse,  beaidM 
Viigo,  Leo,  and  Taurus.  The  figures  of  men  and  women  are  without 
designations;  but  among  the  former  is  one  on  a  throne,  which  is 
thought  to  represent  Cepheus,  and  one  in  a  kneeling  posture,  which 
may  be  Hercules ;  of  the  latter,  there  is  one  whioh  is  preaumed  to 
represent  Cassiopeia  or  Andromeda.  A  figure  of  a  ship  is  also  distin- 
gdshed.  It  is  asserted  in  the '  Zend-Avesta'  [Zend-Avesta]  that  the 
ancient  Persians  divided  the  zodiac  into  twen^-eight  constellations,  or 
houaea  of  tiie  moon,  and  also  into  twelve  aigna :  to  these  last  are 
assigned  names  which  correspond  to  those  at  present  given  to  the  oon- 
etellations  in  that  r^on  of  the  heavens;  and  the  olturter  called  the 
Hyadee  (in  Taurus)  is  described  as  a  bull  irith  gilt  homs;  The  division 
of  the  zodiao  into  twenty-^ght  lunar  mansions  prevailed  also  among 
the  Arabian  astronomerB  in  or  before  the  9th  century.  It  ia  mentioned 
by  Alfragan,  who  states  ('Elementa  Astoon.,'  A.D.  8ff0}  that  the  fint 
was  called  Xartao,  and  that  it  commenced  near  the  three  piina^tal  stan 
in  Aries. 

The  Hindu  zodiac,  which  ia  described  in  the  'PfailoaoEhioal  Tntna- 
actions '  for  1772,  oonaiatB  of  twelve  figurea  disposed  on  the  four  udee 
of  a  square.  In  this  the  place  of  Gmuni  is  occupied  1^  a  figmre  of  a 
man  apparentiy  with  a  shield  on  each  arm ;  Tirgo  is  repreeemted  by  a 
female  figure  naked  and  seated ;  Libra  is  represented  a  pair  of  scales 
similar  to  those  in  common  use  at  present;  and  in  place  of  Cwtioomus 
are  figures  of  a  ram  and  a  fish,  which  are  close  together,  but  do  not,  as 
in  tia  modem  sphere,  constitute  one  body.  A  globular  vesseH  repre- 
sents  AquaiiuB ;  and  for  Piacea,  one  fish  only  ia  doineated.  The  figure 
in  the  ^ace  of  Soormo  cannot  be  made  out.  This  remarintde  moau* 
ment  was  disoovared  in  the  ceiling  a  choultry  or  psgoda  «fc 
Terdapettah,  in  Madura;  and  the  separation  of  tiie  figures  in  Capri- 
comuB  seems  to  indicate  that  It  is  of  peat  antiquity,  as  it  [may  be 
reasonably  supposed  that  such  a  disposition  preceded  in  order  of  time 
that  of  a  union  of  the  two  bodice  in  one. 

In  the  second  volume  of  the '  Asiatic  Beeeanthos'  tiMre  Is  ffirm,  by 
Sir  William  Jones,  a  paper  oontaming  a  dssoc^itloiif  froin  tiie  Sraikxit 
of  Sripeti,  of  an  ancient  zodiao,  Tmioh  fa  divided  into  twelve  partk 
each  of  80  degrees,  corresponding  to  the  modem  signs.  The  nun,  the 
bun,  the  orab,  the  lion,  and  the  Boormon  are  said  to  have  the  figures  of 
those  animals,  and  in]  the  plate  which  aooompanies  the  memoir  the 
entire  figure  of  the  bull  is  ffvea  :  the  twins  oomdsb  of  a  male  and  k 
female  figure,  and  in  the  description,  the  woman  ia  said  to  pbj  on  > 
musical  mstrnmeuL  while  the  man  holds  a  dnb,  but  the  figurea  are 
not  BO  represented  m  the  plate.  Yirgo  is  lepreeented  hj  a  woman  la 
a  boat  ;  in  one  band  ahe  holds  a  lamp,  and  in  the  other  a  blade  of  com. 
Libra  ia  represented  by  aoales,  which  are  held  1^  a  man  who  appears 
to  be  placing  a  wcdght  In  one  of  them.  Sagittarius  is  the  figure  of  aa 
archer,  whose  legs  are  like  those  of  a  horse.  Caprioomus  is  the  figure 
of  a  gazelle,  Aquarius  Ib  represented  by  a  man  pouring  water  from  a 
veasu  which  heoanieson  hiiidKnilden;  and  Issthr,  Fuses  ooaaisteot 
two  fishes,  Hw  head  of  one  being  turned  towardi  1^  tailed  thaotlw. 
The  zodiao  is  also  divided  into  twan^-aeven  porta,  oonstituting  the 
manslonB  <A  the  moon :  these  are  not  represented  in  the  pj^te,  but 
their  names,  as  well  as  those  of  the  tiralve  aigna, are  ^ven.  The  agelu 
whidi  Sripeti  lived  is  unknown. 

The  Zodiacs  of  India  and  id  aiu^t  Persia  maybe  presumed  to  have 
been  originaUr  the  same  aa  that  of  the  Greets  or  Edp^hu;  for 
although  all  <3  them  differ  from  one  another  In  the  detaua,  the  pointe 
of  coincidence  are  too  numerous  to  be  accidental,  and  it  ia  probable 
that  in  the  course  of  time  the  primitive  sphere  was  altered  in  the 
countries  eastward  of  Egypt  and  Chaldiea,  as  it  was  hy  the  people  of 
Europe.  On  the  subject  oi  the  Indian  zodiao  the  reader  may  consult 
BohIen,*Daa  Alte  Indirai/ vol.  U.,p.  2S2,&o.,and  the  teferenoes  in 
the  notes. 

The  repreeentations  of  the  heavens  whioh  have  been  found  smtHig 

tha  people  of  northern  India,  China,  and  Japan  oorrespond  to  those 
which  were  in  use  in  the  western  parts  of  Asia,  in  the  zodiao  being 
divided  into  twelve  purto,  which  are  called  maniixm  of  the  mm,  and 
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also  into  twenty-eight  parts;  but,  aooording  to  the  acoounts  of  tiie 
Jesuit  miflrionariea,  the  Chinue  at  one  tune  gave  to  these  the  oameB 
of  the  seven  planets,  each  of  which  was  repeated  four  timea.  In  the 
antuent  Chinese  histories  mentioa  is  frequently  made  of  madunes 
ezhitdting  the  apparent  morementB  of  the  heavens ;  and  P&re  Hailla 
baa  given  a  plate  representing  a  sphere  which  ia  sappoeed,  ttiough 
without  sufficient  reason,  to  have  been  executed  about  the  year  2285 
B.a  From  those  histories  it  appears  that  the  Cfaineae  were,  at  a  time 
long  prior  to  the  commencement  of  the  Christian  eara,  instructed 
in  aetrornHny  by  *  people  from  the  west ;  and  it  is  therefore  probable 
that  they  thus  acquired  a  knowledge  of  the  method  followed  by  the 
Peruans  and  Aralnans  in  the  division  of  the  zodiac.  A  table  of  the 
twenly-eigfat  constellations  into  which  the  Chinese  have  divided  the 
Eodiac,  with  their  names  and  the  extent  which  each  occupies,  is  given 
in  Belambre'a  'Histoire  de  rAstronomie*  (torn.  L,  p.  S80),  from  the 
work  of  P^re  SouclBt  entitled  '  Observations  Math^matiques  Astrouo- 
miques,'  Ac.,  1729 ;  and  it  is  stated  that  the  first,  which  is  named  JH, 
otnnmenoed,  in  1683,  with  the  fourth  degree  of  Aries.  Delambre  has 
also  given  a  table  of  the  twelve  constellationa ;  and  from  the  records 
of  the  eclipses  which  the  Chinese  have  observed,  it  is  evident  that 
the  place  of  the  sun  has  always  been  referred  by  that  people  to  the 
signs  of  the  zodiac.  From  a  -nrj  eaiiy  pwiod  they  made  their  year 
commence  when  the  sun  ia  near  we  winter  solBtioe,fmd  they  dedgnated 
that  part  of  the  zodiac  the  resurrection  of  the  spring,  or  d  the  year. 
The  rat,  the  bull,  the  leopard,  the  hare,  the  dragon,  the  serpent,  the 
hone,  the  sheep,  the  ape,  the  hen,  the  dog,  and  the  hog  are  names 
supposed  to  be  given,  both  in  China  and  Japan,  to  the  zodiacal  dgus ; 
but  it  is  more  probable  that  they  are  applied  to  the  twelve  years  of  a 
cycle  which  ia  frequently  used  in  the  eas^  or  to  the  twelve  hours  into 
which,  in  those  countries,  the  di^  ia  divided. 

The  extakzodiacal  stars  are  distributed  in  constellations,  which 
are  distinguished  in  general  by  the  names  of  the  emperor  and  his 
mimsteis  or  courtiers ;  but  that  which  in  Europe  ia  deedgnated  Ursa 
Major  is  represented  by  a  vessel  for  measuring  com ;  the  four  stara  of 
the  quadrilateral  figure  forming  the  body  and  the  others  the  liandle. 
Biot  relates,  from  information  communicated  M.  Remusat,  that  in 
the  Cliinese  sphere  the  constellation  which  oomsponds  to  Qdon  is 
designated  by  a  name  signifying  a  conquenv. 

That  a  few  coincidences  should  enst  among  the  names  givoi  by 
different  people  to  the  groups  of  stars  in  the  heavens,  may  be  conceived 
without  supposing  that  any  of  the  people  borrowed  from  one  another : 
it  may,  therefore,  be  considered  as  purely  accidoital  that  the  Iroquois 
called  the  stars  of  Uisa  iS&jot  by  a  name  which  in  their  language  sig- 
nifies a  beMT  (Lafittean,  *  Moeom  de  Sanvagea/  torn,  it),  and  mA  the 
people  living  abont  the  Amasonas  desunated  the  stus  in  the  head 
d  Taurus  by  a  word  signifyii^  a  bim  (Condamine,  '  M^moires  de 
rAcad^mie  dee  Soioioea,'  174fi).  But  it  is  remarkable,  and  may  be 
deduced  as  a  proof,  among  many  others,  of  the  descent  of  the  ancient 
Mexicans  from  the  people  of  Asia,  that  the  former  should  have  executed 
■culptured  representations  of  their  calendar,  and  placed  them  as  orna- 
mental objecta  in  their  religknu  edifices.  It  has  been  ascertained  that 
the  Tolteous  and  Asteca  made  the  year  ocmrist  of  eigfateeoi  months  of 
twenty  days  each,  to  which  they'added  five  complementaty  days,  intro- 
dndng  a  piariod  of  thirteen  days  at  the  end  of  fifty-two  years  in  order 
to  complete  the  cycle  [Aztecs,  in  Gedq.  Div.]  ;  and  this  division.of  the 
year  is  represented  in  a  chronological  table  executed  by  the  latter 
people.  (Carreri,  '  Oiro  del  Mundo.'J  Among  the  ruins  of  Palenka 
have  been  found  sonlptured  figure*  of  BMpents,  which  have  been 
thought  to  indicate  the  existence  of  the  Ophite  wonihlp  in  that  part  of 
the  country,  the  seat  of  the  Toltecans ;  and  at  the  same  place  hu  been 
found  a  piece  of  sculpture,  supposed  to  be  a  planisphere,  on  which  are 
eighteen  compartments  repreaenting  months,  which  are  disposed  three 
together  in  uie  interior  of  a  ring  ornamented  with  faiOToglypbicol 
figures.  In  1790  there  was  discovered,  in  the  citgr  of  Mexico,  among 
t£s  foundations  of  the  temple  of  Mexitili,  a  blocdc  of  poiphyry,  on 
which  are  described  ^tnbolioal  figures,  apparently  constituting  a  pluii- 
qihere  or  a  ehronologiaal  taUe,  in  which  the  several  days  of  the  veer 
are  dtitiuguiahad  fay  particular  namea  and  otgecta,  and  a  taw  of  them 


are  stated  to  oorTespond  nearlv  to  the  signs  on  the  Chineoe  planispheres. 
Humboldt  remarks  (' ReeearoheB,*  ka.)  that  the  name  of  the  first  day  is 
also  the  name  of  water,  and  that  the  symbol  of  the  di^  oonsiBta  of 
undulating  lines  reeembling  tiioaa  which  indicate  Aquariiu  in  the 
Greek  and  Egyptian  zodiacs. 

ZODIACAL  LIQHTj  a  luminous  ^^learanee  seeoi  at  certain  times 
after  sunrise  imd  before  sunset,  from  which  it  is  inferred  that  there  is 
a  slight  d^ree  of  nebulosity  about  the  sun,  if  indeed  it  do  not  arise 
from  the  denser  parts  of  that  medium  which  [Coun]  is  more  than 
conjectured  to  occupy  the  spaces  in  which  the  bodies  of  our  system 
move. 

The  following  deeoription  of  the  zodiacal  li^t  is  from  the  pea  of 
that  car^uI  observer,  Sir  John  Hersohel : — "  The  zodiacal  light,  as  ita 
name  imports,  invariably  a|^>ean  in  the  zodiao,  or,  to  speak  more 
precisely,  in  the  plane  of  the  sun's  equator,  which  is  7  degrees  inclined., 
to  the  zodiac,  and  which  plane,  seen  from  the  sun,  intersecta  the  eoliptio 
in  longitude  78°  and  268%  or  so  much  in  advance  of  the  equino^ial 
points.  In  consequence  it  is  seen  to  the  best  advantage  at,  or  a  UtU* 
after,  the  equinoxes,  after  sunset  at  the  roring,  and  before  sanrise  a( 
the  autumnal  equinox,  not  only  because  uie  direction  of  its  apparent 
axis  lies  at  those  timea  more  nearly  pfflpandioular  to  the  horizon,  but 
also  because  at  those  epochs  we  are  approaching  the  ntuation  wImh  it 
is  seen  moat  eom|dete&  in  aeotion. 

**  At  the  vernal  eqomoz  t^  appeanmoe  of  the  zodiacal  li^t  is  that 
of  a  pretty  broad  pyramidal,  or  rather  lenticular,  body  of  light,  which 
begins  to  be  visible  as  soon  as  the  twili^t  decays.  It  is  very  bright 
at  its  lower  or  broader  port  near  the  horiaon,  and  (if  there  be  broken 
clouds  about)  often  appears  like  tiie  glow  of  a  distant  conflagration,  or 
of  the  rising  moon,  only  lees  red.  At  higher  altitudes  ita  li^A  fades 
gradually,  and  is  seldom  traoeoble  much  b^y<nkl  t)ie  flnadea,  which  ik 
usually,  however,  attains  and  Invtdves ;  and  Ita  mna  tt  the  twdiI 
equinox  is  always  inclined  {to  the  northward  of  the  equator)  at  an  ans^ 
of  between  60°  and  70°  to  the  horizon ;  and  it  is  most  luminous  at  ita 
base,  resting  on  the  honzoo,  where  alao  it  ia  broadest,  oooupying,  in 
fact,  an  angular  breadth  oi  somewhere  about  10'  or  IS*  in  ordinary 
dear  weather." 

ZONE  (the  Greek  C>m,  "a  belt"),  aportion  of  a  i^uve  intfli<> 
cepted  between  two  pataUel  planes.  When,  on  the  ^obe  of  the 
etuih,  one  plane  is  the  equator,  and  four  others  are  dAwn  pfunllei 
to  the  equator,  two  of  wnloh  contain  ^e  drdee  in  which  Uis  sun 
is  vertical  at  the  summer  and  winter  solstices,  and  the  two  otiier^ 
the  circles  of  which  are  as  far  distant  (on  the  earth)  fnmk  the  poles  as 
the  former  are  from  the  equator  [Abcito  CiBCOJ],  the  eartii  is  divided 
into  six  Bones  (the  pdaraegnuntobeinK  called  by  that  name  as  wdl  as 
the  others).  Of  these  the  pwtions  which  contain  the  two  poles  are 
called  the  north  and  south  frigid  tma :  throughout  these  zones  the 
sun  nevra  rises  during  a  put  <hE  the  winter,  and  never  seta  during  a 
part  of  the  aommer.  The  porta  intercepted  between  the  arotio  circle 
and  the  summer  sdstice  parallel,  and  brtwem  the  antarctic  drde  and 
the  winter  stdstioe  parulel,  are  called  the  northern  and  soathecn 
temperate  ztmes :  in  ereiy  part  ot  tiluse  there  is  always  liiuig  and 
settingof  thesuntweveiy^iatheyear;  but  in  no  pvt  of  tbom  is 
the  sun  ever  vertical.  The  parta  between  the  summer  solstice  parallel 
and  the  equator,  and  between  the  winter  solstice  parallel  and  the 
equator,  are  called  the  northern  and  southern  foma  sones:  in  these 
there  is  always  night  and  day,  and  at  evesy  point  the  noon-di^  sun  is 
vertical  twice  in  the  year. 

The  twrld  and  frigid  zones  descrro  thdr  names ;  but  the  iempetata 
Eones  partake  of  both  ezoeasive  heat  and  eold  in  those  parta  whioh  era 
near  the  boundaries  of  the  torrid  and  frigid  zones.  Every  zcne,  in 
fact,  partakes  of  all  the  qualities  of  the  adjacent  zones  in  those  parti 
which  are  near  the  boimdaiy.  Thus  near  the  arotio  circle  there  era 
places  where  the  shorteet  day  is  only  ton  minutes,  and  the  sh(»test 
night  no  longer ;  near  the  solstice  parallels  thwe  are  plaoes  at  irttidi  a 
put  of  the  sun's  "boAj  may  be  vortical,  thou|^  the  eeotra  <tf  tlu  sob 
can  never  be  su ;  all  being  wiUiin  the  temperata  zone. 

ZTUOHE.  A  name  Mmutimflsiw^  to  T^etaUs  fibrin.  [FiBBDij 
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BANERUFTCY.  Since  the  article  Baxkbuptot  in  the  fint  volume 
of  this  Cyolt^esdia  wu  written,  the  law  relating  to  lianlEruptQy  and 
insolvency  has  undergone  moh  extenuon  and  aitaratlon  by  vte  l^is- 
lature  during  the  last  seadon  of  parliament  (81  &  25  Vict.,  o.  184)  tiiat 
a  short  review  thereof  ia  necessary. 

The  Court  of  JlatJavptcy  will  henceforth  consist  of  the  present 
ComnUBUotieni  in  Bankruptcy,  and  to  them  is  confided  all  needful 
powen  of  the  BuperiOT  Co  arte  of  Law  and  Equity  and  of  the  Court 
for  Rdief  of  Insulvent  Debtoia.  Tba  eoonty  court  judgee  are  hence- 
forth to  exerdae  in  the  country  all  the  powers  of  the  present  disttiot 
commiBsioners,  and  yacuiciee  in  the  country  district  oommindoimshipa 
will  not  henceforth  be  filled  up ;  and  the  Ltmdon  commiaeioners  are, 
as  vacandeB  occur,  to  be  reduced  to  three.  The  Court  for  Relief  of 
InBolvent  Debtors  is  abolished,  and  tiie  jurisdiction  of  the  County 
Courts  in  inaolveDCy  b  discontinued.  The  present  Court  of  A^ieal  in 
Chancery  is  preserved,  and  appetda  lie  to  it  from  the  County  Courts  in 
bankruptcy  as  well  as  from  the  Court  of  Bankruptcy  proper. 

Questions  of  fact  may,  under  the  directions  of  the  Court  of  Appeal, 
be  tried  in  bankruptcy  by  juries,  or  issues  may  be  sent  to  be  tried  at 
law.  Sworn  shorthand  writers  may  be  appointed ; '  and  these  will  cer- 
tainly form  a  novel  feature  in  our  administration  of  justice. 

The  prindpal  feature  <^  ths  reeanfc  act  ii  Ubit  non-tMden  are 
Imught  within  the  privileges  and  lialalities  of  bankruptcy,  although 
the  (fiBtinction  between  a  trader  and  a  non-trader  is  still  for  some  pur- 
poses preserved.  This  distinction  will  appear  from  the  following 
summary  of  the  alterations  introduced  as  to  acts  of  bankruptoy. 

Act*  of  Sankrv^atty  by  traders  are  continued  as  hitherto,  subject  to 
such  actions  and  alterations  as  are  here  notioed.  Any  person 
whether  a  toader  or  aon-bader,  nuiy  be  adjudged  a  bankrapt  lor  ^riog 
in  prison  for  debt  or  after  a  detainer  for  debt,  or  in  the  case  of  a  trader 
for  fourUen  dca/t,  instead  of  twenty-one  days  as  heretofore,  and  in  the 
case  of  a  non-trader  for  two  montA*,  unless  he  is  prepared  with  sut&oient 
securi^  for  the  debts  in  respect  of  which  he  is  so  imprisoned  or 
detained ;  or  for  escaping  from  prison  where  detained  for  debt, 

A  Trader  Debtor  whose  goods  are  seized  and  sold  uuia  judgment 
for  a  debt  or  money  demand  exceeding  £0&,  is  held  to  have  committed 
an  act  of  l)ankruptcy  at  the  time  of  the  seizure;  notwithstanding  whidi 
the  sheriff  may,  unless  a  petition  for  adjudication  intervene,  proceed 
to  sell  the  goods  seized ;  but  he  must  retun  the  proceeds  for  seven 
days,  after  which  period  he  may  pay  tlwm  over  to  the  execution 
creditor,  who;  however,  has  to  pay  tham  back,  subject  to  deduction  of 
the  ooBta  of  aotion  and  eseoution,  to  the  assignees  m  bankruptcy  if  the 
execution  trader  debtor  is  adjudicated  a  bankrupt  within  fourteen  days 
from  tbeda;^  of  sale.  A  non-trader  may  be  made  bankrapt  1^  dq)art- 
ing  or  remaining  out  of  this  realm  with  intent  to  defeat  or  delay  his 
creditors,  or  by  making  some  fraudulent  gift  or  ocmveyance  of  any  of 
his  property,  or  by  filing  in  court  a  declaration  of  insolvmcy  followed, 
within  two  months,  by  a  petition  for  adjudici^iUL  of  bankraptoy. 

AeU  of  £anlcrapfcy  afier  Judgment  Pebtcr  Summmu. — Every  judg- 
ment creditor  for  a  debt  of  SQl,  or  upwards,  may  sue  out  against  hia 
^btor  at  the  end  of  one  vetk  from  the  date  of  tiie  judgment,  if  he  be 
» trader,  or  at  the  end  of  one  etdendar  motOh  if  he  be  a  non-trader,  a 
judgment  debtor  summons  requiring  him  to  ^pear  and  be  examined 
touching  his  ability  to  pay  the  debt.  In  the  same  way  disobedience  to 
a  peremptory  order  in  equity,  in  baokmptof,  or  lunacy,  directing  pay- 
ment of  m<mey  on  a  day  certain  maybe  mlfowadl^  a  similar  judgment 
debtor  summons  after  the  expiration,  in  the  case  of  a  trader,  of  teven 
dayt,  or  in  the  case  of  a  mnUmder  of  two  ealendtw  MmtAs,  from  the 
day  fixed  for  payment,  ^ader  debtor  summonses  should  be  served 
personally,  except  in  the  case  of  persons  in  cnato^  when  service  may 
be  made  on  the  sheriff,  or  other  person  in  whose  custody  the  debtor  is. 
Where  personal  service  cannot  be  efiboted,  and  the  debtw  i»  keying 
out  of  tiie  way,  the  summons  may  be  advcotised  as  direoted  l^the  aot; 
The  procedure  upon  the  return  of  the  summons  is  porticuur^  pro- 
vided, and  the  court  may,  upon  non-paymmt  of  the  debt,  and  whether 
the  debtor  appears  or  not,  adjudge  him  a  bankrupt  without  any 
petition  for  adjudication ;  but  a  debtor  thus  adjudicated  upon  in  his 
absence  may,  within  seven  days  from  receiving  notioe  of  the  adjudica- 
tion, appear  and  show  cause  i^ainst  it. 

J*roc«diitfft  to  obtain  Adjudication, — A.  debtor  miy  himself  petittok 
for  K^udioatlon -without  filing  aivpnvioasdeolatmaiaf  ioadnticiy; 


but  he  must  file  a  statement  uptm  oath  of  his  debts  and  liabllitlaa,  and 
of  the  causes  of  his  embairaasmenta.  Inthecaseof  HO»-/nMfen,inOTder 

to  support  a  petition  for  adjudication,  or  a  judgment  summons,  the 
debt  must  have  aoonied  after  the  6th  day  of  August,  1861  (the  date  of 
the  passing  of  this  act).  Debtors  in  prison  may  petition  in  formd 
pauperit,  upon  making  affidavit  of  poverty.  Ji^ers  are '  to  make 
monthly  returns  of  all  their  prisoners  detained  for  debt ;  and  a  r^jatrar 
of  the  oourt  tar  the  district  is  monOily  to  vlat  all  jails  within  the 
jurisdiction  of  his  court,  and  to  examine  tonohing  thor  estate  and 
deidingB  all  suc^  prisoners  included  in  such  return  who  have  been  in 
custody  fovrteen  dayt  In  the  case  of  tradert,  or  Ueo  calendar  montht  in 
the  case  of  non-traders.  Prisoners  not  submitting  to  such  examination 
may  be  committed  to  jail  for  a  month,  wi&  hard  labour,  and  also  be 
adjudicated  bankrupts.  But  prisoners  detained  solely  under  County 
Court  or  Small  Debt  wanants  are  not  within  these  latter  provisitms, 
nor  are  tbej  entitled  to  petition  infonni  paaperit. 

Procedure  after  Ad3mieaiim.—^&ia  official  assignee  must  forthwith 
take  possession  of  the  bankrupt's  estate,  and  must  hold  it  until  the 
appointment  of  a  creditors*  assignee.  The  first  meeting  of  creditors 
and  the  president  thereof  are  to  be  appointed  by  the  oourt ;  and  the 
majority  in  numbw  and  value  of  the  creditora  may  transfer  the  pro- 
ceedings to  any  County  Court  ont  of  the  metropohtsn  district;  and  a 
majority  in  value  may  then  determine  upon  any  allowanoe  to  bs  made 
the  bankrupt  up  to  the  time  of  hia  passing  his  last  examination.  The 
proceedings  in  bankrupt*^  may  be  superseded,  and  an  arrangement 
for  winding  up  and  administering  the  estate  out  of  bankruptoy  may  be 
come  to  by  due  majorities  of  the  creditors ;  and  the  debtor  may  then, 
upon  THftVing  a  full  discovery,  be  entitled  to  an  order  of  discharge. 
Some  important  provisions  are  made  as  to  sale  of  real  estate  belong- 
ing to  bankrupt^  and  particularly  as  to  the  settled  real  estate^  ^ 
non-traders;  but  these  are  of  too  technical  a  nature  for  discussion 
here. 

Creditor*'  Amgnee. — The  majority  in  value  of  oreditOTS  who  hare 
proved  may  choose  their  assignee,  in  whom,  upon  confirmation  and 
certificate  by  the  court,  the  estate  end  effects  of  the  bankrupt  are  to  be 
exclusively  vested ;  and  the  official  assignee  is  thereupon  forthwith  t* 
render  to  such  creditor^  asngnee  a  full  account  of  the  bankrupt's 
estate,  and  of  all  dealings  therewith,  which  account  is  to  be  formid]^ 
audited  and  furnished  to  every  creditor  who  has  proved,  llie  creditors' 
assignee  may  be  required  to  give  security ;  and  he  may  be  removed  \(j 
the  court  at  the  instance  of  the  creditors,  and  a  new  assignee  may  be 
<du)sen.  The  duties  of  the  creditors'  assignee  are  sin^lar  to  those 
hitherto  discharged  by  the  official  assignee ;  but  to  the  latter  is  still 
entrusted  the  coUeotion  of  all  debts  under  102.  The  creditois'  assignee 
muatj  from  three  months  to  three  monthsj  aooount  to  the  ofiicial 
assignee  for  his  dealings  with  the  estate ;  and  Ids  aooounts  axe  to  bs 
printed  and  furnished  to  the  creditota, 

DeaHngi  teith,  the  £ttate. — Assignees  may  oooupy  leasehold  premises 
of  a  banlu^pt  up  to  some  day  on  wliioh  rent  is  payable  not  beyond  six 
months  from  the  adjudication,  and  may  then  elect  to  decline  ai^  lease 
or  agreement  for  a  lease  under  which  the  premises  had  been  held. 
Creditors'  meetings  may  authorise  the  mortgage  or  pledge  of  the 
bankrupt's  estate. 

Proof  of  Libtt. — CredHors  may  prove  their  debts  by  forwarding 
throu^  ue  General  Foab  to  tlis  amgnee  %  ■tuiemant  tiiereoJ^  Ttn^ed 
Iqr  their  own  deolaratfout^  its  truth.  False  ^o(^  entaU  the  pimidi' 
ment  of  perjury.  Landlords  wan  prove  iat  rent  fro  nUA  in  respeet 
of  current  periods.  Unliquidated  damages  may  be  asoertabed  tha 
verdict  of  a  jjury  before,  or  under  the  direction  of,  the  court.  Con- 
tingent liabihtiea  may  be  determined  and  valued  by  the  oourfcattiM 
instance  of  the  person  "'""li*^  the  benefit  of  suoh  li^nlity. 

Ordm  JHtOiarife^'EkM  classification  of  eartifleatsB  Is  abolished. 
Where  a  baakmnt  is  obsiged  with  any  misdemeanour  under  this  aot, 
he  may  be  tried  ttj  the  court,  or,  if  the  bankrupt  require  it,  by  a  jury 
eitlier  in  the  Cotnt  of  Bankruptoy,  or,  in  the  option  of  that  court,  in 
any  "oi  the  ordinary  oourts  of  crimhial  justice."  If  the  bankrupt 
bo  convicted  of  such  misdemeanour,  his  disdiaiga  may  be  refused,  or 
sunieiuted,  abscdutely  or  conditionally.  If  he  be  not  oonvioted  of  any 
suca  misdwnesnonr,  hia  oondoot  is  still  to  be  inquired  into  by  tha 
oourt,  and  ids  order  of  discharge  may  be  granted,  or  refused,  or  aua- 

panded,  mMiar  ■hanlntaly  nr  t,mAit\iaf^\j  ■  ^id  tha,-h»Dkmpt  IMf  b» 
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iD^aiBoned  hj  the  ooort  (witiurat  trill  hy  forj)  for  ainr  period  not 
•zoeediog  one  year.  Misdemeanoars  under  this  sot,  and  their  penal 
ooneequencee,  are  defined  by  b.  221  aa  follows  : — "  From  and  after  the 
oommencemeit  of  thia  act,  any  bankrupt  who  ahaU  do  any  of  the 
acts  or  UungB  following,  with  intent  to  defraud  or  defeat  the  nghta 
of  hia  oreditots,  shall  be  guilfy  of  a  miBdemeanour,  and  shall  be 
liaUe,  at  the  diacretion  of  the  court  before  which  he  shall  be  con- 
vit^ed,  to  punishment  by  impriianinent  for  not  more  than  three  years, 
or  to  any  greater  pnmshmeat  attaehed  to  tbe  ofibDoe  any  atmtiTig 
Btatnte: — 

"1.  If  he  ahall  not,  upon  the  day  limited  for  hia  surrender,  and  before 
three  of  the  dock  of  such  day,  or  at  the  hour  and  upon  the  day 
allowed  him  for  finishing  his  examination,  after  notice  thereof  in  writing, 
to  be  served  upon  him  pOTSonol^r  or  left  at  hia  usual  or  last  known  place 
of  abode  or  buaiiMas,  and  after  the  notice  herein  directed  in  the 
'Londtm  Gautte,*  surrender  hinuelf  to  the  oourt  (having  no  lawful 
impediment  allowed  by  the  court),  and  ngn  or  anbaoribe  soch  lui- 
render,  and  aobmit  to  be  examined  before  such  court  from  time  to 
time. 

"  2.  If  he  abaU  not,  upon  hia  examination,  fully  and  truly  discover,  to 
the  best  hia  knowledge  and  belief,  all  faia  proper^,  real  and  personal, 
iaduiive  of  hia  ri^ita  and  otediti^  and  how  and  to  whom,  and  for  what 
consideniUon,  and  when  he  diapoaed  of,  asaigncd,  or  transferred  any 
part  thereof,  except  anoh  part  aa  has  been  really  and  bond  fide  before 
•old  or  diapoaed  of  in  (he  way  tA  his  trade  or  business,  if  any,  or  laid 
out  in  the  ordinaTy  expense  of  his  femily,  or  shall  not  deliver  up  to 
the  court,  or  diapose,  aa  the  court  directs,  of  all  such  part  thereof  as  is 
in  his  poflsesaion,  custody,  or  power,  except  the  necessary  wearing- 
u)pareL  of  himself,  his  wife,  and  ohil^ien,  and  deliver  up  to  tiie  court 
aU  books,  papers,  and  writings  in  his  possession,  custody^  or  power 
rdatine  to  his  property  or  affiibs. 

"  8.  If  he  shall,  after  adjudicatioD,  within  sixty  days  prior  toadju- 
dication,  with  intent  to  defraud  his  creditors,  remove,  conceal,  or 
embemle  ai^  part  of  hia  jffoperlr  to  the  value  of  toi  pounds  or 
upward*. 

'4.  If,  in  case  td  any  Twnonimving,  to  his  knowledge  or  beliefftaoved 
a  false  debt  xaadsx  hia  bankruptcy,  he  shall  USl  to  disoloBe  tite  same  to 
his  nsrignees  within  one  month  after  coming  to  the  knowledge  or 
belief  thereof. 

fi.  If  he  shall,  with  intent  to  deftaud,  wilfully  and  £^dulantly 
omit  from  his  schedule  any  effects  or  property  whatooever. 

"  6.  If  he  ahall,  after  the  filing  of  the  petiUon  for  adjudication,  with 
intent  to  conceal  the  state  of  his  affidn,  or  to  defeat  the  object  of  the 
law  of  bankruptcy,  conceal,  prevent,  or  withhold  the  production  of  any 
book,  deed,  paper,  or  writing  relating  to  his  ^g^op^y,  dealings,  or 
offiurs. 

"  7.  If  he  shall,  after  the  filing  of  the  petition  for  adjudication,  or 
within  three  months  next  before  adjudication,  with  intent  to  conceal 
the  state  of  bis  al^rs,  or  to  defeat  the  object*  of  the  law  of  bank- 
ruptcy, part  with,  conceal,  destrt^,  alter,  mutilate,  or  ftlnfy,  or  cause 
to  be  oonoeoled,  destroyed,  altered,  mutilated,  or  folsifled,  any  book, 
ptqier,  writing,  or  security,  or  document  relating  to  his  property, 
bode,  dealings,  or  atbirs,  or  make  or  be  privy  to  the  making  of  any 
false  or  b^udulent  entry  or  statement  in  or  omiaaion  from  any  book, 
P^ier,  document,  or  writing  relating  thereto. 

"  8,  If,  within  the  like  time,  he  shall,  knowing  that  he  is  at  the 
tame  tmable  to  meet  his  engagements,  fraudulently  and  with  intent 
to  diminish  the  sum  to  be  divided  amongst  the  general  body  of  his 
creditors,  have  made  away  with,  mortgaged,  encmubered,  or  charged 
any  port  of  his  property,  of  what  kind  soever,  or  if  after  adjudication 
he  shall  conceal  from  the  court  or  his  assignee  any  debt  due  to  or 
from  him. 

"  9.  being  a  trader,  he  shall,  under  his  bankruptcy,  or  at  any 
meeting  of  his  creditors  vrithin  tiiree  montiw  next  preceding  the  filing 
of  the  petition  for  adjudication,  have  attempted  to  aooount  tixt  any  of 
his  proper^  by  fictitious  losses  or  expenses- 

"  10.  If,  being  a  trader,  he  shall,  within  three  months  next  before  the 
filing  of  the  petition  for  adjudication,  under  the  false  colour  and 
prefamee  of  carrying  on  bustness  and  dealing  in  the  ordinary  course  of 
trade,  have  obtained  on  credit  from  any  person  any  goods  or  chattala 
with  intent  to  defraud. 

"  11.  If,  being  a  trader,  he  shall,  with  intent  to  defraud  his  creditors, 
within  three  months  next  before  Uie  filing  of  the  petition  for  adjudica- 
tion, pawn,  pledge,  or  dispose  of,  otherwise  than  by  bond  fide  transac- 
tions in  the  ordinaiy  way  of  his  trade,  any  of  his  goods  or  chattels 
which  have  been  obtained  <m  oedit  and  remain  unpaid  for." 

Orders  of  diacha^  are  in  tiieir  e&ct  analogous  to  certificates  of 
conformity  under  the  prevunu  law. 

ArrangemenU  under  tke  OoHlbrU  of  ti4  Court.—  Creditors  may,  by  a 
due  majorify,  resolve  that  the  proceedings  in  bimkniptcy  be  stayed  and 
that  tile  bankrupt's  estate  be  wound  up  under  a  deed  of  arrangement, 
and  such  reaolution  may,  if  approved  by  the  court,  be  carried  into 
effoct;  and  when  after  such  stii^  of  proceedings  the  deed  of  oirsnge- 
ment  haa  been  duly  eertified  to  have  been  executed  by  three-foartiia 
in  number  and  value  of  all  the  creditors,  and  when  it  has  beenamnored 
by  the  eouit,  it  most  be  reRistered,  and  the  proceedinga  in  boiuruptcy 
may  thm  be  annulled,  and  such  deed  of  arrangement  will  theim^aD 
beeomsbindiag  upon  aU  the  flreditom  anwjutiadioUonoftheooarfeis 


not  however  otutod  Um  deed  of  ■irangainen^  and  reoouiw  for 
direction  and  aaristanoe  mayatlll  be  had  to  it  by  all  parties  aa  in 

ordinary  bankruptcy. 

Tnut  and  Comporition  Deed*  are  to  be  binding  upon  all  cieditMi^ 
when  certain  conditions  are  fulfilled;  and  such  deeds  muat  be  rc^pstered, 
and  notice  thereof  must  be  duly  advertised.  Proceedings  in  bank* 
ruptey  may  be  stayed  during  tweuty-ught  days  from  the  execution  of 
any  sudhdeed  a  debtor.  Froviakmia  made  for  the  caie  d  nnknowit 
h(dden  of  bUb  of  exchange,  ka.,  and  of  abaent  ta  iuoi^MUe  craditm; 
and  a  very  curious  form  of  trust  deed  is  given  in  Schedule  D,  and  its 
use  is  rendered  imperative. 

Many  acts  relating  to  bankruptcy  are  eitiier  wholly  or  in  port 
repealed ;  but  the  7  &  8  Yict,  0.  70,  and  the  28  ft  24  Vict,  e.  147  (the 
Secret  Arrangement  Acta),  are  strangely  enough  retained,  notwith- 
standing thdr  mischievoaa  and  anomalouB  character* 

Such  is  a  Inief  oatliae  of  acme  of  the  principal  featores  of  this  voy 
important  statute,  which  is  to  be  dted  aa  "  The  Bankruptcy  Act,  1861, 
and  to  be  construed,  tc^^eiher  with  so  much  of  "  The  Buikrupt  Law 
Consolidation  Act,  1819,"  and  "The  Bankruptcy  Act,  1854,"  aa  remains 
unrepealed,  aa  one  act. 

It  only  remains  to  be  noticed  that  this  act  provides  that  in  ofl  caaes 
of  executjons  levied  upon  gooda  in  respect  of  judgmenta  for  clainia 
exceeding  6(Ul  exclusive  of  costs,  audi  gooda  must,  unless  the  omut 
otherwise  orders,  be  sold  hj  ptwKe  ammon  and  not  otherwise,  and 
such  auction  must  be  advertised  tat  three  da^  next  precedipg  the 
day  of  sale ;  but  what  this  provltion  has  to  So  with  bankmptqr,  or 
what  are  to  be  the  oonse^umioea  of  diaobedience^  does  not  very  tUMrly 

'^^^VS,  CBIMINAL,  CONSOUDATIOir  OF.  lotbepariiamentaiy 
session  of  1661  (24  ft  2ff  Vict),  nx  acts  were  passed  which  reoaved  toe 
royal  assent  on  August  6,  consolidating  the  stetutee  relatingto  Offences 
against  the  Person,  cap.  100 ;  Malicious  Injuries  to  Property,  cap.  97 ; 
Larceny,  cap.  96  ;  Forgery,  cap.  98 ;  Coining,  cap.  99  ;  and  Accessories 
to  and  Abettors  of  Indictable  Ofiencea,  cap.  94.  Ko  material  alteration 
has  been  mode  in  tiie  lawa  themselvea,  but  106  acta  ca  sectums  acts 
have  been  altogether  repealed  cap^  9S.  The  new  acts  axe  to  oonis 
into  operation  on  November  1, 1861. 

POOR  LAWS.  Since  the  article  Poor  Laws  was  written,  ao  im- 
portant alteration  has  been  made  in  the  law  vrith  respect  to  the  class 
of  poor  termed  "irremovable,"  as  contiadistinguiuied  from  "non- 
settled  ; "  that  is  to  say,  poor  persons  who  have  not  legal  settlement  in 
the  parish  to  which  they  may  have  beoonw  diatgeaue,  but  who  are 
nevertheless  irremovable  therefrom  to  Uie  parishea  in  which  they  an 
legally  settled,  by  reason  of  the  operatitm  of  some  povinim  of  the  law. 
The  alteration  adverted  to  is  another  step  towards  the  accomplishment 
of  the  total  abolition  of  the  law  of  settiement,  and  tiie  consequent 
enfranchisement  of  labour,  and  it  is  too  important  to  be  omitted  in  a 
work  which  embiacea  the  circle  of  sciences  and  of  knowledge.  Undor 
the  title  "  Poor,"  in  the  body  of  the  work,  the  various  oonditiona  upon 
whiijt  persons  acquire  iiremovaUlity  from  a  parish  have  been  ex- 
plained, and  it  ia  therefore  not  necessary  to  recapitulate  those  condi- 
tions. It  will  be  observed  on  refaning  to  that  portion  of  the  work, 
that  in  order  to  acquire  tiu  status  oTirremovability  by  continuous 
reeidence,  it  was  neceasair  that  a  person  should  have  resided  for  a 
period  of  five  years  at  the  least  in  the  same  parish,  and  that  thereupcm 
no  wairaat  for  his  removal  should  be  granted  bythejustioes  upon  hia  be- 
coming ohaigesble  to  such  parish  (9  ft  10  Vict,  c.  66,  a.  1).  In  order  still 
further  to  lessen  the  liability  to  removetl  of  a  non-settied  poor  person  00 
tals  beootuiug  uiiMifUBble  to  the  parish  in  which  he  resides,  the  period 
of  residence,  by  the  statute  24  ft  26  Vict,  c.  65,  a.  1,  has  been  reduced 
from  five  to  three  years.  Formerly  the  continuous  residence  must 
have  been  in  the  same  parish,  but  under  the  new  act  "  the  residence  of 
a  person  in  any  part  of  a  union  shall  have  the  same  effect  in  reference 
to  the  provisions  of  the  svd  section  (&  1  of  9  ft  10  Vict.,  c.  66),  as  a 
residence  in  any  pariah ; "  thai  is  to  say,  provided  the  poor  person 
shall  have  resided  in  any  one  or  more  parishes  in  the  same  Umon  for 
a  period  of  three  yeara  without  relief  from  the  poor-rates,  ha  shall  be 
irremovable  from  the  Unian  so  long  as  he  slull  continue  to  reside 
therein  without  an  interruption  of  his  residence  having  taken  place. 
Under  the  former  law,  if  t£e  parents,  or  surviving  parent,  of  a  child 
had  acquired  irremovability,  such  privilege  was  not  transmitted  to  the 
child  on  the  death  of  the  surviving  parent,  if  it  had  not  itself  resided 
for  five  years  in  the  parish  of  chiu^^bility ;  but  now  where  a  child 
under  the  age  of  sixteen  years,  residing  with  its  surviving  parent,  shall 
be  left  an  orphan,  and  such  parent  uall  at  the  time  ci  death  have 
acquired  an  exemption  from  removal  by  reoaon  of  a  continued  resi- 
dence, such  (ophui  ahaU,  if  not  otbenriae  irmnovaUe,  be  exempt 
from  removal  in  like  manner  and  to  the  same  extent  aa  if  it  had  thtti 
acquired  for  itself  an  exemption  from  removal  by  reudence  (24  ft  Sff 
Vict,  a  65,  a.  2).  Again,  under  the  former  law,  a  married  woman 
could  never  acquire  the  privilege  of  irremovability  in  her  own 
unless  temporarily  siok ;  but  now  where  a  married  vroman  shall  aam 
been,  or  shall  be,  deserted  by  her  husband,  and  shall  alEbec  his  desertion 
rraide  for  three  yean  in  auiui  a  manner  aa  would,  If  she  were  a  widow, 
render  her  exempt  from  removal,  she  shall  not  be  liable  to  be  re- 
moved from  the  parish  wherein  she  shall  be  resident,  iinliwi  her 
husband  return  to  oohabit  with  her  (ib.,  s.  8). 

The  «ot  24  ft  85  Tict;  p.  66,  i.  8,  makea  pnpetnal  the  tanporaiy 


Digitized  by 


Google 


]«9 


POOR  LAWa. 


POOR  LAWa 


1070 


tiroTinoiu  of  the  several  statutes  wherebv  the  costs  of  the  relief, 
Durial,  and  maintenance  of  certain  paupers  have  been  made  chargeable 
upon  the  otmunon  fund  of  Unions,  and  makea  further  provision  with 
respect  to  ducgealnlitgr  to  wndi  fund  of  wayfarers,  wanderers,  or 
fom^ings,  and  of  non-settled  peraone  bedng  chaifieable  to  the  poor- 
tates  hr  reason  of  temporary  sickness  (ss.  4  &  5).  With  r^;ard  to 
pauper  lunatics,  whether  they  are  irremovable  or  not,  settled  or  non- 
setued,  the  statuto  enacts  (s.  6)  tb&t  the  cost  of  the  ezaminatioo, 
removal,  and  muntenance  of  all  such  in  any  asylum,  licensed  house, 
or  registered  hospital,  shall  be  borne  by  tiie  common  fund  of  the  Union, 
and  also  provides  (s.  7)  that  orders  in  lunacy  may  be  obtained  by  or 
appMled  against  by  Boards  of  Ouaidians. 

With  ngsrd  to  the  "common  fund"  of  Unions,  an  alteration  has 
been  made  as  to  the  manner  in  which  parishes  shall  contribute  towards 
i^  which  wfll  have  the  effoct  of  equalising  the  burden,  as  betwixt  rich 
and  poor  parishes  in  the  same  Union,  and  of  doing  away — at  any  rate 
to  a  oonsi<terable  eztcmt — with  the  close  parish  system.  Under  the 
Poor  Law  Amendment  Act  1834  <4ft5Wm.  IV.,o.76),  the  common 
und  was  apportioned  amongst  the  several  parishes  in  the  Union  accord- 
ing to  averages  based  upon  the  annual  expenditure,  for  the  relief  of 
the  -pom  of  each  parish,  as  declared  by  the  Poor  Law  Board,  so  that 
the  parishes  whitdi  had  incurred  the  largest  expenditure  for  the  relief 
of  their  own  poor  during  the  three  years  over  which  the  calculation 
of  the  averages  extended  hare  the  largest  amount  of  the  ohaige  of  the 
maintenance  of  irmnovahle  poor  residing  in  other  parishea  The 
result  of  this  was,  that  in  many  ^larishes  the  poor  were  maintained  out 
of  private  funds  raised  by  subwnption,  and  that  the  poor  w^  driven 
into  other  parishes  to  seek  relief. 

There  bdng  no  basis  for  the  declaration  of  averages  for  parishes  in 
vhich  mudt  pnation  mn  adt^tted,  theiy  oraunqoently,  under  the 


popular  designation  of  "  close  parishes,"  escaped  all  contributions  to 
the  common  fund  of  the  Uni<ni  in  which  they  were  situated,  to  the 
manifest  injury  of  the  other  parishes.  In  order  to  provide  a  remedy 
for  this  state  of  things,  the  24  ft  25  Yict.,  c  05,  a.  9,  enacts,  that  after 
the  25th  of  March,  1862,  the  several  parishes  onnprised  in  any  Union 
under  the  provisionB  of  4  &  6  WilL  4,  o.  76,  shall  contribut«  to  the 
common  fund  thereof,  "in  proportion  to  the  *tih'»^I  rateable  value  of 
the  lands,  tenements,  and  hereditaments  in  such  poriaheci  respectively 
assessable  b^  the  laws  in  force,  for  the  time  being,  to  the  relief  of  the 
poor,  and  m  no  other  manner,  whether  the  lands,  tenements,  and 
hereditamentB  shall  be  actually  rated  or  not,  and  whether  the  rate 
levied  shall  be  coUeoted  in  full  or  upon  any  cranpostUon." 

In  computing  the  amount  of  contribution  to  the  common  fund  from 
the  several  parishes,  the  guardians  of  every  town  are  to  take  the  annual 
rateable  value  of  such  property  in  every  pariah  tiierein  from  the  valua- 
tion upon  which  such  parish  was  assessed  to  the  county  rate,  or  where 
there  is  no  county  rate,  to  the  borough  or  ward  rate,  or  other  rate  in 
the  nature  of  a  connty  rate,  in  the  last  assesBnunt  made  not  less  than 
one  month  next  preceding  the  day  when  the  order  for  the  contribution 
is  made.    (24  8c  25  Vict.  c.  65,  s.  10.) 

These  alterations  effected  in  the  poor-laws  will  have  a  very  important 
result  in  emancipating  the  labour  market  from  the  restricti  onsimpoeed 
upon  it  by  the  law  of  parochial  settlement,  as  the  labourer  will  now 
have  a  la^er  area  over  which  he  can  go  in  search  of  work,  unrestricted 
by  the  fear  of  renioval  to  his  legal  element  parish,  in  which  pei^^ 
he  is  wholly  unknown.  Hcnreorer  they  will  greatly  equalise  the 
burden  of  the  maintenance  of  tiie  destittite  poor  between  rich  and 
poor  parishes.  The  amelioration  of  the  law  in  these  reapects,  it  is 
right  to  add,  is  due  solely  to  the  Ri^t  Honourable  0.  P.  ViUien,  the 
PresUent  of  the  Fbor  Lav  Board. 


Em)  OF  VOLUME  Till. 


BBumrar,  svAxa,  axo  oo.,  prihtxw,  wBtranuus. 
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